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Carolina Power & Light Company
August 14, 1973

Serial: NG-73-285

Mr. Robert J. Schemel, Chief
Operating Reactors Branch #1
Directorate of Licensing

U. S. Atomic Energy Commission
Washington, D. C. 20545

50 -261

Dear Mr. Schemel:

H. B. ROBINSON UNIT NO. 2

LICENSE DPR-23 ‘(»

ADDITIONAL INFORMATION IN SUPPORT OF 100% THERMAL POWER
AUTHORIZATION AND TECHNICAL SPECIFICATION MODIFICATIONS

In your letter of August 3, 1973, you requested that additional
information be supplied to further understand our request of July 6, 1973,
for use of the R technique to correlate axial flux traverses in each
instrument thimble and the core heat flux nuclear hot channel factor
instead of the technique using the bounding value of F in conjunction
with the axial power distribution. You also requestedxzhat additional
information which was discussed in our July 18, 1973, meeting be documented
in the public record and that Technical Specification changes to incorporate
the use of the R method be supplied.

The responses to your request for additional information are
included as Attachment 1 and follow in the same order as in your request.
The changes to the Technical Specifications are incorporated in Attachment
2, and provide for the use of the R method. 1In addition, further clari-
fications have been incorporated in other sections dealing with power
distribution monitoring to provide consistency with present Technical
Specifications for other plants.

DBW:mvp Very truly yours,
Attachments -~ <
y > 4
cc: Messrs. N. B. Bessac A E. E. Utley
C. D. Barham Vice-President
B. J. Furr Bulk Power Supply
D. V. Menscer T N
D. B. Waters

6284

-]
336 Fayetteville Street « P. O. Box 1551 « Raleigh, N. C. 27602
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“as far as overpredicting or underpredtcting F

ATTACHMENT I
ADDITIONAL INFORMATION REQUESTED IN LETTER OF AUGUST 3, 1973
H. B. ROBINSON UNIT NO. 2
DOCKET NO. 50-261

In order to compare the R and ny methods of correlating axial
power distribution to Fz, eleven of the most recent full core movable
detector maps (designated as Maps 102-112), which were obtained at power
levels in excess of 70% power, were analyzed. Based on these maps and
the R analysis presented in our letter of July 6, 1973, (which spanned
Maps 102-108), four thimbles were selected for investigation. These
thimbles met the following two conditions: 1) The value of the measured

axial peaking factor, F q> vas at least as large as the value of

z1 measure _
the average core axial peaking factor, Fz; based on a peak in the top of
the core; 2) ‘the calculated values of R for the thimbles, based on the
Mapé 102-108, had a standard deviation (o) of approximately 27%. The
value of ny limiting for each map was determined by the ratio of FN and
Ehe value of the average axial peaking factor in the plane of Fg (not
necessarily the peak, fz). The analysis was based on the peak occurring
in Regions 2 and 3, which is the most limiting region as shown in our
letter of August 1, 1973.

Based on the above conditions, calculations of Fﬁ using the R
and ny methods were performed, and a comparison was made with the measured
values obtained from the full core movable detector map by computing the

percentage deviation between the measured and the computed values, defined

as:
P -
A% = (" q measured q calculated) x 100
co W )
q’calculated

In addition, the standard deviation, o, was computed for each
thimble and each of the two methods. The results of the above calculations
are presented in Table 1. In general, the two methods give similar results
for a particular map.

q measured
The standard deviation in three out of four thimbles investigated was higher



7q measured

® | e
-2 -
for the ny method than for the R method, and was esséntially identical in
the fourth thimble. Use of a statistical approach is consistent with the
uncertainty value assigned to a full-core map (5%), and provides an additional
degree of conservatism to the assurance that Fz is less than the limiting
value in the core. The maximum deviation in a non-conservative direction for
all of the calculations is 4.33% for the ny method and 4.39% for the R method
(Map 104, Thimble F-4).
Although the two methods provide similar results, as expected,
Carolina Power & Light Company still recommends the use of the R method as
a more consistent approach to following the variation of FN over a wide range
of power distributions and power levels. One example of tgis is the calculations
for Maps 111 and 112; the ny method consistently underpredicts Fg in comparison
with the R method. Also, the ability to select any thimble and relate it to
N allows additional freedon in the selection of thimbles and detectors
for surveillance, and, as has been shown above, is consistent with other more
established methods of relating axial and radial power distributions to the

peak heat flux in the reactor core.




’ t : . .
. , :
. ’ | | .
: ‘ ‘ !
f s i
!

| S - Map  No. ; ! ,
| Je2 103 ted 105 106 jo7 108 108 ilo L Wz
Fowessored 1637 1881 1183 611 1537 L493 1.523 [.528 [.569 14701498 Thinble
@ Ry Fai weosoeed 603 1203 1703 1611 1532 1.538 1496 1.56) 1537 L44e L6 F-4
@& Fz.‘_weaSU 2d1.690 {.294 17098 L LY l535 1.§23 [.SoS |. 5(90‘5“7 }.509 L. SSO
® s -\a5 =17 .33 0 +0.33-24) +.80 -2/} -1.82 4208 H30 0=2.}]
@ a% ~3 (La—o £q +4.39- 0.8 %013~ léqﬂ 19 2o.$~2‘-4$-:258 335 T:2.37

F{’weaswea 1637 1881 1783 Lell 15371418 lsz3 15281509 lﬁnow%g Thuble

| ®Fy Friwessored 1683 LI 164 1680 Lboo 1572 1488 1593 [.537 [ 14SH L-6
‘ @R Fiwmeatored] 670 LAY 1723 L6t 565 1823 161 |.SS51.85% LY6] 1496

(Dé/" =307~ L%"’““%‘Q%(Q"@?& 36 3%4{""’(7 ¥2.35 "503 °‘{% +2.87+3, 03 F=3.5b
@ o% ‘_\0‘3. [45+230-0.18 179 -1.64 ot~ 1Y - -3.2\ +0.62+0,13 (=2,21
(
\

'F%weds;(ea 1.637 1,88l !783 LUl 1537 1498 1523 1.5281.509 1410 1498 Thwble
O Fge Fymeasored b0 13T 17 11643 1573 L.SHS [.502 1600 |.677 142 LHA] L-9
@)& mesom& 1677 1823 L3y Leial.544 1.503 1479 1.567 1552 1.4%0 1548

O b% -3, M -4.56 $0.67-1.95-2.29- 3.04 H 4o -U50 -H3} H2Y ~6.07 G=a.8%

O % -2.38-2.13+2.8L=0.06-0.45-0.33+2 371 -247 217134 -3.23 T=a2)

F.g’mma (.637 1881 1183 L6 1) 1537 1418 1523 1528 1.S09 1470 1498 Thwble
O Fry Feimessoied Legy \3u7 1ed .46 1589 1568 1499 Lelo L6391.424 1443 D-10
@R B wessored LOY 1900 L7127 L6IS Lsbl 1.524 14 L8y LEILLYE) 140

O &% ~A09 =339 +.08-2.13-327-HHUb4y. 60 -5.069 -1.93+3.23 +3.81 (=3.9S

& &% ~2.063 -1,00+3.24-0.25=[, Y ~|. 7} +3.11 -3.1| ~b6r+0.62+0.54 02,98

Avinl OFFsed(4)45.8345.88-15.3142.21 ~0.41-2.63-5.20-0.§5-1.2Y -5.21 -7.83




@ "o @

A new S(Z) curve for region 4 has been constructed to allow for
possible collapses in neighboring region 2 fuel assemblies. This curve is‘
based on a detailed analysis of assembly-wise power distributions calcu-~
lated for Carolina Power & Light Company, Cycle 2 by the PHASTR two-dimen-
sional diffusion theory code. Beginning-of-cycle and end-of-cycle rodwise
power distribution for region 4 assemblies which border region 2 assemblies
(and could possibly contain the hot rod) were studied. The effect of a

collapse in an outer row rod of a region 2 fuel assembly on the adjacent

‘region 4 rods was compared to the effect of a gap in a region 4 rod next

to the hot rod in the assembly. At beginning-of-cycle the maximum power -
achievable in the hot rod due to a gap in an adjacent rod is greater (ﬁ 47)
than the power which can be achieved in an outer rod due to a collapse in
an adjacent region 2 assembly. An end-of-cycle, however, the outer rod can
be approximately 1% higher in power than the hot rod due to the same
phenomena as at BOL due to power flattening with burnup. An increase in
the power spike factor, S(Z), for region 4 of Cycle 2 is therefore recommended
such that the hot rod is adequately predicted. Figure 1 shows the suggested
curve.

This recommended curve provides good verification of the 1.15 value
suggested by Carolina Power & Light Company for region 4 in memo NG—73—110(2).
In Figure 1 it can be seen that the value 1.15 agrees quite well with the 1.25

value for regions 2 and 3 at 120 inches elevation. On this basis, then, the

. default value of 1.15 for S(Z) in region 4 need not be increased by a factor

of 1.01.

Figures 2 through 5 show the detailed rod-wise power distributions
analyzed. Assemblies B9 and Cll (see core map in Carolina Power & Light
DSAR for assembly coordinates) were identified as region 4 assemblies
bordering region 2 assemblies (there are no region 3 assemblies bordering
region 4 assemblies in Carolina Power & Light Cycle 2) which would be most
affected by collapses in region 2 assemblies, since B9 and Cl1 (and their
symmetric counterparts) could conceivably contain the hot rod. Both BOL and

EOL cases were studied since burnup flattening of the power shape with lifetime

was felt to be important.
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The approach was simply to ascertain that the hot rod was always
conservatively'predicted, regardless of collapses or gaps. To do this, the
power spike fractions shown in Figure 4.1 of the Carolina Power & Light Cycle
2 DSAR were utilized. The analysis is given on the next several pages. Power

spike values from the top of the core were used since the result is not a

function of elevation (i.e., the choice of elevation is arbitrary).




Assembly B9 at BOL

A. Effect of gap on hot rod in assembly (M6)
1.3784 x 1.164 = 1.6044
- Region 4 with gaps

B. Effect of collapse in bordering region 2 fuel on hot rod in outer row of
assembly (R6) :

1.2192 x (l.%23 x 1.00) = 1.5398
L-Region 2 with collapses
C. Effect of gap on R6 -
1.2192 x 1.164 = 1.4191

D. Effect of collapse in bordering region 2 fuel on hot rod in second to
outer rod of assembly (P10)

1.2898 x {1 + (1.263 - 1.0) x .3} = 1.3916
E. Effect of gap on P10 =
1.2898 x 1.164 = 1.5013

F. Effect of collapse in bordering region 2 fuel on hot rod in third to
outer row of assembly (N9)

1.3568 x {1 + (1.263 - 1.0) x .13} = 1.4032
G. Effect of gap on N9
1.3568 x 1.164 = 1.5793

From the above, it is concluded that cases C, E and G will always be less
than case A. Collapses are only seen three pitches away and the hot rod
is always four pitches into the assembly. For Figures 2 through 5, the

following table is constructed.




-6 -
Rod A Rod B Rod D. Rod F
Case and power and power and power and power
2 (M6) 1.6044 (R6)'l:5398 (P10) 1.3916 (N9) 1.4032
3 (L4) 1.6191 (K1) 1.5455 (K2) 1.3987 (J3) 1.4063
4 (M6) 1.5844 (R6) 1.5914 (P6) 1.4022 (J3) 1.3833
5 (LS) 1.5120 (K1) 1.5261 (K2) 1.3418 (J3) 1.3235
From case 4 1.5914 _
15840 = 1.0044
From case 5 1.5261 _ 1.0093

1.5120

Therefore a 1% increase in S(z) for Region 4 fuel will mean that the hot rod

power is always conservatively predicted.
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FIGURE i

POWER SPIKE VS ELEVATION
H. B. ROBINSON UNIT 2 - CYCLE 2
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 ATTACHMENT II

REVISION TO TECHNICAL SPECIFICATION

H. B. ROBINSON UNIT 2, CYCLE 2

August 15, 1973




3.10.1.5 During physics and control rod exercises, the insertion limits need

not bé obsérved, but the Figure 3.10-2 must be observed.

3.10.2 Power Distribution Limits

3.10.2.1 Limiting Values

3.10.2.1.1 Power distribution limits are expressed as hot channel factors.

Limiting values above 94.87% rated power are:

N

Fog = 1.55 {1 +0.2 P)}

F§'= 2.34/P for Regions 2 and 3 fuel
Fz = 2.49/P for Region 4 fuel

where P is the fraction of rated power at which the core is

operating (P <1.0).

I1f measured peaking factors exceed these values with due allowance
for measurement error, the maximum allowable power level shall be reduced in
direct proportion to the amount which Fﬁ or FgH exceed the limiting values,

whichever is more restrictive.

3.10.2.1.2 At all times the hot channel factors, as defined in the basis,
must meet the following limits:
FI; <2.52 {1+ 0.2 (1 -P)} in the indicated flux difference
range -17 to +9%

N
Fpg £ 1.55 {1 +0.2 1 -P)}

where P is the fraction of rated power at which the core is

operating (P <1.0).

If measured peaking factors exceed these values with due allowance
for measurement error, the maximum allowable reactor power level and the
nuclear overpower trip setpoint shall be reduced in direct proportion to
the amount which Fz or FN

AH
restrictive. If the hot channel factors cannot be reduced below the limiting

exceed the limiting valves, whichever is more

valves within twenty-four hours, the overpower AT and overtemperature AT trip

setpoint shall be similarly reduced.

3.10-2

(3)




3.10.2.2 During surveillance of the axial peaking factor, which occurs
above 94.8% rated power, the nuclear hot channel factor, Fz,

during Cycle 2 shall be determined by

FI; “RQ+0) " (F@ ) Fo S {1+ 2 (T - 0.02))

where ‘
R is a thimble dependent factor derived from at least
six of the most current full incore power maps which
. . . N
relates the Fz measured in a given thimble to F
g is the standard deviation associated with the

determination of R.

Fq is the uncertainty associated with the analog equipment

used to determine the product F(z) S(z). A value of 1.02

is appropriate. . . (3)

F(z) S(z) = the value of the core axial peak to average power

as determined by the product of the densification penalty factor

S(z) as a function of core height and the corresponding value of

the average core axial point-to-average power F(z) from the incore

movable detector system. S(z) is defined in Figure 3.10-3, and

includes the variation of limiting kW/ft as a function of core '
height above the core midplane. _(3>
Fﬁ = the value of the nuclear uncertainty:factor, or uncertainty

in knowledge of the nuclear peaking factor. It is the measurement
uncertainty associated with a result obtained from a full-core

flux map with the movable detectors. A value of 1.05 is appropriate.

T = the peak quadrant power relative to the average of the four
quadrants as determined by the excore nuclear instrumentation,

having a value up to lilO-»

for Region 4 is consistent with operation at rated power, as outlined in Section (3)

i

\

1

: The value of Fg less than or equal to 2.34 for Regions 2 and 3 and 2.49
5.4 of WCAP-8114,

3.10-3
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Axia; surveillance of FZ during Cycle 2 shall consist of:

(a) .Traverses with the movable incore detectors in appro-
priate pairs of detector paths shall be taken every eight
hours, or a frequency of approximately 0, 10, 30, 60, 120,
180, 240, 360, and 480 minutes following accumulated control
rod motion in any one direction of five steps or more, exclu-
sive of control rod movements within 15 steps from the top
of the core. From the traverses, determination of F(z) S(z)
‘'shall be made and shown to result in aanN less than the
value specified in 3.10.2.1. !
(b) Axial surveillance shall not be required below 94.8 power.
(c) Surveillance limits on F(z) S(z) will be based on the most

N
limiting core region, assuring that all Fq limits will be met.

3.10.2.3 During periods when surveillance of the axial peaking factor in

3.10.2.4

accordance with Specification 3.10.2.2 is not in effect, the nuclear

hot channel factor, Fz, during Cycle 2 shall be determined by

Flc\;] =R (L+0) ° on(F(z)_-S(z) : F}j . I+ 2 (T — 0.02))

where
R, O, FZ, F(z), aﬁd S(z) are as defined in Section 3.10.2.2 and are
de£;rmiﬁed based on a movable incore deteétor ﬁap taken on at least
a monthly basis. The value of Fg less than or equal to 2.52 is
consistent with operation at 94.87 rate power as outlined in

Section 5.4 of WCAP-8114.

At or above 94.87% rated power the indicated axial flux difference
must be maintained within the range +97%7 to -17%Z. For every 3.5%

below 94.8% rated power level, the permissible positive flux dif-
ference range is extended by +1 percent. For every 27 below 94.8%
rated power level, the permissible negative flux difference range

is extended by -1 percent.

3.10-4

|(3)

(3)




. 4 -~

| . | .

shapes, including the effects of fuel densification, are not exceeded if the
axial offset (flux &ifference) is maintained between -20 and +12%. The spec-—
fied limits of -17 and +9% allow for a 3% error in the axial offset. Therefore,
there is no requirement for measurement where the LOCA limited peak local rod
power corresponds to an Fg.ﬁ 2.52 (94.8% rated power) providing the flux dif-

ference is maintained between ~20, +12%. For operation at a fraction, P, of

rated power, design limits are met provided, (3>
F\ < 1.55 {1+0.2 (1-p)}
A — 7 ’
FI; < 2.52 {1+ 0.2 (1-P)} in the indicated flux difference |
range ~-177% to +9% t3) ‘
.

The permitted relaxation allows radial power shape changes with rod insertion
to the insertion limits. It has been determined that provided the above condi-

tions 1 through 5 are observed, these hot channel factors limits are met.

For normal operation and anticipated transients the core is protected from

exceeding the fuel centerline melt limit, or 18.6 kW/ft locally, and from k3)
going a minimum DNBR of 1.30, by automatic protection on power, flux difference,
pressure and temperature. Only conditions 1 through 4, above, are mandatory since

the flux difference is an explicit input to the protection system.

For operation above 94.8% rated power, additional core surveillance is required
N
as an Fq of 2.52 is no longer adequate to meet LOCA linear heat generation rate

limits. At full power, these limits are:

=

F' < 2.34 for Regions 2 and 3 fuel

< 2.49 for Region 4 fuel

N R~ AN ol

If it is determined that these limits are violated, a proportional reduction
in power level will continue to satisfy the linear heat generation rate limits
of 14.2 kW/ft and 15.1 kW/ft. Additional core surveillance will consist of
monitoring of the axial power shape either manually or with an automatic
system utilizing selected thimbles of the movable incore detector system.

Limiting values of the axial power shape will be determined such that the limits

N . .
of Fq will not be violated, as specified in Section 3.10.2.2.

3)

3.10-11
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Measurements of the‘hot channel factors are required as part of startup
physiés tests and whenever abnormal power distribution conditions require
a reduction of core power to a level based on measured hot channel factqrs.
In the specified limit of Fz there is a 5% allowance for uncertainties(l)

which means that normal operation of the core within the defined conditions

and procedures is expected to result in a measured Fz < 2.34/1.05 for

Regions 2 and 3, for example, at rated power even on a worst case basis. (3)
When a measurement is taken experimental error must be allowed for and 5%

is the appropriate allowance for a full core representative map taken with

the movable incore detector flux mapping system.

The measured value of Fz must be additionally corrected by including a penalty
as shown on Figure 3.10-3 (at the appropriate core location) to account for

fuel densification effects before comparison with the limiting value above.

N
AH
uncertainties, which means that normal operation of the core is expected

In the specified limit of F there is an 87 allowance for design prediction

to result in FiH < 1.55/1.08 at rated power. The uncertainty to be associated
with a measurement of FAH by the movable incore system on the other hand, is
3.65%, which means that the normal operation of the core shall result in a
measured FgH < 1.55/1.0365 at rated power. The logic behind the larger design
uncertainty in this case is that (a) abnormal perturbation in the radial power
shape (e.g. rod misalignment) affect FXH’ is in most cases without necessarily
affecting FN, through movement of part length rods, and can limit it to the
desired valge, (b) while the operator has some control over FN through Fz by
motion of control rods, he has no direct control over FgH’ ang (c) an error

in the predictions for radial power shape, which may be detected during start-
up physics tests can be compensated for in Fﬁ by tighter axial control, but

. N
compensation for F

A is less readily available.

3.10-12
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