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ABSTRACT

The operating charectsristics of the Clinton pile have been

studieé. The "best™ values of these characteristios are tebulated

below.
Barometric Coefficient B | =0.4 inh/mm Hg /

- Operating Metal Temperature Coefficient ' 20,3 1nh/bc
(Operating temperature distribution) ’ .
Operating Graphite Coefficient . =0.8 inh/cC |
Opereting Total Coafficient ~=1.1 inh/eC

(Operating temperature distribution)

¥etal Temperature Coofficient <0o4 inh/0C
*(Uniform temperature ) :

Graphite Temperature Coefficient =1.9 inh/0C
(Uniform temperaturs in vecuum)

Overall Tempereture Coefficient | 2.3 inh/bc'
(Uniform tempsrature in vacuum) :

Xenon Poisioning Coefficient - _ 25 inh/1000 kw

The best value of the yield times cross section for Xe 3% 4.
YO = 18,5 x 101% barns. Assuming e fission yiald of 0.059 the Xel35

- oross section is-éoi x 108 barﬁs.
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OPERATING CHARACTERISTICS OF A CHAIN-REACTING PfLE

Introduction

A chain resction established within a moder_ate_ci urenium system will
show a veriation in re_activity depending \ipon its enviromment. A graphite
moderated éile'in communicetion with the atmospheré will shcw e baro-
metric effect due to chaéges in ni%trogen concentra@ibn within the rsecting
medium. Varietions in the temperature of the reacting system will pro-
duce veriations in reactivity. Changes due to change in relative humidity
aée extromely small and are not easily measuﬁado

A unit from which appreciable power is withdrawn will show fhe same
sort of phgnomen_a, but these will greaﬁly influe_m;e 1;h9 dynemics of the
reacting s&éﬁem. Temperature changeé will not bé7ﬁﬁifdém;'but’will depend
on total power output and position in the pile. The unit considered in
this repqrt is the Clinton Laboratofiesbéileu It consists of a 24 foot
graphite cube with a urenium rod lattice. Cooling is accomplished: 'ty an
air stream flowiqg over each.rod. Throughout most of this work the - = . :
operating power was about-4000 kw, the maximum-hetal”temperature¥250°-C,
the pressure drop thréugh the cooling air channels, 12 inches water ' ::
(2.2 cm Hg. ). |

There: ere, in addition to variatiohs’dueuto:envirdnment;véelfbf"’?T”
induced variatiohs due tﬁ the chain reaction itself. Fission products
formed from the reabtion will presumably producé a loss in reectivity: -

%01%% has been-previously reported es e significant poision. .’ Attempts:

to detect other poisions have led %0 no positivéfresuiﬁéoi
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) ); As normelly operated using the maximum metal temperature @z the
c#ﬁtrol point; transients due to heeting of the metsl and graphite are
not cesily interpreted. Diurnel wverietions in inlet air.temperature
ceuse periodic variations in opereting level end reactivity. It is
therefore not eesy to enalyse operating data to obtain valuas charecter-
istic of the unit. Under ideal conditions starting with a cool rested
pile (from which the Xenon has deceyed’) and operating et constant power
with_constant inlet eir tempeorature and coﬁstant barometric pressuré.

the pile will show the following transient:

1og-baty - > -
Aton = A=) ¢ PBO=eTF) s cp |1 (10" %) L 2 (106 gl

Axe A
where
P is the power output,

A end B ere constants depending on the rate of heat
transfer to the coolant,

¥ is the rate of flow cf the cooling eir,
e and b are.constents depending on the rate of heat tranéfér
to the coolent, the heat capacity of the metal and of the

metal end graphite respectively,

Cis e constent depending on the Xenon distribution in the
pile end the Xenon cross section, :

Ake and.kI are the Xenon and Iodine decay comstants respectively.

The first'compopent will be dus to the rise in metal temperaﬁurc.
This factor shows a half-periocd of 1.5 min when the power is 4900 kw and
thé eir flow .’L,.-r._lo.5 cofom. After fhis time the metal will coms to a
heat'flow equilibrium with the graphitse with which it is in contamct. The
heating of the graphite will now be the controlling element as shown by
the second factor. Its helf period is ebout 5/4 hours. Thérmal equili-
brium will be 907 complete in 7 hours. Thé third trensient is due to the

formation of Xenon!35. In 72 hours this will have reached 99% of seturation.

.

No longer term transients heve been observed.
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The Barometric Coefficient

The method used to ﬁsaaure this coefficient wes to find times when
the opereting pile wes t hermally s;dble and there was Q considerable
chenge in elr pressure.

In one cese the barometer chenped 5.8 mm. in 6 hours, whiéh is sbout
Bes lérge as has bean observed. Although the éentral metal showed no

significant tempsreture change in this case, the grdphite temperatures,

.which were known, dropped by a small amount., These temperatures were

averaged welighting according to the scuare of the neutron density at

each pé;nt. Tho average dropped‘3° C. This change was taken to be répfé°
gsentative oflthe average pile témperature, even though the central metal
did not follow the trend. (The pile wes being oberated to keep the central
metel tempereture constant)._ During this run the Xenon coﬁcentration wasg
at setwration so no correction hed to be mede. A slight eir pressure

correction had.tc~be made because of small change in flow rate.

Date: 5-8-=456

12:30 A.M. 5330 AcMo 7330 AoMp'

Pressure inside pile at ’

epproximately the center 721.4 724.2 727.2 mm of Iig
Pressure Change o0 2.8 5.8 mm of Hg
Inhour. velue of yrocd motion 0 : 1,0 ~1.3 inhoﬁr
(Motion was into pile) }
Average Graphite Temp. ©101,0 99.3 . 98.0°C
. Temperature Correction 0 202 3.9 inhour
(with coefficient of -1.3 inh) : -

aoc

Reectivity chenge due to bar. 0 =12 -2,6 inhour
Barometric coefficient . - .43 -~ .45 inhour -

mm Hg

f



In this case.vthe inoresse in reactivity due t$0 tempereture drop
wes groster than the dacre;se in reectivity due to eir pressure rise.
(The temperature‘correction is sdbtracﬁed Fiom the reactivity change
due to rod motion).

Other mothcds of getting the coefficient were tried. During /
thunder storms there ere frequently sudden barometrio changes which can
be made use of if the pile is et thermal equilibrium. The method hes the
disadvantage that the changes are of so short duration'thst the power
llevﬁl is not likely to be exactly constant. There is also some question
as to whether the interstices of the graﬁhita follow the barometric
change. An cccurrence of this type at 12:30 P.M, on Juns 7, 1945, was
examined end @ coefficient of =.1 inh/mm Hg was obtained.

Ancther method is to measure the reactivity bYefore end efter starting
the fans; This method hqa tho disadvantage of & tempereture change not
.only of the metal, ﬁut elso of thé air in the channels and probably in
thé graphite sccompanying the pressure change. The determihat?on of what
1sbthe'average pile pressure with the fans operating also bacomes impor-
tant. The average pile pressure has been calculated as the totel differ-
ence in pressure from the atmosphere to the exit face minus half of the
piie diffarentia1, Tﬁis is probaebly the best estimate éonsideting the
instruments availeble. A unit change in thelaverage pressurs measured
in this way is apprcxiﬁately equivelent to & unit change in barometric
pressure as far as the reactivity is concerned. Ths'value.obteined'by e
measurement of this -type is =.15 inh/mm Hg. This value is considered

less relieble than the previous value becpuse of the many uhcartaintiesp



Thre;e experimentel evaluationé were made of‘ the magnitude of the’
Xenon poisioning during esch of which the resctivity of the ﬁnit was
followed for several deys (described below). During these periodg bero-
metric fluctuationé of a few millimeters ocourred. Thess reectivity changes
wore most satisfactorily eiiminated Sy essuning coefficients of -0.3, .
<006, =0.3 inh/mm Hg respectively.

The "best” value of the berometric coefficient is thersfore thought
\to be ~0.4, & 0.05 1nh/mm Hz. The previously reported velus (CP-1300)

m 25 1nh/m Bgo.

Temperature Coefficient

Introduction

The net result of ati increases in the ta'mperdture.of e grephite
moderated urenium pile is & change in reactivity. This change of reac-
tivity is due to the following terms

AR = O, + AK *‘Atx'“dnf-

where the first term evﬁluates the reéctiﬁty'change due to & éhange in
neutron leakage f':;cm the pile, the second term gives the change due to
Doppler broadening of U238 regonance levels, the third term, the levelixig
of neﬁtfon density st high tamperature, the fourth, the éontribution
due to iérietion of‘fIL with neutron énergy. \
The mean free path of a neutron ir_wreases with /t:emperature so that
a lafger frectional leekage will cccur ‘at high temperatures. This will
produce & loss in K with tempersture rise. The broedening of the 238
resonance (E—~10 ev) with tempereture rise will cause greatex; resonancs
absorption end therefore & loss in K. The ab_sorptibn and particularly

the fission cross section of 1?35 geoviate from the 1/V law so that at

higher temperatures a smaller fraction of the total neutrons will be

.
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ebsorbed by 0295, Phnig will also produce & negativé cogfficlent. At
high temperature, on the otﬁer hand, the ripple in'the neutron distri-=
buticn in the lattice will become less pronounced because of the larger
meen free path, so thet X should increess if this factor could be
evaluated alone.

Of the totel coefficient described above, the leakege, leveling and ’L
terms depend upon neutron energy end therefore very essentially with the
témperatune of the moderator. The sum of these mey therefores ba‘evaluated
by mesasuring the temperature coefficient due to e changs in graphite
vtempgrature alone.

The resonence effept,.oﬁ the other hand, is a funtion of metel tem~
perature, and may be evaluated by measuring the metal temperaturs co--
efficient with the graphite held at constant tempefature.

The errors in»calculating the contributions of theée various effects
is such as to give no relieble estimete of the coefficient éxpected; An
- empirical evaluation has £he;efore beeh made for each‘pile'erectedo‘ The
Argonne end Clinton piles have both been found to hevae negative coefficients,
At the Afgonne.it has been posaible'to chenge the whole pile tempsrature
unigormly, and to observe directly the variations of reactivity with |
témperatureo Because of the research and production commitments at Clinton
it has not been possible to observe the effect in this manmer exce?t on
two occesions. 1In thé firast instance, the pile was heﬁted with artificiélly
. hosted air (CP-1300) and & coefficient of =0.75 imh/°C was observed.

In the gecond instance, tﬁe pile cooled for several days, and the reacti~
vity was foliowed. The temperature effect was mixed withVXe.decay and
barometric chenges. These measurements are described below, . Reactivity

changes associated with veriations in temperature are eesily observed in



the pile operating at high power. These changes, expressed in terms of
"opereting" coeéficients, involve non-uniform tempereture changes, and
must be convaerted to uniform coefficients.

An independent measuremsnt of the metsl temperature coefficient can
be useful in the evaluation of Doppler broedening. This measurement can
| be made most satisfactorily by an analysis of the tempereture transient
at the t;me of pile gtart-up or shutdown.

Operating Temperature Coefficient -

The chenge in reactivity of the pile et equilibrium per degres change
in control metal temperature (in préétice, the hottest slug) may be called
the opereting total temperature coefficient. It ;s the sum of the con-
tributions due to changes in.metal temperéture, graphite temperaturs and
nitrogen concentration. This coefficient was originslly evalueted when
the maximum permitted metel tempereture was changed. The valus of
=.58 inh/°C was rePOEted in CP=1300.

Independent evalustions of the seme coefficient were made baged upon
normel operating records. Periods of squilibrium opération wore found
during-a'thréq month interval charecterized by similarity in all opera-
ting conditions except pilé temperature. The limiting conditions were
the followihgs | ’ |

No sh#tdown nearer then three hours previéus to the funo

Al1 evaileble temperatures constant during‘thé three
hours within + 2°C.

Power level constant within # 0.25%.
Inlet eir temperature within ¢ 1° C, except in one case.
Bxit air temperature within § 3° ¢,

Amount of nitrogen in pile within + 0.3%.



The amount of nitrogen in the pile was teken to be proportioﬁal to
the everage alr‘praaqure divided by the average eir temperature (absolute
scale).' The avefage air pressure wes assumed fo bs the barometric pres=
surs minus half of the pile differentigl pressure, and the average
tempereture tc be the average of inlet and cutlet sir temperatures.

_ Three sots of deta were found for three different values of nitrogen
concentretion. From the rod pbsitions at thése,t1mas the differences in
reactivity were caloulated. These were corrected for the Xenon poision~
ing and from this end the central metal temperature the coefficlents

were'calqulatedo

Cese Inhour Inhour Inhour Metel Temperature Operating

Difference (Xenon Difference Difference °C Total
Corrsction) (Xenon ' Coefficient
Corrected)
I 29,02 " 10,0 19,02 28 = 68 inh
1 ' o
I 77.22 8.4 7 46868 60 ] =1,38

IIT 62,98 9.4 ~ 53.6 ) 21,07

~

The lack of agresment in tﬁe coefficients is taken to mean that the
conditions were not sufficiently stringent, but since Qny fqrthei re-
ductioﬁ in tolerance would eliminate the data altogether, the method was
abandoned in‘favor'of the pile start-up method. |

Whéh the Clinton Pile was first put into operation, a series of cali-
bration measurements wére mede. Among them was one of the tsmperature
,v,coefficients of the metal aiona which gave a value of -.66 inh/9C for -

the central slug. The expsriment is described in deteil in CP-1081, ahd
is referred to in CP-1300 where the measurement is said to bé.subject to

correctiong - due to _thé fact that some heating of the graphite took
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rlece and due to the better knowledge of the position of the ective center
of the ﬁileo  Later, as reported in CP=1300, metsl temperature coefficient
measurements were made under opereting tempereture distribution by shut-
ting down the‘file when et thermal equilibrium and.taking_criticals at
low power 8s the fans cool the metel. The graphite cocls very little
while the metal coolg to graphite temperature. Using this method the
coefficient was determined to be =.43 inh/°C. From thiq result the co-
efficient for a uniform temﬁerature change was calod}atéd to be =.72 inh/°C.

A single pile start-up cen be used to measure both tﬁe operating
metal and the opafating totgi temperature coefficlent. If the pile is
rapidly dbrought to some p.ower level two tempez'-afure transients ocour,
First, the metal hseting b& itpelf ﬁdth heat‘transfe# t§ the graphite
small, and‘then as the metal teQPerature becomes significant Q trqnsition
" to the second transient, where the graphite and metal tehperaturas rise
together. The temperature diséribution dhring this rise 1a essentially‘
that of equilibrium cohditions, soAt hat the coefficient obtained from
the rise is elso the coefficient for equilibrium.coﬁditionso |

In preparation for a start-up meessurement the cooling fans are rum
for es long e period as possible during a bhutéown to~lower the pile
temparature; With the fans running the power is brought up to 1 kw to
establish the positioﬁ of thé #2 rod for conatsnt power at that tempera-
ture. Since the #e rod is most éonvqnient for operation it elone is used
for the measuraments.. Then the pilg is brought up to full power end a
log is kept of centrel metal temperature, #2 rod position, and the baro=
meter reeding for an hour or more. From fhe #2 rod calibration e con-
vgrsion is made from rod position to reectivity. These values are-
corrected for changes inuhhe‘Xenoi coﬁoentration (correction usually ebout

4 inhours) and in air pressure (amounting to about 1 inhour).
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A plot is then made es in Figures 1 and 2 of the difference betwsen

the instantensous value of the hottest slug temperature and the equili-

“brium value for thet power level, with the difference plotted es ordinete

on a semi~log scale and time as ebscisse on & linear scale. Since the

pile power is not ususlly held conmstent until tempereture oquilibrium is

attained, en equilibrium value is chosen which will meke the second

tamparaturs trensient appear as making a plot of reectivity ageinst. time.

The temperature and resctivity curves when enalyzed show two components,

which are. respectively, parallel.

The two temperature exponentials as plotted here are each of the

form T-T, = P(l-e Kty where P, k, and T, are constants. P depends on '

-the power level end the rate of heat transfer to the coolant, k depends

' on the rate of heat transfer alone, and T, is the initial temperature.

On one run the date (ss plotted in Figures 1 and 2) were es followss

Metal Coefficient

Tme ' Temperature (from analyzed Reactivity from |
curve not from dete curve) enalyzed curve
1134 PoM, . sleec 27.0 ‘inh
| 1443 j 4;1° ¢ 1.0 inh
76.9° C  Difference 26,0 imh
Operating Metal Coefficient -.30 inh/oC '
Time : ﬁetal Temperature " _Central Graphite Reactivity
1150 Po M. 22.4° C 26.9° C 30,8 inh
2:50 P. M. 1n.7°c 13.5° ¢C : 17.0 inh
Difference 10.7° ¢ 12.4°C - 1303 inh
Operating Totgl ; i3 3 -
Coefficient - 5% 2+1.3 10h/9C (10.7 x o3 = 5.2 inh dus to
° metal temperature rise)
Operating » - 10,1 .o /

(]
Gl‘aphite COefficient o m = 082 inh/ c (10 1 inh due to %!‘aphite

~ 1

temperature rise



To check the hypothesis that the grephite followed the sams exponan-
tiel, a plot wgg made of the- dlfference between the instentaneous central
graphite\ tempe:fature and the equihbrium valus on & log scele egeinst
time on a lineer socele. The curve obtained was & straight line parallel

to the metal tempsrsture line. The vaiuea-dbtained from four runs of

this type including. the above gave the‘following results:

Date ~ Operating Metel Operating Total  Operating Oraphite
. Temperature Temperature Temperature
Coefficient _ Coefficient Coefficient
6=9-45 -.3 inh/°C -1.3 inh/oC -0.8 inh/oC
7-23-45 .3 " 14 " 1.0 "
 9-21-45 -.15 " SN o -0.6 "
12-6-45 -2 " : . e1,0 " 0.8 " )

The Aoéuraey of the measurement depends to'a lerge extent on the
accuracy of the control rod celibration. The change in the control rod
calibration es the pile haats up is a factor which has not been assessedo
However, the fact thet the two sets of high values were obtained on one
region of the rod while the two sets of low values were obtained on an-
ofher points to en error in control rod calibration, Oocesional changes
in metal loeding and in the position of poigons are facfors affecting
rod calibrations. | | ‘

No eccount hes been teken of thQ thermel expansion of the air in the
graphite so the operating éoefficiént,is fcr.métal, graphite, and air,

Metal and Graphite Coefficient - : SN

Certein coefficient measuremenfs could not be clessified as opereting
coefficients, because of different tempereture distributionso - During

a low powef run in October, 1944, when the decay of the Xenon wes being



~ followed, correcticns dus to temperature changes fit the best when a
‘temperature coefficisnt of -=1.3 inh/°0 was uged. fhis is reported'in
CP=-2192, 1In this cese (mentioned leter in this. report in the section on
) Xenon).the ms£31 wes at #he temperature of the adjacent graphitas in.
ancther run of this type, Februery, i945, a velue of -1,2 inh/oc gave
the best results. | | |

In two other maasuiements reported in CP=2222, ihe piie was allowed
to sit after shutdown umtil thevmatal temperaturs dropped to graphite
temperature. A critical wes taken, the pile was cooled by the fans, end
then enother reactivity measurement was taken. The values of temperature
coefficient ‘_c‘sbtaineé wore -1.1 inh/°C end -1.6 inh/°C. 1In & later rum
‘of the same type, & value of =.9 10h/0C was obtained.

Tempereture Coefficient Withcut Gradient

The temperature coefficient for the pile et uniform temperaturo was

- mpagured only once when the pile waa_heated ovnrnight‘by rediators in

the inlet air duct. The value observed as reported\in CP-1300 ig =,75 inh/°co

Best Values based on the aveileble data:'
Operating Total Coeffiolent = =1.1 inh/°C 2 .1 (Temperature reference
: point et centrel or
hottest slug)

- Operating Metal Coefficient = -0.3 inh/°C i:.os‘(Temperature reference
: - point at central or

hottest slug)

Opereting Graphite Coefficient = -0.8 inh/°c T .1 (Temperature reference
(no correcting for nitrogen) point central graphite)
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Summary of Exgarihental Results ‘
Coofficient Value: Per ©C with Temparature Metal Graphite ~ Temperature Remarks
- Inh/oC Respect To: Distribution Temperature Change
Difference Distribution
Operating -.58 Hottest Slug Operating . Operating Operating CP-1300
Total ' - '
" -.68 " » " " Not pre-
: viously
® -1.38. v " " id reported
‘" «1,07 " n n " "
" 1.3 »nl " " n ]
tw _1 .4 " " LU L "
" o 7 | " "- 1] " n
" -1 ° o . L} ] ’u N " u
Opereting -.66 " " n » CP-~1081
© Metal ,
" -e43 " " " » CP~1300
" -3 " " " " - Not pre-
. viously
“ -3 " " " " reported
" _.15 “ T - - w n ﬁ
" o2 " w " n "
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Summery of Experimental Results (Continued)
Coofficient Valuet Por °C with Temperature "Metel Graphite Temperature Remarks
: : Inh/°C Reapect To: Distribution .  Temperature Change _
- ' Difference Distribution
Operating - o
Greaphite =o8  Central Graphite Operating Operating " Opereting Not pre-~
/ ‘ : ‘ viously
" -1,0 " . "o ' " " " reported -
® . °°5 " » o ;] ] "
" -.8 " " " n "
Netal and C , -
Graphite 1.3 All Points ' .o Zero Uniform CP-2185
" -1,1 " . .o" " n CP=2222
“ =1.5 " " " " CP=2222
" 0.9 " v " " Operating Not pre-
: . viously
" =12 Average Pile " " " - reported
Tempersture*
Total -.75 Al1 Points Uniform . Zero Uniform -

- CP=1300

* The average of available temperatures was obtained using the square of the neutron densities as weight Tactors.



- Calculated Coefficients For 4 Uniform Tempereature Distribution

A

With the help of Messrs. Weinberg end Scaletter & calculstion was
mede of scme coefficients for the pile changing tempereture uniformly.

The average temperature in any slug chennel was obtained by the formula
- . L :

T () T [Z(z) ¥ (2)de = o (.88)
u M. g \o
B 51' Mz(z) de N

0

where TM' is the metel tempsrature et the hottest point of the row,

7(z) s the temperature distribution as a function of position
(2} in the rows

As an epproximation in lieu of good data we took & sine function
starting at zero at the beginning of the row of metal end resching a
maximum at 68 om behind the center of the pile, which is the measured .

_hottest point. . |
M(z) = the neutron density distribution for which we took the
sine function reechingz e meximum et ths center end
zero at 50 cm beyond eech end of the metal rows.

The average temperature along a diemeter wes obteined by & gimilﬁr

equetion: , |

R
l R(:-)l ¥ (e)r ar

E
65 w (r)r dar

Ty(r) = Ty

Ty (<87)

where

TM" = temperature st r = 0 for some constent Z

R(r) = radial temperature distribution functicn which was

obteined from a cross sectional temperature plot

M(r) = redisl neutron distribution, taken to be Jo f2.4 __T
A . R - 50
" where , .

: r = variable radius, (
R = radius of metsal loeding, 50 cm .is augmentation distansce.

7 -
. N



Multiplying the two together we get the effective everage metal

tomporature. ‘
T,8ve = Tmo(,ss)(.ev) 2 o786 Tyo

where ‘
Tyo~ Tempareture of hottest slug,

" Then the metal temparature coefficisnt is

Cyz OM* = =o8 = o4 inh
075 . a

where Cy is the coefficient for the metal with constant tempersture rise
over the pile, and CM.Via the coefficient with‘operating tfompereﬁure_
distribution. | |

1 we assume the seme temperature distribution relative to the hot-
test graphite point as was calculated for the metal, we heave

TG‘ ave = 0075 TGO .

Then Cc,_g %g. s :'_,;..g_ g =l.1 inh

whera C, is the grephite coeffioient fof a uniform temperature distribu-
tion end C'G 1§ for an opersting temperature distribution.

The assumption that the graphi te temperature distribution is the
same es the metal neglects the fact that the hottest point in the
grephite is farther from the cénter of the piie than the hottest point
in the metel. Howsver, the error introduced is probably not greeter
?ﬁen 0.1 inh/0C, This value for graphite includes the contribution due
to the variation in the nitrogen contert of the graphite and chemmels.

P2 RDT  dP = RD4t for constant density.

_Then

dP _ dT , for dP = 1 mm of Hg, 4T =
P-T «

o2
o

mm Hg



onP-6 e B

Since a change of 1 mm of Hg pf-oducea 0.4 inh change in reectivity,

T - oC " and ] - T
P~ @i’ inh- ~ 5.7

an average pressure of 740 end average absolute temperature o'f‘ 385 gives

Nitrogen temperature coefficient = inh - 0.4 P .. 0.4 x 740 _ 0.8 inh
Bon Lempe | T T %6 - St

‘The corrected graphite coefficient will therefore be

Cp = Ca = (R, correction) ¢ 1.1 = 0,8 = «1,9 inh
6, = %o N2 82 -1.9

Then the calculated tempersture coefficient of the lattice in vacgo for
uniform tempersture distribution is

Totel Tempersture Coefficlent s =1.9 = Ooé =. <203 imh _

Fveluation of Causes of Tempersture Coefficlient

From above
&K = A, ¢ Bk 5 Ak e;A'[k
where Ajk is the chenge in reactivity due to chenge in leakage, A,k 1s

258 resonance, Atk is due to

the chenge due to Doppler brosdening of U
the }evoling effect of the neutron density at high temperatures, A,Lk is '
dus to the variation in A with neutron energy.

In CP-478 Morrison evaluates the ractors. causing thé iemperature
coefficient and gives an estimate of the temperature coefficient for .a‘
lattice with rods 1.6 cm ra&ius, while the CIinton pile has rods 'of 1.4
em redius. Assﬁming that this discrepency will cause oniy small errors,

e re-evaluetion of Af(k is mede using orrison's velues of Hqk and 'Atk?

since AIQ! wes stated to be the least relisble.

g



_ Horrison ‘Our Value :
Metal Coefficient = Ak 13 x 10 1.0 x 1075 = =.4 1an/Oc
Ak -2.7x107° |
Mk #.6 x 1075 |
Aik -9.7x10° 6.6 x 1075
COraphite Cosfficleht e Ajk + Agk + Ank “4.7 x 100 = -1.9 4nl/C
Total '-'llk*ﬁck*ﬁk-' 4k = -9 x 106 =BT x 1075 & -2.3 1aB/OC

Coafficient

1

Xonon Poigoning

~ The inhour'valuo of the Xenon poisoning was determdnedvby calouiaelhgl4
a theoretical oﬁrve for the relative amount of Xenon present end metohing
ié to a reactivity ocurve corrected for other effects.
In order to calculate the Xenon concentfat§on during & run tﬁo pre«
vious pile hietory has to be known, but not further back than 72 hours
" because the Xenon which was pregent et thet time will have decayad'tov
less then 1% of the original value. | | |
' ~ The formula for the concentretion et any time, t, is
t v
Nes :ﬁﬁx— S kp @) |oxeltT | e‘}l(t:o. X
N - Pxe .

N

Ao © decey constant = 0.0737 he~1

where '
decay constant = 0,1060 hr-1

pQ)= the power level in KW
k = proportionality constant.
When used for calouletion it is best expressed in this form for the

concentration at eny time ¢,
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where Pijic the powsr level from t@ - l)until t,» We are indébted t§
Mr. Scalletar for setting up ﬁhese equetions.

In Figures 1 end 2 are shown the power 19v513 of the period l1=4-4§
£0 1=8=45 and the resulting caloulated Xenon ooncentrations. Experimene
- tally, we plotted the reectivity loss of the pile as e function of time,
‘getting the resctivity from the control rod positions end correcting
this for berometric changes with a barometric cosfficient of -.3 inh/mm Hg
‘ The curve, Figure 3, that we then obtained showed tempereture and Xenon
~ trensients. Of the t@tél run vhich lasted over four days, sbout 16 hqurl
are ococupied by tempersature transients. These ococur at t he beginning{
when the pile came to full power a# 2000 KW, snd agein in the middle of
the period when it changed to 4000 KW. JPside from these periodp_tha
resctivity curve showed a shapﬁ'whioh could be metched by varying the
ordinete_of the calculaﬁed Xenon éurve to the proper value. With this
doneswa could .reed off the imhour value‘pf the Xenon for any time;

_'Since the 4000 KW run lasted for two deys the scturstion value was reached
within 6%. At he end of that time the inhour velue was 100.7. At come
plete seturation it would have been 106.2 inhours. The power level was.
4040 KW, so the saturation valus of the Xenon poisoning of the Clinten
pile is 26 inh/megawatt.

VThié value ocorresponds to yC "= 18 x 10% varns. Using y to be .0869,

138

whichiie the sum of C.056 for Xe from the 1138 decay reported in

CC=2219 end 5.6% of 0.056 = 0,003 reported es the independent fission

yield of Xe'3% in €C-3007, we obtain 0, = 3.0 x 10° barne.



VonP-60 . - o22- | .»
In the first evelustion of Xenon poisoning done in October 1944,
and reported in CP-2192, 22.5 inh/megawatt wes found to be the seture-
tion poisoning, yﬂfg_ls x 10% barﬁs and 0;; = 2.7 x 10° barns, using
y = 0.069, burine tﬁis run & barometric coefficieng of =0.3 inh/mn Hg
end a totel oéerating temperature coefficient of -loskinh/bc wore ﬁséd.
In another Xanon run, February 21, 1946, 26 1nh/hsgawatt was ob-
served ss saturation Xenon poisoning, y(= 18,5 x 10* varns, and Oxe =
3.1 x 105 berns. Berometric cosfficient of =.5 inh/mn Fg end total
'6perating temperature coefficient of ;1,2 1nh/bc were used satiéfactorily.
During this run the pile wa§|shut dcem for four days and1bhe Xenon decey
wes followed.

Longer Period Poison

The February 21, 1945, run which lasted four days was also analyéed
for a po;aible-longer period poison. The decay time of fouwr deys would
meke & decay of half-life of about & week most prominemt. No effect
wes Ebaervad. and considéring the accuracy of the méasureménts wo cen
say that a poison éf half-life of ebout & week and y0~ = 2500 would
probably have been observedo | |
| During ‘the run of October, 1944, reported in CP-2192, a large amount
of metal which hed been in the pile thrae months or more wes discharged
and a chenge in reactivity which could be attributed to a long-lived

poison from fission products was not obgerved.






