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LEGAL NOTICE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission:

A. Makes any warranty or representation, expressed
or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or pro-
cess disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any informa-
tion, apparatus, method, or process disclosed in thts re-
port. .

As used in the above, “person acting on behalf of the
Commission” includes any employee or contractor of the
Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or
employee of such contractor prepares, disseminates, or =
provides access to, any information pursuant to his em-
ployment or contract with the Commission, or his employ-
ment wtth such contractor.
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ABSTRACT

This report is a compilation of six preliminary memo-
randa describing accident and transient studies applicable
to Kiwi-B reactors. The work was done primarily to deter-
mine an optimum control rod system from the standpoints
of good system performance and good safety characteristics.
Two control rod systems were considered. One was the usual
combination of slow shim rods to establish the quiescent
operating level, and a small number of fast regulating
rods to obtain good system performance for small pertur-
bations. In the second system all rods were identical.
Various combinations of maximum rod velocities were
considered for both systems.

Memoranda N-4-719, “Reactor Transient Calculations --
IBM 704”; N-4-723, “Kiwi-B Accident Studies, Part I?’;N-4-747,
“Kiwi-B Ramp Reactivity Transients”; N-4-771, “Kiwi-B
Ramp Reactivity Transients - II”; and N-4-777, “Kiwi-B
Accident Studies (Part 2)” contain digital and analcg
computer data for various combinations of accidents and
control rod systems. N-4-784U, ‘~Kiwi-B-lControl Vane
Velocity Limiting”, contains a summary of this work and
the conclusions which were reached.
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REACTORTRANSIENTCALCULATIONS- 1PM 70h

19 September1960

The neutronicscode ROK permitsthe representationof reactivity

as a power seriesin timeplus a constant-frequencyharmonic. This

has beenmodified(andcalledROL) by the authorto permitinstead

the representationof reactivityproportionalto sin2(e/2).

Reactivityis representedas a constantCo plus

whereCl and C4 representthe positiveor negativereactivityworthof

regulatingand shim systems,C3 and Cd the respectivefull travel times,

and C2 and c~ the initial position (in time)to permita non-zerOthe

problemstart. \

Power transientsfrom a constantpower starthavebeen canputedfor

a total.regulatingand shimsystemworthof $104 and $1’~0respectively

(atbeta~ 0.0065),and a neutronlifetimeof 32 mluroseconds.

Controlelementtravelwas such that fullmotionof the regulating

rod ~tem took 0.S second,and that for the shim either18 secondsor

2 seconds.
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Initialstarting“’~i!i’s‘fbrfhe e%?%;si”onswerevariedas follows:

(a) e. = 90°. This permitsstartingan excuroionat the maxim~

reactivity removalrate (approximately1.08 timesthe

For example,at 0.S and 18 secondreactivityremoval

rates,02 and C~ are 0.25 and 9.0 seconds.

flaveragenrate).

and shim ramoval

(b) 0Q3 secondfrcm the fullout position. ‘1’Msstartsthe

excursionat a lowerreactivityremovalrati,but also insuresthat

when the scrammotion canmencesthe reactivi~ insertionratewill ba

smallsresultingin a slowerdecreasefrom the scrampowerlevel. At

0.5 and 18 secondrates,C2 and C~ aro 0.2 and 17.7 seconds.

(c) - (d) 0.25 and 0.2 secondfromfull out. The last three

casesare of coursenot to be reasonablyexpectedunlessthereis acme

drasticmiscalculationor misfortunein settingthe operatingpositions

of the controlsystem$but stillcannotbe disregarded.

Startingthen at thesevafiouspositions,powar transientswere

computed,axxicurvesof P vs t plottedfromwhichtypicalscramsignals

were selected. Theseincludedrelativepowerlevelsof 1.2,1.S, ati 2.0

timesthe initialpower,and periodsof 300,200 and 100 ms. Addition-

ally in a few instancesrelativepowr levelscramsof 1.0 ware selected

to givea base pointor minimumpoworrise and heat generation.

To the timeat whicheach scramsignaloccurred,a suitablodelay

time (20 or 100 m) was added. Conditionsexistingat that newtimo

uore recorded$and used as starting conditionsfor scram. lWll travel

scrsmtimeswere generally0.S second,althoughsomerum at 0.25 second

weramad..
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‘ITMPERATURERISE

The areaunderthe powerprofile(riseplus scram) was then

assumedto representan unuantedexcessof powerabove the previous~

constantpomr. Flow ratewas assumedto remainunchangedduringthis

excursion. Thereforetemperatureof the fuelelementswas assumedte

continuerisinguntilpowerlevelfell back to the initialconstant

value,afterwhich it would startto decrease. Takingpeak temperature

rise as the determiningfactor,calculationswere not continuedbeyond

thatpoint.

A simplecode

calculatesaverage

(TVP- Temperature vs Pomr) was writtenwhich

temperatureriseand peak temperatauwrise vs tdme,

as w1l as an exponentiallyattenuatedpeak tempendm’e riseat the

end of the excursion. The averagetemperatureriseat any time is

takenaa

A~=z&xAt
tmx~

The rise In peak temperaturewas takento be a constanttimesthe rise

in averagetemperatuxw,where that constantwas determinedfroma KIB

calculationperformedby O. Famner. For constantflow rates,and

powerconstantat 90, lCXJ,110 and 12@ of fullpower,the ratioof the

changein peak temperatureof tb loadedfuel elementto the changein

averagetemperaturewas foundto be comtant at 1.28.

The rise in peak temperatureduringeach time

attenuatedexponentiallyfrom that intervalto the

with a 3 secondtimeconetanto

●ee800●O
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end of the excursion,
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Other constants usedweret ~$ specificheat of 0.52Btu/lb~ OFs

m, mass of 545 kg, andAt, averagetime intervalsof 10 ms, initial

power of 1000H’W,and fractionof power locallydepositedof 0.98.

RESULTS

Figures1 and 2 showrise in averag?temperatuzaTS pomr level

when scramstarts,for the 18 secondand 2 secondfull travelshimwith-

drawaltimes. The ordinateis plottedin ordertoper!nitthe arbitrary

mixingof scramsignalsand delaytimes~

Figures3 and 4 showpowerprofilesc Used with Figures1 and 2, they

permitthis arbitrarymixingto be estimated.

Figures5 and 6 showrise in averagetemperatureYS powerlevel

when scramis signalled,for

and for 0.10and 0.02 second

A comparisonof Figures

18 secondshimtravel:

18 secondand 2 secondshim fill traveltimes,

delaytimes.

3 through6 showsthe following—

for approximatelylfl second,the relative

powerprofilefor the thetaequals900 startslightlyexceedsthat for the

0.3 sec from full out start,the two curvesbeingnearlyparallel. There-

fore a @van power levelscramsignalwould causean earlierscramfor

the 90° casothan for the 0.3 sec caseand, sincethe curvesare nearly

parallel,the longer-runningcase (0.3sec start)will show thegwater

temperatuxwrise becauseof a greaternet

MW-seconds(seeFigures3 and ~).

2 secondshim travel: at all times,

equals90° startexceedsthatfor

For small (0.02see) delaytimes,

curveshave not divergedgreatly,
●e .Oe●-. .

the 0.3

areaunderthe powerprofile,

the powarprofilefor the theta

sec-from-full-ou~ositionstax%

at low power levelscrams(1.s),the

and as before,the temperaturerise is
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FIGURE 1
$7.O/18Sec ●$1.4/o.5 se.

Tscram z 0.5 Sec

1’ z 32psec

P z 0.0065
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greaterfor the 0.3“s~c~$ade.●:31&ev&: for largedelay tties,the 90°

casepowerrisesse verymuch fasterthan the 0.3 sec casethat,even

thoughthe lattertakesa lengertime to reachscraminitiationand

the end of the excursion,the area

(MW-secends) causesa much gnater

The tableabelowindicatethe

cases,where in all instances,

(1) Re@ating system= $1.4

(2) Shimsystemw $7.0

underthe formerpowerprefile

temperaturerise.

temperaturerisesfoundfor various

(3) Regulating systemfull travelwithdrawaltime= O.~ sec

(h) Po :1000 m

(5) ~ s 0052

(6) m s 545 @

(7) The constants

(8) Peak-te-average

3 3ec

temperaturerises 1.28

(9) FrmtiOn ●f pmr lmdly deposited a 0.98

CONCLUSIONS

Excursionsstart: mere casesshouldbe examined. Nevertheless,

for the 18 secondshimwithdrawalcondition,sincethe shimsare removing

poisenmuchmore slowlythan are the regulatingreds, regulatingrod

positionis dominant;and for

differenceamongthe casesof

full out.

ratesam

startand

For the twe second

the regulatingred, thereis little

0.3, 0.2 and 0.2g (U. zs90e)secendfr=

shimwithdrawalcase,whereshim reactivity

comparableto regulatingrod rates,the+3~ 90e (mid-position

highestwithdrawalrate)is the worst of thoseconsidered.
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factor. If a 20 ms delaytime
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thisis perhapstb most significant

can be guaranteed,then the two second

shim

peak

withdrawalfull traveltime is quiteacceptable.

Scramtime: for the cases considered, the dlffemmce in fise in

temperatuzwcausedby a l/h sec WS a 1/2 sec scramis negligible,

in moat instances.

LIMITATIONS

Wherepossible,it was decidedto err on the conservativeside

(i.e.,higherpowerrise). For example,reactivitytemperature

coefficientis not included;in generalthetransientsam over in a

few hundredmilliseconds.Specifichat and peak-to-averagetemperature

risenere consideredconstantover the temperatuxwrangeencountered.

It is realizedthe conditionsconsideredhere representbut a

few ●f marw possiblevariatiom. Other shimand regulatingrod with-

drawal(andperhapsscram)ratesshouldbe considered,as well as etlwr

excursionstartingpoints. Thiscan be doneeasierwith an analog

computer,but it is hopedthesecalculationswill serveas usefulch3ck-

points~

As an estimateof computer(’704)

(a) One powerexcursioncarried

time) - approxtiately10 seconds.

(b) From the reeulthg curveof

time required,we have:

out for

P Vs t,

timeswere selected,and the powerscrammed.

cartiedout for 100 milliseconds(generallya

30 aoconds.

W milliseconds(a long

variousscraxinitiation

One such scramcomputation

long time)- approxlmato~

(c) Computationof temperaturerise - approximately4 seconds.
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KIWI-D ACCIDENTSTJDIES(Part1)

23 September1960

PURPOSE

Kiwi-Bshimactuatorvelocitylimit
resolvedat the presenttime. Also,the
delaytimehas not been determined.The

and scram rate has not been
maximumpermissiblescram
purposeof thisstudyis to

dete-mineeffectsof these variableson =ll-temperatureovershootand
determineoptimumvalues.

DISCUSSION

A simplified simulation of Ifiwi-B (Figaro 1) was used to obtain
accidentstudydata. The simulationconsistsof a fairlyaccurate
representationof regulatingard shimvane dynamics(G.E.Actuations).
The neutzwnlcssimulationia a laddertype simulatorwithmean neutron
lifetime(Q.*)of 3.3 x l&~ sec (NeutronicSimulator,A. G. Bailey,
12/21/S9). The heat exchangeris representedby a simplelag of 1.6
sec as determinedby mass heat capcityof core,maximumpowerlevelaxxi
maximumflowrate@ A temperaturereactivityof $1.S per SOsO~ was used.
Propellantmass flow rate arrlreactivitydue to hydrogenwere assumed
to be constantduringall runs.

All cmputer nlnsweremade a maximumpowerand maximumflow rate
conditionswith a power levelscramat 1S0% of maximumpower. The
accidents assumed were: all shim vanes moving out at their velocity
ltiited rate with regulating vanes fixed and all vanes, shim and
regulating, moving out at their maximum rates. Scram delay time,
shim vane velocity11.mlt and shti vane scramspeedwere variedin
computerruns. Powerlevelmaximumwalltemperature,changein
maximumwall temperature,regulatingvaneposition,shim vaneposition
and totalreactivitywere recorded.

Figure2 showsthe effectof varyingshimvane scramspeedon
maximumwall temperatureovershootwhilemaintaininga constant180
per secondshimvane velocitylimit. Figure2 also showsthe effectof
havingshimvane velocitylimitequalto the scramspeed. All ccmputer
runsshownin Figure2 used a 20 ms scramdelay.
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The effectof scramdelaytimoon wall temperatureovershootis
shownIn Figure3. Threecurves~4se/secvelocitylimitand scram
rate,90°/seoveloci~ limitand scramrate,and 18e/secveloci~
limitwith a 90°/secscramrate,plotmaximumwalltemperatureovershoot
vs scramdelaytime. Vaneswere all set at 126° at the startof each
camputer run. Regulatingvanemaintaineda constantpositionduring
all runsa

Figure4 is the same as Figure3 exceptthat the regulatingvanewas
includedin the accidentstudy.

Figure~ is a repetitionof th 900/secand 18e/secshimvane
velocitylimltcurvesof Figures3 amd b with all ~anes startingat 90°
insteadof 126°.

CONCLUSIONS

Figure2 showsthat increasingthe scramapeedbeyond2000/sec
doesnot decreasetemperatureovershootsignificantlyduringan accidente
Figure2 also showsthat an incnase in velocitylimitactuallycauses
a decreasein temperatureovershootwith a 20 ms scram&lay.

Figures3 and bindicate thatif scramdelaytime is 108S than 35
ms a &so/secvelocim limita~d scramor a 9@/sec velocitylimit
and scramis betterthana 18 /seevelocityltiitwith a 9&/sec scram.

Figur~s show8thatan accidentat 90° ~ano startingpositionand
a 90°/seovelocitylimit,produceshighertemperatureovershoots,when
delayis long (7Sma), thandoes the sameaccidentat 126°vane starting
position. It also shows,however,that temperatureovershootis within
designtolerancesif scramdelay the is kept below35 ms.
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I(IW I-J? IML’P REI’.CT I’:ITY TRANSIENTS

27 (’ctober 1.!360

The September monthly progress report and this

report, “Reactor Transient Calculations -- IBM 704” describe

the calculation of power transients using the ROK neutronics

code, and the computation of the resulting temperature rise

using the TVP code. These previous calculations were based

upon reactivity excursions caused by control element motion,

and simulated the approximate sin2 ~ reactivity dependence.

Subsequently, calculations have been initiated to deter-

mine the effects of ramp reactivity additions, in order to

estimate reactor behavior in regions near prompt critical

under severe accident conditions.

Because it may be possible to mechanically adjust control

vane mo-tion such that reactivity rates are nearly constant (Ak

proportional to time rather than sin2 ~), scram was simulated

as a negative ramp.

Accidents are postulated as follows:

(1) From an initially constant power level, positive

reactivity additions commence,and power curves are plotted

as a function of time.
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(2) At the instant of scram initiation, twelve 70$

control elements start to insert poison at a linear

rate dependent upon full stroke scram time, TScram.

Travel is limited to the insertion of only one half

the total worth, in order to simulate more realistic

conditions.

(3) Before, during and after this scram action, the

positive ramp reactivity addition is postulated as

still occuring. This reduces the control element scram

effectiveness and also gives an indication of whether

the system can be shutdown completely.

Table I (on page28) indicates relative power level as a

function of time (neglecting temperature coefficient) for

positive reactivity ramps, where i+- 32 Bsec and B - 0.0065.

PC ● prompt critical. (Table 1)

The $10/sec rate was selected as representative of a

severe accident, and for various scram signals and delay

times the system scrammed. Representative full stroke scram

times used were 0.5, 0.35, 0.25 and 0.1 second, while the

corresponding scram motions were permitted to last 0.25,

0.175, 0.125 and 0.05 seconds.

The core was simulated as 545 kg of loaded fuel elements,

with a specific heat of 0.52 13tu/lb-°F, and a peak-to-average

temperature ratio of 1.28

fuel element temperature,

● *9●9: :
● o

.*

to 10 The rise in average loaded

in peak fuel element temperature,
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TABLE I

Ak Rates

t

o

25 ms

50

75

100

125

150

175

200

225

230

275

300

400

500

600

$2/see

1.0

1.04

1.10

1.17

1.24

1.32

1.42

1.53

1.66

1.82

2.01

2.24

2.52

4.86

17.3 (w)

350.

$ $5/see $10/sec $ $20/sec $40/sec

1.0 1.0 1.0 l.O

1.11 1.24 1.59 2.85 (PC)

1.29 1.75 4.07 (PC) 73.0

1.53 2.83 28.3 151000.

1.87 5.92 (PC) 1390.

2.41 20.2

3.31 162.

5.01 4090.

8.89 (PC)

20.2

66.7

365.

3580.
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and the rise in peak fuel element temperature at the end of

the excursion (P/P. returned to 1.0) attenuated with a 3

second time constant were computed. Some results are tabula-

ted in Table II.

These results indicate that for a severe accident situa-

tion such as the $10/sec reactivity ramp, where the possibility

exists of approaching or exceeding prompt critical, a short

scram time is necessary. Depending on the severity of the

accident expected, scram delay times, and scram worth, it

appears that full travel scram times in the order of 1/4

second would be desirable.

Still to be calculated are conditions obtaining as a

result of a positive reactivity ramp starting from some

positive period rather than steady state. This should

yield still more stringent requirements for the scram system.
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SCMM
SIGNAL

DELAY
TIME

;0=1.2

1.2

1.2

1.2

1.2

Prompt
Critical

Prompt
Critical

Prompt
Critical

Prompt
Critical

Prompt
Critical.

Prompt
Critical

20ITIE

20

I.Qo

100

100

0

0

0

0

ho

40
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TABLE II

t
scram

45 ~

45

125

125

125

100

100

100

100

l-ho

40

1.62 0.5s 54 F

1.62 0.25 29

20.2

20.2

20.2

62.2

62.2

‘TPk

70 F

37

0.5 Cannot shutdown

0.25 18ho 2360

0.1 991 1270

0.5 855 I.loo

0.35 52& 671

0.25 389 &98

0.1 259 332

0.25 Cannot shutdown

0.1 3050 3910

68 F

37

2310

1250

10IJO

653

489

328

3860
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KIWI-F. RF.IJP REO. CT IVITY TIWNS IENTS -- I I

2S November 1060

Reference i.s made to “Reactor Transient Calculations

-- IBM 704”, dated 1’3September 1.330and “Kiwi-B Ramp 13eac -

tivity Transients”, dated 27 October, 1~~~.

The former section outlines the technique of simula-
ting sin2W2 reactivity variations in the ROK neutronics
code, and the method of calculating temperature rise with
the TVP code. Temperature rises were computed for power
excursions due to control elements alone, starting from
steady state power, and scramming on period or power level.
~ly a limited number of cases were considered -- 18 second,
and 2 second shim withdrawal times, and 1/2 second regulating
system withdrawal time ($7.0 and $1.4, respectively).
Excursions were started 0.3, 0.25 and 0.2 seconds from the
full out position. Delay time was found to be the most
important factor, with full travel scram time playing a
relatively minor role. It was determined that if the
delay time could be limited to no more than 20 ms, then a
two second shim withdrawal full travel time would be
acceptable. For example, control element,runaway and 300 ms
scram signal, 0.5 second full travel scram yields a 470°F
change in peak fuel temperature, where m - 545 kg, Cp = 0.52
Btu/#”F, ratio of peak to average temperature change = 1.28,
and time constant * 3 seconds.

The second section describes some ramp reactivity
transients. Starting from an initially constant power level,
positive ramps of $2, $5, $10, $20, and $40/sec were added.
The system was then scrammed linearly at various scram
signals. The results indicate that for a severe accident
such as a $10/sec reactivity ramp coupled with a simultaneous
control system failure such that only scram action is
available forreactor poisuning, a short scram time is
necessary. Depending on the severity of the accident expected,
scram delay times and scram worth, it appears that full
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travel scram times of about 1/4 second would be desirable
(e.g., a scram at prompt critical with zero delay time
occurring 1/10 second after $lO\sec is started), $10/sec
positive reactivity still being added during scram, and a
1/4 second full travel scram time, results in a 500°F rise
in peak fuel element temperature.

Because comments have been made to the effect that the
above accident is too severe (postulating simultaneous
positive reactivity ramps and control system failure), some
less serious situations have been investigated. These
accidents consist of an initial positive reactivity, on
which there is su~erim~osed a control system failure
permitting controi element withdrawal ak the velocity-limited
rate, until a scram signal is reached, a delay ti me all owed

to eiapse, and the system scrammed (either at the same
velocity-limited rate, or a faster one). All control
element ~otions are presumed to be linear with time, rather
than sin 0/2 to simplify the problem; this can be pursued
in further detail on the analog computer if it seems desirable.

The reactor (again a 32 psec mean neutron lifetime,
12 - 70~ control elements) is initially placed on a
positive period by the addition of a 50$ step at 1/10 of
full power. This serves the purpose of developing a stable
reactor period of about 4.8 seconds, after the knee of the
power-time curve is passed (at about 50 ms, or 20% of full
power), a somewhat realistic situation. Note that a 75P step
would result in a much shorter period, about 1 1/2 seconds,
and too steep a power rise for this high an absolute
power level.

It was then assumed that this almost 5 second period
rise would be permitted to continue for several seconds,
and a power-time curve plotted. At 2 seconds after the step,
p/po - 3.4, or p = 340MW, several positive ramp reactivities
were added. These were $8.40 per 10 seconds,’4 seconds and
2 seconds (180/s, 45”A and 900/s respectively).

Power curves paralleling the programmed 4.8 second period
curve were plotted at 1.2, 1.5 and 2.0 times programmed power.
The intersection of the three excursion curves with each of
these three relative power curves was recorded and assumed
to signal a scram. Delay times of 20 or 35 IUSwere added,
and the system scrammed. The energy (MW-seconds)
represented by the rise above the programmed power level
(the five second period curve) represents energy added and
was used to compute temperature rise.
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Because even the most severe of the excursions considered
did not result in an excessive
element temperature, only they
below:

TABLE I

POSITIVE $8.40 RAMPS

rise in peak loaded fuel
were calculated and listed

SUPERIMPOSED

UPON A +50$ REACTIVITY

Add -Itlonal Time Elapsed After
Initiation of Excursion, for

~Full Degree/ ‘Ipstart -
Travel Sec. 1.2 1 5- 2 0-
10 sec 180/s 108 ms 197 ms 291 lllS

4 45 52 91 132

2 90 32 52 74

TABLE II

TEMPERATURE RISE

lklll ~Full
Travel Degr/ Scram Delay Travel Degr/

‘Tpk ATpke-~out Sec Signal Time Scram Sec AT— —— —— —. .
10 sec 180/s 2.0 35 ms 0.5s 3600/s 96F 123F 119F

4 45 2.0 35 0.5 360 66 85 83

4 45 2.0 35 4 45 146 187 176

2 90 2.0 35 0.5 360 82 106 104

2 90 2.0 35 2 90 176 226 217

CONCLUSIONS:
If lt is agreed that the worst accident expected is a

control system velocity-limited runaway starting from about
35% of full power on a 5 second period, then it appears a
similarly velocity-limited control element insertion with
a floating 2.0 power level scram and a 35 ms delay time can
adequately limit the reactor temperature rise. N* that
the first section discussed the full power, constant power
start situation and came to about the same conclusion.
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If it is felt that faster accidents are possible, it
is not clear that this system will suffice. Rather, short
scram times (perhaps 1/4 second or less) appear to be
desirable.
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KIWI-E ACCIDENT STUJ?IES (Part 2)

19 I)eccmber 1960

PURPOSE:

Section Two , “Kiwi-E3Accident Studies, Part 1”,

gives analog computer results when using a ladder type

neutronics simulator, a simple 1.6 sec lag for heat exchanges

and simulated vanes. This report, “Kiwi-B Accident Studies,

Part 2“, discusses accident study results using more accurate

problem simulation. Its purpose is to extend present Kiwi-B

accident studies to the extent that more firm specifications

for shim vane characteristics may be made.

DISCUSSION:

Ramps in vane motion, and the associated effect on

reactor power level and core temperature are considered in

this study. These vane ramps are used to simulate

simultaneous failure and withdrawal of the entire shim gang

at various shim velocity limits.

Table I shows the effect of vane velocity limit on

reactor power overshoot if an accident occurs at a low

power level (10 MW) and when the reactor is on a short period

(0.5 see) . All vanes are considered to have the same charac-

teristics with a total worth of $8.4. A reactor power

level scram at 15 MW with a 20 ms delay in vane response was

used in all runs. Computer setup (Fig. 1) consisted of

simulated vanes, the Kiwi-B heat exchanger, the logarithm

type Kiwi-B neutronics simulator, and the scram relay network.
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Solenoid bypass valve, which bypasses velocity limiting

orifice in scram mode, was considered to have a 45 ms delay

in the simulation. Simulated propellant mass flow rate was

set at 1.0 lb/see for all runs. Final stage wall tempera-

ture was found to remain constant (approx. 275°R) in every

run.

The effects of shim vane accidents at 950 MW and full

propellant flow rate when reactor is on a 5 second period are

shown in Table II. Power overshoot and final stage wall

temperature overshoot are given for various vane velocity

limits. Figure 1 again shows the computer setup for this

data except that a ladder type Kiwi-B neutronics simulator

with an I* of 3.5 x 10-5sec was used in place of regular

logarithm type Kiwi-B neutronics simulator. A scram at 1500

MW with a 20 ms delay in vane response was used in all runs.

Table III gives results of accidents occurring at

500 HW and full propellant flow rate when the reactor is on

a 5 second period. Figure 2 shows the simulation setup in

which an actual vane and actual solenoid orifice bypass

valve were used. The ladder type neutronics simulator was

used in these runs. The solenoid delay was determined to be

about 110 ms by experimentation at the time in which data

were taken. At the present time this 120 ms operating

has been reduced to approximately 40 ms. Scram signal

occurred at 750 MW.

Table IV shows the results of accidents at 1000

time

m

steady state with a 1500 MW scram level. Figure 2 shows

the simulation setup for these runs also. A logarithm type

neutronics simulator was used to represent the Kiwi-B

neutronics for the 90°/sec vane velocity limit data. The

ladder type neutronics simulator was used for the 18°/sec

vane velocity limit data.
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TABLE I (0.5 sec period, 10 MW)

VELOC IT?? SCRAM
LIMIT SOLENOID
SIMULATED SIMULATED OVERSHOCYI’
VANES VALVE Fow er Power %

18°/see Bypass used 8.2 MW 8%
(45 ms delay)

450/see Bypass used 8.2 82
(45 ms delay)

450/see Bypass not used 9.3 93

90 ● /see Bypass used 14, 140
(45 ms delay)

90”/sec Bypass not used 14. 140

TABLE II (5 sec period, 950 Ml?)

S~Ahl
LIMIT SOLENOID
SIMULATED SIMULATED
VANES VALVE

OVERSHCXYT
Power Power % Wall Temp

18°/sec Bypass used
(20 ms delay)

45e/sec Bypass used
(20 ms delay)

450/see Bypass not used

90°/sec Bypass used
(20 ms delay)

900/see Bypass not used

632 MW 66% 175°R

790 83 127

885 93 262

1100 116 132

1200 126 200

—
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TABLE III (5 sec period, 500 MW)
S~AM

LIMIT SOLENOID
ACTUAL ACTUAL OVERSHOCYJ!
VANES VALVE Pow er Mw Power % Wal 1 Temp

18°/see Bypass used 316 MW 63.2% 11O”R

90”/sec Bypass used 730 146 84

90 ● /see Bypass not used 758 152 90

TABLE IV (Steady State, 1000 MW)

SCRAM
LIMIT SOLENOID
ACTUAL ACTUAL OVERSHOOT
VANES VALVE Pow er= Power % Wall Temp

18@/sec Bypass used 570 Mw 57% 100‘R

90”/sec Bypass used 800 80 80

90●/see Bypass not used 820 82 85
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A study has been conducted to investigate the feasibility
of replacing the shim and regulator vane control package with a
package containing only one type of vane servo. This servo would
have a velocity limited vane, but the limit could not be less
than approximately 450/second to provide the same dynamic
reactivity capability that can be obtained with two unlimited
regulator vanes. Secondary objectives of the study were to
obtain a better understanding of the effects of vane scram
velocity and the scram system time delays on the ability of
the power control system to minimize temperature overshoot
during accidents.

Two preliminary assumptions were reached during meetings
with N-2 personnel. First, the best protection from non-vane-
generated accidents can be achieved with high vane velocity
limits if the power control system operates properly. The
upper limit on vane velocity is then established by the ability
of the scram system to prevent damage due to vane-generated
accidents. N-3 suggested the use d500°R as the maximum
allowable temperature rise at full power. The second
assumption was that vane scram velocities in the order of
3600/second are desirable to reduce the effects of non-vane-
generated accidents producing faster than prompt critical periods.
This assumption is heavily influenced by the scram system time
delay.

The term vane velocity limit refers to the maximum velocity
of a vane when its actuator is driven through the torque motor.
Scram velocity indicates the vane velocity, after a scram
signal, when the actuator velocity limiting orifice has been
bypassed or a scram spring has been released. This action is
accomplished with a scram solenoid. Two parallel sequences
occur when a scram signal is generated. First, a small
signal relay impresses a battery voltage across the torque
motor. This starts the vanes in at their velocity limited
rate. A parallel signal operates the scram solenoid which
increases the velocity of the vanes to the scram rate. The
torque motor scram time delay, the time from scram signal
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generation at the he vane starts in,
is approximately 20 milliseconds. The scram time delay
through the solenoid has been in the order of 60 to 100 milli-
seconds on past reactors, but it is hoped that this figure can
be reduced to something like 30 to 40 milliseconds for
future systems.

Two independent accident studies were conducted by A. W.
Charmatz and P. B. Erickson. The digital time-solution study
done by Charmatz is reported in memoranda N-4-719 and N-4-771.
Erickson’s investigation was done with the analog computer and,
in some cases, an actual Kiwi-Bl-A rod servo. Erickson’s work
is described in memoranda N-4-723 and N-4-777. The data were
obtained over several months of time with varying assumptions,
initial conditions and simulation equipment. Therefore, it is
difficult to correlate the data numerically. Gross numerical
correlations are evident; however, and the general conclusions
are consistent.

Common assumptions for all data are a Kiwi-Bl core
configuration with an &?*of 30 microseconds. The thermal time
constant of the loaded portions of the fuel elements was assumed
to be either 3 or 3.2 seconds. The worth of each vane was
assumed to vary as the square of the sine of one-half the vane
angular position relative to the maximum negative reactivity
position. The worth of each vane was assumed to be 70~.
Temperature reactivity was considered in the analog study but
not in the digital work.

Figures 1, 2, 3 and 4 show some of the early analog
computer data with digital data points plotted where comparable
assumptions exist. For these figures the rod package was
assumed to consist of ten shim vanes and two regulator vanes,
The accident studied consisted of either the shim vanes or all
vanes going out at their velocity limited rates with the reactor
operating at full power. The analog simulator
linear neutronic kinetics representation and a
lag heat exchanger. The data shown in Figures
indicate the following:

1. Imrmovement in scram characteristics

consisted of a
one-lump simple
1 through 4

can be realized
by inc~easing the scram velocity to approximately 3600/second
if the velocity limit is 180/second and the scram delay
time is 20 ms. The advantages of high scram velocities
generally reduce with increasing scram time delays or
velocity limits.

2. Vanes velocity limited to either 45”/second or 90°/
second give better scrams than 180/second vanes for scram
time delays less than approxtiately 30 milliseconds.
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3. pt below approximately
50 milliseconds, it is highly unlikely that any of the
rod generated accidents considered during the early
phases of the study would damage the core.

The data obtained during the first phase of the velocity
limit study did not reveal any prohibitive characteristics
associated with velocity limits up to 900/second; therefore,
it was decided to continue the work with a control package
having all identical vane servos. At the suggestion of N-2,
It was also decided to consider rod accidents with the reactor
at various power levels add periods approximating fast
start-up conditions. The complete Kiwi-B heat exchanger and
neutronic kinetics simulators were used for this portion of
the study. In addition, an actual Kiwi-Bwme servo was
used part of the time.

Tables I through V summarize the data obtained during
the last phase of the velocity limit study. These data
support the earlier conclusion that in all the cases studied
either 450/second or 900/second velocity limiting gives better
protection than 180/second velocity limiting for realistic
scram delay times. The data also show that a 900/second
velocity limited system would not require a higher scram
velocity to control rod-generated accidents. However,
unreported data indicate that scram velocities up to 360°/
second provide considerable additional protection against
high-speed non-vane-generated accidents if the scram solenoid
delay time can be trimmed to less than approximately 35 milli-
seconds. It is felt that the high scram velocity characteris-
tic should be retained.

If the high-speed, all identical vane servo system is
adopted it is recommended that the velocity limit be approxi-
mately 900/second. The 450/second and the 900/second systems
have about the same vane accident probability and the 90”/
second system has a better capability for controlling non-vaae-
generated transients and accidents.

Advantages which could be realized by using a 900/second,
all identical vane servo system rather than ten 180/second
shim vanes and two unllmited regulator vanes are as follows:

1. Core temperature rises caused by reactivity transients
and accidents would be smaller.

2. Loss of up to possibly five vanes during a run
would cut down tlie power system bandwidth slightly, but
it would not stop the test unless the failure generated
a scram. If an integral shim controller is used with
the 180/second system, the power control loop will become
either unstable or marginally stable if the regulator
vanes are lost.
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FULL POWER ON A 0.5 SECOND PERIOD

Velocity
Limit
‘/Second

18

45

45

90

90

Scram
Velocity
‘/Second

300

300

45

300

90

Core Temp.
Rise

‘R

o

0

0

0

0

Analog data

Vane accident at 1% of full power
Scram set -- 1.5% of full power
Simulated rod
Initial conditions

Sustained 0.5 second period
Torque Motor Scram Delay -- 20 milliseconds
Scram solenoid delay -- 45 milliseconds

TABLE IX

VANE ~
HALF POWER ON A 5 SECOND PERIOD

Velocity Scram Core Temp.
Limit Velocity Rise
‘/Second ‘/Second ‘R

18 310 110

90 310 84

90 90 90

Analog data

Vane accident at 50$ of full power
Scram level set at 75% of full power
Actual vane servo and scram circuits
Initial conditions

Sustained 5 second period
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TABLE 111

FULL POWER ON A 5 SECOND PERIOD

Velocity Scram Core Temp.
Limit Velocity
“/Second

Rise
“/Second “R

18 300 175

45 30(.J 127

45 45 262

90 300 132

90 45 200

Analog Data

Vane accident at full power
Scram set -- 150$ of full power
Simulated vane
Torque motor scram delay -- 20 milliseconds
Scr= solenoid delay -- 20 milliseconds
Initial conditions

Sustained 5 second period

TABLE IV

FULL KWER ON INFINITE PERIOD

Velocity Scram Core Temp.
Limit Velocity
“/Second

Rise
“/Second “R

18 310 100

90 310 80

90 90 85

Analog data

Scram level -- 15M of full power
Actual vane servo and scram circuits
Initial conditions
125” Vane position

Full power
m period

.——
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TABLE V

AT
33% OF FULL POWER ON A 5 SECOND PERIOD

Velocity Scram Core Temp.
Limit Velocity Rise
‘/Second ‘/Second ‘R

18 360 123

45 360 85

45 45 187

90 360 106

90 90 226

Digital data

Vane accident at 3* of full power
Scram set -- 6@J of full power
Torque motor and solenoid scram delay -- 35 milliseconds
Initial conditions

Sustained 5 second period
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3. Pneumatic actuator size, weight, cooling gas
requirements and technical difficulties would be reduced.
These changes generally improve reliability.

4. The use of only one type of vane servo would reduce
the power controller complexity, thus increasing reliability.

5. Control package field modifications and maintenance
would be simplified.

The study failed to reveal any advantages of the shim and
regulator vane system with 180/second velocity llmiting over
the 900/second system. However, both have a characteristic
which conceivably could cause the destruction of a reactor
core. If one assumes a simultaneous failure of the automatia
scram system and the vane positioning systm such that the
vanes move out at maximum velocity, the core would be destroyed.
Three solutions to this problem have been proposed. One Is
that tileaccident has such a low probability of occurrence
that reasonable protection can be provided by using redundant
circuits and highly reliable components. A good example Is
the use of two parallel scram systems between the control
building and the test cell. The second proposal is to provide
a circuit to automatically scram the vanes if excessive
errors appear between demanded and actual vane positions for
a predetermined period of time. The third solution is more
a ProPosal for a dif~erent vane package than a solution to
the 900/second velocity limited package. It involves the use
of a shim and regulator vane package with the shim vanes velo-
city limited to approximately 20/second. With this system an
alert operator possibly could scram the reactor manually
before the core was damaged. This assumes that the automatic
scram system failure was not between the operators scram
button and the reactor. An arrangement of this type probably
would use only one regulator vane because it is unlikely that
an operator could stop a two-vane accident in time to prevent
damage to the core. The shim and regulator vane system with
~“/second velocity limiting has not been studied; however, it
appears to have a few disadvantages which must be weighed
against the general feeling that reactor controls should be
slow ● Some of these are as follows:

1. The 20/second system would require temperature or
fast persounel scrams in addition to power scrams to
protect the core. For example, consider the single
accident oi’all shim rods going out at their limited
rates. Power would remain constant for approximately
5 seconds until the regulator vane hit the full in
stop . At this time the automatic power system would
lose control and power would rise to the scram level in
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a few seconds and scram the reactor. At this relative-
ly slow rate of power increase the Integral oi the power
excursion would be sufficient to overheat the core.
Effective use of a temperature scram system to stop
slow accidents of this type requires a temperature
scram level only 5% to 10% above the operating tempera-
ture. Inadvertent scrams may be a problem under these
conditions.

2. The system capability to control unanticipated
reactivity transients would be reduced considerably.
It is felt that this is an Important factor for the low
thermal time constant of the Kiwi-Bl core.

In conclusion, the study indicates that a control
package consisting of all identical vane servos velocity limited
to 900/second is feasible. Compared to the 18°/sec system with
two regulator vanes it would permit the use of a simpler,
more reliable power control system with less probability of
core destruction due to accidents. However, If multiple
failures should result in the destruction of a core, it is
possible for the destruction to be more violent with the
90°/seconci vane system.

It is not possible at this time to make a quantitative
comparison between the 900/second system and the shim and
regulator vane package having shim vanes velocity limited to
20/second. Qualitatively, it is felt that the 900/second system
would be better because the 20/second package would degrade
the power system dynamic performance and require either tempera-
ture or operator scrams in addition to power scrams.
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