
OPERATING REACTOR SAFETY 
22.091/22.093

Final Exam is 1 week after Ses #26 

Open Book Final Examination 3.0  Hours 

Problem # 1 (15%) 

Assume you have a pressurized water reactor operating at full power for some time.  The power 
distribution has been unchanged for months.  Assume one group diffusion theory. 

a. Write an equation for the change of power as a function of time should the operator decide to reduce 
power by rapidly inserting a regulating bank of control rods into the core.  The insertion drops power 
to 80% of its initial value.  Briefly define the terms and give values for a typical thermal reactor. 

b. Upon reducing power to 80%, briefly describe what happens in the core in terms of temperature and 
power distribution.  Write the equation for the feedback effects expected and incorporate them in 
equation written in the answer to (a).  Assume negative Doppler and moderator feedback 
coefficients..

c. If the operator maintains this position for 4 days without adjusting the position of the control rods 
what happens to the power level?  Explain what happens mathematically and conceptually why.   
Show a qualitative plot of power versus time in your answer.  What are the implications on other 
feedback effects during the fixed rod position period? 

d. What would the operator have to do to maintain a constant power level?  

Problem # 2 (20%)

A simple gas-steam cycle reactor power plant (Figure 1) uses helium as a reactor coolant.  7 x106  lbm/hr 
of helium enters the steam generator at 1420 F and leaves at 750 F.  1200 F steam is generated at 2,500 
psia from the feedwater at 440 F.   

1. Assuming no heat losses, find the temperature difference at the pinch point in the steam generator.   
2. Show the plot and explain what is happening in this counter flow steam generator. 
3. Draw the T-S diagram for the cycle. 
4. Calculate the efficiency of the cycle assuming a condenser pressure of 1 psia. 
5. Calculate the electric power output of the plant assuming isentropic conditions but an electric 

generator efficiency of 90 %. 
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Figure 1 

             
Problem # 3 (40%)

a.  One of the concerns about nuclear plants in light of the September 11th, 2002 terrorist attacks 
is the vulnerability of these plants to a major release of radioactive material should the aircraft 
crash into the plant.  While a great deal of analysis has shown that the containment would not be 
penetrated, the collateral damage in terms of structural failure of the equipment outside the plant 
and resulting fire has not been widely discussed.  Given your knowledge of nuclear plants and 
the important safety functions that need to be maintained, provide your analysis of vulnerable 
systems and why they impact the safety of the plant.  Use as an example the attached plant 
schematic diagram to illustrate your points. 

Consider the following systems:  

a. High pressure safety injection 
b. Low pressure safety injection 
c. Emergency electrical power  
d. Reactor coolant system including the pressurizer 
e. Availability of sources of cooling water (Refueling water storage tank (RWST),  

Condensate Storage Tank (CST), Containment recirculation) 
f. Containment Spray Functions 
g. Reactor Protection System 
h. Feed and bleed using the charging pumps and pressurizer 
i. Main and auxiliary feedwater system. 

To structure your answer, assume that the plant is automatically shutdown due to the impact of 
the crash.

What functions must be assured? 
What systems are required for those functions? 
What are the vulnerabilities of those systems due to debris and fire? 
How sensitive is the location of the equipment relative to angle of impact? 

c.  Chapter 15 Safety analysis assumes certain initiating events such as a steam line break or a 
loss of primary coolant flow with certain systems available to respond, how are these accident 
sequences and resulting analyses affected by the air crash? There is no need to calculate numbers 
but explain your answers using an event tree or logical damage sequence analysis.   

2



See attached site plan of a typical plant. 

Use information found in Table IV-1 of Knief for a Westinghouse PWR if needed and Figure 8-5 
to identify interrelated systems. 

b.  What can be done to mitigate the consequences of such an attack should it occur?   

c.  How likely do you think that a core melt will occur given the crash?  Clearly state your 
assumptions. 
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Ventilation Building 

Containment
Spray Building 

Service Building 

Diesel Generator Building plus 
underground cables (manholes) 

Service Building 

Primary Auxiliary Building (PAB) 

Primary Auxiliary Building (PAB) 

6



MIT OpenCourseWare 
http://ocw.mit.edu

22.091 / 22.903 Nuclear Reactor Safety
Spring 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

http://ocw.mit.edu
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


