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The Millstone Unit 3 Cycle 22 (M3C22) fuel reload was completed in April 2022 and went critical on May 21, 2022 at 
00:03. The core map detailed in Figure 1 at the end of the discussion section shows the final core configuration. Reference 
3 documents that Cycle 22 uses a low leakage loading pattern (L3P) consisting of 85 new Region 24 fuel assemblies, 84 
Region 23 once-burned fuel assemblies, and 24 Region 22 twice-burned fuel assemblies. All 193 fuel assemblies in the 
Cycle 22 core are the Westinghouse 17x17 robust fuel assembly (RFA-2) design. 

M3C22 will be the first cycle to operate at 3709 MWt due the implementation of the Measurement Uncertainty Recapture 
(MUR) power uprate. 

The 85 new Region 24 fuel assemblies are comprised of 57 fuel assemblies (designated Region 24A) enriched to 4.00 
weight percent Uranium-235 (w/o U235), 28 fuel assemblies (designated Region 24B) enriched to 4.80 w/o U235 . The top 
and bottom regions of all fuel assemblies in the Cycle 22 core are comprised of a 6-inch annular blanket region enriched 
to 2.6 w/o U235 (Region 24 and 22) or 2.4 w/o U235 (Region 23). 

The 108 re-inserted fuel assemblies were ultrasonically cleaned during the refueling outage. The purpose of the ultrasonic 
fuel cleaning was to remove adhered crud (primarily nickel and iron-based deposits) from the surface of fuel rods that 
have previous core exposure in order to reduce the probability of occurrence of crud-induced power shift (CIPS). 

Every fuel assembly in Cycle 22 contains an insert. The inserts consist of 61 rod cluster control assemblies (RCCAs), 
130 thimble plugs, and 2 secondary source assemblies. 

Subsequent operational and testing milestones were completed as follows: 

Fuel Design 

Hot Rod Drops 

Initial Criticality 

Low Power Physics Testing completed 

Main Turbine Online 

Less than 50% Power Testing completed 

Less than 75% Power Testing completed 

100% Power Testing completed 

May 20, 2022 

May 21, 2022 

May 21, 2022 

June 4, 2022 

June 4, 2022 

June 5, 2022 

June 13, 2022 

All of the 193 assemblies in the Cycle 22 core are of the RFA-2 design. This fuel design is the same as that used in Cycle 
21. 

Control Rod Drop Time Measurements 

As directed in Reference 7, the drop time of each control rod was measured as hot shutdown (HSD) at hot full-flow reactor 
coolant system (RCS) conditions before criticality in order to verify that the time to the entry of the rod into the dashpot 
was less than or equal to, 2.7 seconds, the maximum allowed by Technical Specification 3.1.3.4. All the rods dropped 
as predicted and the times satisfied the Technical Specifications. 
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Hot Rod Drop Time Summary 
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Slowest Rod (sec) Fastest Rod (sec) Average Time (sec) 

M-14, P-04, P-12, G-15 2.07 H-10 1.92 2.00 

Low Power Physics Testing 

The low power physics testing program for Cycle 22 is defined in Reference 5 and completed using the procedure in 
Reference 1. The program defined in Reference 5 consisted of the following: total core reactivity check, 
moderator/isothermal temperature coefficient measurements, and a conditional requirement for control and shutdown 
bank worth measurements. Low power physics testing was performed at a power level below the point of nuclear heat 
to avoid nuclear heating reactivity feedback effects. 

As discussed in Reference 6 rod worth measurements were not required for Cycle 22. Specifically, the MUR was 
considered a Significant Design Change, however, the conditions (e.g., zero power average moderator temperature) 
during Reload Physics Testing remained the same as prior cycles. For M3C22, the overall core reactivity conditions at 
zero power were the same as previous cycles, there is no reason to suspect degradation of RCCA neutron absorption 
properties, and the capability of the core design methods to predict RCCA worth are unchanged. Core reactivity changes 
measured during physics testing for M3C22 are within normal cycle-to-cycle variation in core designs. 

The total core reactivity check verifies critical boron concentration with control bank D inserted at least 400 pcm of 
predicted rod worth. The measured values include corrections to account for differences between the measured critical 
configuration and the expected configuration. The review and acceptance criteria of ±300 and ±1000 percent milliRho 
(pcm), respectively, were met. 

Summary of Total Core Reactivity Check Results 

Control Bank Measured Predicted M-P M-P Acceptance 
D Position (ppm) (ppm) (ppm) (pcm) Criteria (pcm) 

(Steps) 

97 1977.7 1999 -21.3 138.4 .:!: 1000 

The Isothermal Temperature Coefficient (ITC) data was measured with Control Bank D at 97 steps withdrawn. The review 
criteria of ±2 pcm/degrees Fahrenheit (°F) to the predictions were met. The TS limit of Moderator Temperature Coefficient 
(MTG) < +5.0 pcml°F at ARO hot zero power (HZP) was met. 

Isothermal/Moderator Temperature Coefficient Results 

Measured Predicted Measured MTG Measured MTG 
Acceptance 

ITC ITC 
M-P OTC 

[ITC-OTC] Adjusted to All 
(pcm/°F) (pcml°F) Criteria 

(pcm/°F) (pcml°F) (pcm/°F) rods out 
(pcm/°F) 

(pcm/°F) 
-1.825 -2.430 0.605 -1.76 -0.065 0.745 MTG< 5.0 
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Power Ascension Testing I Power Distribution Measurements 

The core power distribution was measured through the performance of a series of flux maps during the power ascension, 
as specified in Reference 2. The results from the flux maps were used to verify compliance with the power distribution 
Technical Specifications. 

A low power flux map at approximately 32.50% RTP was performed to determine if any gross neutron flux abnormalities 
existed. The 73.86% and 99.91% RTP plateau flux map were performed to support TS Surveillance requirements and to 
verify that core power distributions were within the design limits. 

A summary of the measured axial offset (AO) and incore tilt for the flux maps performed during the power ascension is 
provided below. Additional tables provide comparisons of the most limiting measured heat flux hot channel factor (Fa) 
and nuclear enthalpy rise hot channel factor (Fah), including uncertainties, to their respective limits from each of the flux 
maps performed during the power ascension. The most limiting Fa reported is based on minimum margin to the limit that 
varies as a function of core height. 

As shown below, all TS limits were met and no abnormalities in core power distribution were observed during power 
ascension. 

Summary of Measured Axial Offset and lncore Tilt 

Power Bumup D-Bank AO{%) lncore Tilt 
(o/oRTP) (MWD/MTU) Position 

(steps) 

32.50 14.0 213 15.865 1.0054 

73.86 41.0 216 5.879 1.0030 

99.91 353 216 1.400 1.0022 

Comparison of Measured FQ to FQ RTP Limit 

Power Burnup Measured Fa FoRTP steady state Measured Transient Transient Fo Limit 
(o/oRTP) (MWD/MTU) limit Fo 

32.50 14.0 2.123 4.984 2.119 2.530 

73.86 41.0 1.878 3.402 1.878 2.286 

99.91 353.0 1.819 2.548 1.846 2.182 
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Comparison of Measured Ft:.h to Ft:.h Limit 

Power Burnup 
Ft:.h Ft:.h Limit 

(o/oRTP) (MWD/MTU) 

32.50 14.0 1.487 1.907 

73.86 41.0 1.457 1.710 

99.91 353.0 1.435 1.586 

Rev.o 

Presented at the end of the discussion section, Figures 2, 3, and 4 are measured power distribution maps showing percent 
difference from the predicted power for approximately 32.50%, 73.86% and 99.91 % RTP plateaus. These figures show 
there is good agreement between the measured and predicted assembly powers. 

Per TS Surveillance 4.2.3.1.3, the RCS flow was measured within 7 days after exceeding 90% RTP using Reference 4. 
The measured flow at 100% RTP was 404,795 gallons per minute (gpm) with a minimum required flow of 379,200 gpm. 
All TS limits were met. 
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Figure 1 
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Power Distribution - 32.50% 
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Figure 3 

Power Distribution - 73.86% 
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Figure 4 

Power Distribution - 99.91 % 
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Conclusions 

All results associated with M3C22 BOC zero power physics testing and power ascension flux mapping were 
acceptable and within associated design tolerances, Technical Specification limits, and Core Operating Limits Report 
(COLR) limits. 
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