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Section 1 

INTRODUCTION AND SUMMARY 

On November 7, 1981 , after almdst fifteen months of ape:ration, 

Su:r:ry Unit 2 6ompleted Cycle 5. Since the in~tial criticality of Cycle 5 

on August 1 4, 1980, the :reactor core produced approximately 82 x 10 6 

MBTU (13,971 Megawatt days pe:r metric ton of contained uranium) which 

has :resulted in the generation of approximately 7.8 x 10 9 KWH:r gross 

(7.4 x 10 9 KWH:r net) of electrical energy. The purpose of this :report is 

to present an analysis of the core performance fo:r :routine operation 

during Cycle 5. The physics tests that were· performed during the startup 

of this cycle were covered in the Su:r:ry 2, Cycle 5 Startup Physics Test 

Repo:rt 1 and, therefore, will not be included here. 

The fifth cycle core consisted of six batches of fuel. Two 

once-burned batches were brought from Cycle 4 (Batches 6A1 and 6B). One 

twice-burned batch was carried over from Cycles 3 and 4 (Batch SA). One 

thrice-burned batch was carried over from Cycles 2,3, and 4 (Batch 4B2). 

Two fresh batches (Batches 7A and 7B) were added to the Cycle 5 core. 

The Su:r:ry 2, Cycle 5 core loading map specifying the fuel batch 

identification, fuel assembly locations, burnable poison locatio~s and 

source assembly locations is shown in Figure 1.1. Movable detector 

locations and thermocouple locations are identified in Figure 1.2. 

Control rod locations a:re shown in Figure 1.3. 

Routine core · ·follow i,nvolves the analysis of four principal 

performance· indicators. These are burnup distribution, . :reactivity 

1 
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depleti-0n, distribution, and primary coolant activity. The core 

burnup distribution is followed to verify both burnup symmetry and 

propez batch burnup sharing, thereby, ensuring that the fuel held over 

for the next cy~le will be compatible with the new fuel that is 

inserted. Reactivity depletion is monitored to detect the existence of 

any abnormal reactivity behavior, to dete~mine if the core is depleting 

as designed, and to indicate at what burnup level refueling will be 

required. Core power distribution follow includes the monitoring of 

nuclear hot channel factors to verify that they are within the Technical 

. Specifications2 limits thereby ensuring that adequate margins to linear 

• ' 

power 

Lastly, 

density and critical heat flux thermal limits are maintained. 

as part of normal core follow, the primary coolant activity is 

monitored to verify that the dose equivalent iodine-131 concentration is 

within the limits specified by the Surry Power Station Technical 

Specifications, and to assess the integrity of the fuel. 

Each of the four performance indicators is discussed in detail for 

the Surry 2 ' Cycle 5 core in the body of this report. The results are 

summarized below: 

1. 

symmetry) 

Burnup 

on the 

Follow The burnup tilt (deviation from quadrant 

core was no greater than ±0. 14% ~ith the burnup 

aDcumulation in each batch deviating from design prediction by less than 

±0.6%. 

2. Reactivity Depletion Follow - The critical boron concentration, 

used to monitor reactivity depletion, was consistently within ±0.5% 

-delta K/K of the design prediction which is well within the ±1% delta 

2 
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K/K margin allowed by Section 4.10 of the Technical Specifications. 

3. Power Distribution Follow - Incore flux maps tak~n each month 

indicated that the assemblywise radial power distributions deviated from· 

the design predictions by an average difference of less than 1.4%. All 

hot channel factors met their 

limits. 

respective Technical Specifications 

4. Primary Coolant Activity Follow The dose equivalent 

iodine-131 activity level in the primary coolant at the end of Cycle 5 

~pproximately 5.4 K 10- 3 micro-Ci/gm. The average dose equivalent 

iodine-131 value during Cycle 5 was 6.2 10- 3 micro-Ci/gm. This 

corresponds to less than 1% of the operating limit for the concentration 

of radioiodine in the primary coolant. 

In addition, the effects of fuel densification were monitored 

throughout the cycle. Ho densification effects were observed. 

3 
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FIGURE 1.3 

SURRY UNIT 2 - CYCLE 5 
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Section ,2 

BURNUP FOLLO·W 

"The burnup history foz the Surry Unit 2, Cycle 5 core is 

graphicall~ depicted in Figure 2.1. The Surry 2, Cycle 5 core achieved a 

bur.nup of 13,971 MWD/MTU. As shown in Figure 2.2, the average load 

factoz: for C.ycie 5 was 9 0% when referenced to rated thermal powe·r ( 2 4 41 

MW(t)), 

Radial CX-Y) burnup distribution maps show how the core burnup is 

shared among the various fuel assemblies, and thereby allow a detailed 

.1 burnup distribution analysis. The NEWTOTE 3 computer code is used to 

"'\ 

calculate these 

distribution map 

assemblywise burnups. Figure 2.3 is a radial burnup 

in which the assemblywise burnup accumulation of the 

core at the end of Cycle 5 operation is given. For comparison purposes, 

the design values are also given. Figure 2.4 is a radial burnup 

distribution map in which the percentage difference comparison of 

measured and predicted assemblywise burnup accumulation at the end of 

Cycle 5 operation is also given. As can be seen from this figure, the 

accumulated assembly, burnups were generally within ±3.0% of the 

predicted values. In addition, deviation from qu~drant symmetzy in the 

core, as indicated by the burnup tilt factors, was less than ±0.14%. 

The burnup sharing on a batch basis is monitored to verify that the 

core is operating as designed and to enable accurate end-of-cycle batch 

burnup predictions to be, made for use in reload fuel design studies. 

Batch definitioni are given in Figure 1.1. As seen in tigur~ 2.5, the 

7 
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.I. 

"I 

... 

batch burnup 

predictions 

shazing foz Surzy Unit 2~ Cycle 5 followed design 

vezy closely with each bat~h dev~at~ng less th~n ±0.6% fzom 

design; this is considered excell.en·t .agreement. Therefore, symmetric 

buznup in conjunction with the 

pzedicted assemblywise buznups 

good agzeement be·tween actual and 

and batch burnup shazing indicate that 

the Cycle 5 core did deplete as design~d . 
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I 22.361 14.651 29.961 17.091 35.881 17.661 31.451 17.S61 31.451 17.661 35.881 17.091 29.961 14.651 22.361 

R 

I 13.00I 16.801 30.171 36.841 26.181 17.271 31.lOI 17.611 26.331 36.931 30.031 16.661 12.991 
I 12.921 16.651 30.111 36.951 26.601 17.661 31.241 17.661 26.601 36.951 30.111 16.651 12.921 

I 28.341 14.961 16.451 25.881 36.651 35.7ol 24.581 35.851 36.961 26.111 16.611 14.971 28.211 
I 28.231 14.701 16.491 26.331 36.951 35.881 25.lll 35.881 ,36.951 26.331 16.491 14.701 28.231 

p 

I 17.751 28.401 16.181 29.681 16.721 30.381 16.871 30.251 16.591 28.371 17.641 
I 17.461 28.171 16.491 30.111 17.091 30.781 17.091 30.111 16.491 28.171 17.461 

I 17.911 15.581 11.001 29.561 30.291 29.701 16.841 14.951 17.711 
I 17.461 14.701 16.651 29.961 30.891 29.961 16.651 14.701 17.461 

I 28.611 13.631 14.701 23.301 14.611 12.991 28.451 
I 28.231 12.921 14.651 23.581 14.651 12.921 28.231 

I 22.691 10.411 22.161 
I 22.361 10.201 22.361 

N t1 L K J H G F E D C 
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FIGURE 2.4 

ASSEHBLYWISE ACCUtlULATED BURNUP 
COMPARISON OF MEASURED mTH PREDICTED 

ClOOO NWD/HTU J 

K J H G F E D C B A 

I 22.s11 10.091 22.211 
1 o.641 ~1.081 -0.101 

I MEASURED I 
I HIP/. DIFF I 

~ 28.361 12.961 14.Sll 23.231 14.481 12.921 !8.271 
I 0.461 0.311 -1.021 ~1.491 -1,181 -0.041 o.1sl 

--. ----------------.-----.--~· .- .. -------------------------------
I 17.481 14.821 16.731 29.771 30;351 29.711 16.681 14.831 11.101 
I 0.121 o.851 0.461 -0.631 -l.731 -0.83( o.1sl o.931 1.351 

I 17.591 28.111 16.381 29.851 16.991 30.591 16.921 29.921 16.481 28.231 11.111 
I 0.751 -0.19( -0.70( -0.881 -O.S4( -0.611 -0.971 -0.631 -o.111 0.231 l.411 

--------·------------------------------------------------------------------. ----------------
I 28.48( 14.751 16.361 25.98( 36.881 35.901 24.991 35.691 36.621 26.201 16.501 15.191 28.601 
I o.911 o.371 -0.831 -1.331 -0.181 o.osl -o.471 -o.s11 -o.9ol -o.471 0.041 3.371 1.301 

I 12.911 16.691 29.871 36.851 26.261 17.691 31.171 17.611 26.151 36.711 30.121 16.971 13.351 
I -0.111 o.231 -0.811 -0.211 -1.281 0.191 -0.211 -0.271 -1.691 -o.651 0.031 1.921 3.271 

I 22.431 14.581 29.711 16.971 35.801 17.591 31.561 17.651 31.591 11.621 35.381 11.001 29.961 14.751 22.451 
I o.311 -o.s11 -o.831 -0.,01 -0.221 -D.381 o.351 o.481 o.431 -0.251 -1.391 -0.491 -0.011 o.661 o.371 

I 10.121 23.301 30.721 30.641 24.711 31.161 17.751 42.511 17.651 31.161 24.701 30.621 30.721 23.391 10.431 
I -0.741 -1.161 -0.551 -D.441 -1.s11 -0.251 1.081 o.581 D.491 -0.241 -l.641 -a.sol -o.S41 -o.s11 2.311 

I 22.441 14.611 29.901 17.031 35.981 17.441 31.261 17.631 31.641 17.441 3S.48I 17.0DI 29.821 14.861 22.811 
I D.331 -D.311 -0.221 -D.321 o.291 -1.231 -D.611 o.4DI o.621 -l.281 -1.121 -o.511 -o.471 l.431 l.981 

I 13.ool 16.801 30.171 36.841 26.181 11.211 31.101 17.611 26.331 36.931 30.031 16.661 12.991 
I o.5sl o.891 0.191 -0.311 -l.S91 -2.221 -o.441 -0.211 -1.021 -0.051 -0.261 0.021 o.481 

I 28.341 14.961 16.451 25.881 36.651 35.701 24.581 35.851 36.961 26.111 16.611 14.971 28.211 
I o.391 l.821 -0.211 -1.111 -o.8DI -D.491 -2.111 -0.091 0.011 -0.831 0.101 1.841 -0.011 

1- 17.7SI 28.40( 16.181 29.681 16.721 30.381 16.871 30.25( l6.S9I 28.371 17.641 
I 1.671 0.81( -1.921 -1.451 -2.141 -1.29( -1.271 o.4SI o.591 0.711 o.99( 

I 17.911 15.581 11.001 29.561 30.291 29.701 16.841 14.951 11.111 
I 2.591 6.051 2.101 -1.33( -1.93( -0.881 1.101 1.761 1.421 

I 28.611 13.631 14.101 23.301 14.611 12.991 28.451 
I 1.341 5.491 o.331 -1.181 -0.331 o.511 o.8ol 

I STANDARD DEV I 
I = o.86 I 

I 22.691 10.411 22.161 
I 1.461 2.031 -0.881 

I AVG ABS PCT I 
I DIFF = 0.89 I 

BATCH CYCLE 2 

4B2 7.28 
SA -
6Al -
6B -
7A -
7B -

-

CORE AVERAGE 

BURNUP SHARING 
(103 HWD/MTU) 

CYCLE 3 CYCLE 

6.61 14.91 
6.79 15.51 
- 16.03 
- 11.93 
:- -
- -

4 CYCLE 5 

13. 71 
11. 35 
11. 60 
14.24 
16.85 
15.25 

13.97 

12 

TOTAL 

42.51 
33.65 
27.63 
26.17 
16.85 
15.25 

BU&'lUP TILT 

NW- 0.9986 
NE- 1.0000 
SW- 1. 0006 
SE- 1.0008 
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Section 3 

REACTIVITY DEPLETION FOLLOW 

The primary coolant critical boron concentration is monitored for 

the purposes of following core reactivitv and to identify any anomalous 

~eactivity behavior. The FOLLOW 4 computer code was used to normalize 

"actual" critical boron concentration measurements to design conditions 

taking into consideration control rod position, xenon and samarium 

concentrations, moderator temperature, and power level. The normalized 

critical boron concentration versus burnup curve for the Surry 2, Cycle 

5 core is shown in Figure 3. 1. It can be seen that the measured data 

compare to within 50 ppm of the design prediction. This corresponds to 

less than ±0.5% -delta K/K which is well within the t1% ~~lta ~/K 

criterion for reactivity anomalies set forth in Section 4.10 of the 

Technical Specifications. In conclusion, the trend indicated by the 

critical boron concentration verifies that the Cycle 5 core depleted as 

expected without any reactivity anomalies. 

14 



,section 4 

POMER DISTRIBUT~ON FOLLOW 

Ana] .. ysis of c00:ce powe:c d,tst:c:j.bution data on a :routine basis is 

necessary -to verify that the hot -channel factors are within the 

Technical Specifications limits and to ensure tj1at the reactor i~ 

o-pe:cating without any a·bn.ormal condit:i,.ons which could caus·e an "uneven·" 

burnup distribution. Three-dimensional core power distributions are 

determined fr6m. movable detector flux map measurements using the IHCORE 5 . 

computer prog~am. A summary of all monthly flux maps taken since the 

~ completion of startup physics testing for Surry 2, Cycle 5 is given in 

Table 4. 1 . Power distribution maps were generally taken at monthly 

intervals with additional maps taken as needed. 

Radial (X-Y) core power distributions for a representative series 

of incore flux maps are given in Figures 4.1 th:cough 4.3. Figure 4.1 

shows a powe:c dist:cibution map that was taken early in cycle life. 

Figu:ce 4.2 shows a powe:c dist:cibution map that was taken near mid-cycle 

burnup. Figu:ce 4.3 shows a map that was taken late in Cycle 5 life. Most 

of the radial power distributions were taken under equilibrium operating 

conditions with the unit at approximtely full power. In each case, the 

measured relative assembly powe:cs were gene:cally within 4% of the 
~ 

predicted values. In addition, as indicated by the INCORE tilt factors, 

the powe:c distributions we:ce essentially symmetric for all cases. 

An important aspect of coze power dist:cibution follow is the 

monito:cing of nuclea:c hot channel factors. Ve:cification that these 

16 



.facto:rs a:re w~thin Techni~al Specifications limits ensu:res that lineal'. 

powe:r density and c:ritical .heat flux limits will not be violated, 

the:i::~by p:i::oviding adequate the:i::rnal ma:i::gins and maintaining fuel cladding 

integ:ri ty. · The initial Cycle 5 Technical Specifications limit on the 

axially dependent heat flux hot channel facto:i::, F-Q(Z), was 2.19 x K(Z), 

whe:i::e K(Z) is the hot channel facto:i:: no:rmalized ope:i::ating envelope. On 

July 28, 198 0, the Technical Specifications limit fo:r F-Q(Z) was 

administ:i::atively :i::educed to 2.18 x K(Z)C6l. The fo:i::mal Technical 

Specifications implementation of the 2.18 limit fo:i:: F-QCZ) occu:i:::i::ed with 

Technical Specifications Amendment No. 70, dated June 16, 19811 7 l. 

Figure 

limit. 

4.4 

This 

is a plot of the K(Z) cu:i::ve associated with the 2. 18 F-Q(Z) 

cu:i::ve is :i::ep:i::esentative of the K(Z) curves used th:i::oughout 

Cycle 5 since K(Z) changes only slightly with changes in the F-Q(Z) 

limit. The axially dependent heat flux hot channel facto:i::s, F-Q(Z), for 

a :i::ep:i::esentative set of flux maps a:i::e given in Figu:i::es 4.5 th:i::ough 4.7. 

Th:roughout Cycle 5, the measu:i::ed values of F-Q(Z) we:i::e within the 

Technical Specifications limit. A summa:ry of the maximum values of all 

heat flux hot channel factors measured du:i::ing Cycle 5 is given in Figu:i::e 

4.8. As can be seen f:rom this figu:i::e, there was app:roximately 27% ma:rgin 

to the limit at the beginning of the cycle, with the ma:i::gin 

approximately constant th:i::oughout cycle operation. 

The value of the enthalpy rise hot channel facto:i::, F-delta H, which 

is the :ratio of the integ:ral of the powe:r along the rod with the highest 

integ:i::ated power to that of the ave:i::age :i::od, is routinely followed. The 

Technical Specifications limit for this pa:i::amete:i:: is set such that the 

c:i:i tic al heat flux ( DNB) limit. will not be violated. Additionally, the 

17 
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F~delta H limit en~ures that the value of this parameter usetl in the 

LOCA-ECCS analysis is not exceeded during no:i:mal operation. Tl:i,e Cycle 5 

limit on ·the enthalpy :rise hot channel :facto.r t,rns set at 1. 55 x 

(1+0.2(1-P.)), whei:e P is the fractional power level. The value.s of the 

enthalpy rise hot chari-nel factor parameters F-delta H(LOCA,Assy) and 

F-delta HCLOCA,Rod) were also routinely followed 2 • P-delta HCLOCA,Assy) 

and F-delta HCLOCA,Rod) represent the enthalpy rise hot· channel factor 

CF-delta Hl evaluated for the peak assembly and peak rod in the core, 

respectively, between the 1.5 ft. and 10.5 ft. levels of the core. The 

full power limits for F-delta HCLOCA,Assy) and F-delta HCLOCA,Rod) were 

set at 1.476 and 1.550 respectively. Table 4.2 surnma~izes the F-delta 

H(LOCA,Assy) 

operation. 

F-delta H, 

and F-delta HCLOCA,Rod) values measured during Cycle 5 

Figures 4.9 through 4.11 show that all measured values foz 

F-delta HCLOCA,Assy) and F-delta HCLOCA,Rod) were within 

their respective Technical Specifications limits du:ring Cycle 5. The 

necessity for monitoring F-delta H(LOCA,Assy) and F-delta HCLOCA,Rod) 

was deleted f::c:om · the Technical Specifications on June 16, 1981 by 

Technical Specifications Amendment No. 70C 7 ). 

The Technical Specifications ::c:equire that target delta flu:{* values 

be dete:rmined periodically. The target delta flux is the delta flux 

which ·would occur at conditions of full power, all reds out, and 

equilibrium xenon. The::c:efore, the delta flux is measured with the co::c:e 

*Delta Flux = (Pt-Ph) x 100· / 2441 

where: Pt= Power in top of core(MWCth)) 

Pb= Powe::c: in bottom of core (MW(th)) 

18 



at or near these conditions and the target delta flux is established ~t 

this measured point. Since the taiget delta flux varies as a function of 

burnup~ the target value is up4ated monthly. Operattonal delta flux 

limits are then established about this target value. By maintaining the 

value of delta flux relatively c-0nstant, adverse axial power shapes due 

to xenon redistribution are avoided. The plot of the target delta flux 

versus burnup, given in Figure 4.12, shows the value of this parameter 

to have been approximately +1% at the beginning of Cycle 5. By the 

middle of the cycle, the value of delta flux had shifted to 

approximately -4%, and then returned to approximately -3% by the end of 

Cycle 5. This power shift can also be observed in the corresponding core 

average axial power distribution for a representative series of maps 

given in Figures 4.13 through 4.15. In Map S2-5-13 (Figure 4.13) taken 

at approximately 450 MWD/MTU, the axial power distribution had a 

flattened cosine shape with a peaking factor of 1.1·7. In Map S2-5-24 

(Figure 4.14) taken at approximately 6,653 MWD/MTU, the axial power 

distribution had peaked slightly toward the bottom of the core with an 

axial peaking factor of 

taken at approximately 

1 • 1 3 • Finally, in Map S2-5-39 (Figure 4.15) 

13,216 MWD/MTU, the axial power distribution 

remained slightly peaked toward the bottom of the core with an axial 
I 

peaking factor of 1.13. The history of F-Z during the cycle can be seen 

more clearly in a plot of F-Z versus burnup given in Figure 4. 1-6. 

In conclusion, the Surry 2, Cycle 5 core performed very 

satisfactorily with power _distribution analyses verifying that design 

predictions were accurate and that the values of the hot channel factors 
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»e~e with~n the limits of the ~echnical Speci£ications. 
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TABLE 4.1 
SURRRY Ui'HT 2 - CYCLE 5 

SUMl1ARY OF FLUX MAPS FOR ROUTINE OPERATION 

I I I I l 2 I I I I 
I BURNI I I F-Q(Tl HOT F-011( I~ l HOT tORE F(ZJ I 4 I I I 

MAP I UP I !BANK I CHANNEL FACTOR CHANNEL FACTOR IIAX I 31 QPTR I AXIAL! NO. I 
NO. DATE I MllD/IPWRI D I I I IF(XY) I I OFF I OF I 

I MTU I< iO I STEPS I ASSY I PIN I AXIAL I IASSYIPINIF-DH(NllAXIALI F( Z JI I tlAX ILbCI SET ITHIMI 
I I I I I I POitff I F-Q( T) I I I IPOINTI I I I I czi IBLESI 
I __ 1_1_·_1_1_1 __ 1 I _I_I I __ I __ I __ I __ I_I __ I_._I 

13 9-12-80 45011001 215 I B06I DEi 34 I 1:716 I 0011 IHI 1.387 23 ll.17lll.352ll.0045ISE l+l.1301 49 I 
14 9-20-80 7201 98 217 I H091 HGI 34 I 1. 710 I H091 HGI 1.403 34 ll.182ll.344ll.0035INE l-1.5191 42 I. 
17(5) 10-17-80 16901100 217 I JOBI GHI 23 I 1. 709 I JOBI GHI 1.394 23 ll.166(1.339(1.0026INE l+l.0261 48 
18 11-12-80 2540(100 214 I JOBI GHI 23 I 1.695 I JOBI GHI 1.402 34 ll.158(1.344(1.0040ISE l-0.6971 49 
19 12-15-80 3660(100 212 I 0011 IHI 21 I, 1. 702 I JOBI GHI 1.412 33 (l.146ll.356il.0039INE l-0.3231 49 
22(6 l 1-14-81 4704(100 215 I H091 HGI 34 I 1.693 I 11091 HGI 1.430 44 ll.l35ll.387ll.00301SE l-0.7531 48 
23 2-11-81 56191100 219 I JOOI GHI 23 I 1.675 I J081 GHI 1. 4 21+ 41+ ll.129ll.372il.0030ISE l-0.4881 49 
24 3-13-81 66531100 227 I Ll31 t1NI 44 I 1.670 I JOBI GHI 1.424 45 ll.l33ll.372ll.00251S~ l-0.963( 47 
27(7) 4-15-81 76661100 225 I GOBI IHI 45 I 1.691 I JOBI GHI 1.429 45 ll.l35ll.38lll.00461SE l-1.7251 ft9 
28 5-12-81 82581100 228 I Ll31 LLI 46 I 1.773 I Ll31 LLI 1.451 45 ll.144ll.409ll.0023ISW 1-2.935( 48 
29 6-10-81 9230(100 227 I JOBI EHi 46 I l. 710 I JOBI EHi 1.428 45 ll.147ll.383(l.0019ISE l-3.4361 46 
34(8) 7-,19-81 105371100 214 I H091 LJI 47 I 1. 720 I JOBI OIi 1.425 46 ll.154ll.377(1.0019(NE 1-4.5041 44 
35 8-12-81 113201100 220 I H091 LJI 47 I l. 726 I H091 u I 1.424 {16 11.14111.3S3l1.oo13l1m 1-4.1001 44 
36 9-16-81 122101100 216 I F071 DGI 46 I 1.705 I F071 DGI 1.421 46 ll.136(1.372(1.0023INE t-3.5~21 45 
39(9) 10-15-81 13216(100 220 I Ll31 LLI 45 I 1.676 I J061 IOI 1.410 53 (1.133(1.366(1.00lllNE 1-2.808( 47 

NOTES: HOT SPOT LOCATIONS ARE SPECIFIED BY GIVIllG ASSEMBLY LOCATIONS ( E.G. fl-8 IS TIIE CEIHER-OF-CORE ASSEtlDLYl, 
FOLLmlEO BY THE PIN LOCATION ( DENOTED BY THE "Y" COORDIMATE WITfl TUE FIFTEEN ROIJS OF FUEL RODS 
LETTERED A THROUGH R AIID THE "X" COORDINATE OESIGIV\TED It4 A SIMILAR MAllMER J. 
IN THE "Z" 0IRECTI0t4 THE CORE IS DIVIDED INTO 61 AXIAL POIIHS STARTING FRotl THE TOP OF THE CORE. 

1. F-Q(TJ INCLUDES A TOTAL UNCERTAitffY OF 1.08. 

2. F-Dll(NJ INCLUDES A MEASUREMENT UNCERTAIMTY OF 1.04. 

3. F(XY) rs EVALUATED AT THE MIDPLANE OF THE CORE. 

4. QPTR - QUADRANT POl~ER TILT RATIO. 

5. MAPS 15 AMO 16 l~ERE PARTIAL 11APS TAKEN FOR I/E CALIBRATION. 

6. t1APS 20 AHO 21 WERE PARTIAL t1APS TAKEN FOR I/E CALIBRATION. 

7. 11APS 25 AND 26 WERE PARTIAL MAPS TAKEN FOR I/E CALIBf~ATION. 

8. MAPS 30 AtlD 31 l•lERE PARTIAL MAPS TAKEN FOR I/E CALICRATiot~ BUT NOT USED. 
!1APS 32 Atm 33 WERE PARTIAL MAPS TAKEtl FOR I/E CALICRATION. 

9. !1APS 37 At{D 38 l!ERE PARTIAL MAPS TAKE~l FOR I/E CALIBRATION. 



MAP 
NUMBER 

S2-5-13 

S2-5-14 

S2-5-17 

S2-5-18 

S2-5-19 

· S2-5-22 

S2-5-23 

S2-5-24 

S2-5-27 

S2-5-28 

S2-5-29 
II 

TABLE 4.2 

SURRY UNIT 2 - CYCLE 5 

SUMMARY TABLE OF LOCA ENTHALPY RISE 
HOT CHANNEL FACTORS 

.,. 'X" 

BURNUP N LOCif 
Fb.H/ASSY LOCATION 

N LOCA 
F~n/ ROD (MWD/M,TU) 

'v450 1. 279 F-10 1. 392 

'v720 1. 282 F-10 1. 395 

'v1690 1. 263 F-10 1.393 

'v2540 1. 276 J-8 1.400 

'v3660 1. 299 J-8 1.409 

'v4704 1.332 H-9 1. 433 

'v5619 1. 334 J-8 1. 425 

'v6653 1.345 J-8 1.425 

'v7666 l. 357 J-8 1.434 

'v8258 1. 314 J-8 1. 412 

'v9230 1. 372 J-8 1.434 

ASSEMBLY PIN 

B-6 DE 

H-9 HG 

H-9 HG 

J-8 GH 

J-8 GH 

fi-9 HG 

J-8 GH 

J-8 GH 

J-8 GH 

L-13 LL 

J-8 EH 

* N LOCA N LOCA 
F~H/ASSY and F~H/ROD are measured between 1.5 feet and 10.5 feet of the 

core elevation and include an uncertainty of 1.04. 

#Th . . f FN /LOCA d FN /LOCA di . d b h . 1 e. mon1tor1ng o MI ASSY an b.H ROD was scont1nue y Tee n1ca 

Specification Amendment No. 70, dated June 16, 1981. 

' 
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ll p ti 

Pl!lD!CTED 
i·1f .~. SU~ ED 

M 

SURRY UNIT. 2 - CYCLE 5 

ASSEMBLYWISE POWER DISTRIBUTION 

S2-5·-13 

K J II G 

0.43 0.7~ Q.43 

D C 

H~EO ICTEO 
I!~; 1'..~~U~ :.::o 

• PCT O!FrE,(EMCE. 
• O.l13 • 0.7S • 0.42 . 

0.1 . 0.1 . -0.4. • }-=CT n :r f r:i~ CtiCE. 

0.4~ 0.93 1.04 !.11 l.O~ 0.93 0,42 
. 0.41 . 0.93 • 1.04. 1.10 . 1.03 . 0.9~ . 0.41 • 
. -0.2 . -0.6 • -0.7. -o.o. -1.0 • -1.J . -0.7. 

0.56 l.Ol 1.14 l.18 1.18 1.18 1.14 l.Ol 0.5& 
. 0.56 . 1.01 • 1.13 . l.17 . 1.16 . 1.16 • 1.12 . 1.00 • 0.56 . 
• -0.2 . -0.l • -0.3. -0.8 • -l.b . -1.4 . -1.l . -0.6 . 0.1 • 

0.56 0.91 1.14 1.16 l.l? l.09 1.19 1.16 1.14 0.91 0.56 
. 0.56 . 0.90 • 1.13 . 1.15 . 1.17 . 1.03 . 1.17 • 1.15 . 1.13 . 0.91 • 0.57 . 

0.4 . -0.5. -0.4. -1.1 . -1.3 . -1.5 . -1.4 . -0.?. -0.4. 0.2 . 2.7 • 

0.42 1.01 1.14 1.23 1.03 1.04 1.20 1.04 l.03 1.23 1.14 1.01 0.42 
. 0.42 • 1.02 • 1.13. 1.20 • 1.01 . l.D2 . 1.13. i.C2 . l.Cl . 1.21 . 1.13 . 1.05 . 0.44. 

O.? . O.? . -0.7 . -2.3 . -1.4 . -1.5 . -1.5 • -1.5 . -1.6 • -1.l. 0.9. 4.0 . 6.3 . 

0.93 1.14 1.16 1.03 1.23 1.21 1.12 l.~l 1.23 l.Ol 1.16 1.14 0.93 
• 0.94. 1.14. 1.15. 1.02 • 1.21 • 1.1? . 1.11 . 1.1?. 1.19 . 1.02 . 1.17 . 1.17 . 0.9B. 

0.3 • 0.3. -0.6 • -0.6 • -l.l • -1.0 . -1.2 • -1.2 . -2.5 . -0.5 • 0.8 . 3.4 . 5.3. 

,I 

0.43 l.04 l.18 l.19 l.O~ l.21 1.11 1.13 l.ll 1.21 1.04 l.l~ l.13 l.04 0.43 
. 0.43. l.05 • l.13 • l.lG . 1.C2 . !.19. 1.11 . 1.17 . l.ll • 1.19 . 1.04 . l.~l . !.20 • 1.00 . 0.44. 

1.8. 0.5 . -0.2 • -0.7 • -1.6 . -0.9. -0.2 . -0.4. -0.2 . -1.2 . 0.2. 1.7 . 1.8 . 3.1 • 2.7 . 

0.75 l.11 l.18 l.09 1.20 . 1.12 l.18 0.91 l.18 l.12 l.20 l.09 l.1'3 l.ll 0.75 
. 0.76 • l.ll . 1.18. 1.08. l.17 . l.ll . 1.18 . C.92 • I.la . 1.12 . 1.20 • 1.1! . 1.19 . 1.12 . 0.73. 

1.8. 0.6 • O.l • -0.8 • -2.6 . -1.3. -0.l. 0.2 . 0.1 . -0.l . 0.5 . l.O . 0.7 . 1.4. 4.0 . 

0.43 1.04 1.18. 1.19 1.04 1.21 1.11 1.18 1.11 1.21 1.04 1.19 1.18 1.04 0.43 
. o.t,l . 1.06 . 1.2Cl,.,__1.19 • 1.c,, . 1.19 . 1.09 • 1.1a . 1.11 . 1.20 . 1.03 . 1.1e . 1.1s . 1.01 . o.,,5 . 

1.8 . 1.6 . 1.5 . O.l . -0.3 . -l.2 . -1.6 . -0.3 • 0.4 . -0.6 • -0.9. -C.6 . 0.3 • 2.7 . 6.3 . 

0.93 1.14 1.16 1.03 1.23 1.21 1.12 1.21 1.23 1.03 1.16 1.14 0.93 
. O.i6 • 1.16 • 1.16 . 1.01 • 1.20 ·• 1.18 . 1.10 • 1.19. l.~2 . 1.02 • 1.15 • 1.13. 0.95 • 

2.5 • 2.5 . 0.1 . -l.7. -1.7 . -1.8. -2.0 . -0.9. -0.5 . -0.3 . -1.2 . -0.1 . 1.7. 

0.42 l.01 1.14 1.23 1.03 l.D4 1.20 1.04 1.03 1.23 1.14 l.01 0.42 
. 0.43. 1.03 • 1.14. 1.13. 1.00 . 1.02 . 1.15. 1.02 . 1.02 . 1.22 . 1.15 . 1.02 • 0.42 . 

2.3 • 2.3 o -0.2 o -3,5 O -2,3 o -2,3 I -3,6 • -2,1 o 4 0,3 O -0,6 o 0,5 o 1,2 o 1,3 o 

0.56 O.?l l.l~ l.l6 l.17. 1.09 1.19 l.!6 1.14 0.91 0.56 
, 0.57 • 0.91 . 1.10 , 1.14. 1.17. 1.06 . 1.13. 1.17 . 1.15 . 0.93. 0.57 . 

2.2 • -0.1 . -3.s. -2.1 . -1.6 . -2.1. -o.9. 1.0 • 1.2 . 2.s • 1.a . 

• 0.5~ . l.Cl • 1.14. 1.18. 1.10. 1.18. 1.14. l.Gl . 0.56 • 
. n.s1. J .• o~ . 1.1s . 1.16 • 1.1s . 1.19 . 1.11 . 1.04 . o.57. 

~-9. 3.7 . l.l . -2.0 . -~.4 . 0.4. 3.0 . 3.1 . 2.5 . 

STAt:Q/.RO 
OEVIATIGH 
=t. 226 

DATE: 

0.42 0.93 1.04 1.ll 1.04 0.93 0.42 
. 0.43 . 0.97 . 1.06 . 1.11 • l.O~ . 0.?5 . 0.43. 

3.7 . 4.l . 1.6 . 0.1. 0.6 . 2.0 . 3.2 • 

SU!':MARY 
-------

9/12/80 

0.43 0.75 0.43 
. o.~s . o.77. o.43. 

4.~ . 2.9 . 0.6 • 

POWER: 1oor. MAP NO: S2-5-13 

CONTROL ROD POSITIONS: F-QCTJ = l. 716 QPTR: 

D BA~'K AT 215 STEPS F-DHCN) = l.387 NW 0.995 I NE 1.002 

----------1----------FCZJ = 1.171 sw 0.998 I SE 1.005 

FCXYJ = l.352 

BURNUP = 450 M'AD/MTU A.O = 

23 

.r'CT ()ti1t,-::::tlCE. 
.: 1. ,.~ 

FIGURE 4.1 
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FIGURE 4. 2 

R p H 

F'RE'DICTEO • 

SURRY UNIT 2 - CYCLE 5 

ASSENBLYWISE POWER D:I:STRIBUTION 

S2 - 5 - 24 

L K J H G .F ! 

• ·Q.43 • o. 72 • Q.43 .• 

.D . c: • 
PRED?C'lm • 

• 11EAStulED • • 0.43 .,o.,z .·0.43. • MEASt.i1'1EIJ 
.PCT OIFFEREMCI! • • PCT DJ:FFERENCE. • -o.a. -o.a • .;.o.6 .• 

• 0.44 • o.9Z • L04 . 1;04 • -l.04 • o.·9z -. 0.44 • 
• . 0.44 • 0.93 • l.04 • 1.02 • 1.03 • 0.9Z ; 0.44 • 
• o.a • o.7 • -'0.7 • -1.1 • -1.-1 • -0.-3 • o;s • 

• 0.58 .• 1.06 • l.ZO . LlZ • 1.09 • -1.12 • l.ZO • 1.06 • 0.58 • 
• 0.59 • l.05 • 1.19 • 1.12 . '1.07 • l.ll • l.19 . l.06 • 0.59 • 
• 0.5. -0.5. -0.3 •. o.z. -2.0. -1.3. -o.6. 0.4. 1.8 . 

• o.sa • o.91 • 1.19 • 1.13 • 1.zz • 1.04 • 1.zz • 1.n • 1.19 • o.91 • o.5a • 
• o.59. ~.91. 1.11. 1.12. 1.zz. 1.04. 1.21. 1.12 • 1.19. o.9z. 0.60. 
• ,o.s. ~o,6 - -1.6. -o.9. -o.s. -o.7. -1.z. •o.a. 0.1. a.a~ 2.4. 

• o.44 • 1.06 • 1.19 • 1.16 • o.-9a • 1.01 • 1.-15 • 1.01 • o.98 • 1.16 . 1.19 • 1.06 • 0.44 • 
• o.44. 1.06 • 1.1a. 1.14. o.97. 1.01. 1.14. 1.00. o.97. 1.i5. 1.19. 1.09. o.46. 
• o.3. o.3. -o.a. -1.5. -1.0. -o.3. -0.4. -o.9. -1.1. -o.4·. o.4. z.1. 4.9 • 

• 0.9Z. 1.zo. 1.13. 0.9S. 1.18. 1.27. 1.11. 1.27. l.18. 0.98; l.13. l.ZO. 0.9Z. 
• o.9Z • 1.zo. 1.13. o.98. l.18. 1.28. 1.11. 1.21. 1.16. o.97. 1.12. 1.21. o.95 • 
• 0.3. 0.3. -0.3. •0.3. •O.Z. O.Z. •O.l. •0.5. •1.6. -0.9. ·0.4. l.Z. 2.8 • 

... 

• 0.43. 1.04. l.lZ. l.ZZ. 1.01. l.27. 1.13. l.Z8. 1.13. 1.27. 1.01. 1.zz. 1.12. l.04. 0.43. 
• o.42. 1.04. 1.1z. 1.21 • o.99. 1.21. 1.14. 1.28. 1.13. 1.26. 1.00 . 1.21 . 1.12. 1.05. o.43 • 
• -1.0. -o.3. o.z. -o.a. -1.s. -o.4. 1.z. o.6. o.3. -0.1. -1.6. -1.3. -o.5. o.6. o.a • 

• o.1z. 1.04. 1.09. 1.04. 1.15. 1.11. 1.zs. o.98. 1.zs. 1.11. 1.15. 1.04. 1.09. 1.04. o.7z. 
• 0.71. l.03. l.09. 1.03. 1.11. 1.10. l.Z9. 0.99. 1.28. l.ll • l.13. 1.03. 1.08. 1.05. 0.75 • 
• -1.0. •0.5. -0.3. -l.l. •3.0. -1.l. l.3. l.4. 0.5. •O.l • -1.7. -1.2. •l.O. 1.3. 3.8 . 

• 0.43. 1.04. l.lZ. l.ZZ. 1.01. l.Z7. l.13. 1.28. 1.13. 1.27. 1.01 • l.ZZ. 1.12. 1.04. 0.43. 
• 0.42. 1.04. 1.12 • l.,z. 1.01. 1.,6. 1.11. 1.,8. 1.15. l.Z5. l.CO • l.ZZ • 1.11. 1.06. 0.45 • 
• •l.O. -o.z • o.z. •0.6. -o.3. •1.4. •1.9. 0.6. 1.5. •1.5. •1.4. •0.7. •0.9. 1.5. 5.0 • 

• 0.9Z. l.20. 1.13. 0.9S. 1.18. l.Z7. 1.11 • 1.27. l.18. 0.98. l.13. 1.20. 0.92. 
• 0.93. l.Zl. 1.14. 0.99. 1.17. l.~5. 1.10. 1.27. 1.17. 0.9S. 1.12. 1.19. 0.92 • 
. o.9. o.9. o.7. o.3. -1.0. -z.o. -1.z. -o.5. -o.5. -o.a. -o.4. -0.1. -o.3 • . . .. . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . ~ ..................................................... . 
• 0.44. 1.06. 1.19. '1.16. 0.98. 1.01. 1.15. 1.01. 0.98. 1.16. 1.19. 1.06. 0.44. 
• 0.45. 1.07. l.ZO. 1.16. 0.97. 0.99. l.lZ. l.00. 0.98. l.15. l.:o • l.07. 0.44. 
• l.5 • · las • 1.5 • 0.3 • -1~9 • -2.1 • •2.6 • -1.6 • -o.6 • •O.l • 1.0 .• 1.3 • o.7 .• 

• o.sa. 0.91. 1.19. 1.13. 1.zz. 1.04. 1.z:. 1.13. 1.19. o.91 • o.58. 
• o.59 • o.93 • 1.:4. 1.11 • 1.zo. 1.02 . 1.20. 1.13. 1.19. o.93. o.60 • 
• Z.l. Z.l. 4.5. -1.a. -Z.l. -2.7. -1.6. -0.1. 0.5. z.1. 3.Z • 

• o.sa • 1.06 • 1.20 • 1.12 • 1.09 • 1.12 • 1.20 • 1.06 • o.5a • 
• 0.60. 1.11. l.Zl. 1.09. 1.06. 1.11 • l.ZO. 1.07. 0.60 • 
• 3.3. 4.5. 1.3. •2.7. •3.1. •0.9. 0.6. l.Z. Z.6 • 

• 0.44 • 0.92 • 1.04 • l.04 • 1.04 • 0.92 • 0.44 • 
• 0.46 .- 0.96 • l.06 • l.C4 • 1.04 • 0.93 • 0.44 • 
• 4.5. 4.6. 1.s. -o.o. 0.1. o.5. o.6. 

• 0.43. 0.72. 0.43. AVERAGE • STAIIOAl?D 
DEVIATION • 

=l.078 
• 0.45. 0.74. 0.43. 
. 4.8. 3.1. 0.4. 

.PCT DIFFERENCE. 
= 1.2 

Sill1MARY 
-------

MAP NO: S2-S-24 

"CONTROL ROD POSITIONS: 

DATE: 

F-Q(Tl 

3/13/81 

= 1.670 

PO!;lER: 100?. 

QPTR: 

D BANK AT 227 STEPS F-DHCNl = 1.424 

F(Zl = 1.133 

F{XYl = 1.372 

BIJRNUP = 6653 M}:0/MTU 

NW .0997 ! NE l.C~O 

----------1----------sw 1.002 I SE 1.001 

A.O = -0.96(?.J 

24 
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SURRY UNIT 2 - CYCLE 5 

ASSEMBLYWISE POWER DISTRIBUTION 

S2-5-39 

FIGURE 4. 3 

see iw; Wtfftt-Xf'iitdW»> eee@*f' tii\-'t@SS A·fMAMii ,ris+ 

• .R P H ·M l K J :t G E 0 C B A 
~ 

PRl:OJCTED 
t!E.-\~t:~En 

0.45 0.71 0.45 FPCD!ClEU 
~!~A!3ViJCO 

• PCT O'!Ffrnrn::f. 
. 0.45 . 0.73 . 0.45. 

0.1 , O.l. 0.2 . , PCT Diffl.i<Et:CE • 

. o.47. 0.72 1.06 1.01 1.06 o.•2 o.•7 . 
• 0.48 . 0.92 . 1.05 . 1.00 • l.CS • 0.?3 . D.47. 

l.? . O;l • -0.7 • -l.O • 0 0.6 . 0.3 . 0.2 . 

0.61 . 1.0?. l.t4 . 1.10 1.06 . 1.10 . 1,24 , 1.0? 0.61 
. U.62 , 1.10 . l.~4 , l.10 . 1.01 . 1.09. l.~4 . 1.01 . 0.61 . 

1.7 • l.O . O.l . -0.3 • -l,2 . -1.0 , 0.2 . 0.2 , 0.1 • 

o.61 0.12 1.20 1.11 . 1.2s . 1.02 . 1 .• s. 1.11 1.20 o.92 o.61 
• 0.61 . 0.91 . 1.21 . l.ll , 1.24 , 1.0~ , 1.23. 1.11 . 1.20 . 0.92 . 0.62 . 
, -0.3 . O.l . 0.2 • -0.l . -0.6 . -0.9 . -1.0 . -0.0 . -0. 3 . -0.'t • 1.6 . 

o.47 1.0? 1.20 1.12 o.~l . o.9?. 1.10 . o.99. o.96 1.12 1.~o 1.09 o.47 
• o.,6. l,07 , 1.19. 1.11 . 0.96 . l.CO . 1.19 . 0,99 . 0.9& . 1.11 . 1.19 . 1.12 . 0.49 . 
. -l.8. -l.8 . -0.7. -Q,6 . -0.l . 0.2 . 0.2 . -,).0. -0.4 . ·0.6 . -0.8 . 2.4 , 5.7 . 

0.91 1.2, 1.11 0.96 . 1.11. l.ZS. I.CB, 1.:6 1.13 , 0.9~ 1.11 . 1.24 0.92 
• 0,91 . 1.23 • 1.11 • o.96 • 1.13 . 1.~?. 1.01. 1.29. 1.12 . o.95 . 1.10 . 1.~s. o.95 • 
. -0.9. -0.9. -0.4. 0,3. 0.5. l.2 , 1.2 . 0.9. -0.5. -0.8 . -1.0 . 0.8 . 2.8 . 

0.45 l.06 1.10 l,25 0.?9 , 1.28 , 1.11 l.27 1.11 1.28 0.99 1.25 l.10 1.06 0.45 
. 0.45 , l.06 . 1.10 . l.~4 . 0.99 . 1.23 . 1.13, l.29. 1.12 . l,29. 0.93 . l.23 . l.09 . 1.06 , 0.45 . 
. -1.l . -0.5. -O,l . -0.6 . -l.O . 0.4 . !.l • l.D . 1.7. 0.8 . -1.Q . -1.4. -0.7. -0.l . 0.0 . 

0.73 l.Ol l.C~-. l.02 1.10 , l,D3. l.E7 0.98 1.27 l,C3 1.10 l.02 l.O~ 1.01 0.73 
. ~.?! . !.00 • 1.05 . 1.02 . 1.08 . 1.03 . 1.30 . I.CO . 1.29. 1.09. l.C5 . 1.01 ~ l.O~ . 1,01 . 0.74 • 
. -l.1 . -0.7. -0,l . -0.7. -1.9 . -0.l . 2,2 . 2.~ . 1.3 , 0.5 . -1.7 . -1.3 . -1.0 . O,l . 2.2 . 

0.45 l.06 1.10 1.25 0.9? 1.28 1.11 1,27 1.11 1.:3 O.?? 1.:5 l.10 l.J& 0.45 
. 0.45. ·l.05 . 1.09. l.~4 . 1.00 , l.~/. l.CG. l.~B . 1.13. l.:6 • 0.90 . l.~3 . 1.0,. 1.03 , 0.~7 . 
. -1.1. -1.0 . -1.0 . -a.s . 0.1. -o.?. -2.1 . 0.1 . ~.1 . -1.~. -1.6 . -1.1 .. -J.6 . 1.~ . 4.8. 

·········································································································· o.92 1.2~ 1.11 o.96 1.1J 1.2a 1.oa 1.2a 1.13 o.~6 1.1t 1.2~ Q.92 
• 0.91 • 1.2~ . 1.11 . 0.9~ . 1.11 . 1.24 . 1.00 . 1.2? • 1,13 . Ll.96 . 1.10 • 1.23 . 0.93 . 
. -1.1 • -1.1 . -0.5 • -n.1 • -1.2. -2.7. -o.s. 1.2 . o.s . -a.~ . -o.a • -9.6 . o.i . 

0.47 1.09 l.20 l,12 0.96 0.?9 1.10 0.99 0.96 1.1: l.CD 1.0? 0.47 
• 0.17. l.10. 1.20 . l.10 . 0.94. 0.97. 1.07. 1.01 . 0.9S . 1.12 . 1.21 . 1.10 . 0.47 . 

0.9. 0.9. -0.l . -1.4. -Z.l . -2.7. -2.7. 2.0 . l.S . 0.5 . 0.6 . 0,8 . 0.8 , 

o.61 o.·J;! . 1.i!o 1.11 1.::s 1.c:.: 1.~5 . 1.11 1.;:o o.92 o.61 
. 0,63, 0.94. 1.19. 1.0?. l.21 . D.~9, l.t4 . 1,12 , 1.21 . 0.9~ . 0.62 . 

2.3 . l.~ . -1.tt . -~.t! . -2.3 • -3.l . ··O.J • 0.5 . 0.7 • 1.4 • ~-~ . - . ................................................................................ 

STAl'"DARO 
DEVIATION 

=l.2i:Z 

. 0.61 . l.09. 1.24', 1.10 . 1.0~ . 1.10 . 1-~1 . 1.09 . 0.61 . 

. 0.64 • 1.15 . r.~6 • 1.07. 1.c2 . l .. CJ. 1.23 . 1.c? . n.6~ . 
4,3, 5., .. 1.6 . -3,l . -3.l . -l.7. -1.0 . -G.l . 1.7 . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ; .......................... . 

o.~7 o.~:. l.06 , l.Ol . l.D6 . 0,92 , D.~7 . 
• Q,li9. 0.9J • 1.09. l.01 . l.1~'.) • 0,';l . OJ+!, • 

5.?, 5.? . ~.3 . -0.l. -0.9. -o.s , -1.0 . 

·················································· 

SUMHARY 

0.45 o.73 o.~s 
. o.48. o.75 . o.~5 . 

6.0 . 3.~. -0.6 . = 1. 2 

MAP NO: S2-5-39 

CONTROL RGD POSITIONS: 

DATE: 10/15/81 

F-Q(Tl = l.67n 

F-DHCN) = 1.410 

POWER: 1007. 

QPTR: 

D BANK AT 220 STEPS 

FCZl 

FCXYJ 

= 1.133 

= 1.366 

BURNUP = 13216 M!'10/MTU 

Ni~ 0.999 I NE 1.001 

-----------1----------sw 0.999 I SE 1.001 

A.O = -2.81C:O 

25 

lC 
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FIGURE 4. 4 
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.SURRY UNIT 2 - CYCLE 5 
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SURRY UNIT 2 - CYCLE 5 

HEAT FLUX HOT C}U\NNEL FACTOR, F~ 
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FIGURE 4. 7 
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Se.ctiori. S 

· :PRIMARY COO'LAJfT ACTIVJ::TY FOLLOW 

Activity Leve l's of io·dine-131 and 133 in the primary coolant a:re 

impo:c:tant in c,o.:ce _pe:cfo:cmance -follo-w analysis because they are used as 

indicators of d~fective fuel. Additionally, they a:ce also important with 

:respect to the offsite dose calculation values associated with accident 

analyses. Both I~131 and I-133 can leak into the prima:cy coolant system 

throught a breach in the cladding. As indicated in the Technical 

Specifications the dose equivalent I-131 concentration in the primary 

-coolant was limited to 1.0 mic:co,,..Ci/gm for no:cmal steady state ope:cation 

during Cycle 5. Figu:ce 5.1 shows the dose equivalent I-131 activity 

level history for the Su:rry 2, Cycle 5 co:re (the letdown flow rate 

averaged 105 gpm during power ope:cation). The data demonstrates 

considerable scatter; howeve:c, the trend shows that during Cycle 5, the 

core operated ·substantially below the 1.0 micro-Ci/gm limit during 

steady state operation (the spike data is associated with power 

transients and unit shutdown). Specifically, the average dose equivalent 

I-131 concentration of 6.2 x 10- 3 micro-Ci/gm is less than 1% of the 

Technical Specifications limit. 

The :ratio of the specific activities of I-131 to I-133 is used to 

characterize the type of fuel defect which may be present in a reactor 

core. Use of the ratio for this determination is feasible because I-133 

has a sh·ort half-life C app:coximately 2 1 hours) compared to that of I-131 

tapproximately eight days) so that for pinhole defects where the 

39 



' 

.. 

diffusion time through the defect is on the o:z:d-er of days, the I-133 

decays out leaving the I-131 ~ominant in activity, the~eby causing the 

:::::c.tio to be O. 5 o:r: rno:re. In the· cas.e of la:r:ge l·eaks, u:ranium pa:r:ticle·s 

in the coola·nt, and/oz: "tramp" uranium*, .where the .diffusion ,mechanism 

is negligible, the 

Figu:r:e 5.2 shows 

I-131/I-133 rat~o will generally be less than 0.1. 

the I-131/I-133 :ratio data fo:z: the Sur:r:y 2, Cycle 5 

co:t:e. These data indicate that any defects that may have been p1:esent 

during Cycle 5 a1:e quite small . 

:t:"T~amp" uranium consists of small particles of u:r:anium which adhe:t:e to 
the outside of the fuel rod during the manufacturing process. 

40 
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Section~ 

cycle, 

The 

all 

CONCLUSIONS 

Surry 2 core has completed Cycle 5 operation. Throughout this 

core performance indicators compared favorably with the 

design predictions and all core related Technical Specifications limits 

were met with significant margin. No abnormalities in reactivity, power 

distribution, or burnup accumulation were detected. In addition, the 

excellent mechanical integrity of the fuel has not changed significantly 

• throughout Cycle 5 as indicated by the radioiodine analysis. 
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