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CLASSIFICATION/DISCLAIMER

Thé data, techniques, information, and conclusions in this report have
been prepared Solely for use by the Virginia Electric and Power Company
(the Company), and ti1ey may not be appropriate for use in situations other
than those for which they were specifically prepared. The Compan§ there-
fore makes no claim or warranty whatsoever, express or implied,-as to their -
accuracy, usefulness, or applicability. In particular, THE COMPANY MAKES
NO WARRANTY OF MERCHAN'I“ABILITY OR FITNESS FOR A PARTICULAR PURPOSE, NOR
SHALL ANY WARRANTY BE DEEM'ED' TO ARISE FROM COURSE OF DEALING OR USAGE OF
TRADE,‘ with respect to this report or any of the data, techniques, infor-
mation, or conclusions in it. By inaking this relﬁort available, the Compa-
ny does not authorize its use by others, and any such use is expressly
forbidden except with the prior written apprc;valkof the Company. Any such
written approval shall itself be deémeﬁ to incorporate the disclaimers o‘f
liability and disclaimers of warranties provided herein. In no event shall
the Company be 1liable, under any 1legal theory whatsoe;rer (whether
contract, tort, warranty, or strict or absolute liability), for any prop-
erty damage, mental or phﬁrsical injury or death, loss of use of property,
or other damage reéulting from or arising out of the use, authorized or
unauthorized, of this report or the data, 'techniques, information, or con-

clusions in it.
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Section 1

INTRODUCTION AND SUMMARY

On February 7, 1983, Surry Unit 1 completed Cycle 6. Since fhe ini-
tial criticality of Cycle 6 on July 6, 1981, the reactor core produced
approximately 97 x 10 ® MBTU (16,491 Megawatt days per metric ton of con-
tained uranium) which has resulted in the generation of approximately 8.9
x 10° KWHr gross (8.4 x 10° KWHr nét) of electrical energy. Surry 1 , Cycle
6 reached the end of full power reactivity at a core burnup of approxi-
mately 15,575 MWD/MTU at which point power operétion was continued through
a combination temperature/power coastdown. The unit was operated in the
coastdown mode achieving.an additional 916 MWD/MTU burnup priof to shut-
ting down for refueling. The purpose of this report is to present an
analysis of the core performance for routine operation during Cycle 6.
The physics tests that were performed during the startup éf this cycle
were covered in the Surry 1, Cycle 6 Startup Physics Test Report! and,
therefore, will not be included here.

The sixth cycie core consisted of eight sub-batches of fuel. One
thrice-burned sub-batch was brought from Cycle 4 (Batch 4C2). One

twice-burned sub-batch (Batch 6C2) and two once-burned sub-batches

(Batches 7A and 7B) were carried over from Cycle 5. One once-burned

sub-batch was brought from Cycle 2 of Unit 2 (Batch S2/4A4) and one
once-burned sub-batch was brought from Cycle 4 of Unit 2 (Batch S2/6B3).
Two fresh sub-batches (Batches 8A and 8B) were added to the Cycle 6 core.
The Surry 1; Cycle 6 core loading map specifying the fuel sub-batch iden-

tifications, fuel assembly ’locations, burnable poison locations and



source assembly locations is shown in Figure 1.1. Movable detector
locations and thermocouple locations are identified in Figure 1.2. Con-
trol rod locations are Shown in Figure 1.3.

Routine core follow involves the analysis of four principal perform=-
ance indicators. -These are burnup distribution, reactivity depletion,
power distribution, and primary coolant activity. The core burnup dis-
tribution is followed to verify both burnup symmetry and proper sub-batch
burnup sharing, thefeby, ensuring that the fuel held over for the next
cycle 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 indi-
cate at what burnup’level refueling will be ?equired. Core power distrib-
ution follow includes the monitoring of nuclear hot chamnel factors to
verify that they are within the Technical Spe;:ifications2 limits, thereby
ensuring that adequate margins to linear power density and ciitical heat
flux thermal limits are maintained. Lastly, as part of normal core follow,
the primary coolant activity is monitored to verify that the dose equiv-
alent Iodine-131 concentration is within the limits specified by the Sufry
Unit 1 Téchnical Specifications?, and to assess the integrity of the fuel.

Each of the four performance indicators is discussed in detail for
the Surry 1, Cycle 6 core in the body of this report. The results are sum-
marized below:

1. Burnup Follow - The burnup tilt (deviation from quadrant symmetry)
on the core was no greater than #0.5% with the burnup accumulation in each
sub-batch deviating from design prediction by less than *1.2%.

2. Reactivity Depletion Follow - The critical boron concentrationm,
used to monitor reactivity depletion, was consisfently within #0.4% AK/K

of the design prediction which is well within the *1% AK/K margin allowed




by Section 4.10 of the Technical Specifications.

3. Power Distribution 'f‘ollow - Incore flux maps taken each month
indicated that the assemblywise radial power distributions deviated from
the design predictions by an average percent difference of less than 2%.
All hot channel factors met their respective Technical Specifications
limits. B

4. Primary Coolant Activity Follow - The average dose equivalent
iodine-131 activity level in the primary coolant during Cycle 6 was
approximately 0.18 u-Ci/gm. This corresponds to 18% of the Technical
Specifications? opefating limit for the concentration of radioiodine in
the primary coolant. The relatively high iodine activity indicates that
fuel cladding defects were present in the Cycle 6 core.

In addition, the effects of fuel densification were monitored

throughout the cycle. No densification effects were observed.
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SURRY UNIT 1 - CYCLE 6

CORE LOADING MAP

- o~ " - th © ~ © o o - ~ ] <« n
~ - ~ - - -
o~ - n
< o <
o -3 o
a [
S 18 8N B BN |6 [&
a R «© x ~© « a
. a o
1] oo mn o o < o - D ”ma o
«< 00 [um |« < < UM o |«
] n « It " o " =1 o
a o Y a
~ @ meo |le oo | oo |e “o |a o
< -« (SN ) - m e b s o~ « O~ 3 «
- & 3 " ~ n =] < W n e
[y [y [N a o
- wa |los |m 0o le 06 |lo o I oo |oon |m
- ve oA |« am | Qo < mer e O |us |o
o o -~ n o wn o~ - ” - m o
o o a a [y o
0] n o o~ N O Q@ ~N 0 (=] ~ o u (o] o 0 O o
x [T a2 - m 4 -« [N -« Om o0~ -« (VR [¥]
1] " o ”m ] - o o o ~N < o
o a o o o Q.
o Y ] @0 |~ ~r% |o oa |m 0o | ng |o |ucno
o o ("] o < - - o - 0 o < -
a |. a a a
o0 |e FY L] oo |e F YR Y ~e |m e |la =
v [ -« 0 b Qw o (] o~ 0 ~ < (2] - - O - [%)
~ X L] -3 o~ (-] o [ "~ o o~ L -] m x ~N
a o o a a a a
1] o N o o 0 -] ~o n o o n o <3 "0 - 0N o
< Ural« a~ |x or e arm |& ur | o |=< U |«
— o e e e e e et o e e e e e e S e e s e S S e S B e e e ]
o a o [y Y o [
< ov |eo ne |o e |e o |o ne o mo |~ w
g o | o |« or |= um | 0~ o o D
——— — —— —— ——— — e e — w m
a a [ a a BEe
o @ O, O © o © 0 ] N O B -X1 " n o mo o ("1 (2™
o~ go [on |« o~ (< oa o~ |« gr lues . UoHe
- — — e e e [, ., [
0wt
e |m 0% [o s ~3 es |e > %3
- ~ [ wn =1 " - LU (Y] ° ~ F4
e e e [ S— e e o o e e e e =
By, BB2%
o a EQiw '~
o oo les |o ~ 9 ~e |ea o > '
< oo O~ |« < Qe oo |« o -
—— —— —— w I-D.Sm
[ =]
o a “WEl sy
8 ﬁ oo o 38 18 @ «Su«nuv
(SN - O ~N
[-] 3 x o () o o o
LK
-3 [ -
< o <
- - (-]
SIS S S—

FUEL ASSEMBLY DESIEN PARAMETERS

]
o

S2/6B3

8A &8 | s274a4
2 3 6
X X 5X15

SUB-BATCH

7A
2.901
15X15

n
& X o
0n
Ll

<
©
o

<
-]
~

4

204

{081-089 {oCc1-0C9

1A0-149 [340-3A9 |1B80-1B9 |1C1-1C9

@
=M
XX

820 H14-H15
14A0-449 | 280 laco-2c9
13c0-3C9

[540-549

10A1-0A9 |2A1-2A9
240

jaco-4c9

16A0-6A%

6c2
2.902
| 15x15

L3

206

Jos
J09
J15

J4a2

Isco-5¢c6

acz2
3.325
15X15

204

1231
D20
1D23-bD24

D29-D30
D37-D38

INITIAL ENRICHMENT (W/D U235)

ASSEMBLY TYPE

NUMBER OF ASSEMBLIES

FUEL RODS PER ASSEMBLY

ASSEMBLY IDENTIFICATION




Figure 1.2
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Figure 1.3
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Section 2

BURNUP FOLLOW

The burnup history for the Surry Unit 1, Cycle 6 core is graﬁhically
depicted in Figure 2.1. The Surry 1, Cycle 6 core achieved a burnup of
16,491 MWD/MTU. As shown in Figure 2.2, the average load factor for Cycle
6 was 83% when referenced to rated thermal power (2441 MW(t)).

Radial (X-Y) burnup distribution maps show how the core burnup is
shared among the various fuel assemblies, and thereby allow a detailed
burnup distribution analysis. The NEWTOTE? compﬁter code is used to calcu-
‘late these assemblywise burnups. Figure 2.3 is a radial burnup distrib-
ution map in which the assemblywise burnup acéumulation of the core at the
end of Cycle 6 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 ;nd prédicted
assemblywise burnup accumulation at the end of Cycle 6 operation is given.
As can be seen from this figure, the accumulated assembly burnups were
generally within +1.9% of the predicted values. In addition, deviation
from quadrant symmetry in the core, as indicated by-the burnup tilt fac-
tors, was less than *0.5%.

The burnup sharing on a sub-batch basis is monitored to verify that
the core is operating as designed and to enable accurate end-of-cycle
sub-batch burnup predictions to be made for use in reload fuel design
studies. Sub-batch definitions are given in Figure 1.1. As seen in Figure
2.5, the sub-batch burnup sharing for Surry Unit 1, Cycle 6 followed

design predictions very closély with each sub-batch deviéting less than



3/

1.2% from design; this is considered excellent agreement. Therefore, sym-
metric burnup in conjunction with good agreement between actual. and pre-
dicted assemblywise bufnups and sub-batch burnup sharing indicate that

the Cycle 6 core did deplete as designed.
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SURRY UNIT 1 - CYCLE 6

ASSE“BLYHISE ACCUMULATED BURNUP
MEASURED AND PREDICTED
(1000 MWD/MTU )

Figure 2.3
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Figure 2.4

SURRY UNIT 1 - CYCLE 6

ASSEMBLYWISE ACCUMULATED BURNUP
COMPARISON OF MEASURED WITH PREDICTED
(1000 MWD/MTU)
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) 1 0.53t 2.191 1,07t 1.03! -0.67! -1.02!.-0.65! -0.86! =-0.24! -0.65! 0.98! 1.941 0.91!

12 ' 1 25.161 25.911 19.55! 34.821 20.201 36.05! 20.07! 34.71! 19.641 26.101 25.11! 12
1 1.26! 0.59t ~0.01! -0.23! -0.901 -1.471 -1.53t -0.541 0.42t 1.35! 1.04¢

13 1 25.01% 16.72! 19.26! 33.49! 31.09! 32.991 18.99! 16.30! 25.02! 13
1 0.62! 3.46! 1.90t -0.18! -2.55! =1.671 0.441 0.831 0.67! ! ARITHMETIC AVG !
. 1PCT DIFF = -0.08!
AL 1 32.49! 14.831 16.56! 26.641 16.111 14.211 32,121 m
!t 0,88t 4.07t 1,95t -0.55! -0.811 -0.261 -0.271

15 1 STANDARD DEV ! 1 23.701 11.321 23,301 . ! AVG ABS PCT ! 15
t = 0.85 ! 1 2.241 2.60t 0.52t t DIFF = 1,00 !

-
QWi 2l Ew ) E0 ) =0

BURNUP SHARING
(1000 MWD/MTU) BURNUP TILT

BATCH | CYCLE 2 CYCLE 3 CYCLE ¢ CYCLE 5 CYCLE 6 TOTAL
. NW - 0.9958

|

|

| ac2 6.07 5.67 13.87 -—- 6.80 32.41
| 6c2 -— -— 7.85 13.68 16.69 38.22-
| -— 17.16 9.30 26.46
| —— -— -~ 15.43 18.51 33.94
: 8A — - - -—- 20.47 20.47

|
: NE - 0.9990
|
|
88 | --m - L——— - 17.45  17.45
|1
!
|

7A —— -_—
78 SH - 1.0036

SE - 1.0016

| s2/4A4 1.04 -- -— -— 17.92 28.96
{ $2/6B3 -— — 10.95 -— 15,53  26.48

: CORE AVERAGE 16.49
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Section 3

REACTIVITY DEPLETION FOLLOW

The primary coolant critical boron concentration is monitored for
the purposes of following core reactivity and to identify any anomalous
reactivity behavior. The FOLLOW* computer code was used to normalize "ac-
tual" critical boron concentration measurements to design conditions tak-
ing 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 1, Cycle 6

- core is shown in Figure 3.1. It can be seen that the measured data compare
to within 46 ppm of the design prediction. Tﬁis corresponds to less than
+0.4% AK/K which is well within the il% AK/K criterion for réactivity
anomalies set forth in Section 4.10 of the Technical Specifications?. In
conclusion, the trend indicated by the critical boron concentration veri-
fies that the Cycle 6 core depleted as expected without any reactivity

anomalies.
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Section 4

POWER DISTRIBUTION FOLLOW

\

Analysis of core power distribution data on a routine basis is neces-

sary to verify that the hot channel factors are within the Technical Spec-
ifications limits and to ensure that the reactor is oper'ating without any
abnormal conditions which could cause an "uneven" burnup distribution.
Three-dimensional core power distributions are determined from movable
detector flux map measurements using the INCORE® computer program. A sum-
mary of all :“.ull-power flux maps taken since the completion of startup
physics testing for Surry 1, Cycle 6 is given in Table 4.1. Power distrib-
ution maps we:.;e generally taken at monthly invt'ervals with additional maps
taken as needed.

Radial (X-Y) core power distributions for a representative series of
incore flux maps are given 1n Figures 4.1 through 4.3. Figure 4.1 shows a
power distribution map that was taken early in cycle. life. Figure 4.2

shows a power distribution map that was taken near mid-cycle burnup. Fig-

\ .
ure 4.3 shows a map that was taken late in Cycle 6 life. The radial power

distributions were taken under equilibrium operating conditions with the

. unit at approximately full power. In each case, the measured relative

assembly powers were generally within 3.1% of the predicted values with an
average percent difference of less than 1.7% which is considered good
agreement. In additioﬁ, as indicated by the INCORE tilt factors, the bower
distributions were essentially symmetric for all cases.

An important aspect of core power distributiomn folloy is the monitor-

ing of nuclear hot channel factors. Verification that these factors are




within Technicél Specifications limits ensures that linear power density
and critical heat flux limits will not be violated, thereby providing ade-
quate thermal margins and maintaining fuel cladding integrity. The Tech-
nical Specifications Limit on the axially depenaent heat flux hot channel
factor F-Q(Z) was 2.18x K(Z), where K(Z) is the hot channel factor normal-
ized operating envelope. TFigure 4.4 is a plot of the K(Z) curve associ-
ated with the 2.18 F-Q(Z) limit. The axially dependent heat flux hot

channel factors, F-Q(Z), for a representative set of flux maps are given

in Figures 4.5 through &4.7. Throughout Cycle 6, the measured values of

F-Q(Z) were within the Technical Specifications limit. A summary of the
maximum values of axially-dependent heat flux hot channel factors meas-
ured during Cycle 6 is given in Figure 4.8. Figure 4.9 sﬁows the maximum
values for the heat flux hot channel factors measured as a function of
burnup during Cycle 6. As can be seen from tﬁis figure, there was approx-
imately 17% margin to the limit at the beginning of the cycle, with the
margin increasing throughout cycle operation.

The value of the enthalpy rise hot channel factor, F-AH, which is the
ratio of the integral of the power along the rod with the highest inte-
grated power to that of the average rod, is routinely followed. The Tech-
nical Specifications 1limit for this parameter is set such that the
critical heat flux (DNB) limit will not be violated. Additionally, the
F-AH limit ensures that the value of this parameter used in the LOCA-ECCS
analysis is not exceeded during normal operation. The Cycle 6 limit on the
enthalpy rise hot channel factor was 1.55 x (1+0.2(1-P)), where P is the
fractional power level. The maximum values of F-AH versus burnup are shown

in Figure 4.10.
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The Technical Specifications require that target delta flux* values
be determined periodically. The target delta flux is the delta flux which
would occur at conditions of full power, all rods out, and equilibrium
xenon. Therefore, the delta flux is measured with the core at or near
these conditions and the target delta flux is established at this meas-
ured point. Since the target delta flux varies as a function of burnup,
the target value is updated monthly. Operational delta flux limits are
then established about this target value. By:ﬁaintaining the value of del-
ta flux relatively constant, adverse axial power shapes due to xenon
redistribution are avoided. The plot of the target delta flux versus burn-
up, given in Figure 4.11, shows the value of this parameter to have been
approximately -2% at the beginning of Cycle 6. By the middle of the cycle,
the value of delta flux had shifted to approximately -3%. For the last
half of the c&cle, delta flux gradually chanéed to -5.5% before returning
to approximatély -2.0% by the end of Cycle'é. This power shift can also be
observed in the corresponding core average axial power distribution for a
representative series of maps‘given in Figures &4.12 through 4.14. In Map
S1-6-13 (Figure 4.12) taken at approximately 973 MWD/MTU, the axial power
distribution had a slightly peaked cosine shape with a peaking factor of
1.22. In Map S1-6-56 (Figure 4.13) taken at approximateiy 7,518 MWD/MTU,
the axial power distribution had flattened somewhat with an axial peaking’
factor of 1.16. Finally, in Map S1-6-74 (Figure 4.14) ﬁaken at approxi-
mately 14,752 MWD/MTU, the axial power distribution was slightly concave

with an axial peaking factor of 1.16. The history of F-Z during the cycle

Pt-Pb
*Delta Flux = =---- X 100 where Pt = power in top of core (MW(t))
2441 Pb = power in bottom of core (MW(t))

18



can be seen mofe clearly in a plot of F-Z versus burnuﬁ given in Figure
4.15.

In conclusion, the Surry 1, Cycle 6 core performed very satisfactori-
ly with power distribution analyses verifying.that desigﬁ predictions
were accurate and that the values of the hot channel factors were within

the limits of the Technical Specifications.
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TABLE 4.1
SURRY UNIT 1 - CYCLE 6

SUMMARY OF INCORE FLUX MAPS FOR ROUTINE OPERATION .

0c

| | [ ] 1 ] 2 | ! | | ] |
] } BURNlI | | F-Q(T) HOT | F-DH(N) HOT | CORE F(2Z)"| | 4 | | |
| ] up | [BANK | CHANNEL FACTOR | CHNL.FACTOR | MAX | 3] qpPTR | AxzaL| wNo.|
MaP- | DATE | mio/IPWRl D | [ | (1384 8]] | OFF | OF |
NO. | | MTU [c2)|STEPSI | [AXIALL . | | IAXTIALI ! | I | SET ITHINl
| I ! : :ASSY:PINIPOINTI F- G(T)IASSYIPINIF-DH(N)IPOINTI (¢4]] : MAX =Loc= tz) :BLES=
| | — | - — i
| ] [ I i | | | (N I ) | 1 T | | |
8 I 7 21-81| 17o=1oo= 228 | F11= HG: 34 = 1.810 l F11= Hs= 1.413 : 34 :1 zz3=1 377:1 o1o= : -2.47: 42 :
!
11 (5] 7-3o-all 450:100: 213 : r11= us: 35 = 1.826 : f11| Hs: 1.409 : 34 :1 .26111.369[1. o1o= su: -5.60: 42 :
|
13 (sr: 8-10-81l 973|100= 217 = Fll: ns: 33 : 1.794% : F11= HG| 1.6409 : 34 :1.219|1.368|1.008| su: -1.55: 42 =
| | : [
15 (7] 9- q-a1= 1750{100: 220 = K11} usl 34 = 1.792 = Lé : cnl 1.413 = 36 11.212[1.36511.008] su: -1.48: 41 I
16 : 9-15-81] 20221100] 218 = Llo: sn: 33 : 1.796 : F11= HG= 1.4264 : 34 =1.215=1.371=1.012= su: -2.17= 40 :
17 =10-12-81| zasoglool 223 : L06= GH: 3% : 1.787 | L06] GHI 1.620 : 34 :1.202:1.375:1.010: su: -1.31: 40 :
{ [
21 (6)}11-19-81% 3683}100} 227 l L10= IH: 35 : 1.777 | Llo= Iul 1.426 = 36 [1.18311.386{1.007] su: -1.43: 40 =
: |
22 | 1-11-82] 4913|100] 228 | E10) GHl 22 | 1.757 | .E10) GH] 1.423 | 34 [|1.16911.382]11.005) SE| -1.62] 40 |

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 AND THE "X" COORDINATE DESIGNATED IN A SIMILAR MANNER).

IN THE "'Z* DIRECTION THE CORE IS DIVIDED INTO 61 AXIAL POINTS STARTING FROM THE TOP OF THE CORE.
1. F-Q(T) INCLUDES A TOTAL UNCERTAINTY OF 1.08.

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

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

4. QPTR - QUADRANT PONER TILT RATIO.

5. MAPS 9 AND 10 WERE QUARTER CORE MAPS TAKEN FOR INCORE/EXCORE CALIBRATION.

6. MAP 12 WAS A QUARTER CORE MAP TAKEN FOR INCORE/EXCORE CALIBRATION.

7. MAP 14 WAS A QUARTER-CORE FLUX MAP USED FOR QUADRANT POMER TILT VERIFICATION,

8. MAPS 18,19,AND 20 WERE QUARTER-CORE FLUX MAPS USED FOR INCORE/EXCORE
DETECTOR CALIBRATION.




TABLE 4.1 (CONT.)

TC

| | BURNI | | F-Q(T) HOT F-DH(N) HOT CORE F(Z) | | - ]
| | up | |Bank | CHANNEL FACTOR CHNL.FACTOR MAX | 3] QPIR AXIAL| No
MAP | DATE | MwD/lPWRI D | IF(xv) OFF | 0
No. | | MTU 1(2)|STEPS| | 1AXIAL| I JAXTAL] - | | | SET ITHIMI
| ( [ (ASSY|PINIPOINTI F-Q(T)IASSYIPINIF-DH(N)|POINT| F(2)] | MAX lLocl (%) IBLES|
] — =i
25(9) | 1-30-82| 5511{100| 228 | Lo6| 44 | 1.729 | L1e] IH| 1.421 44 11.15011.381}1.009| -0.94] 38 |
26 } 2- e-oz= 58200100} 228 : J06= 44 : 1.767 Fll: HI= 1.436 44 I1.159l1.396|1.002: -1.84} 42 :
27 : 3- a-ezl 6025‘100‘ 228 : L06= 44 = 1.768 L10= IH: 1.424 46 =1.179=1.3e1=1.ooa= -3.36} 40 I
28 :Nz-ls-ezi 647z=1oo= 228 = F11= 44 : 1.749 | F11= HI= 1.421 4% :1.167=1.383:1.005= -3.09: 43 :
56(10){ 4—zo-ez= 7515{100{ 228 : Ell’ G4 : 1.740 F11: uri 1.420 46 {1.159|1.3a1|1.oo9| -2.53= 42 :
59(11)% 5-15-82} 8354=100='zz7 : EIO: 47 : 1.746 sos= HI} 1.419 47 11.15911.377|1.011| -4.61= 41 :
61(12)} 6-17-82| 94so=1oo= 222 : Elo= 46 = 1.732 F09= LG: 1.438 46 |1.165(1.38711.009| -5.43{ 41 :
62 } 7-17-82]1104201100| 227 = J06= 46 : 1.729 ro9= LG= 1.436 47 :1.160=1.386=1.006I -4.90: 40 :
63 : 8- 3-62’11019}100} 224 : J06= 46 = 1.707 F09= LG= 1.627 | 46 =1.149:1.3eo=1.065= -3.32: 39 :
66(13)= a-zo-ez=11577=1oo= 226 = J06= 46 : 1.699 J06= GL: 1.421 46 11.148]1.37911.006| -3.7o= 39 :
69(16)’ 9-22-62}12644=100{ 225 : J06= 52 : 1.687 J06= GL= 1.414 52 =1.139|1.365|1.oo7= -3.17’ 39 :
70 :1o-aa-az=13zo7=1oo= 222 : J06= 53 : 1.679 F09= LG= 1.410 | 53 |1.141]1.366]1.006| -3.04} 38 }
73(15)=11-1z-82113684|100| 226 : J06= 53 : 1.682 J06= GL{ 1.398 | 53 |1.152(1.341]|1.003] -2, 97= 40 :
74 . I12-16-ozl14752=ioo| 226 } J06= 53 : 1.714 J06= GL= 1.422 53 :1.155:1.362=1.003= -2. 19| 40 :
75 : 1-18-83=15859=100= 228 : J06= 11 : 1.676 J06= GL= 1.374 11 A 0.93} 40 :

11.14811.321[1.007]

9. MAPS 23 AND 24 WERE #ARTIAL-PONER

10. MAP 29 WAS ABORTED DUE TO LOSS OF

MAPS TAKEN FOR QUADRANT POWER TILT VERIFICATION.

NIS CHANNEL N-41. MAPS 30 THROUGH 38 WERE QUARTER-

CORE FLUX MAPS TAKEN FOR QUADRANT POWER TILT VERIFICATION. MAPS 39 AND 40 WERE QUARTER-

CORE FLUX MAPS TAKEN FOR INCORE/EXCORE CALIBRATION. MAPS 41 THROUGH 55 WERE QUARTER-
CORE FLUX MAPS TAKEN FOR QUADRANT POWER TILT VERIFICATION.

11. MAPS 57 AND 58 WERE QUARTER-CORE MAPS TAKEN FOR INCORE/EXCORE CALIBRATION.

12. MAP 60 WAS ABORTED DUE TO AN INSUFFICIENT NUMBER OF THIMBLES.

13. MAPS 64 AND 65 WERE QUARTER-CORE MAPS TAKEN FOR INCORE/EXCORE CALIBRATION.

14. MAP 67 WAS A QUARTER-CORE FLUX MAP USED FOR QUADRANT POMER TILT VERIFICATION. MAP 68

WAS ABORTED DUE TO AN INSUFFICIENT NUMBER OF THIMBLES.

15. MAPS 71 AND 72 WERE QUARTER-CORE MAPS TAKEN FOR INCORE/EXCORE CALIBRATION.




Figure 4.1

SURRY UNIT 1 - CYCLE 6

ASSEMBLYWISE POWER DISTRIBUTION
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. MEASURED

Figure 4.2

SURRY UNIT 1 - CYCLE 6

ASSEMBLYWISE POWER DISTRIBUTION

cese

«PCT DIFFERENCE.

. 0.45
. 0.6
eererreneenen
V0039 . 097
. -1.0 . -1.0
NPT
. -0.6 . 0.6
0.39 . 0098
L =0.1 . ~0.5 . -0.4
20,65 . 0.92 . 1.07
L 0.1 . =0.6 . -1.2
eeereeseetrenvsanaen
0,39 . 0.96 . 1.07
T 0.1 . 0.3 . 0.4

. 0.46
. 1.8

. 1.07 ¢

. 0.41 . 0.82

« 2.5, -3.6
sacestesctscncancae
0.46 . 0.99 . 1.1

2.1 . 0.7 . -1.0

8$1-6-56

. 0.37 . 0.61 . 0.37
« ~5.5 . =5.5 . -4.4
.« 0.92 . 0,88 .
. 4. . -4.6 .

« 1.0 . 1.064 . 1.
. =3.6 . -3.6 . =3.2

0.91 . 1.18 . 1.17
0.1 . 0.7 . -0.7

1.18 . 1.20 . 1.29
0.7 . ~0.7 . -0.4
1.17 .'1.30 . 1.20
-0.3 . 0.4 . -0.

1.26 . 1.19 . 1.29
-0.4 . -0.0 . -0.0

1.13 . 1.25 . 1.08
-0.5 . -0.5 . -0.1

1.26 , 1.20 . 1.29
-0.1 . 0.6 . 0.2

. 0.8. 05.

. 0.92 . 1.20 . 1.18
« 1l.3. 0.5. 0.5
. 0,46 . 1.01 , 1.18
« 2.6 . 3.5. 3.5

s9sccsvatessssncacaens

.« 0.41 . 0.88
« 3.5 . 6.2

STANDARD ODEVIATION = 1.283

MAP NO:
CONTROL

D BANK AT

$1-6-56

ROD POSITIONS:

228 STEPS

. 1.22 . 1.11 . 1.20
« =1.5 . =2.2 . 3.6

« 1.19 . 1.26 . 1.20
. 0.0. 0.3. 0.3,
1.29 . 1.69 . 1.30 .
0.3. 0.8. 0.8.

1.02 . 1.27 . 1.03
0.7, 1.2. 1lu4.

1.25 . 1.10 . 1.26
-0.7 . 1.6 . 0.8.

1.03 . 1.27 . 1.02 .

1.5. 1.5. 1.0

. 1.29
-0.0

1.20
0.0

wtssecsacsssncconsvessvanne

. 1.30

« 1.09

0.6

1.28

. =1.1

-0.6 . 0.6 . -0.6

1.22 . 1.11 . 1l.22
-1.9 . -1.9 . -1.9

1.05 . 1.05 . 1.06

-3.2 . =2.9 . -1.9 .

1.9 . ~0.2 . -1.0 .

0.41 . 0.67 . 0.39 .
5.3 . 2.9.-0.7.

esssesscsssnesacsosace

:.6:90 . 0.92 . 0.95 .

SUMMARY

DATE: 4/20/82 .

F-Q(T) = 1.740

F-DH(N)

1.420
F(z)

1.159

FIXY)

1.381

BURNUP =

23

-1.8 .

0.84 .
-1.3 .

7518 MWD/MTU

. MEASURED .
-PCT DIFFERENCE.

eceescescsccsane

0.5 .
1.20 . 0.92 . 0.46 .
0.8 . 1.1. 2.1.
1.21 . 1.20 . 1.00 . 0.41 .
0.1 . 0.3. 2.0 . 3.7.
1.29 . 1.18 . 1.15 . 0.87 .
-0.0 . =0.0 . 1.0 . 2.2 .
teereensseretasesencnoneresnsennnen
1.19 . 1.23 . 1.08 . 0.97 . 0.39 .
“0.1 . =0.6 . =0.3 . 0.5 . 0.7.
1.25 . 1.12 . 1.07 . 0.94 . 0.67 .
~0.6 . -0.8 . -0.8 . 1.2 . 3.4.
1.19 . 1.26 . 1.08 . 0.98 . 0.41 .
~0.5 . 0.1 . =0.3 . 1.7 . 6.7.
29 J1s oles .
.63 . 0.6 .
2'0.99 . 0.40 .
1.3 . 1.4 .
1.19 . 0.92 . 0.46 .
0.1 . 0.8. 2.9.

« 1.12 . 9.97 . 0.46 .

-1.0 . 1.5.

0.39 .
-1.9 .

AVERAGE PCT. DIFFERENCE =

POMER: 100Z

QPTR:

‘MW 0.9921 | NE 1.0020
}

SW 1.0087 | SE 0.9972

A.0 = =-2.53(X)

1.3




Figure 4.3
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SUMMARY

MAP NO: Sl-6-74 DATE: 12/16/82 PONERt. 100%Z

CONTROL ROD POSITIONS: F-Q(T) 1.714 QPTR:

D BANK AT 226 STEPS F-DH(N) = 1.422 © NW 1.0010 | NE 0.9950

F(Z) = 1.155 SW 1.0034 | SE 1.0006

F(XY) = 1.362

BURNUP = 14752 MWD/MTU A.0 = +2.19(%)
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Figure 4.8
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Figure 4.9
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Figure 4.10
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Section 5

PRIMARY COOLANT ACTIVITY FOLLOW

Activity levels of iodine-131 and 133 in the primary coolant are
important in core performance follow analysis because they are used as
indicators of defective fuel. Additionally, they are also important
with respect to the offsite dose calculation values associated with
accidént analyses. Both I-131 and I-133 can leak into the primary
coolant system through a breach in the cladding. As indicated in the
Surry Power Station Technical Specifications, the dose equivalent I-131
concentration in the primary coolant istlimited to 1.0 u-Ci/gm for
normal steady stéte operation. Figure 5.1 sﬁows the dose equivalent
I-131 activity level history for the Surry 1, Cycle 6 core (the letdown
flow rate averaged 108 gpm during power operation). Reactor coolant
system activity data indicate that probably two discrete fuel defect
events occurred during July and August, 1981 at a core burfiup of less
than 2,000 MWD/MTU. The failure mechanism is unknown at this time.

The data on Figure 5.1 shows that during Cycle 6 the core operated
below the 1.0 u-Ci/gm limit during steady state operation (the spike
data is associated with power transients and unit shutdown) and that the
equilibrium activity levels tended to decrease following the initial
defect events. Specifically, the value of dose equivalent I-131 reached
approximately 0.31 u-Ci/gm early in Cycle 6, but decreased during the
cycle such that the average dose equilavent I-131 concentration was 0.18

u-Ci/gm, which is 18% of the Technical Specifications limit.
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The ratio of the specific activities of I-131 to I-133 is used to
characterize the type of fuel failure which may have occurred in the reac-
tor core; Use of the ratio for this determiﬁation is feasible because
I-133 has a short half-life (approximately 21 hours) compared to that of
I-131 (approximately eight days). For pinhole defects, where thé dif-
fusion time through the defect is on the order of days, the I-133 décays
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, and/or "tramp" uranium*, where the diffusion mechanism is negli-
gible, the I-131/I-133 ratio will generally be less than 0.1. Figure 5.2
shows the I-131/I-133 ratio data for the Surry 1, Cycle 6 core. The
I-131/I-133 ratio generally remained above 0.5, which indicates possible

pinhole defects in the fuel cladding.

S 1T
w

Tramp" uranium consists of small particles of uranium which

adhere to the outside of the fuel during the manufacturing process.
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Section 6

CONCLUSIONS

The Surry 1 Cycle 6 core has completed operation. Throughout this
cycle, all 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 distrib-
ution, or burnup accumulation were detected. The analysis of radioiodine
data for Cycle 6 indicates that there are pinhole leaks in the fuel clad-

ding.
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