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Assessment of shutdown syateih trip parasaet.er ettecsiveness is perconnea as 
part of the detailed analysis of postulated in-core jess of goolant accident& 
(LOCASI . ~n-core LOCAS can arise, for example, from simuTtaneous failure of a 
pressure tube/calandria tube. severe flow blockage of a fuel channel, or as a 
result of a C&r break leading to channel Clem stagnation. For most 
operating states, an in-core LOCA results In a reactor core and heat transport 
systun responsÃ that is nearly identical to that aÂ an out-@Â£-cor LOCA with 
t h ~  same break: discharge rate-. In particular, reactor power i-s 
-11-eetitrolled up to the time of reactor trip and trip coverage on each 
shutdown system is provided by parameters such as heat transport low pressure, 
heat transport low flow, and/or pressurizer low level (where applicable). 

For plant operating states is which the soderator contains a large amount of 
soluble neutron poison 1e.g.. startups), an in-cwm U>CA can result in a 
significant insertion of positive reactivity to the system as unpoisoned heat 
transport (HT) coolant displaces, poisoned Biodarator fluid. The increase in 
moderator temperature also contributes to an increase in reactivity. This 
positive reactivity effect nay tx comaensated in part if the isotopic purity 
of the coolant i s  less than that of themoderator. The moderator poison 
concentration is highest in the earliest stages at startup following a long 
shutdown bfcuuse of the need to contpepsate for the decay of short-lived 
fission product poisons. Additional poison is ~ l Ã §  required when the core is 
in the pre-equilibrim state, to offset any additional CXC~ES reactivity 
associated with fuel at low irradiation. The reactivity insertion may result 
in ah increase in reactor power prior to rea,ctor trip, depending upon the 
~Ã‡SK~OUS of thÃ reactor regulating ~ystia. The o v d l  analysis comprises 
detailed airoulations of moderator response, reactor core response (including 
reactor rcgvlatin system [RRS] Whaviour), systsa thennal hydraulics and fuel 
b*hÃ§viou for JL w ? de range of in-core LOCA scenarios. This paper will 
specificilly address the assÃ‡seaen of trip parameter effectiveness for 
in-coke LOCAe. Bnphasis is placed on the approach taken to eynthesize and 
extend the results of the detailed analyfis over the entire spectrum of plant 
operating states. Detailed assessment of reictor coke response following 
in-core W A S  is discussttd in Refeface 1. Typical results of Ã§sseaantent 
performed for Ontario Hy@rels C W  rwctats art #r#ided tooether with 
specific examples of mpea~ting limits and design changes identified to ensure 
adequate trip coverage. 

trip parameter itfffeetiveoe&&s assessment is performed to proviite asauraace that 
timely stlutedown system intervention will occur ovar the entire range of 
possible reactor conditions. For small break LOCA events, trip parameters are 
considered to be effective if they preclude fuel sheath failure end fuel 



channel failure. 

Fuel sheath integrity is maintained if: 

(a) the local strain anywhere on the sheath remains less than 15 percent, 
fb)  the maximum fuel temperature remains balow the melting point (i.e.. 

284O.C). and . . ... . - 
athennal strain remains less than 0.4 percent. 

Precluding fuel melting is also a sufficient (although not essential) 
condition for maintaining fuel ebnnel integrity. 

Extensive analysis of Wst-dwUt fuel behaviour during small LOCA transients 
indicates that sheath failure may not he precluded if sheath temperatures 
exceed 6 0 0 - C  far siflnlflcMit period? of time. ft trip parmeter can fcherdace 
he considered to be effective in a given snail LOCA scenario provided that it 
ini,tiates before sheath CempBratures reach 600-C and fuel temperatures reach 
2MO.c. Malysis indicates that the sheath temperature criteeyiefl ie generally 
inore limiting tW the fuel temperature criterion. 

3.2 Overall Svstenl (CBoonsc Chairacteri~tiea for In-Core LCX& 

The net rate ot positive reactivity insertion following an in-core LOCft, and 
therefore the overall system res&cnae, will depend on a number ot factors 
including: 

ti! the moderator poison concentration. 
tiil the  extent to which the HT coolant is less isotopically pure than the 

modera tar, 
(iiil the break discharge rate, and 
(iv) the response ot the W. 

MBC IncciCMs prior to reactor trip ~ a y  mask or delay- bhÃ ptoeess tripe and 
accelerate the time to onset of dryout and subsequent fuel overheating 
following the break. On the other hand, power increase will enhance the 
sffsetivstiss'a at thÃ n*UtroKilc trip*. lWS-indueiXl reactivity device moveinant 
due to changes in reactivity following the break nay introduce spatial porn  
distortions which can also accelerate the onset of dryout, even if no bulk 
power increase is experienced. 

Pigum I provides a eonc<pta~l illustration or the: v a r i ~ w  reglffleg of B ~ S ~ I Z B  
behaviour associated with an in-core LOCA. The vertical scale corresponds to 
the initial operating power level whereas the horimtal scale represents net 
positive reactivity insettiisti rate. High reactivity rat- cerrakpand eo High 
moderator poiW concentrationand lowmoderator-t-lant isotopic purity 
differences. Low rat- correspond bo low ttoderater poison concentrations 
and/or high isotopic purity differences (I.=., with coolant purity 
significantly below that gif tha moderator). , 
W i t h  referenme to riaura 1, three distinct regitnes of system behaviour can toe 
identified Cdr in-core LOCA events 2 

1 Very tmM (-0) Met Reactivity Insertion Rate: ThxsÃ conditions exist most 
o t  the time when operating at steady state under equilibrium fuelling 
conditions. Following the break, the RRS is able to maintain reactor 
power essentially constant prior to trip and overall system response is 
sljdilar to that associated with ud oUt-of-- break. Trig 66VEr-e for 
all break sizes is provided toy the KT low pres-. HT lew flow, 
pressarixer low level (where applicable) or high W e W t o r  lave1 (where 
installed) trips. 



lL,L 
ct%v ty nsertion Rate: A t  high i n i t i a l  power levels, 

above amroximatelv 1 0  to 50 werceat f u l l  ~ o ~ r e r  tFP>. the bulk oower 
excursion pr ior  t o  t r i p  ( typical ly  a t  a m & i m  r a t e  of 1 percent t o  2 
percent FWs) may mask or delay the pressurizer low level (where 
ipplicable) and HT low pressure t r ip s .  This phenomenon can potent ial ly  
occur fo r  the most rapid power increases due to the tendency of thre HT 
coolant Bo swel l  as its enthalpy is increased, thereby counteracting the 
tendency ef the HT s y s t < r o  t o  depressurize due t o  the HT coolant 
inv<nt&y loss foll&ing the break. System hrtiaviour under these 
conditions becomes typical  of that associatad with slow less of 
a c t i v i t y  control events. Sffeetive t r i p  coverage is provided only by 
t r i p s  on Neutron Overpower (HOP) and [where ins ta l led)  high moderator 
level .  -Wgulator-y requirements ncinaally oandarte that  two independent 
and diverse t r i p  oarameters be effect ive fo r  a l l  operati'ng conditions. 
Therefore, i n  eases whers the high moderator level  t r i p  is n e t  
instal led,  the HOE trie alone i s  effective and tHem is a potent ial  gap 
i n  t r i p  patatneter coverage. 

Low P*r/Low-to- InterwKliate Reactivity Ins+rtion RaGe: A t  low i n i t i a l  
power levÃ§ls. below hfeout 40 to  50 pereenb @he r e l a t i v e  increase i n  
power pr ior  cv t r i p  would be esa~ntia1Ly the same as  Chat assicciatea 
with breaks occuqr&ng; from high power. H e e r ,  due t o  t-he lower 
i n i t i a l  pswer level, t h e  absolute rÃˆte pf increase t i n  psrcentFPfsl 
are 1-t. In addition, BT syscsm .fmperatures (and-therefore the 
coolant saturation preas.ur.e) a t e  i n i t i a l l y  later at  1-r ~r levels. 
Thus, Qme@iately following the break, the. ~ys tem w i l l  h i t i a l l y  
depressufize rapidly to ,the relatively low saturation pressure, a f t e r  
which the rote of depressurizatien is,determined by the rate Of mass 
inventory l o w  and the r a t e  of power ,in,6iW&fsp ae&@i. ted with the. break. 
A t  low iJiAtia-l power Levels, the  &egtei'~ed dfgct of lower coolant 
saturati@n pressures and low absolute rates of power increase help 
ensure that the HT low aremure trio and (where affmli.cable) the 
pressurizer low level  trips remain Ã§ffect ivÃ  rip coverage for  t h i s  
case is therefore s imilar  t o  that associated w i t h  out-of-core LOCAs, 
despite thw fact  tha t  reactor power iqc-rea~ea pr ior  t o  t r i p  in i t i a t ion .  

Other regions in figure 1 exhibit behavioug that UÃ§ between t h a t  associated 
w i t h  the thief regimes I c lh t i t l ed  above. tilts ts .w@ltion&l %fiav$our requi res  
detailed assessna-nt t o  precisely delineate the. range of c o n A t t h  over Which 
a given t r i p  paraimtier can be considced t o  be effect ive.  

2 .3  Trie Pa-ter Assaasnmnt Methodolow 

The wwlysis o( in-core LBCA* rÃ§quirÃ a lex  series of e t - l d a t i o r s  to  
kyel* er ip  mp mmxmr&'L keage. et po*r X-1, 1k-k 
s i ze ,  k6derator p o i h a  concentration and moderator-coolant isotopic  puri ty  
difference over vhioh eaeh of the t r ip .  parameters. is. effective.  

The key parameters of in t e re s t  i n  the aMes-szt~dt of thutdBwa i$y~te~i t r i p  
pararoeter effectiyaw?s over. the range of FeacEuz operating conditions ace the  
procMas and neufcronic t'rip times, the t im .at  whioh onset of sheath dryout ic 
predicted to  occur,, and the sheath tVSfe.ga,ture followirg the w e t  o't 
As: indicated i n  'Figure 2,  a +r of  simulation codes a r e  employed in  t e 
analysis of t r i p  parameter e f f ~ t i v e n e Ã §  f o r  &n-cere =As: 

Tout. 
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licit finite difftrmce cede designed for simuhtion of 
&t thermal hydraulic behaviour at the heat transport 
' S t ,  It contains a comprehensive Elow network model, 
rith built-in controller and component web, including 

a point kinetics nsdel and a siiiipl.ifi.ed model of the reactor 
w u l d t i q g  eyetern (Raterenee 2 ) .  For most in-core LOCA ana1yal-B. 
the code employ? total reactor power transients generated with tha 
more defiled SMOKIN code, The code permits calculation of the 
r&sponse of RTS pressure, temperature and voiding rate, together 
With core flow and [where applicable) pressurizer level. The Code 
is also used to evaluate the rate of mas and Ã§nÃ§r discharge 
from the break into the nodarator. 

MIin-SOl'HT- A simplified version at the SOPHT code, usad wish transtent 
boundary conditions at the reactor headers obtained from the main 
SOPHT simulation and with individual channel vower transients froffl 
SMOKIN. The header-to-hcader chanhel models BE telccted chantids 
axe used to ewtuats the earliest time at which 6hÃ onset of 
dryout could potentially occur. The shutdown system flow 
instru~ltnttia channels are also modellea in Retail to p ~ ~ t t t  the 
evaluation of HT low flow trip tine. Each MINI-SOPHT channel 
Model contains detailed reprfcaetttatians ef individual tuel 
channels, end-fittings and inlet and outlet feeders. 

SOMASS- A code used to siroulate the rmsponee of the moderator system 
following in-core: breafce tRsferenct 3 )  . Moderatux" temperature 
transitnt* are calculated by perferrting a limped ~ E S  energy 
balance on the system. The moderator temperature response is used 
as input to the calculation of wm reactivity balance following 
the break. The- moderator level transient is evaluated by 
accounting for swell and for any addition to the initial moderator 
inventory due to the break. Thia penult* the evaluation of trip 
time OR the high moderator level trip, where applicable. 

ELOCA-W.45- A high temptratui-e tnnsimt fuel behaviour cods which is used to 
address the mechanisms and potential for sheath failure under 
accident conditions (Merenee 4 ) .  Failure Beehanlsms associated 
with the different metallurgical zones of the sheath ( i .e . ,  
as-rvceivcbd, a1 phfir-^anjical-d and prioe-bÃ§ta are eonairid. 
Post-drvout coo h a  conditions are ewxalied bv 5 MINI-SOPHT 
simulation and channel power transients are obtained from SHOKIN. 
Initial fuel conditions are evaluated for wtentiallv liiitina 
combinations of elenetit powÃ̂ and burnup by the ELES-~-II(MOD~O) 
cods (Reference 5 ) .  The code permits an evaluation of Â£h time 
following event initiation beyond which &each failure cannot be 
precluded. 

Significant m~sumpCio~@ cade in thfe an~lysis of trip effectivenew for in-core 
LOCAs include: 

(a1 ~nitial chattad thermal pwuecs fox fuel cooling asses-ts Ã‡X based an 
the: maximum instantaneous pwr likely to bÃ Bxp<srienced In a given 
channel under nia~inai steady state core conditions. TlieBe powera are 
derived from chiinnel tipple data [fuelling history) or based an other 
constraints such &s the licence limit maximon channel power or channel 

, outlet tÃ§inpÃ§ratu alarm limits, as applicÃ§ble 

(b) Ho credit IE taken in tire anilysis tor any power reduction (or other 
mitigating etftct> due to protwctivÃ action Stem the-rÃ‘fet regulating 
system. However, raactivity dertc* irovemtnt krieing frcn-tte maiial 
control  response to high positive powtr Â¥rror such as modtrator level 
reduction {Pickering A only) or insertion of mechanical control 



absorbers (a 11 reactors other t 
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han Picker ing A') is considered if the 
resulthg fitix distortions degrade brip etfictivencas. Kpreover, 
impairment of regulating system response due to device damage following 
the in-core break ie considered it it leads to further degradation in 
trip coverage due to impairmezit of reactor power control or due to 
increased severity of the flux dist~rtion. 

Effective trip setpoints, which include the effects of measurement loop 
uncertainties and simulation error allowances, are used in the analysis 
of trip parameter effectiveness. Trip timing is based OB the time at 
which the effective satpoint is reached qn the third-Wt-of-three SOS 
logic channels, to conservatively allow for the possibility that one 
channel in the two-out-of-three voting logic arrangement is unavailable. 

The HT low pressure trip and the pressurizer low level trip (where 
applicable), employs a dual level fietpoint, with a lotfar aetpoint 
applicable at low power. ~t Pickering MGS A and B, the power signal tor 
setpoint switching purposes is derived from the out-of-WF@ ion 
chambers. In-core detector signals are employed at Bruce MGS A and B 
and Darlington NOS. For accidents occurring below the setpoint 
switching power, autometic restoration of the setpoint applicable- at 
high power is crÃ§<3ited provided the reartor power has sisw above the 
sÃ§tpoin' switching power, and the power signal, can be &mmstrated to be 
unaffected by the initiating event. 

In the case of the HT low flow trip, each of the instrumented channels 
Is assumed to be operating at their minimum permissable power. A low 
initial chanhel power delays trip initiation, and cofiservatively 
accounts for variations in initial channel @ewer caused by fuel burnup 
and other possible deviations from the nominal time-averaged flux shape. 
typically, a value raaaing from 80 percent to 90 percent of the time 
averaged etetanel power is assumed. 

Trio CovÃ§ra<i Assessment-Results 

Results for Pickering A are discussed in &tail to illustrate key featurep of 
the trip assessment methodology and results,. In the care of Piekering W3S A 
at equilibria fuelling conditions, the moderator poison load in the early 
stages of reactor startup following a l~ng shutdown can reach 43 rak. The: 
analysis considers the case in which modÃ§rato level control functions 
normally following the break, and tht! case in which +erator level control is 
not. credited and the moderator level is assumed constant at its initial value. 
Moderator leva1 control cdpcleimnts the normal reactivi'ty control function of 
the liquid zone ~trollerE. These aaiwptiona span the range of expected 
moderator level response f'ttUwitiig an i n - e m  break froiii theviewpoint of core 
behaylour. (For other reactors, it should he noted that. bulk reactivity 
control is tupplunented by the insertion of mechanical control absorber& and 
the analysis considers potential impairments of their faction arising from, 
the break). Trkp coverage is evaluated as a tunetion of initial riactot power 
level. and the moderator poison concentration, or Ãˆltern~tivÃˆl the . difference in isot-opic purity between the coolant and the moderator. 

In the: analysis far Pickerimg A, the difference in isstopie purity between the 
moderator and the coolant i:s no lower chan 0.0 wt percent, which represents an 
operating limit. Normally, the LWtopic purity at tMe coolant t#ouldbe less 
than that of-themoderator and the isotopic purity difference would be greater 
than 0.0 w t  percent. Under these c~n~itions, thet+ssociated degradation in 
moderatorpurityarising from ttie discharge of coolant into tfie mtyderator 
leads to a .nsaative reactivity esfect w h i c h  oJ'fteM (in part) the positive 
reactivity associated with dilution of the heavily poisoned moderator. At 
Pickering A, an isotopic purity differace (modeS~t!% purity minus coolant 



pur i ty)  of 1 lift percent has the SBIBB effect an core reac t iv i ty  balance 
following the fer~ak as a reduction of 34 mit in moderator poiaen load. 

Analysis rfesults are t-rized i n  Table 1. D t t a i l d  remits a m  provided fee 
the ~axiiaua break size of 230 kale and an intermedint% break s i z e  of 190 kg/*. 
Analysis i s  performed at two i n i t i a l  powÃ§ levels,  namely 103 percent FP and 
46 mint FP. For the purposes o( parametric arxlyels ,  system reapwse ip 
Ã§WtÃˆat w l t h  p ~ ~ ~ r e a i a i v e i y  lartfer break-induced waiti-ve s w e t i v i t y  
inser t ions .  With the maximum MBchf2"3tor poison load of 42 mk, reac t iv i ty  
insertions associated with an iwtopic puri ty  difference of 0.0 w t  percanc:, 
1.0 vt #rercrot and 2.9 ttt BÃ§reÃ§ wate evaluuit&. Itiflhsc laotepiq pur i ty  
differences r d l t  In low& react ivi ty  insertion rates. In Table 1, the 1 . 8  
xt percent cafis is equivalent GO assuring an isotopic puri ty  difference of 0.0 
wt percent, but with a poison eoncentration of only 11 ink. The 2.0 w t  percent 
case is h%#valent&oaiiuitiinq apol~on concentration of 9 n * s t * n  isotopic  
puri ty  differÃ§ttc e>t 0.25 Ãˆf ~ Ã § r c ~ n t  Thcrtfam, the  analysis  spÃ§n a r w  
of isctwic purity dlfEer~ncÃ§ or equivalently, W r s  the en t i r e  Wge of 
moderator poison concentration. 

T r i p  covewe for Pickerins NB5 A provided by the p-ss and niutronic  trip 
paiamatÃ§r is evansascked in F1- 3a mid 3b for the 231) Itg/s break, asaumxng 
respectively that moderator level functions riazoaily and that moderator level- 
&trel is n e t  credited. Trip coverage iw shown as a function of i n i t i a l  
power level and moderator poison cancentratioti, assuming t ha t  isotopic  pu r i ty  
d i f f e r ~ n c e  is at the 0 wt percent operating limit. Coverage e r e s ~ e d  l a  
tm of m0dantor-t~-coolant isetapic purity ditferÃ§nc at the 0 # KBaclainn 
poison c o n ~ t t ~ t r ~ t i o n  is shown on the  topmost scale of these t i g u m .  Figure 4 
indicates the dependence of trip covetuge on break s h e ,  for the case la which 
moderator poison load LB 42 ink at an isotopic puri ty  difference ut 0 Ã (̂ 

percent. 

In ths CBEB oÂ thÃ MOP t r ip .  Figure Sa shews the power transiente measured by 
the t h i r d  ion elumber s&gnal to register a t r i p .  Figure Sb provides she power 
t r d e n t  in Un ~ x i f f l u ~ i  powir-td cham-1 together with the  predicted tiae 1.9 
onset of dryout. For the 330 W/s busk, a niodÃ§rato poison c6suseftwation ot 
t3 Â¥1 yields the fastest power excursion. The associated power t ransient  is 
similar Co (.hat which would *iM tram a net positive r eac t iv i ty  i p s Ã § r t i  
rate of 0.005 ink/a. kites of pcwer inexesmtr are Coo low to i n i t l a t t  a trip on 
the High Log Rate anrter. Far lower poison concentrationk, the RRS is able  
to supereas the Int ia l  r power excursion for a limited period of tine. f o r  the 
case with thÃ mst rapid increase is pow- the power in the maximum powr 
channel at: t he  t i m e  that thÃ detÂ¥ctot reach the effective trip setpoint i a  
166 parcent of its i n i t i a l  value, wherÃ§a the dryout power for t h i s  fast 
transient is approximately 120 ptrcent. As t h e  i n i t i a l  w e o r  power level is 
redueifd, the d-t power levÃ§ is reduced due ta the greattr 
dttoreagurliation. At BUfElciWItly l* S<Msx lev-, the HOP fCTiteter it no 
longer effective, as shown in Figure 6a. 'Rita degradation in HOP coverage at 
low powers is Ã§vldÃ§ in FtouEf 3a add 3b. 

Ptgure 5s indicates  the rasponcm of t h e  ctawstw wtUt liaâ w (BOH) pressure 
following a 230 I s  break as function of tinr. The ettict of noderator 
paisem e c i n ~ ~ ~ t f t  1 on sad inl.Ual power level  i6 dmaostratfd i n  th is  tigum, 
  or a g ivn  moderator poison concentration, the  ROH prtsaum reached during 
the t ransient  decreases as the Initial itactor power 1-1 4-es. This i s  
a consequenct of the depressurization rate (which is much noire rapid when the 

pressure is above the saturation p-UW, and a lower saturation 
pressure at lowr intfciiLl power levels. I n  general, due to the inom rapid 
Initial &&?pressuilftioa, the eovrag'e provided by Eh* KT&& t r i p  inpra?#ef% at 



- prÃ§(s,cine of a s ignif icant  fezsetor 
txwer excursion. F imre  6te shows the mi.nim.m ROH wres-sure reached for. the  

: - 
. . p  i- ROfi pressure at the time sheath temperature reaches 600-0 fallowing a 230 
lt. kg/s b e a k  as a function of i n i t i a l  power, fo r  various moderator poison 
i;: k concentrations. These c'kves a re  used direct ly  t o  establ ish the range of 
$1'' i n i t i a l  power amd BaaÃ§a-ato poison load aver wh-ich the BTUP .trip_p.roVi&s , J . coverage. A t  40 percent FP, the VTLP t r i p  setpoints a r e  w i t c h e d t o  lower 

I $ 2  valu@s; howeve=, t h ~ a n a l y s i s  accounts for rest$tat&oh of Che setpoint  
S. ,~ ''" !I applicable a t  power levels greater  than 40 percent FP.  his is k d i c a t e d  by 

t he  dashed **point Una i n  Figure 6b. 

Figure 5d hd ica te s  theresponse of the flow in  the limiting tl6w-in8trÃˆflBBnW 
channe.1. as a (ane.tton at time, fo r  in-cere LOCA events oesurring with a wk& 
range of moderat* poison con cent ratio.^. For high v a h q  of mqderator poison 
concentration., She power excursion accelerates the onset of two-phase 
conditions in thechannel and the associated reduction i n  flow. A t  lcwer 
poisan concentrations, fche r a t e  of increase i n  power is lower and-the trip 
~ e t p o i n t  is reached later i n  the tr+@ient. The effectiveness of the p d ?  
t r i p  for  a given transient depends on the t inebeyond whi'ch fuel  sheath 
in t eg r i ty  .can mi longer be assured. Figure 6c pr&vidfcs, gs a function uf 
i n i t i a l  reactor :power, ttie: t h e  a t  which ;t.h low f l o y  t c i ~  is: registecfgi on 
three-out-of-thrw &sty channels and the a t  which sheath tettpentwre 
reaches the adopted cri ter ion for  sheath in tegr i ty  of 6 0 0 - C .  Tr&p times are 
nearly invariantwith reactor power whereas the time a t  which sheath 
tCTiperature exceeds 6Qp.C decreases. a t  hig.+er i n i t i a l p o w e t ~  levels  dueto the. 
1-r margins to  dryout W h e n  operating a t h i g h  power.Th9 intersection of the  
tiroing lLlies to r  t h e  16w flow t r i p  6011-C 'sheath teBfperaturt ÃˆstBBliÃ§h< 
the maximum power level a t  which the trip is effect ive.  As. indicated in  
Figures  la and 3b; the HTLF trip bceeimfi eff+ive over a n&rrowr ranae of 
power levels a t  high moderator poison coneeritrat~ions. 

I n  sumcary, for  Pickcring 'ICS A, as: indicated i n  .Figures: 3a and Zb, ea ly  thw 
neutron overpower t r i p  is effect ive for in-coreLOCA e%+gLs s t a r t ing  from high 
i n i t i a l  power lewiiswhen the moderator poison load is  high. The analysis 
detnonstrates that  a t  least two independent t r i p  parameters a re 'e f fec t ive  under 
a l l  other  operating conditions. 

.This analysis mis ;@'~rfomaM for  all of Ontario Hydro's CA%@U reactors.  
R e s u l t s  s imilar  t?.Chosa presented for Pieltaring HGS A were obtained, .i.a., 
f a r  in-core LOGAS occurring with themoderater hÃ§Ãˆvi poisoned and with 
i so t6pic  purity o t  the coolant nearly equal to Chat of the modkartor, only the  
HOP t&p is e t f e e t i v ~  it .the: raacter  ~ r a t f s  at or  near Â£ul  power. Figure 7 
shove the  t r i p  cmme map derive& f o r  shutdawn n y s t q  ao.1 at Bwce NCfS B. 
The m o s t  s ignif icant  difference With respect t o  Pickeriw - ' A  (which -es 
feed afid bleed type pressure cb'ntrol rather than a p&si?X&zer)' i s  the added 
coverage provided a t  low power by thu pressuriiÃ§ low %vel t r i p  and t he  
Werator high temperature t r i p .  

3.8 MEASURES ADOPTED TO ENSURE ADEQUATE TRIP COVERAGE 

Regulatory requ@emen&s applicable t u  reactors  st$& m those embodied i n  
R-1:0 and R-5 (Rcfcbine& 6 usd 7.) mafidate that fo r  each a'ceidetit, eao diverse 
and independent t r i p  ;parameters must be demqtstrated t o  be: ef fective. on each; 
shutdown spstemuver the en t i r e  range of permitted plant  operating state;. In 
~riler to ensure 6BÃ‡ cws rtiquiretneiit would be met a t  ..+uh.'of ~r i t a r ie i  ~y.&$q*a 
CANDU reactors, a number oÂ operating restrictions and Swim modifications 
were implqented following completion of the  h-core LOCA q a l y s k .  



Reactor Power L i m i t s  as a ?'urntion of  Moderator; Poison Concent-ratien 

As indicited i n  Figures 3a, 3b arid 7, coverage by a t  %st, two t r i p  pai-an>eters 
can bÃ assured for i n 4 o r e  LOCAs by a&i*itig h ig  power operation at high 
poison concentrations. This is aehievÃ§ in  prac t ice  by placing limits en 
*tor power as a function of moderater poison conqniiration ( r e f e r  to Figure. 
8 ) .  The d t  r e s t r i c t i v e  limit on power w i l l  e x i s t  a t  the  e a r l i e s t  stages of 
t h e  s t a r tup  p r ~ d ~ ' f o 1 l o w i n g  a long shutdown when' moderator poiS6B is 
highest .  to the  s t a r tup  process proceeds and sa tura t ing  fiBeion product 
po&ms build-in,  moderator poison cam be reved, thereby permitting 9 
fur ther  reactor power increase. Eventually, su f f i c i en t  poison i s  removed to 
perhit operation it f u l l  power. I t  should benoted  t h a t  thÃ 1ittdt.s are 
somewhat less r.es.tx3ctive i f  t h e  noderator-to-coo1an.t i s o t o p i c  p u r i t y  
d&EEe,rece J.I higher at  the  time of s tar tup.  This iÃ hecauee, as explained itn 
Seetion 2,4, an increase i n  i s o t ~ i e  p u t i t y  difference lias t h e  eaitie' &let MI 
a reduction i n  :moderator poison load. Limits of t h i s  type haye been 
implement& at Pickering NGS A and 3 and Bruce N3S A and B. These limits are 
accompanied by liaits on miiiiRoan isotopic puri* diffcmnce. 

T r i m  Parameter Modifications 

In Ueu of the opera t ing  res t r ic t ions  dÃ§scribÃ above, .inpl*ntation of a 
high maderator level t r i p  cab provide e f fec t ive  c o v e y  f o r  i?-core *A 
events, even whÃ§ operating at high reac:tor power lev e with a hi h moderator HGJ- pollen s w c w t r a t i o n .  Thin Ã§i~proÃ§ was adaptÃ§ for tiuriinf+tw . .  . A, Ãˆawr 
shutdown system no. 1 al'ready had a t r i p  on high siodfrntot level ,  and 
itsp1Onentation of the sun* t r i p  parabeer  on sliutdWn system no.2 required 
Only a m i n o r  change t o  the  trip computer software due to the existence. of a 
iBoddator lew level t r i p .  As a resul t ,  f u l l  twc parÃ§Ã >̂et t r i p  cover+@* w 
provided fox a l l  operating s t a t e s  and no special  operating limits were 
requi,red during the s t a r tup  process. 

CONCLUSION 

Analysis of t r i p  paramater. ertectiveness f o r  in-core LOCK events identified 
poten t ia l  gaps i n  trip parameter WfCKage when operating fit high reactor power 
with a heavily poisoned moderator. A thorough assessment was performed t o  
de l inea te  t ab  range of operating coftBftiona oVBt w h i c h  eaeh trip parameter is 
ef fec t ive .  This p s m i t t e d  the  f d a t i o n  and 8uccess(ttl implementation of 
procedura1 andtor dtiign changes t o  mÃ§ur CUJI^tliaee *th t h e  appl$c&le 
regulatory requirement*. 
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Figure 3(a) 
SDS Trip Parameter Effectiveness During 230 kg/$ In-Cora LOCA 

Under Full HT Flow Conditions With Moderator Level Control 
Functioning Normally 
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Figure 3(b) 
SDS Trip Parameter Effectiveness During 230 kg/s In-Core LOCA 
Under Full HT Flow Conditions With No Moderator Level Control 
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Figure 4 
SDS Trip Parameter Effectiveness for In-Core Break 

Under Full HT Row Conditions at 0 wt% Isotopic Difference 
at Maximum Startup Poison Concentration (With Moderator Level Control) 
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SRS NOP Relative Signal Transient During 230 kg/s In-Core LOCA 
With 0 wt% isotopic Purity Difference from 103% FP Under Full HT 

Flow Conditions (With Moderator Level Control - No Reactor Trip Credited) 1 



Figure 5(b) 

Maximum Channel Power Transients During 230 kg/s In-Core LOCA 
With 0 wt% Isotopic Purity Difference from 103% FP Under Full HT 

Flow Conditions (With Moderator Level Control - No Reactor Trip Credited) 



ROH Pressurd Transients During 230 kgh~ In-Core LOCA Wth 
0 wt% kotoplc Purlty Dlffemnw Under Full HT Flow Conditions 

w t h  Moderator Level Control - No Reactor Trtp Credited) 



Figure 5( ..., 

Flow-Instrumented Channel Flow Transients as a Function of Initial Moderator 
Polaon Concentmion During a 230 Rg/s tn-Core LOCA With Moderator Level 

q '-,y$ Control Functioning Normally (103% FP Initial Reactor Power / Equllibriurn Fuel) . x, 



Figure 6(a) 

Minimum ROH Pressure Atbh3ed or Preseure nt Time Fuel 
Sheath Tmpemture Reaches 600% Ourin@ 230 kg/s In-Core LOCA 

(Equilibrlurn Fuel 1 Wth Modamtor Level CmVol) a I 



Figure 8(b) 

lime of NOP Trip and Tim6 that the Fuel Sheath Reaches 6Ct0Â° 
I as a Function of initfa1 Reactor Power Following a 230 kgh In-Core Break 
I (0 wt?4 lsetopie Difference 18 rnk Moderator Poison / Equilibrium Fuel) 
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Figure 7 
SDS1 Trip Parameter Effectiveness for 

225 ko/6 In-Core Break During 4 HT Pump Operation 
(Bruce B) 
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Figure 8 

Picketing A Operating Limits 




