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CLASSIFICATION/DISCLAIMER

fhe data, technigques, information, and conclusions in this report have
been prepared solely for use by the Virginia Electric and Pouer Company
(the Company)., and they may not be appropriate for use in situations
other than those for which they were specifically prepared. The Company
therefore makKkes no claim or warranty whatsoever, express or implied,as
to theix accuracy., usefulness, or applicability. In particular, THE

COMPAMY MAKES NO WARRANTY OF MERCHANTABILITY OR FITHNESS FOR A PARTICULAR

PURPOSE, NOR SHALL ANY WARRANTY BE DEEMED TO RRISE FROM COURSE OF

DERLING OR USAGE OF TRADE, with respect to this xeport or any of the
data, techniques, information, or <conclusions in it. By making this
report available, the Company does not authorize its use by othexs, and
any such use 1is expressly Zforbidden except with the prior written
approval of the Company. Any such written approval shall itéelf be
deemed to incorporate the disclaimers of liability and disclaimers of
warranties provided hexein. In no event shall the Company be liable,
under any legal theory whatscever (whethex contract, tort, warranty, ox
stxrict or absolute liability), <f£or any property damage, mental ox
physical injury ox death, loss of wuse of propexty, or other damage
resulting from ox arising .out of the use, authorized oxr unauthorized, of

this report or the data, technigques, information, or conclusions in it.
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Section 1
INTRODUCTION AND SUMMARY

On HNovember 7, 1981, after almost fifteen months of operation;
Surry Unit 2 completed Cycle 5. Since the initial criticality of Cycle 5
on Rugust 14, 1980, the reactor core produced approximately 82 x 10 ¢
MBTU (13,971 Megawatt days per metric ton of contained uranium) which
has zresulted in the generation of approximately 7.8 % 10° KWHr gross
(7.4% x® {09 KWHr net) of electrical enexgy. The puxrpose of this report is
to present an analysis of the coxe pexrformance foxr zoutine operation
during Cycle 5. The physics tests that were performed during the startup
of this cycle were covered in the Suxry 2, Cycle 5 Startup Physics Test

Report?! and, therefore, will not be included here.

The f£ifth c¢ycle <c¢oxre <consisted of six ‘batches of fuel. Tuo
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 5R). One
thrice—-burned batch was carrxried overx from‘Cycles 2,3: and 4 (Batch U4B23}.
Two fresh batchesl {Batches 7A and 7B) were added to the Cycle 5 coxe.
The Surry 2, Cycle 5 core loading map specifying the fuel batch
identification, fuel . assembly locations, burnable poison locations and
source assembly locations is showun in Figure 1.1. Movable detectorx
locations and therxrmocouple locations are identified in Figuxe 1.2.

Contrxol rod locations arxe shown in Figure 1.3.

Routine <c¢ore - ‘follow involves +the analysis of four principal

performance - indicators. These are burnup distribution, \reaétivity



depletion, ©powexr distribution, and primarxy coolant activity. The core
burnup distribution is followed to verify both burnup symmetry and

preoper batech burnup sharing, thereby, ensuring that the fuel held ovex

for +the next c¢ycle will be compatible with the new fuel that is

inserted. Reactivity depletion is monitored to detect the existence of
any abnormal reactivity behavior, to determine if the core is depleting
as designed, and +to indicate at what burnup level refueling will be
requized. Core pouwer distribution £follow includes the monitoring of
nuclear hot channel factors to verify that they are within the Technical
Specifications? limits thereby ensuring that adequate margins to linearx

power density and critical heat f£lux thermal limits are maintained.

Lastly, ‘as rart 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 Pouwexr Station Technical

Specifications, and to assess the integrity of the fuel.

Each of the four pexformance indicators is discussed in detail forx
the Surry 2, Cycle 5 coxre in the body of this report. The results aze

summarized below:

1. Burnup Follow = The burnup tilt (deviation from quadrant
symmetry) on the c¢ore was no greater than *0.14% with the burnup
accumulation in each batch deviatihg,fzom design prediction by less than

$0.6%.

2. Reactivity Depletion Follow - The c¢ritical boxon concentrxation,
used to monitoxr rxeactivity depletion, was consistently within *0.57%

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




K/7K margin allowed by Section 4.10 of the Technical Specifications.

3. Power Distribution Follow - Incore flux maps taken each month

indicated that the assemblywise radial power distributions deviated from

the design predictions by an average difference of less than 1.4%. R1ll
hot «c¢hannel factors met their respective Technical Specifications

limits.

Iy, Primary Coolant Activity Follow - The dose equivalent

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

was approximately 5.% K 10-3 micro—-Ci/gm. The average dose equivalent -

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

corresponds to less than 1% of the opexrating limit forxr the concentration

of radioiodine in the primary coolant

In addition, the effects of fuel densification ueré monitored

throughout the cycle. No densification effects were observed.



SURRY UNIT 2 -~ CYCLE 5

Figure 1.1
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FIGURE 1.2
SURRY UNIT 2 - CYCLE 5

MOVEABLE DETECTOR AND THERMOCOQUPLE LOCATIONS
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FIGURE 1.3
CONTROL ROD LOCATIONS

SURRY UNIT 2 - CYCLE B

10
11
12
13
14
15

LOCP B
OUTLET

N
¥ e e ——
z

<
/2]
/ -
(8] pi} O

LoOP A
INLET

<
[0} o] |8} o m <
< a m m . ¢
[ 7 ] 2} (7] (2]
o
—o
[=] 8] (8] o
A o m 1] o <
n © ] n 7] 7]
[=]
< fus] [a] (8] [12] L4
0=
e s o e ot s e et et e Pt e o (s i T e P Ty St B o s
=z
m o 0. Ju¢] ==
n 7] ] (] 0=
2=
e Bt P e By S et St B o By Sy e A W M e — S (e M o S -l =
N o
18 [+1] m (8} o - |
o= o: .
e e e e o i e e e e e o e e e e oD S €0 <O D O D WD
(S 10 [«
1] <t < i<
[« A - 2] " < M=
Q- 3 3 =
[aBw ) b e e e e e e ——— — — — ! H
e z z H
< [~} <

RS S S -
[}
1 g
(o] o
O/ 8 =
o P-4
[« - (3]
oz < 0 <O
- H - nna
[+ 4 000
jm X X0
= T MM ZZO
« 0O ZZZZA9
- = H: <4< <@
S Mmmn w
xR Oz zZZr
w o AR I R ]
m ) 2 0000000
e Z L popoEoow
’ ~t OH mTTTTT(
v 1 ZZZID
[ R U] QOO0 IO
< < DOLOOOLVY



Section 2 .
BURNUP FOLLOW

‘The burnup history =£or the Surxy Unit 2, Cycle 5 core is
graphically depicted in Figure 2.1. The Surry 2, Cycle 5 core achieved a
burnup of 13,971 MWD/MTU. As shown in Figure 2.2, the average load
factoxr for Cycle 5 was 904 when referenced to rated thermal power (2441

MWCE)) .

Radial (X-Y) bﬁ:nup distribution maps show how the core burnup is
shared among the various fuel assemblies, and thereby éllow a detai;ed
burnup distribution analysis. The NEWTOTE® computer code is uéed to
calculate these assemblywise burnups. Figure 2.3 is a radial burnup
distxibution map in which the assemblywise burnup accumulation of the
core at the end of Cyele 5 operation is given. For compariéon PUXrpoOses,
the design values are also given. Figure 2.4 is a radial burnup
distrxibution map in which +the percentage difference c¢omparison 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 wvalues. .  In addition, deviation from quadrant symmetry in the

core, as indicated by the burnup tilt factors, was less than *0.,14%.

The burnup sharing on a batch basis is monifored to vexrify that the
core 1is operating as designed and to enable accurxate end-of-cycle batch
" burnup predictions to be. made for use in reload fuel design studies.

Batch definitions are given in Figure 1.1. As seen in Figure 2.5, the



batch burnup sharing for Surry Unit 2, Cycle 5 followed design
predictions very closely with each batch deviating less than *0.6% frxom
design; this :is considered wexcellent agreement. Thereioxe. symmetric
burnup in conjunction with the good agreement between actual and
predicted assemblywise burnups and batch burnup sharing indicate that

the Cycle 5 core did deplete as designed.
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FIGURE 2.2
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FIGURE 2.3
ASSEMBLYWISE ACCUMULATED BURMNUP
MEASURED AND PREDICTED

(1000 MWD/MTU)
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FIGURE 2.4
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| o0.91] 0.371 -6.83| -1.33] -0.18] 0.05{ -0.47) -0.51| -0.%0| -0.471 o0.04] 3.37]1 1.301
I 12.911 16.691 29.871 36.85] 26.261 17.6%] 31.17{1 17.61] 26.15] 36.71] 30.12} 16.97! 13.35|
| -0.111 o0.231 -0.81} -0.271 -1.28] 0.19! -0.21] -0.27] -1.69| -0.65] 0.03] 1.92] 3.27}
| 22.431 14.581 29.71] 16.971 35.801 17.59| 31.561 17.651 31.5%3] 17.621 35.38] 17.00! 29.96| 14.75| 22.45]
] o0.31}1 -0.51] -0.83} -0.70] -0.22} -0.38] 0.35] 0.481 0.43! -0.25] -1.39} -0.49] -0.01} 0.661 0.371
1 10.12) 23.30] 30.72! 30.6al 24.71] 31.161 17.75}) 42.51] 17.65] 31.16l 24.70| 30.621 30.72] 23.39} 10.43}
| -0.74] -1.16] -0.551 -0.44] -1.571 -0.25] 1.08] o0.581 0.49] -0.24] -1.64]1 -0.501 -0.54] -0.81] 2.31]
| 22.44] 14.61] 29.90] 17.031 35.98] 17.44] 31.261 17.63] 31.64| 17.44] 35.48] 17.001 29.82| 14.861 22.81]
| 0.33] -0.311 -0.22] -0.321 6.29] -1.23] -0.e1l 0.40]1 o0.62] -1.28] -1.12] -0.511 -0.47} 1.43] 1.98]
| 13.001 16.801 30.171 36.841 26.181 17.27] 31.10} 17.611 26.33) 36.93| 30.031 16.661 12.99%}
] o0.551 0.89] 0.19] -0.31) -1.59] ~2.221 -0.44} -0.27{ -1.02] -0.05] -0.261 0.02] 0.48]
| 28.34] 14.96] 16.45] 25.88) 36.65] 35.70] 24.58] 35.85] 36.5961 26.111 16.61] 14.97] 28.21|
[ o.39f 1.82{ -0.27] -1.711 -0.80] -0.49]1 -2.11| -0.05] o0.01l| -0.83] o0.70! 1l.84} -0.07]
[-17.75| 28.40] 16.18] 29.68] 16.72] 30.38[ 16.87] 38.251 16.59] 28.37] 17.64]
I 1.671 o0.81] -1.92] -1.45]1 -2.14! -1.29] -1.271 0.45] 0.591 0.71! 0.9%9]
| 17.91} 15.581 17.00] 29.561 30.291 29.701 16.84| 164.95| 17.71]
| 2.591 6.05] 2.10] -1.33] -1.931 -0.88{ 1.10l 1.78! 1.42]
| 28.611 13.631 14.701 23.30] 14.611 12.99| 28.45]
I 1.341 5.491 0.331 -1.18]1 -0.33] o0.51] o0.80]
| STANDARD DEV | | 22.691 10.41| 22.16} | AvG ABS PCT |
| = 0.86 | I 1.461 2.03] -0.88l | DIFF = 0.89 |
BURNUP SHARING
(103 MwD/MTU)
Am -
BATCH CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 TOTAL BURNUP TILT
4B2 7.28 6.61 14,91 13.71 42.51 NW- 0.9986
S5A - 6.79 15.51 11.35 33.65 NE~ 1.0000
6AL - - 16.03 11.60 27.63 SW- 1.0006
6B - - 11.93 14.24 26.17 SE- 1.0008
7A - - - 16.85 16.85
7B - - - 15.25 15.25
CORE AVERAGE

13.97
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SURRY UNIT 2-CYCLE S

CRITICAL BORON CONCENTRATION VS. BURNUP

FIGURE 3.1
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Section 3

REACTIVITY DEPLETION FOLLOW

"The primazy coolant critical boxon concenfration is monitored fox
the purposes of following core reactivity and to identify any anomalous
neactivity behavior. The FOLLOW! computer code was used_to normalize
"actual" critical boxron concentration measurements to design conditions
taking into consideration control rod position., xenon and samarium
concentxations, moderator temperature, and éower level. The normalized
critical Dboron concentration versus burxrnup curve for the Surry 2, Cycle
5 c¢ore 1is ~shown in Figurxe 3.1. It can bé seen that the measured data

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

less than 20.542 .delta K/K which 1is well within the £1% delta KE/K

criterion for reactivity anomalies set forth in Section U4.10 of the

Technical Specifications. In conclusion, the +trend indicated by the

critical Dborxon concentxation verifies that the Cycle 5 core depleted as

expected without any reactivity anomalies.

14



Section U

POWER DISTRIBUTION FOLLOW

Analysis of <c¢core pouwer distributigﬁ data on a routine basis 1is
necessary to verify ‘that the ho%t .channel factors are within the
Technicél Specifications limits and +to ensure that the reactor is
operating - without any abnormal conditions which could cause an "uneven"
burnup distribution. Three-dimeﬁsional core pouwer distributions are
determined frdﬁ,movable detector £lux map measurements using the INCORES.
computer progranm. A summary of all monthly flux maps taken since the
completion of startup physics testing foxr Surry 2, Cycle 5 is given in
Table 4.1. Power distribution maps were dJenerally taken at monthly

intervals with additional maps taken as needed.

Radial (X-Y) core power distributions for a representative sexies
of incore flux maps are given in Figures 4.1 throﬁgh 4.3. Figure 4.1
shous» a ﬁower distribution map that was taken eafly in‘cycle life.
Figure 4.2 shous a power distribution map that was taken near mid-cycle
burnup. Figure 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 powexr. In each case, the
measured relative assembly pouwers. uwere generally within U2 of the
predicted values.'In addition, as indicated by Ehe INCORE tilt factors,

the powexr distributions were essentially symmetric for all cases.

-

An important aspect of core power distribution follow is the

~honitozing of nuclear hot channel factors. Verification that these



factors are within Technical Specifications limits ensuxres that linear
power density and c¢ritical heat flux limits will not be violated,
thexeby providing adeguate thermal margins and maintaining fuel cladding
integrity. "The initial Cycle 5 Technical Specifications limit on the
axially dependent heat f£lux hot channel factor,EF—Q(Z), was 2.19 x K(2Z),
whe;e K(Z) is the hot channel factor normalized operating envelope. On
July 28, 1580, the Technical Specifications limit for F-9(Z) was
~administratively reduced to 2.18 x K(z)!(®), The <formal Technical
Specifications implementation of the 2.18 limit for F-Q(Z) occurred with
Technical Specificatioﬁs Amendment No. 70, dated June 16, 1981(73,
Pigure 4.4 is a plot of the K(Z) curve associated with the 2.18 F-¢(Z)
limit. This c¢urve is representative of the K(Z) curves used throughout
"Cycle 5 since K(Z) changes only slightly with c¢hanges in the F-2(2)
limit. The axially dependent heat flux hot channel factoxrs, F-2(Z), £fox
a representative set of flux maps are given in Figurxes 4.5 through 4.7.
Thzoﬁghout Cycle 5, the measured values of F-2(Z) were within the
Technical Specifications limit. A summary of the maximum values of all
heat flux hot channel factors measured during Cycle 5 is given in Figure
4.8. As can he seen from this figure, there was approximately 272 ﬁaxgin
to the limit at the beginning of the c¢ycle, with the margin

approximately constant throughout cycle operation.

The value of the enthalpy zrise hot channel factor, F-delta H, which
is the rxatio of the integral of the power along the rod with the highest
integrated power to that of the average rxrod, is routinely followed. The
Technical Specifications 1limit for this parametexr is set such that the

.critical heat £lux (DNB) limit. will not be violated. Additionally, the

17




F~delta H limit' ensures that the value of this parameter useé in *the
LOCA-ECCS +analysis is not exceeded during normal operation. The Cycle 5
limit ‘on the -enthalpy =xise hot channel facfoz uas set at 1.55 x
(1+0.201-22)2, uhe:é P ig the #£ractional pouexr level. The wvalues of the
enthalpy rise ihot channel <$actox parametexs F-dedta H(LOCAZ,Assy) and
F-delta H(LOCA,Ro0d) uwere also routinely followed?. F-delta H(LOCA,Assy)
and F-delta H(LOCA,Rod) represent the enthalpy rise hot c¢hannel factox
(F-delta H) evaluated =foxr the peak assembly and peak rxod in the cozxe,
respectively, between the 1.5 f£t. and 10.5 £t. levels of the core. The
full pouwer limits for ¥F-delta H(LOCA,Assy) and F-delta H(LOCA,Rod) wexras
sat at 1.476 and 1.550 respectively. Table 4.2 summarizes the F-delta
H(LOCA,Assy) and F—-delta H(LOCA,Rod) values measured during Cycle 5
operation. Figures 4.9 +through #4.11 show that all measursed values foz
F-delta H, F-delta H(LOCA,Assy) and vF—delta H(LOCA,Rod) were within
- their respective Technical Specifications limits during Cycle 5. The
necéssity for monitoxring F-delta H(LOCA,Assy) and F-delta H(LOCA,Rod?
was deleted Zfrom - the Technical Specifications on June 16, 1981 by

Technical Specifications Amendment No. 70071},

The Technical Specifications require that target delita £lux¥ values
bhe determined pericdically. The tarxget delta f£lux ie the delta £lux
which "would ocecuxr at conditions of <£full pouwer, all rcds out, and

equilibrxium xenon. Therefore, the delta £lux is measured with the core

*¥Delta Flux = (Pt-Ph) x 100 / 24417

uthexe: Pt = Power in top of core(MW(th))

Ph Power in bottom of core (MW(th))



at ox near these conditions and the target delta flux is established at
this measured point. Since the tarxrget delta £lux varies as a function of
burnup, the target wvalue 1is wupdated monthly. Operational delta £lux
limits +axe then establisﬁed about this target value. By maintaining the
value of delta £lux relatively.constant, adverse axial poeowex shapes due
to xenon redistribution are avoided. The plot of the target delta £lux
Qersus ‘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 c¢ycle, the value of delta f£lux had shifted *to
approx;mately -4%, and then returned to approximately -3% by the eﬁd of
dycle 5. This power shift can also be obsexrved in the c¢orresponding core
average axial power distribution for a representative series of maps
given in Figures 4.13 through 4.15. In Map 52—5—13‘(Figure 4.13) taken
at approximately 1450 MQD/MTU, the axial powexr distribution had a
flattened cosine shape with a peaking factoxr of 1.17. In Map S2-5-24
(Figure U4.14) taken at approximately 6,653 MWD/MTU, the axial pouér
distribution had peaked slightly towaxd the bottom of the core with an
axial peaking factor of 1.13. Finally, in Map S2-5-39 (Figure 4.15)
taken at approximately 13,216 MWD/MTU, +the axial pouwer distribution
remained s}ightly peakaed towaxrd the bottom of the corxe with an axial
peaking factor of 1.13. The history of F-Z during the c¢ycle can be seen

more cleaxly in a plot of F-2Z versus burnup given in Figuxe 4.16.
In conclusion, the Surry 2, Cycle 5 <c¢oxre performed very

satisfactorily with power distribution analyses verifying that design

predictions were accurate and that the values of the hot channel factors

19




were within the

limits of the Technical Specifications.
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TABLE 4.1
SURRRY UNIT 2 - CYCLE &

SUMMARY OF FLUX MAPS FOR ROUTINE OPERATION

| | 1 | | I 1 | 2 | | | | | |
| | | BurRN| | I F-Q(T) HOT I F-DH(H) HOT | CORE F(Z) | | 4 | | !
I HAP | I up | IBANK | CHANNEL FACTOR [ CHANNEL FACTOR | HAX l 31 QPTR | AXIALL NO.|
| NO. | DATE | moziPRRl D | | 1 IF(XY) | .| OFF | OF |
] | | MTU [(Z)ISTEPS|ASSY | PIN|AXIAL] TASSY|PINIF-DH(N) TAXIAL] F(Z)] b Max  juocl  SET ITHIMI
| | [ | I {POINTIF-Q(T) | | | POINTI i ] I 1 (%) isLEsl
l | | 1___1 | I__1 | | I__ 1 | | | | i___| |
113 | 9-12~-80| 450)100] 215 | Bo6! DEI 34 | 1.716 | D071 IHI 1.387 | 23 11.17111.352]1.0045]SE |[+1.130] 49 |
114 | 9-20-80| <720l 98l 217 | Hool HGI 34 | 1.710 | KOSl HGIl 1.403 | 34 11.18211.3494{1.0035|NE |-1.519] 42 |
117¢53110-17-801 1690f100] 217 | Joa} GHl 23 | 1.709 | Jos| GH| 1.394 | 23 11.16611.339]11.0026(NE }+2.026| 48 |
l18 111-12-801 2540l100] 214 | Joal GHl 23 | 1.695 | Josl GHI 1.402 | 34 11.158{1.344}1.0040|SE {-0.697] 49 |
119  |12-15-80} 36601100] 212 | po7l IHI 21 | 1.702 | Josl GHI 1.412 | 33 |1.146]1.35611.0039INE (-0.323] 49 |
l22(6)] 1-14-811 470411001 215 | HO9l HGI 34 | 1.693 | HOS| HG| 1.430 | 44 11.135]1.367/1.00301SE |-0.7531 48 |
23 | 2-11-811 s56191100] 219 | Joal GHI 23 | 1.675 | Joal GHI 1.4924 | 44 }1.129}1.37211.0030|SE |-0.488} 49 |
|24 | 3-13-811 6653{100} 227 | L13] M}l 44 | 1.670 | J08l GHI 1.424 | 45 |1.133]11.372}1.0025|SW {-0.963] 47 |
127¢(7)1 4-15-811 76661100] 225 | Gosl IHI 45 | 1.691 1 Jos! eH} 1.429 | 45 11.135[1.38111.0045(SE {-1.725] 49 |
|ea | 5-12-811 82ssl100l 228 | L13l LLl 46 | 1.773 | L13] LUl 1.451 | 45 l1.144]11.40911.0023)sW (-2.935] 48 |
|29 I 6-10-811 9230)100] 227 | Josl EHl 46 | 1.710 | Josl eHl 1.428 | 45 |1.147}1.38311.0019|SE §-3.436] 46 |
i34(8)] 7-19-81[10537]100] 214 | HO9l L3l 47 | 1.720 | Joa| DIl X.425 | 46 11.154]11.37711.0019[NE f~4.504] 44 |
135 | 8-12-81l11320l100] 220 | Hool tJl 47 | X.726 | Kool LJI 1.424 | 46 [1.147[1.383{1.0013ltd 1-4.100] 44 |
136 | 9-16-81(12210l1001 216 | Fo7l D6l 46 | 1.705 | Fo7l D6l 1.421 | 46 l1.13611.372{1.0023|NE }-3.532] 45 |
139¢9)110-15-8111321611001 220 | L13] Ll 45 | 1.676 | Joél 1Dl 1.410 | 53 11.133]1.36611.0011INE |~2.808} 47 |

NOTES: HOT SPOT LOCATIONS ARE SPECIFIED BY GIVING ASSEMBLY LOCATIONS (E.G. H-8 IS THE CENTER-OF-CORE ASSEMBLY),
FOLLOWED BY THE PIN LOCATION (DENOTED BY THE "Y' COORDINATE WITH THE FIFTEEN ROWS OF FUEL RODS
LETTERED A THROUGH R AMD THE "X' COORDINATE DESIGNATED IN A SIMILAR MAHNER). )
IN THE *'Z" DIRECTION THE CORE IS DIVIDED INTQO 61 AXIAL POINTS STARTING FROM THE TOP OF THE CORE.
1. F-Q(T) INCLUDES A TOTAL UNCERTAINYY OF 1.08.

2. F-DH(N) INCLUDES A MEASUREMENT UNCERTAINTY OF 1.04.

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

4. QPTR - QUADRANT POWER TILT RATIO.

5. MAPS 15 AMD 16 KWERE PARYIAL MAPS TAKEN FOR I/E CALIBRATION.
6. MAPS 20 AND 21 WERE PARTIAL MAPS TAKEM FOR I/E CALIBRATIGCHN.
7. HMAPS 25 AND 26 WERE PARTIAL MAPS TAKEN FOR I/E CALIBRATION.

8. MAPS 30 AND 31 WERE PARTIAL MAPS TAKEN FOR I/E CALIERATION BUT NOT USED.
MAPS 32 AND 33 WERE PARTIAL MAPS TAKEN FOR I/E CALIDRATION. B

Q. MAPS 37 AND 38 HERE PARTIAL MAPS TAKEMN FOR I/E CALIBRATION.



TABLE 4,2

SURRY UNIT 2 - CYCLE 5

SUMMARY TABLE OF LOCA ENTHALPY RISE

HOT CHANNEL FACTORS

core elevation and include an uncertainty of 1.04.

#

The. monitoring of F

N
Al

/

L.OCA an
ASSY

Specification Amendment No.

d F

N /LOCA
AH" ROD

70, dated June 16, 1681,

was discontinued by Technical

NUﬁgER (EgggﬂgU) FEH/kgg§: LOCATION Fiﬁ EggA © ASSEMBLY | Py
$2-5-13 "G50 1.279 F-10 1.392 B-6 DE
$2-5-14 720 1.282 F-10 1.395 -9 HG
52-5-17 1690 1.263 F-10 1.393 H-9 HG
S2-5-18 2540 1.276 J-8 1.400 J-8 GH
$2-5-19 3660 1.299 J-8 1.409 J-8 GH

- §2-5-22 G704 1.332 H-9 1.433 H-9 HG
§2-5-23 5619 1.334 -8 1.425 3-8 GH
§2-5-24 6653 1.345 J-8 1.425 3-8 cH
§2-5-27 7666 1.357 J-8 1.434 J-8 GH
52-5-28 8258 1.314 3-8 1.412 1-13 LL
52-5-29" 9230 1.372 J-8 1.434 I-8 EH
*FiH/kgg$ and FgH/iggA are measured between 1.5 feet and 10.5 feet of the
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SURRY UNIT 2 - CYCLE 5

ASSEMBLYWISE POWER DISTRIBUTTION

52-5-13

. MEAGURED . . 0.43 . 0.75 . €.42 .
1 .PCT DIFFERENCE. L0.l . 0.1 . -0.6 .
- B e e s e
g ;
It -0.7
2 U Ceeeeens ..
i S1o1 . 0.56 .
i 1.06 . 0.56 .
K S0.6 . 0.1 .
3 . 0.56 . 0.91 . 1.14 . 1.16 . 1.19 . 1.09 . 1.19 . 1.16 . 1.14 . 0.9l . 0.55 .
3 0.56 . 0.90 . 1.13 . 1.15 . 1.17 . 1.08 . 1.17 . 1.15 . 1.13 . 0.91 . 0.57 .
; © 0.4 . -0.5 . -0.4 . <1.1 . =1.3 . =1.5 . -1.4 . ~0.9 . ~0.4 . 0.2 . 2.7 .
; . 0.42 . 1.6 . 1.16 . 1.23 . 1.03 . 1.06 . 1.20 . 1.04 . 1.03 . 1.23 . 1.16 a1 . 0.42 .
¢ 0.42 . 1.02 . 1.15 . 1.20 . 1.01 . I.02 . 1.18 . 1.02 . l.cl . 1.21 . 1.15 05 . 0.4% .
i 0.9 . 0.9 . -0.7 . -2.3 . =1.4 . =1.5 . =1.5 . =1.5 . =1.6 . -1.1 . 0.9 . %.0 . 6.3 .
: 0.93 . 1.14 . 1.16 . 1.03 . 1.23 . 1.21 . 1.12 . 1.21 . 1.23 . 1.0% . 1.16 . 1.14 . 0.93 .
; L 0.9 . 1.14 . 1.15 . 1.02 . 1.21 . 1.19 . 1.11 . 1.1% . 1.i9 . 1.02 . 1.17 . 1.17 . 0.58 .
: L 0.3 . 0.3 . -0.6 . -0.6 . ~L.1 . -1.0 . =1.2 . ~1.2 . -2.5 . 0.5 . 0.8 . 3.4 . 5.3 .
A e R B SN
5 0.63 . 1.04 . 1.18 . 1.19 . 1.0% . 1.21 . 1.11 . 1.13 . 1.11 . 1.21 . 1.04 . 1. 1.13 . 1.06 . 0.43 .
¢ 0.43 . 1.05 . 1.13 . 1.156 . 1.€2 . 1.19 . 1.11 . 1.17 . 1.11 . 1.19 . 1.04 . 1.2l . 1.20 . 1.03 . 0.4% .
d S 1a. oozl 0.7 Dol l-0.9 002l -0k L -0z l-liz s 0.2 L L7 Ll 3. 2.7 .
2 R et s e
i 0.75 . 1.11 . 1.18 . 1.09 . 1.20 . 1.12 . 1.18 . 6.91 . 1.18 . 1.12 . 1.20 . 1.07 . 1.13 . 1.11 . 0.75
; 0.76 . 1.11 . 1.18 . 1.08 . 1.17 . 1.11 . 1.18 . €.92 . 1.13 . 1.12 . 1.29 . 1.11 . 1.19 . 1.12 . Q.73 .
4 . 1.8. 0.6 . 0.3.-0.8.-2.6.-1.3.-0.1. 0.2, 0.1.-0.1. 0.5. 1.0. 9.7 . 1.4. 4.0
; e e eeiaiaans S SR
; 0.43 . 1.06 . 1.18 . 1.19 . 1.06 . 1.21 . 1.11 . 1.18 . 1.11 . 1.21 . 1.0% . 1.19 . 1.18 . 1.04 . 0.43 .
5 .43 . 1.06 . 1.20,. 1.19 . 1.04 . 1.19 . 1.09 . 1.13 . 1.11 . 1.20 . 1,03 . 1.18 . 1.13 . 1.07 . 0.45
| 1.8 6 . 1.5 .7 0.1 . -0.3 . <1.2 . =1.6 . 0.3 . 0.4 . -0.6 . -0.9 . ~2.6 . 0.3 . 2.7 . 6.3
i 0.93 . 1.14 . 1.16 . 1.03 . 1.23 . 1.2l . 1.12 . 1.21 . 1.23 . 1.63 . 1.16 . 1.14 . 0.93
B 0.5 . 1.16 . 1.16 . 1.01 . 1.20°. 1.18 . 1.10 . 1.19 . l.22 . 1.02 . 1.15 . 1.1% . 0.95 .
é 2.5 . 0.1 . -1.7 . =1.7 . =1.8 . =2.Q . =0.% . =0.5 . 0.8 . -1.2 . -0.1 . 1.7
;
i
i . 1.18 . 1.16 .

L 1.9 .

SUMMARY
MAP NO: S2-5-13 DATE: 9/12/80 PCWER: 1004
CONTROL RCD PQSITIONS: F-Q(T) = 1.716 QPTR:

D BANK AT 215 STEPS F-DH(N) = 1.387 NMHd 0.995 | KNE

1.002

——— S P -

F(Z) = 1.171 W 0.993 | SE 1.005
F{XY) = 1.352 .
' BURNUR = 450 MAD/MTU  A.0 =, 1.13(X%)

23

FIGURE 4.1

™

4 B

10

e

i1




SURRY UNIT 2 - CYCLEVS

ASSEMBLYWISE POWER DISTRIBUTION

. . FPREDICTED .
ke . MEASURED .
i .PCT DIFFERENCE.

g

. 0.43 . 0.72 . 0.43 . .
. 0.43 .:0.72 . 0.03 . . .
. =0.8 . 0.8 . =0.6.. .PCT DIFFEREMCE.

esesssscscmscnss D R R R R L R Y R R

e . 0.4% . 6.92 , 1.04 . 1.06 . 2.04 . 0.92 . 0.44 .
i ..0.4% . 0.93 . 1.06 . 1.82 . 1.03 . 0.92 . 0.4% .
A

cesscssessnensos

, eeceacssasssasn

8.8, 0.7 . -0.7.~-1:1.+~11.-0.3. 0.5

i . 0.58 . 1.06
. 0.59 . 1.05

. 0.5.-0.5.

. 1.19

1.06 . 1219 . 1.16
1.06 . 1.15 . 1.14

0.3 . -0.8 . -1.5
“3.207.710137 . 0098
1.20 . 1.13 . 0.9

0.3 . -0.3 . -0.3
& T1i127 71227 "1l01”
1.12 . 1,21 . 0.99

0.2 . -0.8 . -1.8
109 . 1208 1015
1e9 D103 1.1
“.3 . -12 . ~3.0
11271022 101
1.12 D 122 . 101

0.2 . -0.6 . -0.3
128771033 Coles”
1.22 . 1.14 . 0.99

8.9 . 0.7. 0.3

R
]
o
H
o

1.19 . 1.

‘18 . 1.5 .

0.3

.58 . 0.91 . 1.19
0.59 . 0.93 . 1.26
21. 2.1. 4.5
T Teiss 106
. 0.83 . 1.11

. 3.3. 4.5

) JT0.44

. 0.4

. @5

. 1l.20 . 1.12 . 1.69 . 1.12 . 1.20 . 1.06

. 1.19 01,12 L 1.07 .

-3.3 .

1.11 . 1.19 . 1.06
0.2 . -2.0.+-1.3.-0.6. 0.4

@tcsacersoccssccana. mbeeese

D13 T1l2e 1les  1le2
D12 1122 D104l 1.2 -
D .09 =05 . -0.7 . 1.2 .
Veres i 1lor . 1038
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Section §
“PRIMARY COOLANT ACTIVITY FOLLOW

Aetivity 1levels of iodine—131 and 133 in the primary coolant‘are
impertant in <core pexformance follow anélysis because they are used as
indicators of defective fuel. Additionally, they are also important with
respect to the offsite dose calculation values associated with accident
analyses. Both I-131 and I-133 can leak into the primary coolant systenm
throught a brxeach in the claddiﬁg. As indicated in the Technical

Specifications the dose equivalent I-131 concentration in the primazy

-coolant was limited to 1.0 micro-Ci/gm for normal steady state operation

during Cycle §5. Figure 5.1 shous the dose equivalent I-131 activity
Jlevel history. for the Surry 2, Cycle 5 core (the letdown flow rate
averaged 105 gpm during pouer oéeration). The data demonstrates
considexrable scatter; however, the trend shows that durxring Cycle 5, the
core operated "substantially below the 1.0 micro-Cis/gm limit duzing
steady state operxation (the spike data 1is associated with pouer
transients and unit shutdoun). Specifically, the average dose equivaleﬁt
I-131 concentzﬁtion of 6.2 x 10°% 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 short half-life (approximately 21 hours) compared to that of I-131

(approximately eight days) so that for pinhole defects uwhere the

39




diffusion time through the defect i§ on the ozdei of days, the I-133
decays out leaving the I-131 dominant in activity, thereby causing the
ratio to be 0.5 or more. In the case of large leaks, uranium particles
in the <coolant, ands/oxr "tramp" uranium*, where the diffusion :mechanism
is negligible, the I-131/1I-133 ratio will generally be less than 0.1.
Figure 5.2 shows the I-131/I-133 ratio data for the Surry 2, Cycle 5
core. These data indicate that any defects that may have been present

during Cycle § are quite small.

¥"Tramp"” uranium consists of small particles of uranium which adhere to
the outside of the fuel rod during the manufacturing process.
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Section 6
- CONCLUSIONS

The Surry 2 coxe has completed Cycle 5 operation. Throughout this
cycle, all core perxrformance indicators compared <favorably with the
design predictions and all core related Technical Specifications limits
were met with significant marxrgin. No abnormalities in reactivity, pouex
distrxibution, oz 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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