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8.4 ROD INSERTION LIMITS 
 

Learning Objectives: 
 
1. State the purposes of the control rod insertion limits (RILs). 
 
2. List the inputs to the rod insertion limit computers and comparators. 
 
3. Explain why the rod insertion limits increase with increasing reactor power. 
 
 
8.4.1 Introduction 
 
The rod insertion limits ensure that the control rods are sufficiently withdrawn to: 
 

a. Maintain an adequate shutdown margin, 
b. Maintain nuclear peaking factors within limits, and 
c. Minimize the reactivity effects on the core due to an ejected rod. 

 
To comply with the rod insertion limits (one limit for each of the control banks), the 
rods may be inserted no farther than a certain number of steps into the core for a 
specific power level.  A limiting condition for operation (LCO) of the plant=s technical 
specifications addresses this limit.  This chapter discusses the assumptions, 
considerations, and calculations used to determine the rod insertion limits. 
 
 
8.4.2 Assumptions and Considerations  
 
Compliance with the rod insertion limits ensures that there is enough negative 
reactivity associated with the rods to place the reactor in the hot standby condition 
following a reactor trip.  Compliance with the RILs further ensures that, in 
conjunction with the operation of engineered safety feature systems, the negative 
reactivity margin provided by the rod insertion prevents acceptable fuel design limits 
from being exceeded during a reactivity addition accident.  A typical value for this 
reactivity margin is -1.3 %ΔK/K.  The analyses which verify the adequacy of the RILs 
entail the following conservative assumptions: 
 
1. The highest worth rod is stuck in the fully withdrawn position.  As a result, the 

negative reactivity associated with this rod is not available to shut down the 
reactor upon a trip. 

 
2. The reactor is operating with the highest power defect (Section 2.1) for a given 

power level, which occurs at the core=s end of life (EOL). 
 
3. The plant is operating with the highest possible deviation from the programmed 

Tavg for a given power level. 
 
The above list reflects the assumptions used in the accident analysis section of a 
plant=s final safety analysis report (FSAR).  As an illustration of the need for an 
adequate shutdown margin (which is ensured by satisfying the RILs), consider the 
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accident analyses associated with excessive secondary heat removal events in the 
Trojan (TTC simulator plant) FSAR.  Each of these events causes a rapid cooldown 
of the reactor coolant, which adds positive reactivity to the core and may result in a 
return to criticality.  The analysis for the inadvertent opening of an atmospheric 
steam relief valve, steam generator safety valve, or steam dump valve (a condition II 
event, see Section 5.0) shows that the rod insertion upon the resulting reactor trip 
and borated emergency core cooling system (ECCS) injection maintain subcriticality 
during the cooldown, and core damage is prevented.  For the more severe steam 
line rupture (a condition IV event, see Section 5.0), the analysis shows that the 
coolant temperature decrease does cause a return to power, but the negative 
reactivity from rod insertion and ECCS injection again prevents core damage 
(departure from nucleate boiling is avoided).  
 
In addition to providing a sufficient shutdown margin, the rod insertion limits must 
satisfy additional considerations.  First, setting the insertion limits as low as possible 
(rods greatly inserted into the core) is desirable to allow the largest range of rod 
motion for power maneuvering.  However, setting the insertion limits as high as 
possible (rods barely inserted into the core) is desirable to ensure that the limits on 
nuclear peaking factors are not exceeded.  Inserting control rods into the core 
suppresses neutron flux (and power) in the vicinity of the rods and causes increased 
power densities in rod-free areas.  Operating with rods largely withdrawn should limit 
local peaks in power density.  Finally, operating with the rods largely withdrawn 
reduces the positive reactivity addition associated with a hypothetical rod ejection 
accident. 
 
The rod insertion limits ultimately selected for the plant provide some maneuvering 
flexibility while providing a sufficient shutdown margin, limiting power peaking, and 
limiting the effects of a rod ejection. 

 
 

8.4.3 Component Descriptions 
 
8.4.3.1 Rod Insertion Limit Computer 
 
Consider the reactivity changes associated with a reactor power increase.  Because 
of the increases in fuel temperature and moderator temperature which accompany a 
power increase, the power defect adds negative reactivity to the core.  Accordingly, 
the magnitude of the power defect increases with core power (see Section 2.1).  To 
maintain the criticality of the core, the reactor operator must add an equal amount of 
positive reactivity.  Positive reactivity addition can be accomplished via control rod 
withdrawal or boron dilution, or a combination of the two.  Conversely, when a 
reactor trip occurs and the plant control systems establish the no-load coolant 
temperature, the removal of the power defect adds positive reactivity to the core.  A 
higher power level means a greater positive reactivity addition upon a trip.  Because 
there is no other rapidly available source of negative reactivity, the negative 
reactivity associated with the shutdown and control banks must alone counteract the 
positive reactivity addition associated with the power defect.  Hence, the shutdown 
margin consideration dictates that the control rods must be maintained at a more 
withdrawn position (the rod insertion limits must increase) as reactor power and the 
associated power defect increase. 
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Increasing the rod insertion limits with power is also dictated by the other 
considerations discussed in Section 8.4.2.  Operating with the control rods deeply 
inserted causes a large peak-to-average ratio for power density; without rod 
withdrawal the peak local power density approaches an unacceptable level as the 
core average power density increases.  Also, a higher starting position for the rods is 
needed at higher powers to limit the effects of a rod ejection, because less 
additional core energy is needed to cause fuel damage at higher powers.  
Maintaining rod positions higher than the RILs limits the reactivity addition and 
resulting power increase from an ejected rod.  
 
The actual values of the rod insertion limits for a particular power level are chosen to 
satisfy the most limiting of the considerations discussed above. 
 
To account for the variation of the rod insertion limits with power level, two 
parameters proportional to power are input to the rod insertion limit computer for 
each control bank: auctioneered high ΔT and auctioneered high Tavg (Figure 8.4-1).  
ΔT is directly proportional to power, and Tavg is programmed as a function of power. 
Because the auctioneering units select the highest values of ΔT and Tavg, the rod 
insertion limit calculations use a conservatively high representation of power.  Each 
rod insertion limit computer calculates the insertion limit for a particular control rod 
bank in accordance with the following equation: 
 
 RIL = K1 (Tavg - 557°F) + K2 (%ΔT) + K3 
 
Where: 
 
1. RIL = the limit for rod insertion for a selected control bank. 
 
2. K1 is a constant used to compensate for the effect of a higher moderator 

temperature on the power defect if the plant is operating with a higher 
temperature program than the design Tavg program.  If a plant is operating with 
an escalated Tavg, the extra reactivity associated with the greater cooldown of the 
reactor coolant following a reactor trip must be accounted for.  Most plants 
operate in accordance with their normal programmed Tavg bands; therefore, the 
normally assigned value for K1 is zero. 

 
3. (Tavg - 557EF) = auctioneered high Tavg minus the no-load Tavg (557EF). 
 
4. K2 accounts for the power defect, since the auctioneered high ΔT varies directly 

with power.  The constant K2 (expressed in steps per % power) times the %ΔT 
results in a given number of rod steps.  This factor ensures that the calculated 
rod insertion limit provides enough negative reactivity to shut down the reactor 
with a sufficient margin from a given power level.  (Note: K2 is the slope of each 
RIL line segment shown in Figure 8.4-2.) 

 
5. (%ΔT) = the auctioneered high ΔT expressed in terms of percent power.  If the 

expected ΔT for 100% power is approximately 64°F (a typical value), the input to 
the rod insertion limit equation at full power would be 100%, i.e., (64/64) x 100%. 
If the ΔT is 32°F, then the input to the rod insertion limit computer would be 50%, 
i.e., (32/64) x 100%. 
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6. K3 provides the minimum insertion limit setpoint (in steps) for hot zero power, 
i.e., the minimum insertion for criticality.  K3 is the Y intercept of a particular RIL 
line segment shown in Figure 8.4-2. 

 
The values for these constants vary depending upon plant design, fuel loading, fuel 
design, and rod worth.  These values can be found in the precautions, limitations, 
and setpoints (PLS) document for a given Westinghouse plant.  A typical set of 
constants is listed below: 
 

 K1    K2 (steps/%)    K3 (steps) 
Control Bank C  0   1.99       118 
Control Bank D  0     1.99       - 10 
 
Figure 8.4-2 displays the rod insertion limits for different control banks versus 
reactor power.  (The figure and the underlying equations for the limits are typical for 
Westinghouse plants, but not necessarily correct for the plant modeled by the TTC’s 
Westinghouse simulator.)  For example, calculations for the rod insertion limits for 
control banks C and D with plant at 50% power are as follows: 
 
CONTROL BANK C: 
 
RIL = K1 (Tavg - 557°F) + K2 (%ΔT) + K3 
RIL = 0 (571EF - 557°F) + 1.99 (50) + 118 
RIL = 0 + 99.5 + 118 
RIL = 217.5 steps on Bank C 
 
CONTROL BANK D: 
 
RIL = K1 (Tavg - 557°F) + K2 (%ΔT) + K3 
RIL = 0 (571EF - 557°F) + 1.99 (50) + (- 10) 
RIL = 0 + 99.5 - 10 
RIL = 89.5 steps on Bank D 
 
After the computer calculates the insertion limit for a particular control bank, the 
calculated limit is sent to that bank=s RIL comparator circuit. 
 
8.4.3.2 Rod Insertion Limit Comparator 
 
Each rod insertion limit comparator receives two input signals for comparison (see 
Figure 8.4-1).  The first input comes from a rod insertion limit computer, which 
provides the rod insertion limit for a control bank.  The second input comes from that 
bank=s pulse-to-analog converter (Section 8.2).  This input represents the demanded 
bank position.  The rod insertion limit comparator compares the calculated rod 
insertion limit to the demanded bank position.  Each comparator generates two 
control room alarms: one for the demanded bank position approaching the RIL, and 
another for the demanded bank position equaling the RIL.  These alarms are the 
AROD LIMIT Lo@ and AROD LIMIT Lo-Lo@ alarms.  The equations for determining the 
setpoints of these alarms are as follows: 
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$ Rod Limit Low setpoint = RIL + 10 steps 
$ Rod Limit Low-Low setpoint = RIL 
 

The purpose of these alarms is to provide the reactor operator with a warning of 
excessive rod insertion for the existing power level.  To exit the alarming condition, 
the operators can borate the reactor coolant to cause rod withdrawal or reduce 
turbine load while maintaining the rod position.  If the AROD LIMIT Lo-Lo@ alarm is 
alarming, the technical specification limit for rod insertion has been violated.  To 
comply with required actions, the operator has the option of either, within an hour, 
verifying that the shutdown margin is acceptable or borating the reactor coolant to 
restore an acceptable shutdown margin.  In addition, within two hours of the rod 
insertion limits being violated, the control bank(s) must be restored to within their 
limit(s). 
 
 
8.4.4 Summary 
 
The rod insertion limits constitute a technical specification LCO placed on how far 
the control rods may be inserted into the core.  These limits ensure that there is 
sufficient negative reactivity associated with the rods to shut down the core, with a 
sufficient margin, upon a reactor trip.  Maintaining control bank positions above the 
rod insertion limits also helps to maintain nuclear peaking factors within limits and 
minimizes the reactivity effects of an ejected rod.  Each rod insertion limit computer 
calculates an insertion limit in accordance with the input values of auctioneered high 
ΔT and Tavg (although the Tavg term is usually multiplied by a constant value of zero). 
Each calculated insertion limit is compared with the demanded position for one of 
the control banks; control room alarms warn of excessive rod insertion.





 

 
 
 
 

 



 

 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


