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Deduced From Analysis Of RCS Data

Number: TTP-l-3046-00

Revision: 0

Purpose and Description of Design Analysis:
This document contains the calculation of the TPBAR tritium release from the Mark 9.2 design
TPBARs inadiated in WBN cycle 10. The calculation utilizes the generalized cycle analysis
methodolosv siven in TTP-1-3045 Rev. 0.

Changes to Previous Proven Designs or the Analysis of Previous Proven Designs:
The calculation is for cycle 10 of WBN-1 and utilizes the generalized cycle analysis methodology given

in TTP-1-3045 Rev. 0. (Shaver etal.,201l), which is an updated methodology from what was outlined
in TTP-1-3016 (Shaver et aI.,2010). Updates included in the analysis method are the incorporation of
the updated calculations for tritium production from soluble species in the RCS TTP-l-3001 Rev. I

(Shaver, 201|a) and the updated secondary source calculation TTP-l-3009 Rev. 2 (Shaver, 201 lb), as

wellas the latest tritium concentration uncertaintv reoort TTP-1-3043 (Baldwin et al.. 2011).
Unverified Assumptions and/or Unverified Inputs (including source identification if available):
The2.5o/o uncertainty on water injection data is assumed. Instantaneous release from secondary
sources is also an assumption. It was concluded in TTP-l-3016 (Shaver et a1.,2010) that RCS non-
TPBAR reactor component tritium sources are dominated by release of tritium from secondary neutron
source rods, with minor contributions from fuel rods, IFBAs, and control rods. This was based on

finding statistically negligible amounts of "unaccounted tritium" from several non-TPBAR WBN and

SQN for cycles analyzed by the new methodology. In those cycles the tritium production of secondary

source rods could be calculated accurately, and the total RCS tritium and concentrations of soluble
tritium sources were monitored carefully . The 5.82% uncertainty on tritium is still a draft.
Method of Analysis:
Computer Codes used including Version and Computer Processor(s) or Model(s) Used:

EXCEL 2011 soreadsheet calculations and curve-fittins on a Intel PC under Windows 7.

Summary of Results:
The results of calculation to determine the TPBAR tritium release in cycle 10 are shown in plots and

discussed in Section 4. The curve fit for the cycle 10 release is:

fitCumulative TPBARRelease (Ci tfpn,qn\ =
6.3804718
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WBN.I CYCLE 10 TPBAR TRITIUM RELEASE,
DEDUCED FROM ANALYSIS OF RCS DATA

TTP-1-3046

1.0 INTRODUCTION

This document contains reactor coolant system (RCS) tritium activity data, analysis, and
qualification for Watts Bar Nuclear Unit I (WBN) cycle 10, which included 240 Mark 9.2 design
TPBARs featuring full-length getters (FLGs). The purpose of the RCS tritium activity data

analysis is to estimate and quanti$ the amount of tritium attributable to permeation-type release

from the TPBARs. The reactor power history for cycle 10 is shown in Figure 1.1 . The cycle
extended from October 20,2009 to April 4, 20Il (532 calendar days; 513 EFPD), for a burnup
of 19,950 MWdA4T. The cycle included two brief unplanned shutdowns for a couple of days

each, plus two power setbacks below 40oh. There was also a coast-down in power for the last

month of the cycle. No TPBAR failures were indicated by the RCS tritium activity history.
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Figure 1.1. Reactor Power History for Cycle 10

The RCS tritium data analysis method (by which the cumulative total TPBAR tritium release is

deduced from the cumulative total tritium in the RCS) has also been updated and can be found in
TTP-1-3016 (Shaver 2010). Updates included in the analysis method are the incorporation of the
updated calculations for tritium production from soluble species in the RCS TTP-1-3001 Rev. I
(Shaver 20lla) and the updated secondary source calculation TTP-I-3009 Rev. 2 (Shaver
2011b), as well as the latest tritium concentration uncertainty report TTP-1-3043(Baldwin et al

2011).
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The use of the estimated upper-bound TPBAR tritium release rate constrains the number of
TPBARs per cycle to undesirably low values. If the number of TPBARs needed cannot be met
in one reactor with current releases and limits, then more reactors would be needed to irradiate
TPBARs. In order to minimize the number of reactors required the estimation process for the
TPBAR release rate ,described in TTP-1-3045 (Shaver etal.,2011) should be reviewed very
critically, and updated as fuither irradiation experience is gained.

In particular, the deduced TPBAR tritium release rate could be significantly overestimated if the
RCS contributions from non TPBAR core components (fuel rods, Integral Fuel Burnable
Absorber rods (IFBA's), Wet Annular Burnable Absorber rods (WABA's), and control rods) are

underestimated. Further research and understanding of the non-TPBAR core component tritium
production and release will serve to ensure margin to release rate limits (through reduced

uncertainty bounds). Such efforts may increase the number of TPBARs allowed in a cycle
enough that the number of required reactors can be reduced.

The measured tritium concentration history and the water injection history are described in
Section 2. The non-TPBAR sources of tritium in the coolant are quantified and described in
Section 3. The results of the data analysis procedures, as documented in TTP-1-3045 (Shaver et

al,2}ll) used to calculate the estimated TPBAR release using the data from sections 2 and 3 is
then discussed in Section 4. References are siven in Section 5.
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2.0 RCS TRITIUM ACTIVITY DATA AND WATER INJECTION DATA

TTP-r-3046

2.1 TRITIUM CONCENTRATION HISTORY, AND ESTIMATED LTNCERTAINTIES

In cycle 10, the RCS water was sampled and analyzed for tritium activity 3 times per week
through November 2010 and then daily after that, and reported as microCilgram of water. Linear
interpolation between consecutive datapoints was used to obtain daily values of the tritium
activity. The reported tritium concentration data, which were found to have no bias TTP-I-3043
(Baldwin et al., 20lI) are plotted vs. time-in-cycle for cycle 10 in Figure 2.1.

The sudden reductions in concentration at various times are due to reactor shutdowns or power
setbacks. During a reactor shutdown, the RCS soluble boron concentration is greatly increased

to provide shutdown (criticality) reactivity margin. This elevated boron concentration must be

diluted to the previous lower levels during the startup following the shutdown. This requires a
large quantity of water to be injected, which also dilutes the tritium concentration. For reference,

the boron and lithium concentration history for cycle 10 is shown in Figure 2.2.

2.LI Estimated Uncertainties in Tritium Activity Reported Data

The uncertainty of the measurement technique is based on (Baldwin et al., 20II), the two-sigma
uncertainty for cycle 10 data is estimated as 5.82Yo relative. This makes the 90Yo confidence
level4.79Yo relative.
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Figure 2.1. Cycle l0 Tritium Activity Data. Drops occur at shutdowns (compare to Figure I .1.).
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Figure 2.2. Cycle 10 Soluble Boron and Lithium Concentrations. Spikes occur at shutdowns
(compare to Figure 1.1.).
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2.2 RCS WATER MASS, INJECTION RATES, AND ESTIMATED TINCERTAINTIES

The RCS water volume applicable to cycle l0 is 12,022 cubic feet at 586.2"F [see MCI.6: RCS

volume in (Starner, 2009)]. The corresponding RCS water mass is 2.4188 grams. The daily
reported boron solution and water injections for cycle 10, including the very large water
additions during shutdowns, are shown in Figure 2.3. The cumulative water additions are

assumed to be matched by water withdrawals from the RCS. The cumulative water and boric
acid injections are shown in Figure 2.4,both in cumulative gallons and in percentage of the cold
RCS volume. As can be seen, roughly eight "core loads" of water were moved through in cycle
10.
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Figure 2.3. Water and Boron Solution Injections for Cycle 10. Spikes are due to large water
injections during shutdowns (compare to Figure l.l.).
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Figure 2.4. Cycle 10 Cumulative Water Additions. Step changes in cumulative values are due

to large water injections during shutdowns (compare to Figure 1.1.).

2.2.1 Estimated Uncertainties in Water Injection Data

Based on private communication with TVA personnel, the water injection and total volume
uncertainties are, "not more than a couple percent". To not underestimate, arr uncertainty of
2.5Yo relative has been assisned to these data.

2.3 VERIFICATION OF CYCLE 10 RCS TRITIUM ACTIVITY DATA

As can be seen in the plots above, at the end of the cycle so much water is moved through the
core that the tritium concentration in the RCS is diluted to very small quantities. Therefore, at

the end of the shutdown after the cycle the plant had released almost all tritium produced to the

environment. The tritium effluent measurement is independent of the tritium concentration and

water movement data, and is be used as an independent measure of the tritium in this RCS

calculation. Essentially, at the end of cycle 10, the amount of tritium calculated to being in the
RCS should be roughly equal to, or a little greater than the amount of tritium released from the
plant by the end of the outage following the cycle. This is shown to be the case in Figure 2.5

below.
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Figure 2.5. Comparison of Tritium Calculated to be in the RCS and Tritium Measured as

Released from WBN for Cycle 10.
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3.0 NON-TPBAR SOURCES OF TRITIUM IN THE RCS

The non-TPBAR sources include the tritium produced from soluble boron, lithium, and

deuterium, as well as the tritium produced and released to the RCS from tritium-producing non-
TPBAR core components. The tritium release from non-TPBAR components is now concluded
to be nearly 100% from the secondary neutron source rods. Support for this conclusion and the
method for applying these source terms to project cumulative RCS tritium (without TPBARs) is

described in TTP-I-3016 (Shaver et a1.,2010). The tritium from all non-TPBAR sources except
for secondary sources are discussed in section 3.0 of TTP-1-3045 (Shaver etal.,20ll).

3.1 TRITIUM RELEASE FROM SECONDARY SOURCES

The Cycle 10 dependent tritium production from secondary sources is taken from TTP-1-3009
Rev. l. (Shaver, 201 1b). The cycle specific correlation of the analyical results for Cycle 10 of
WBN is as follows:

cycle l0 Activity [ci] : I.g636E-12*P3+3.72018-08*B2+1 .7862E-02*B (3.1)

where, B is the average fuel burnup in the secondary source host assemblies. The average

burnup of the secondary source host assemblies was 22,700 MWdiMTU [BOC: 25,000
MWd/MTU (Augustine et al., 2009) to EOC: 47,700 MWd/MTU (Augustine et al., 201 1)1. The
average core burnup was determined to be 19,950 MWd/MTU for cycle 10, so the secondary
source host assemblies had 13.8% higher burnup than core average.
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4.0 CALCULATION OF TPBAR TRITIUM RELEASE AND ASSOCIATED
UNCERTAINITES

This section describes the results of the application of the methodology from TTP-1-3045
(Shaver et a1.,2011) to the calculation of Mark 9.2 TPBAR tritium release for Cycle 10, by
analyzingthe data presented in earlier sections of this calculation. The 90% confidencq interval
on this release is also calculated to determine the 95Yo upper bound confidence level.

4.1 CUMULATIVE TPBAR TRITIUM RELEASES

The Cycle 10 total cumulative RCS tritium and its assignment to individual sources is shown in
Figure 4.I. lt corresponds with an annual TPBAR release rate (averaged over the last 365 EFPD
of each cycle) of 3.8 + 0.8 CiiTPBAR/year, so the 95Yo confidence level upper bound was

calculated to be 4.6 CilTPBAR/year. The fractions estimated from each of the sources are also

shown below in Figure 4.2. Note that because tritium is typically released from the TPBARs
almost exclusively during the final year of the cycle.
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Figure 4.1. Cycle 10 RCS Total Cumulative Tritium, and Estimated From Individual Sources.
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Figure 4.2. Cycle 10 RCS Estimated Tritium Source Contributions.

The total cumulative TPBAR tritium release per TPBAR shown in Figure 4.3 as a function of
EFPD. Note that the smooth nature of the deduced TPBAR tritium release indicates that there
were no TPBAR cladding failures. Even a single failure would have caused a very significant
upward jog this curve. However, there does appear to be some discrepancies in the data. There
are large, brief, deviations in the cumulative curve throughout the cycle. The largest is on EFPD
292,where there is a23Yo increase in the cumulative release. There is also an unexplained
decrease in the cumulative curve (which is clearly non-physical) around EFPD 460, which is
during the time when daily tritium data was being taken and reported.

A curve fit was taken on the deduced TPBAR release curve for cycle l0 with TPBARs using the
TableCurve2D software, to better analyzethe tritium release per TPBAR. The class of curve fits
that fit all of the cycles the best is the cumulative (or sigmoidal functions). This makes sense as

those functions are used frequently for diffusion or permeation type analyses. The fit that
worked the best for all cycles and preserved certain physical features that are known was the
Logistic Dose Response Curve. The physical features preserved are the zero intercept (meaning
the release at the beginning of the cycle is zero), zero derivative intercept (meaning the release

rate atthe beginning of the cycle is zero), and no negative values. The equation for the curve fit
is below in Equation 4.1.

Cumulative TPBARRetease (Ct lff n,An) =
6.3804718 (4.1)
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Figure 4.3.

4.2 TINCERTAINTY AND TPBAR TRITIUM UPPER BOUND CALCULATIONS

The Cycle 10 uncertainty is calculated per the methodology documented in TTP-1-3045. The
end of cycle release for cycle 10 was calculated to be 4.2 + 0.7 CiITPBAR/year. The bounding
annual tritium release rate for cycle 10, averaged over the last year of the cycle, is calculated to
be 3.8 + 0.8 CilTPBAR/year.

The fraction of the total variance (on TPBAR release) represented by the various contributions
are plotted in Figure 4.4 together with the total variance. As can be seen the variance in the
coolant sources calculation is the major source of uncertainty (an average of 79o/o of the total
variance), while the non-TPBAR core component calculation is the second largest fraction (at an

average of l3%) and the remaining variance from the calculated total RCS tritium (with an

average of 8%).
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Cumulative Release
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