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During the pover sscemsion of the X-14 Curium-II cycle cn Septender 17, 1966,

el widhdmwmenl +and wuae nanfrmemned ae Asssrihad {n Rafamanns
W W W T W AV A B @

5 AN Wk VARAL S WY TR A WA M

ture data for fuel sssemblies mronnding a septifoil

was to obtain

1

Tha chizativn
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tempers
fron which a control rod was withdrawn. Temperatures were measured by moailtor
thermocouples in adjacent assemblies and by special tmmcmplea in s

pin
Mark XII test aggembly described in Reference 2.

A preliminary report of the test results was included in Reference 3.

This

mﬁmﬁnautﬂlmywmumuormmﬁtmwst.

Results of withdrewal of s fully inserted full rod worth 180 miercbucks frem
cluster 8 of the K-1i charge were as follows:

. Resctor power incremsed from 950 MW to 1250 MW (32% increage)

Powers of Mark XII assemblies adjacent to cluster 8 increased
between 43% and 4E%.

Coolant channel hot spot factors and assembly hot channel faotors

indicated by on-line computer data were essentially unchanged.
(Diacrepancies were noted from date recorded by the on-line computer

-

»

and

valid.)
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© by a Midwestern recorder; the computer data are considered
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£°04 agresment vith measured power increases.

tempereture increased 9°C.

Rasnltsorthemsttaaimuthaﬁth@cmmmaiémmwmkxm
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probably slightly comservative.

DISCUBSTON
Background
If o single control rod is unintenticuslly withdrawm frem the resctor, power

in the adjacent region will imcromse more than the total resctor pover.
Automstic screm sction for this malfuaction depends primarily ea the Radisl
mmm,mmmmtnasmaameﬁbynmmm
cpater. Additional protection ogainst local flux iner asigm&@
mmmiwmitwthatumttoywmmmmmwa
1ocal flux imcrease of sbout 10%.
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whére: Ty, = sffluent tempereture limit, o¢
Teat = minioum saturation temperature in assemdly, °C

| = wnlowmwes l’ﬂnh Somnawadunse hoafinma sl ﬁlthﬂm‘l e?_'

T = Plomm temperatere before

Tip' = oRximum plemm inlet tespersture during rod withirswal, %

ECF' = maximm hot subchamnel fector during rod withirzwal e B{HCF)
a-mm[;;'hmmnm

m Wthmem ) or

- ____ __ _ Saa m .. ____ =

factor pofore withdrawal
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Mﬂmemmﬁ%mWsﬂamanthm
from inpdvertent rod driveout. Rosults of previous tests in liark V=B, Musk vam,,
mmxmsmesmmm in Referemce 5.

cum.-n Rod Withire:m) Test

mmnmammwaamp@mmamemwaﬁmx»m D0
mmmwemmmmma%@fmmmafm
zoraml work had besn ccmploted ot nll levels. ‘The priec was then redrced to
Mxmmmmmmmatmmom)mmm
prier to the test. .

The tent congisted of memsuring tomporeturzs in adjecont esgeolies before,
during, and after & single full zod, worth 180 microbuchy to the hex or 3
nicroduoks to the yeactor, was driven out of the septifedl from the fully-
ioserted position. The lecaticn of comtrol rods i clnster 8§ prior to the
withdrawsl is shown in Figure 1. A 0.45-inch cadmivm £l rod w@s renovad
frem chsunel A of the septifeil in ebout soven mimutes apd tho dote for the rade
out conditicn wore taken 1apidly to minfmizo the effests of povar changes
other than those caused by the tesl. o otheor rod viticn to compensate Sop

thess chenges ogcurred whils tho teet rod was belmg Wibdroam. Daring tho timo

thot the rof wag i8 the fll-ont positicn (befors it 123 pooiuscrted), ectnel
ro@a in other clusters were used o maintain congtert powor. UWien the €2ot scd
wss re-ingerted, in sbout sizn mimntes, coatrol rods in other clusters wosd
usged to prevent resctor power fvom dscreasing te legs tham 930 M64.

The chronology ef the rod ntaﬂm.l.m o suzmarizsd im Tobie 1. Hedctoz
power ineressed 329 frem 950 %wmmmﬁmmw Power
wummmmmzmmmmmha%mmm
odiscent to cluster 8 end 219 om the opposite side of the ressteor. The everage
¥ark XIT power in the hax increased by 45% (P, = 1.45). mm::um:&y@m
inmsmahaminﬁgnmac :

Momitor pin thermocouples indicated msmmﬁetmwamﬂmm
¥ark XIT assenblies adjecent to cluster 8. The \T°s m&mtedbythemmw

- P ¥ S Y Ny -_.___.n e %

wBll @& sbouh is Table IX. GSEsil
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?hooriutatunbﬂmmmm m&twp&nthemeemlemasm
Mummmmmmtumm Mopitoy pin ,
Wmmmmwmmmmmr “inereages
in the thres irmer chamnels (mcmitored by thermocouples A, B, and C) ig

the outer chammel. Tharatlo botween the maximom monitsr pin /\T end the

average moaitor pia /AT in the hox, <, was cssentialiy by tho red
withdrewal. The measured <tuss 1.05) before the teat and 1.050 after tho rad
witurawl Thg, v~ = 1.008. mmpmmmwmmmmm

Msmmoftmmmtmmemlesmthermmunmmmﬁtﬂm
32-60 are sumarized in Teble IE. Two thermocouples in thisc acsewbly boesns
isoperetive prior to the test. The /\P's rceorded by the en-lime conputer b
and after rod withdrawsl and contimmusly by the special Midwestorn -
recorder during the rod withiroml egree well execapt for the recponses fren
thermocouples 7 snd 15. The resson far the discrepercy betwsen maximm A\T°s
4sdicated by the cozputer ¢nd the Midwestern recorder ip not Imoun. Beeonss
mArmmeammwmmmmmmmwsTmmm

Yy ___n; in other Mchmm wﬂgi‘f; top dote are h@lﬁ.@m

ﬁéﬁciemm

Goblant channael hod Spod @mﬁ;&m a3 ostably kot --“.-h : 3
oftar the rof witkdrowel oxo empeved in Table IV. @c:mﬁ@x' antn Iodent
memwmmwhwmm&mwmmmm
the rod withdrawel (B = 1.00). Pacters cnleulated frenm Midwsotorn recordes
mammmmwmmmmmwmmmmm
aem-me 2) are slzo imelnfed in Teble IV for comparisen. Tho encaalsus
ebavior of Midwestern date for thermocouplos 7&&&15@@9@9 calculated Jaator
{gcrosses that ere unbalisvechly largo. Hot subchezmel foctors before tho rod
vithdrawal are within 2-3 stendard deviations of the cverages foctors at fall
pover; thuwntismm‘ba, considering the ¢ifforcacen between 607 and
100% power.

ma.umuthnt mehmleiammrkmwstammhlywe ghown in Figare 3.
MMohmmmmmuuwmmmmmmm
location 1s not chenged by rod witbdrawal.

Rasponse of the high level flux monftors is suzmardzed in Teble V. As anticigated,
the largest signal incresse (479) was indicated by HIR! L locoted in tho guadrant
netrest cluster 8. Monitdys on the opposite aide of tho reacior indiamted
ipcreases of about 32%. Rammaﬁmmﬁameﬁmnmmmmdm
and average reactor power incresses.

The rod withdrawal caused tho average plemm imlet tezporaturc to ineresso
adout 2°C snd the pump suction tomperature to incrense adout 9°C. The largest
{ncresses occurred in systems 1 ¢nd 6, nearest cluster 8. Effects of the red
ﬁmmpmmtmammtmmuumammmm
Table VI.
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The acrisl flux shape, measured by AFM 2, adjacent to cluster B was the seme
after rod withirswal as it had been prior to rod withivawsl. The rocftopn

ratio indicated by APM 2 decrensed aboyt 0.06 units during the withdrawal;
the ratio for tho other APM rods decreazed ebout 0.02 vnits.

on_of Measurefl end Roconmonfled Limdts Dats

Constants used to ealculste the mfﬂnen% wapemme iimit (Refwrence &) cre

Cengtant _n‘?sm-lm Meogurcd
B 1.00 1.00
v 1.61 1.00h

LIRS S mad L )

lsprepeneios betieen éota rogerdcd by the om-line caz:@u%w cef o Mifwostorn
wm, continzed ase of iy Yoemond
slightly conszervat¥os

thmmmmmtmmmmm@f 2 becmge of

A yelnze 40 rcasezoble and probodly
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Channel
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X-31

7-63

X-31

0.15 in, C4. Full Rod (Test Rod)
©0.35 in. Ci. Full Rod

Streng (0.35 in. €d.}) Partisd Rod
Empty

0.27 in. C4. Full Red

Weak {Co) Partisl Rod

Expty

-
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Mark XIT Relative Power Increase
Rod Withdrawal in Cluster 8 of K~li Curium Charge
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Tine - Power, 3 Ceaxents _
10:30 A 1300 . Hormal power aseconsfon te §5¢ SOP

20:45 1300
11:00 1309
11:15 1300
11:30 1360
1:45 1958 Reducieg powe o 690 peler e test
32:00 1659 | |
12:15 B 930
12:30 950
12:45 950
1:00 - 950 .
1:15 950
1330_ 950
1:35 950  Rod withdrawal beged
k2 Rod withdrewal complate
1:55 1250  Data collectica in poogress
1:57 Red reinsertion began
2:00 - 038 . _
2:03 Rod reinsertion complete
2:15 950
213V JN
2:45 950
3100 950

3:15 1160 Hormal power ascension resumed. WY
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3363 X A 305 30.0 45.5 15.5
B 29.8 29.9 45.7 15.8
¢ 29.0 23.2 h3.b  15.2
D 28.8 23.5 .0 15.5

32-60 xrc(® 4 293 b 12 23.6 B2 126
B 28.8 M4 12,6 23.9 k2.6 13.7
¢ 30.3 u43.8 13.5 30.2 450 1.8
D 3S0.b bk )37 39.2 UL5.2  15.0

30-60 VI-58 A 96 8.5 13.6 §.4
B 79 7.1 11.2 bl
c 0. 8a 2.9 A48
P 9.1 0.6 0.8 0.0

29-63 xrr-au{®) A 3.6 2.5 8.7 16.2
B 33.5 32 50.2 16.0
¢ 343 %8 R 16.3
D 28.8 aB.8 2.2 13.4

30-66 X1x A 30.9 32.0 U6.5 15.5
B 30.8 311 47.1 16.0
¢ 30.0 80.1 45.5 i5.4
P 30.2 30.2 k5.2 15.0

Notes: (a) Response of Mark XIT asscrbly im position 32+66 not recordsd.

(b) Special thermocouple test assembly.
(c) Ammlar-monitored test assembly.
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Special Thermocouple Responge
¥ark XII Test Assexbly in

Position 32-60 _
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26.b
2h.o

0 98 -3 & W F w
L

27.5

25.3

B E &

13 -

i 26.3
15 248
6 21.6

LLam £
HJ.Q

38.5

3.2

2.2
13.3
13.2
1.7
..
12.6

15.0

.
&

9.0
8.6
9.0

{a) Chamge of /AT indicoted by Midwestern racorder is
corrected for 2.4 °C incresse in inlet tewmporature
canged by rod withdrawal.
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Tablo IV

Hot Spot Foetors apd Hot
mm«z.mmmm

Cosputer IMdwestern Cyelo Avg. ™)
Rod

Red Red Rod
Foetop Channel fa = _Out _ Oat . .
Fob Spot Toner 1.139 1.2k 1.070 1.085
Factor (%} :
1.066 1,059 1279 . 1.065
1.06) 1.0h9 1.002 1.035
1.087 1.052 i.102 1.05%
Eob Svhehammel Tomer : 1.09: 1.087 1.08k 1.078
Fastor (EF)
Suall Determoddnge 1.073  1.655 1.2¢0 1.089
Inwe Mdorendfnen  2.036 1.022 .05k 1052
Cater <3(®) 4,;@3 1091 < 1(®)

Boates: (a) Aversge fector &t full rosetor power durirs X-1b eyele (Refercmen 2).
{(») AT of hottest asubekannel in out@r chamel vas looo them mormmlised

T of hottest monitcr pin thermt




Mavch 22, 1967 ? DRSP-67-1087
2 RTR-90%

HLM 3 HLES b
D2 {M18) x % A-3 (Bottom)

T

o=t—\-~—— Control Cluster #8

L . RN, PN, [ ey - T ey ,“.Bﬂ_.-.

UWW Wi VUIT AGMALR

HEFM 2  HIFU 1
C-3 (Bottm} B-1 {Top)
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Beactor Bffinent

30.3
30.2
k.1
6.6
59.7
59.9
61.8
R
61.6

1.7

i.b
1.5
1.8
LY
30:2
g.1
7.6
T-7
8.6
10.0
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