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ABSTRACT

Physics .experiments werebpefformed on the:SMwlAcore.under

.Research and.Development Task No,VII. Measurements wéne‘made

on. five rod bank positions .and rod calibrations. . The reactivy-

ity effects of .core modifications Wére;investigated& - Modifiga=

tions.tO-the.cqre.included.replacement<offtheﬁboronnabsorbers'
in rods 1,.2, 3, 4 and-C .with europium absorbers; replaqement
of .a .control .rod fuel element with one containing an integral
europium flux suppréssor;‘and replacement of a.stationary fuel‘
-element} .Additional‘experiments.were designed to determine the
teactivity of the.SM-1 with &4 and 8 stationary elements re-
moved; the neutron flux in the biological shield and in .the
.region of an integral europium flux éuppreséorgAand the:gamma

flux above .the core And.from_irradiated cbntrol.rod-qompqnentg,

v
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1.0 INTRODUCTION

This report is the second interim report on .SM-1 core
measurements; covering the periedvfrom.November,.1958 to June .30,
1959, The .experimental work was performed.under.Task,VII4of,the
.SM-l:Research and Development program. . The experiments.will
.prov1de a basis for evaluating the nuclear performance of the
.SM-1 .Core, _The . first interim reportl(issued March 1, 1959) on
core measurements to November 1958, included a description of
the . SM-l and the experimental techniques developed for core
<measurements§ -A final report on core measurements during the

entire lifetime of core I will be issued in .early 1960.

2.0  EXPERIMENTAL WORK PERFORMED

From November, 1958 to June 30, 1959 (from 9.1 MWYR to ap~
prox1mate1y 11 MWYR of energy release) no shut downs were
,scheduled for core measurements. However, the SMml was shut
down on March,6 1959, and the pressure vessel head was re~
'moved to allow physical examination of the core and fuel ele-
”mentsl .Some core data were obtained -while the pressure vessel
uwas open, . Work performed under stipulated Task -VIT experiments
_1ncluded plotting of five rod bank p031tions, rod calibrations,
'.and source multiplication. Experimental work was also performed
- to determine the effect of modifications on the core, such. as
' the replacement of a statlonary fuel element; the replacement
of &

ﬁeuropium flux suppreSsor° and the replacement of boron absorb~

ontrol rod fuel element with one containing an 1ntegral

" ers in control rods 1, 2, 3, 4 ‘and C, with europium .absorbers..
‘:Other experiments ‘were designed to determine the: react1v1ty of
‘the. SMél core w1th 4 and 8. fuel elements removed the neutron

'flux in the reglon of. the integral europium flux suppressor
~and in’ the biological shield; -and the gamma flux above the core

.and. from irradiateéd control rod .components.



2.1 Five Rod Bank Position

The critical five rod bank positions for several conditions
-were obtained. .The critical bank position att709F, no xenon,
10.5 MWYR burn-up was 7.20 inches. .The critical bank position
at 440°F, equilibrium xenon, 10.7 MWYR burn-up, was 12,86 incheét
. These positions are shown iﬁ:Fig,u2»1Al, where the .five rod bank
.positiOn‘is.plottedtasaa,function-of.energyvreleasep' The criti-
cal five rod bank positibnvwith.the boron absorbers in control
rods 1, 2, 3, 4, and C, replaced by europium absorbers at 70°F,
no-xenon, 10.5 MWYR, was 7.09 inches. ‘

. The hot, equilibrium xenon bank position-at-.10.7 MWYR burn-
up is approximately 0.3 inches below the fitted extrapolation of
bank position plotted as a function of energy release as shown
in Fig. 2.1.2. A dispiaéemehtiofteopzvinches in the hot, equil-
ibrium xenon bank position'was expected as a result of the core
modlflcatlons (see - Sectlon 2 4. 2 C) Since the latest point
'falls 0.3 inches below the extrapolated curve, this indicates
that the fitted extrapolatlon may under estimate core life.

The energy release plotted as a function of calendar time
is shown in Fig. 2.1.3. Assuming a 1load factor of 62% .shown in
Fig. 2.1.3, and 15 MWYR,energj release, the end of core life
will occﬁr’iﬁ January; 1§60g |

2.2 Rod Calibrations

Rod calibrations were performed at approximately 70°F with
no xenon present. Rod A was calibrated by the period methodlﬁ
and the five rod bank was calibrated from the integral rod A
worth;‘ | , - .
' Three calibrations of rod A at a burn~up of 10.5 MWYR with
rod B-at 19 inches are shown in Fig. 2.2.1. Two of the calibra-

tions weére performed as a function of the position of the five
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rod bank. -The third calibration was performed as a function of
the four rod bank p051tlon with the .absorber and fuel sections
removed from rod .C position, leaving water in that position,
-The two curves in the figure have approximately the same integral
worth (321 ¥ 6 cents). The figure shows that the removal of fuel
and-absorbex from‘rod»C increases the worth of rod A in the ab-
sorber région'of.the.coré (above the bank) , but decreases the
worth in the all-fuel region (below the bank).

The .calibrations of rod A as a function of the five rod
bank position for the normal SM-1 core .and the 41 and 37 element
cores are shown in Fig. 2.2.2.  The calibrations were performed
at“a.bﬁrn-uP of 10.5 MWYR, with rod B at 19 inches. The bank
motion and the position at which .rod A is even with the bank is
shown for each .core .configuration, .The original boron absorbers
in rods 1, 2, 3, 4,_and.C; were replaced by new europium absorb-
ers before these calibrations were performed.

The integral worth of rod A in various cores .was obtained
by integrating the differential worth curves shown in Fig.2.2,2.
The integral worth is given for each:case.in Table 2,2~1. - The
five rod bank position .at the terminal points of the integration
are .also given in the table. The differential bank worth was
calculated by dividing the integrél worth of rod A by the cor-
responding motion in the five ;od,bank-as given in.Tableiz;ﬂwlg

The reactivity worths of several boron-10 absorbers.fully
inserted in the rod C'position are shown in Fig.. 2.2.3. The
-worth of a stainless steel absorber was taken as 0 centss and
' other absorbers vere evaluated relative to the steel absorber,

The.reactLVLty worth is plotted as a function of weight of
.B 10 in the absorber. Figuré 2,2.3 shows data from a eyropium
,absorberw plotted so that ‘the number of europium.atoms equal

the number of boron atomso

11
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¢T

Five Rod Bank .Calibration

Number of
-Elements
in the

. Core

Rod A

Position
(inches

Integrated

Rod. A.Worth

(cents)

Five Rod Bank
.Position
(inches)

Average
Bank .Position
- (inches)

Average
| Bank Worth
.| (cents/inch)

45

0.00

8.97

330.5

18.00

7.09

8,03

175.8

.41

1.00

10,47

16,00

356.9

8.34

9.41

167.6

.37

0,00

12,04

395.9

9.54

10. 79

158..4
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- 2.3 " Source Multiplication

.Data was recorded from two.BFj3 neutron,countens{for,various
times after shut-down from fﬁll power. Relative count rate '
plotted as a functlon of .counter high voltage is shown for the
.two . counters 1n Flgures 2.3.1 and 2.3.2. The counter pErfornh
ance is unsatlsfactory for short times after shut- ~down,, but . the
performance improves with increasing time after shut- down.. %he
‘high gamma flux shortly after shut-down apparently is responsible
for tne poor pefformance;,however, activations in the .counter
walls could also contribute to the loss of plateau. .The gamma
dose rate for various times after shut-down as given in Figures

'2¢3;1.and 2.3.2 was'obtained'from'shielding measurementss..

2.4 Core Modifications
On May 8, 1959, the following modifications-were completed
on the SM-1 core: '
1. . The boron absorbers in control rods 1, .2; 3, 4, and C;
were replaced by europium absorbers numbered 1, 5, 4;
6, and 8, respectively.
.2, . The fuel element in control rod 4 was replaced by a new
| control rod fuel element c¢ontaining an intégral europitvm
flux suppressor.
3. .The statlonary fuel element from position 56 was. rotated
180° and used to replace the element removed from posi-~
tion 57.
4. A spare, unused core.I stationary fuel element was

placed in position 56.

The position numbers in the core are shown in Fig. 2.4.1.
‘The.hazardé associated with the modifications were evaluated .and
:,are-repprted in APAE*MEm041944@4AThe-effects.onuaore‘measurements

are describedebelow,:

19
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2.4.1 Temperature and Pressure Coefficient
Since the temperature .and pressure goefificients are primarily
functions of the water volumé fraction, small changes in fuel and
absorberiioading will have a negligible effect on this experiménty

2.4:,2 Bank Positions ,
A. Replacement of Boron Absorbers with. Europium
Absorbers

Thé coldy no xenon 5 rod bank position. was 7.20 inches with
original boron absorbersy and 7.09 inghes with new europium.ab-
sorbers, The reactivity associated with the replacement was
evaluated by several methods and iS'20¢]i‘5¢@ This should ¢ause -
.a displacement .of approximately -0.1 inches in the dperating,baﬁk,‘
position at approximately 12,8 inches (10.5 MWYR). . The gorrection
‘¢an be madé¢ in the plot of bank position as a function .of energy
- releasey and the .correction will diminish to zero at thé&:.end of
core life, |

.A new . boron absorber was used as a. reference for gomparison
_with europium absorber worth as given in Table 2.4-1. The measure-
ment.was performed by fully inserting the. absorber, new boron or
~europium, in4rod'CﬁpositionAand determining themcritical,fourﬁrqd
bank position., vDifférencésﬂin.theszur,rbd;bank.position were
«converted to reactivity changes using a measured worth of 143 cents
- per inch for the four rod bank. from 8,7 to 9.1 inches.

B. Replacement of Fuel ELements
Thé net reactivity effect of moving and rotating the fuel

element from position 56 to position 57 and the replacement of
fuel elements in rod 4 and position 56 was estimated as 0.084% p,
orAil,S-cents@ This would gause a displacément of ~0.1 inches in
:thesdperaﬁing'hank position at 10.5 MWYRs The in¢réase in core
life due to the.addition of these fuel glements is estimated at
0.2 to 0,5 MWYR. |

.27
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TABLE. 2.4-1

COMPARISON OF. BORON AND EUROPIUM. ABSORBERS

_FOUR ROD .BANK' | .CHANGE IN EANK - | DIFFERENGE IN WORTH*
POSITION __ POSITION :

ABSORBER (INCHES) . |  (INCHES) =~ (CENTS)

(reference) : :

#1 | 894 - | -0,095 +13.6

C# | soesa - | -0.095 | 4136

5 S T R <0007 . +13.9

#6 | . s.9a2 <0.007 | +13.9

#8 8.947 | =0,092 . o +13.2

- .Europium =~ S.S8.

#3 | 8:768 . =0.271 +38.8

#7.. 8,.772 -0,267 +38.2

| Boron (Used 10.5MwyR) |- . - | o + 1.9

=

e = e — Cman-an L L R e ae e e

% ‘Positive sign indicates less poisonous rod.



G Net Effeet on-Bank. Positions
‘The net.effért .of. absorber replacewent and . fuel . element
.changes on theé operating badk position will be>to-d13plage the

s 2.4,3 Rod. Calibratlons
‘The effeet of core modlflcations on rod calibrations will be
negligible. §

2,444 Start»up ‘Count Rate _ A
Thé core modifications will have negliglble effect on. start-

‘up. count rate.

2.4.5 Stick Rod Conditions
'The: change . in safety'margln as. a. result of core modification
was evaluated and is reported in APAE MEmo N’o.,.1944 '

2 5 Reactivity of’Smaller Cores

Experiments were performed to determine the loss of re~
-activity associated with the removal of fuel elements from zors
" positions 12, 21, 164 27, 67, 765 61, and 72, In the first ex-
.pEriment,,only'the&fuelzelemeﬁts-in positions 164 27, 61, and 72
were removed and the reaotiyity,effeetfmeasuredl It was. as—
sumed that the.measured;éffeﬁt:could¢be.mulitplied‘by;two.to ok~
tain. an estimate of the ¢ffect of removing 8 fuel elements. Re-
cause the:m@aSUIEd»reaﬁtiﬁitY'JOSS was large and adversely af-
. fected the estimate of the PM-2A lifetime; it was degided to
pérform a second experiment in which 8 elements were removed
from the SM-1 ¥ore.

The general procedure for both experiments was to calibrate
-rod A as a fungtion of the five rod bank position in the normal
-SM?lréorey_and,thénlin thé~¢dre4withuélemeptsArEmQVéd@T'The inf_
tegral worth of rod A was uged to.calibrate the five red bank
(se& section 2,2)@‘fEiyeurodmbaﬁ&dﬁalibxations.are,shown”ianigy

29



2.5.1, The reactivity change .associated with fuel .element
.changes is”subject to different.intergretations because of the
.change in rod worth with. core size and bank position.

.Table .2.5-<1 gives the results of Ap c¢omputed on the basis
of:rod‘calibrations in the various cores. . To estimate the re-
activity remaining in the 45 qqd.37}e1emen; cores, the differ-
ential hank‘worth:curves.WErelextrépolated linearly to zero .at
22 inches, as shown in Figure 2.5.2. The differential curves
- in Figure 2.5.2 were integrated to yield Figure 2.5.3. The
straight line extrapolation of Fig. 2.5.2 yields an integral
'.wofth from 7.09 inches to .22 inches, which agrees within 0.1%.
. With the'integral wbrth.takenAfrom the differential worth curve
in APAE Memo 1781,

. The .critical five rod bank positions in the 45 and 37
element .cores were 7.09 inches and 9354‘1HChESj respectively.

.Reading fromwFigure'Z,S,B atAthesefpoSifiongi '

22.0 e
JG7element.core.4 $1d:95

9. 54 p=1-e1095_ 0768
22,0, : e
. .§:5 elémentfcoré-; $13&907
7.09 p=1-e 1391 o964
22,0 . 22,00
Bp = 545 element core - 37 element core = 1.96%

The .integral bank worth method of determining the reactivity
difference between the two cores has the advantage of correctly
treating the change in bank worth with ‘core size, .H0wever$ it
is subject to a large uncertainty due tb thefgxtraﬁoiation em~
ployed. .This' method y:ieilds »a“va,lue of Ap45 wpp 37 = -1496%.
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- Change in
Number of -
,Elements

45 to 41
45 to 37 .
A4l to 45

37 to 45

 TABLE 2.5-1

Element .Changes

-Reactivity Loss'i
(based on larger, core
Bank calibration)

Reactivity Change Associated with Fuel

Reactivity Gain
(based on .smaller .core
bank :calibration)

1.43%
3.09%

1.51%
3,51%
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2.6 Neutron Flux Measurements
The relative neutron flux in the:core; in the region of an
integral europium flux suppressor in a fuel element, and in the

shield rings, was measured by the activation of gold foils.,

2.6,1 Shielding

. For the measurement of .the relative~heutron.flux.attenuaw
tion between the core .and the shield rings, foils were placed in
fuel element positions 35 and 62 in the core and in the water
.gaps between shield rings 1, 2, 3; 4; and 5. The foils were
-activated for 10 hours with the reactor operating at a power
level of 10 kw. .The reactor was then shutdown and thé foils re~
moved. .The activity of the foils was determined and decay cor=
rected to the time of shutdown. .Corrections were made using the
relative axial flux ploﬁl for the displacement df.the foils in
the core from the relative peak flux. The activity of cadmium
covered gold foils .activated in the core was normélized to the

3 peak fast neutron flux in the core. ..The bare gold

-calculated
.activity minus the cadmium covered gold foil activity for foils
activated in the .core was nofmalized to the. calculated3 peak
thermal neutron flux in the core. The normalization factors
determined in the . core for the fast and thermal fluxes were ap-
plied to the measurements between the‘éhiéld rings. . The .com=
parison between the core-normalized relative gold foil .ac¢tivities
~and thefcalculated fast and thermal neutron fluxes in.shieid
tingsAis shown in Figure 2.6.1. The figure<shdws the design
shield ring spacing; however the actual spacing may varj,i 0.5
inches_fromgthe design, The wvariation in .spacing from the design
is the reason for .the .apparent inconsistant,peqking‘of the thérm-

al flux in water gaps.
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-

-tive thermal flux with no suppressor

2:6.2 Europium Flux Suppressors
A new control rod fuel element .containing integral europium

flux suppressors was placed inscontrol.rod four. ‘Gold foils were

»activated in the. suppressor region to measure .the effectiveness

of the suppressor in. reducing the thermal flux in the tip of. the
fuel elemEnt”section.of.theﬂbontrql rod. .Bare and cadmium

covered gold foils were activated for 10 minutes with the reactor

operating at a-powér level of approximately 80'watts@ The re-

actor .was shut down .and the foils removed. .The<;elative.a¢tivity -
was determined and corrected to the time of shut-down. . The
activitylof the bare gold foilsuminus.the,activity of the cad=
mium covered gold foils was normalized to a measurement of rela-

% between 2 and 3 inches be~-
low the top of the active fuel. . Figure 2.6, 2 shows a comparison

of the relative thermal flux measured by gold foil attivatisn.for

<an integral europlum suppressor; no suppressor; Haynes suppressor4,

and the calculated thermal flux for an lntegral europium .suppres= -

.soréu

2.7 Gamma.DoseARate-Méasurements
2.7.1 Above-Core

The shut-down gamma flux was measured on March 31, 1959 at
points aboVe the core. . The. alrwwalled ionization chamber used tq
make the measurements is described in APAE No. 353. .To take
measurements under'water,_the,chamber was enclosed in a segtion
of 3-inch diameter iron pipe approximately 10 1nches long. The
pipe was gasketed and capped with aluminum on :the lower end,  and
attached by a,welded»connectlon on the top to a l-inch. dlameter
iron pipe 17 feet IOng, The .upper pipe provided waterproof pro«
tection for the electrical connections to the chamber and was
marked .to determine the position of the ..chamber. -Measurements

were taken at several positions above. the core, and the dose rate
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a

.-was calculated by the equation:

(3)
- FAT 2oL
.D, - FAT P To |
_where * D = dose rate R/hr

“F = chamber sensitivity = R/hr/,,A at S.T.P, .= 0,2452
A = attenuation through pipe wall =2,72 -
Po% standard pressure < .-760 mm of Hg '
P.= pressure in chamber during measurement
(assumed to be 760 mm: of Hg) |
,$6='standard temperature.— 492° R
T = temperature in chamber during measurement (530°R)

1 = chamber current ( ﬂ//y,amp:e-res.).

"The shut~down gamma dosemrate,plotted-as.a.ﬁunction.of.position

.above the. core centerline is shown.in_Figm.2@7@l,:.The results.

shown in Fig. 2;7ol are difficult to interpret with respect to

generated fission products because of intermittent reactor opers ..

ation. The reactor was on line 183 hours in February and 69 hours

in. March.

2.7.2 Control Rod- Components
-The gamma dose rate from components of safety rod A was

measured with.a Jordon probe. Measurements were made with the

instrument approximately one inch from the surface of the water

.and one inch from the holding tool, with. the component underwaters

or one inch from the. component when removed from. the water.
l)“,Fuel Element Section
| The gamma dose rate with the fuel element section
underwater is plotted in Figure 2.7 2, ﬂThe-distanoe is
measured fromwthe.surface of the water to the bottom of
thenelement pin. .The dose rate is greater .than 50 R/hr
with the fuel element section less .than 2.3 feet under-

‘Water,b
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2)

3)

Boron Absorber Section

‘The gamma dose rate was measured with the. boron absorber

section underwater and also w1th it fully exposed .The

results of the measurements are tabulated in.Table 2,7- 1

AThe,measurements4w1th.therabsorberqfully,exposed give a

dose rate greater:than 50 R/hr when the detector is placed

:more than 9.5 inches below the tops

Rod Cap

' The gamma dose rate“was measured with the rod cap unders-
_water and when fully .exposed. -The results are- tabulated'

“in. Table 2 7-2. Measurements with the. cap fully exposed'

gave a max1mum dose rate .of 2 7 R/hr. - However, it
should. be noted that rod A is. ~withdrawn durlng operation
at power,.and the top of the .cap is then approx1mate1y

51 1nches above the center of the core.
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.. TABLE .2, 7+1

Gamma Dose Rate from. Safety Rod A Boron

Absorber Element

‘‘‘‘‘‘‘‘‘‘‘

MéasurementﬂPoeitinn Dose
- Rate
R/hr
6.5 .inches from top of water to @Qttom_of.elementjpin. 0.06
3.5 inches from top of water.to~bottém:ofuelement pin~ 0:6.
OlS‘lnches from top of water to bottom of. element pln
¢ «125 inches of. element ‘exposed) 1.3
4.0 inches from top of element completely exposed 15
9%5'1nches from top .of element completely exposed 50

All of element more than 9.5 inches from top of

gelemEnt.Completely,exposed§

54
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TABLE 2, 7-2

~ .GAMMA DOSE. RATE .FROM SAFETY ROD A CAP

.Measurements Are. From -the Surface of the

.Water to.

the . End of . the Tool . Installed

On the-. Cap

MEASUREMENTIBOSITioN

10 feet under

40 feet aboje

=a65 feet above
.89 feet above

1.15 feet .above

Cap.clear of watery

‘water
.wateft .
water
vatér

waterxr

measured 0,5 inches from spring

. Dose

Rate '
(R/hr)

0.5
1.4
1.5
2,4

52‘.4_. 7

2.4
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3.0 CONCLUSIONS

The .experimental measurements included in this report in-

-dicate that:

1. .

.56

Thémunsatisfaétafy*pe;fogmgnge.efJBE3-neutron '

.countefs-for éhgft]timés;after.shﬁt%down is .ap=

parently caused by high gamma flux.

Modifications made to thé core will not sériously
hinder the intérpretation of measurements .made
under Task.VII

~Measurements .of the neutron flux verify the calcu-

1ated4 attenuation of neutrons to the blologlcal

.shleld.and.show.that_anAlntegral.europlum,sup-
pressor effectively reduces the thermal flux peak

.at . the tip of .a control rod fuel element.

.The total energy release will be approximately

15 MWYR.
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