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. 
DEVELOPMENT OF A STANDARD FOR 

CALCULATION AND MEASUREMENT OF THE 
MODERATOR TEMPERATURE COEFFICIENT OF REACTIVITY 

IN WATER-MODERATED POWER REACTORS 

The moderator temperature coefficient of reactivity (MTC) is an important parameter in 
safety analyses for thermal reactors. A positive MTC can exacerbate the severity of heatup 
transients, while a negative MTC can worsen the severity of cooldown transients. In particular, a 
strongly negative MTC is the major determinate of the severity of the steamline-break accident 
for pressurized water reactors (PWRs). Conversely, positive and negative MTCs can mitigate the 
severity of cooldown and heatup transients, respectively. Consequently, the accurate 
measurement and prediction of MTCs is an important factor in demonstrating that power reactors 
can be operated safely. 

Measurements of moderator reactivity feedback are performed both at standby conditions 
and at power. The U.S. Nuclear Regulatory Commission (NRC), for example, requires all 
domestic commercial PWRs to perform measurements of the isothermal temperature coefficient 
of reactivity (ITC) at the beginning of every cycle, and it also requires many commercial PWRs 
to perform at-power MTC measurements at one or more points during each cycle. The JTC 
measurement at beginning of cycle is performed by inducing a heatupkooldown cycle while the 
reactor is at zero power, and it probably is the most accurate measurement of a reactivity 
coefficient that can be performed. The measurement of the MTC at power, in contrast, is 
inherently less accurate because the operating conditions are not as well known and are less 
stable. 

A N S  19.1 1, the standard' for "Calculation and Measurement of the Moderator 
Temperature Coefficient of Reactivity in Water-Moderated Power Reactors," recently has been 
approved as a national standard by the American National Standards Institute (ANSI) and the 
American Nuclear Society ( A N S ) .  The standard contains eight sections: 

1. Introduction 
2. Scope 
3. Definitions 
4. Moderator Temperature and Reactivity 
5. 
6. 
7. Documentation 
8. References 

Calculation of the Moderator Temperature Coefficient of Reactivity 
Measurement of the Moderator Temperature Coefficient of Reactivity 

At present, the scope of the standard is limited to PWRs, because that is the only type of power 
reactor currently sited in the United States for which measurement of the MTC is required. The 
standard addresses the calculation and measurement of the MTC, and it also addresses the 
calculation of the ITC. It does not address the measurement of the ITC, however, because that 
measurement already is covered by A N S  19.6.1, the standard for PWR startup physics tests.' 



Calculation of the MTC and ITC 

In most respects, the calculations for an ITC and for an MTC at power are very similar. 
The two most important distinctions are the power level and the inclusion or exclusion of the 
Doppler coefficient of reactivity. A N S  19.11 discusses different representations for both the 
MTC itself and the change in the average moderator temperature. In addition, it suggests 
appropriate changes in the moderator temperature for the calculation and provides specific 
convergence criteria for k,, 

Measurement of the MTC 

A N S  19.1 1 discusses five different methods for measuring the MTC: 

1. Boron Exchange 
2. 
3. 
4. Power Exchange 
5. Depletion 

Control Rod Exchange with Measured Control Rod Worth 
Control Rod Exchange with Calculated Control Rod Worth 

In addition, it includes a discussion of requirements prior to and during the measurement (limits 
to changes in power level, soluble boron concentration, etc.). It also identifies the advantages 
and disadvantages of each measurement method and describes the data reduction techniques 
appropriate to it. 

The boron exchange method involves several repeated cycles of boration and dilution, 
which decrease (boration) or increase (dilution) the average moderator temperature. The 
reactivity changes due to the changes in core power are accounted for using a pre-calculated 
Doppler coefficient, and the MTC is determined using the measured temperatures and pre- 
calculated values for the differential boron worth. The boron exchange method does not require 
any special equipment, and no significant reduction in power is necessary. However, the time 
required to complete the measurements is fairly long, and statepoint conditions must be 
maintained throughout that time span. In addition, large volumes of water must be processed 
during the dilution phase of the measurement. The latter requirement precludes the use of this 
method at very low soluble boron concentrations. 

The control rod exchange method with measured control rod worth consists of two parts. 
First, the control rod worth is measured, and then the MTC is determined. Control rod worth is 
determined by a series of rapid control rod insertions and withdrawals in which the 
insertiodwithdrawal cycle is less than the loop transit time. In the second phase, the MTC is 
determined by trading off the reactivity associated with a control rod movement with that 
associated with the resulting change in moderator temperature. This measurement method relies 
less on calculated parameters than alternative methods, is relatively quick (less than two hours), 
requires no significant reduction in reactor power, and requires no change in the soluble boron 
concentration. However, it requires instrumentation with a very fast response time. In addition, 
the uncertainty associated with the measured control rod worth is difficult to quantify, and the 



a 

measurement of large negative MTCs (as typically occur near end of cycle) require large control 
rod insertions that produce substantial axial redistribution of the moderator temperature. 

The control rod exchange method with measured calculated control rod worth also 
determines the MTC by trading off the reactivity associated with a control rod movement with 
that associated with the resulting change in moderator temperature. However, because the 
control rod worth is pre-calculated rather than measured, it does not require special 
instrumentation. On the other hand, it requires that the initial conditions to be set two to three 
days ahead of the measurement, in a partially rodded configuration. 

The power exchange and depletion methods are not widely used, and consequently A N S  
19.1 1 does not describe them in as much detail as the preceding methods. 

History of ANS 19.11 

A brief history of the development of A N S  19.1 1 is given in Table 1. It is worth noting 
that the actual development of the standard, from March of 1992 through October of 1995, took 
only slightly more than half of the overall time period. 

The first meeting of the working group for A N S  19.1 1 was held in March of 1992, and 
we met semi-annually through 1995. Meetings typically lasted for a day and half and were not 
held concurrently with other A N S  meetings. This schedule allowed members of the working 
group to focus exclusively on the standard during the meeting, and it allowed them to participate 
without placing an undue burden upon them. Most of the meetings were hosted by a member of 
the working group, and the meeting facilities were provided without cost by the host's 
organization. 

The working group has 17 active members representing 15 different organizations. In 
addition, there are nine "informal" members who received the same information as the active 
members but usually did not participate in the development of the standard or attend meetings of 
the working group. However, a few of the informal members attended some meetings and made 
substantive contributions to the standard through their critiques or suggestions. A summary of 
the composition of the working group is given in Table II. 
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Table I 

History of ANS 19.11 

Event I Date 11 
Charter approved by A N S  19 Oversight Group 1 November 199 1 11 
Charter approved by N-17 Consensus Committee I February 1992 11 

~ 

First Working Group Meeting I March 1992 11 
~~ ~ 

Eighth Working Group Meeting I October 1995 11 
~~ 

Standard Approved by A N S  19 Oversight Group I April 1996 11 
~~ ~~ ~ ~~ 

Standard Approved by N-17 Consensus Committee I January1997 11 

Table 11 

Membership of A N S  19.1 1 Working Group 

Number of Members 
Type of 

Organization 

Utility 9 4 

DOE Laboratory 1 1 

Consulting Company 3 1 

NRC 1 0 

Vendor 3 2 

EPFU I 0 I 1 1 


