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14.3 REACTOR COOLANT SYSTEM PIPE RUPTURE (LOSS OF 
COOLANT ACCIDENT) 

14.3.5 Environmental Consequences of a Loss-Of-Coolant- 
Accident 

The offsite radiological consequence analysis is performed based on Regulatory Guide 1.195 for 
the TID-14844 source term.  Parameters used in this analysis are listed in Table 14.3.5-1.  The 
control room radiological consequence analysis is performed based on Regulatory Guide 1.183 
for the alternative source term.  Parameters used in this analysis are listed in Table 14.3.5-2. 

The results of analyses presented in this section demonstrate that the amounts of radioactivity 
released to the environment in the event of a loss-of-coolant accident do not result in radiation 
exposures that exceed the offsite and control room limits specified in 10 CFR 100 and 
10 CFR 50.67, respectively.  

Chapters 5 and 6 describe the protective systems and features of the unit which are specifically 
designed to limit the consequences of a major loss-of-coolant accident.  The capability of the 
Emergency Core Cooling System for preventing melting of the fuel clad and the ability of the 
passive Ice Condenser Containment to absorb the blowdown resulting from a major loss of 
coolant are discussed in Sections 14.3.2 and 14.3.4, respectively.  The capability of the 
engineered safety features in meeting the appropriate regulatory dose limits is demonstrated in 
this section.   

14.3.5.1 Basic Radioactivity Removal Features 
Removal of iodine from the Donald C. Cook Nuclear Plant containment atmosphere following a 
loss-of-coolant accident is affected by the containment spray system, the ice condenser, and 
several natural processes.  

The effectiveness of a spray system in quickly and efficiently removing radioactive iodine has 
been repeatedly demonstrated in tests conducted at Oak Ridge National Laboratory (ORNL), 
Containment Systems Experiment (CSE), and by reactor manufacturers.  For Cook Nuclear 
Plant, American Electric Power Service Corporation (AEPSC) has performed jointly with 
Battelle-Columbus Laboratories a detailed analysis to further study the removal of gaseous 
elemental iodine by sprays and to calculate the efficiency when certain non-ideal factors are 
considered.  From this work we can state that the spray system in Cook Nuclear Plant will by 
itself reduce the radioactive iodine leakage from the containment to values which result in doses 
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below the appropriate regulatory limits before taking credit for the ice condenser removing any 
gaseous elemental iodine.  

Westinghouse has demonstrated the removal of gaseous elemental iodine through the process of 
steam condensation in an ice column, and they have evaluated the efficiency of this iodine 
removal.  This work is reported in WCAP-7426 Topical Report Iodine Removal in the Ice 
Condenser System, dated March 1970 (Reference 1).  The borated iced bed in Cook Nuclear 
Plant has been buffered with sodium hydroxide to assist in removing iodine from the air-steam 
mixture entering the ice condenser after a loss-of-coolant accident.  The data from the 
Westinghouse tests shows efficient iodine removal from steam and from mixtures of steam and 
noncondensibles such as air.  These tests and the iodine removal model applied to the results 
show that the ice condenser in a large containment building reduces the gaseous elemental iodine 
concentration after an accident.  The treatment in the Westinghouse report ignored any other 
iodine removal system (that is, a containment spray system, except for the assumptions implicit 
in the steam production predictions).  

Although the ice condenser is a substantial additional iodine removal feature, since the Cook 
Nuclear Plant meets the appropriate regulatory dose limits before taking credit for its iodine 
removal capability, this capability is not credited when evaluating the environmental 
consequences of a loss of coolant accident. 

14.3.5.2 Basic Events and Release Fractions 
For the purpose of evaluating the environmental consequences of a loss of coolant accident, a 
double-ended rupture of a reactor coolant loop is considered with partial engineered safety 
features operating from the emergency power system.  As shown in previous portions of this 
chapter, the Emergency Core Cooling System, with only diesel-generator power, prevents clad 
melting and limits zirconium-water reaction to an insignificant extent, assuring that the core 
remains intact and in place.  As a result of the cladding temperature increases and the rapid 
system depressurization, however, cladding failure may occur in the hotter regions of the core.  

The fission product radionuclides used to analyze the offsite radiological consequence of a loss-
of-coolant accident are taken to be those given in Regulatory Guide 1.195 for the TID-14844 
source term (Reference 2).  The core inventory is listed in Table 14.A.1-1.  For this analysis, it is 
assumed that 50% of the core inventory of halogens and 100% of the core inventory of noble 
gases are released to the containment atmosphere.  Plate-out on internal surfaces is assumed to 
account for a further reduction of 50% of the airborne halogens.  Of the radioiodine released to 
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the containment in a postulated accident, 5% is assumed to be particulate iodine, 91% is assumed 
to be elemental iodine, and 4% is assumed to be organic iodide. 

The fission product radionuclides used to analyze the control room radiological consequence of a 
loss of coolant accident are based on elements given in Regulatory Guide 1.183 for the 
alternative source term.  The core inventory is listed in Table 14.A.1-2.  For this analysis, it is 
assumed that the core inventory is released to the containment atmosphere according to the 
release fractions and timing of release phases given in Regulatory Guide 1.183 for the gap 
release and early in-vessel damage phases.  Plate-out on internal surfaces is not credited in the 
control room analysis.  Of the radioiodine released to the containment in a postulated accident, 
95% is assumed to be cesium iodide, 4.85% is assumed to be elemental iodine, and 0.15% is 
assumed to be organic iodide.  With the exception of elemental and organic iodine and noble 
gases, fission products are assumed to be in particulate form. 

14.3.5.3 Containment Iodine Removal Capabilities 
Fission product cleanup models identified in Regulatory Guide 1.195, Regulatory Guide 1.183 
and Standard Review Plan 6.5.2 are used to determine iodine removal capabilities by the 
containment spray system. 

For the purpose of evaluating the containment spray system, some of the containment regions are 
not assumed to be directly sprayed, including the ice condenser bed and inside the steam 
generator and pressurizer enclosures.  The unsprayed volume conservatively represents 305,000 
ft3 of the total 1,062,000 ft3 free volume.  In order to account for unsprayed regions, the removal 
of iodines takes place only in the sprayed regions, while mass transfer of iodine from unsprayed 
to sprayed regions accounts for the decrease in the iodine concentration in the unsprayed 
volumes. 
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14.3.5.3.1 Elemental Iodine Spray Removal Coefficients During Injection Phase 
Elemental iodine removal coefficients for spray in the containment atmosphere, during the 
injection of fresh solution from the refueling water storage tank, are determined using the basic 
equation below for a well mixed drop model.  This gas phase controlling resistance model 
implicitly assumes that the spray solution is a sodium hydroxide boric acid solution, which is 
consistent with plant design. 

Vd
tFk6 g

s =λ  

Where: 

kg is the gas phase mass transfer coefficient 

t is the spray drop fall time 

F is the minimum volumetric spray flow rate 

V is the containment free volume of a given sprayed region 

d is the drop diameter 

The containment includes the following three sprayed regions:  upper compartment, lower 
compartment, and fan rooms.  Conservatively minimized containment spray volumetric flow 
rates for the purpose of determining iodine removal capabilities are 1466 gpm in the upper 
compartment, 660 gpm in the lower compartment, and 201 gpm in the fan rooms.  These flow 
rates are based on an assumed single failure.  Conservatively minimized sprayed containment 
free volumes are 609,000 ft3 in the upper compartment, 101,000 ft3 in the lower compartment, 
and 47,000 ft3 in the fan rooms. 
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The spray drop fall time is estimated by the ratio of the average spray fall height to the terminal 
velocity of the mass mean drop.  Conservatively minimized average spray fall heights are 58.6 ft 
for the upper compartment, 28.5 ft for the lower compartment, and 20.1 ft for the fan rooms.  
The drop terminal velocity is determined from the dimensionless Reynolds number of the drop.  
The spray is characterized by the following drop size distribution for Sprayco Model 1713A 
spray nozzles:   

1. log normal distribution with a 282 µm mean diameter and 0.7021 geometric 
standard deviation,  

2. 4000 µm diameter cutoff to the log normal distribution, and  

3. 160 drop sizes ranging from 25 to 4000 µm in diameter with 25 µm diameter 
increments. 

The coalescence of spray drops during their fall through the containment atmosphere is assumed 
to be caused by the overlapping of adjacent spray patterns and the collision of different sizes of 
drops from the same nozzle falling at different velocities.  In order to account for changes in the 
drop size distribution due to the coalescence of spray drops, conservatively large percentage 
reductions are applied to total calculated elemental iodine removal coefficients. 

For the offsite dose analysis, the resulting elemental iodine spray removal coefficients during the 
injection phase are 10.0 per hour in the upper compartment, 10.0 per hour in the lower 
compartment, and 10.0 per hour in the fan rooms.  For the control room dose analysis, the 
resulting elemental iodine spray removal coefficients during the injection phase are 20.0 per hour 
in the upper compartment, 20.0 per hour in the lower compartment, and 20.0 per hour in the fan 
rooms. 

14.3.5.3.2 Elemental Iodine Spray Removal Coefficients During Recirculation 
Phase 

The recirculation sump solution contains fission products washed from the reactor core and 
removed from the containment atmosphere.  Elemental iodine removal coefficients for spray in 
the containment atmosphere, during the recirculation of sump solution, are determined using the 
equation below.  
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V
FHE

s =λ  

where: 

H is the instantaneous iodine partition coefficient 

E is the drop absorption efficiency 

The stagnant film drop model is used for the spray efficiency, and the drop absorption efficiency 
is expressed by the equation below.  

( )








+
−−=

kkHd
tk6

exp1E
g

g  

Where:  

kl is the liquid phase mass transfer coefficient 

Partition coefficients for molecular iodine are given in NUREG/CR-2900 (Reference 3).  The 
partition coefficient is a function of pH and time to commence the recirculation phase.  The 
post-LOCA containment sump pH is designed to be a minimum of 7.0.  The conservatively 
minimized time to commence the recirculation phase is 31 minutes. 

Similar to injection phase elemental iodine removal coefficients, in the calculation of 
recirculation phase elemental iodine removal coefficients, the spray is characterized by its drop 
size distribution.  In addition, percentage reductions for the effect of the coalescence of spray 
drops are used. 

For the offsite dose analysis, the resulting elemental iodine spray removal coefficients during the 
recirculation phase are 10.0 per hour in the upper compartment, 10.0 per hour in the lower 
compartment, and 10.0 per hour in the fan rooms.  For the control room dose analysis, the 
resulting elemental iodine spray removal coefficients during the recirculation phase are 20.0 per 
hour in the upper compartment, 20.0 per hour in the lower compartment, and 20.0 per hour in the 
fan rooms. 

14.3.5.3.3 Maximum Elemental Iodine Decontamination Factor 
The maximum elemental iodine decontamination factor is defined as the maximum elemental 
iodine concentration in the containment atmosphere when sprays actuate divided by the 
elemental iodine concentration in the containment atmosphere at some time after 
decontamination.  The effectiveness of spray in removing elemental iodine is presumed to end 
when the maximum elemental iodine decontamination factor is reached.  The maximum 
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elemental iodine decontamination factor for the containment atmosphere that is achieved by the 
spray system is determined using the equation below. 

c

s

V
HV1DF +=

 
where: 

Vs is the volume of liquid in the containment sump and sump overflow 

Vc is the containment free volume less Vs 

The minimum iodine partition coefficient determined for the recirculation of containment sump 
solution forms the basis of the maximum elemental iodine decontamination factor.  The 
minimum containment sump volume during the recirculation phase is 50,000 ft3.  The minimum 
containment free volume is 1,062,000 ft3.  The resulting maximum elemental iodine 
decontamination factor is 200. 

14.3.5.3.4 Particulate Iodine Spray Removal Coefficients 
Particulate iodine removal coefficients for spray in the containment atmosphere are determined 
using the equation below. 

Vd2
FEh3 fall

p =λ  

where: 

E/d is the ratio of a dimensionless collection efficiency E to the average spray 
drop diameter d 

Since the removal of particulate material chiefly depends on the relative sizes of particles and 
spray drops, it is convenient to combine parameters that cannot be known.  It is conservative to 
assume E/d is 10 per meter initially (i.e., 1% efficiency for spray drops of 1 millimeter in 
diameter) and then changes abruptly to 1 spray drop per meter after the aerosol mass has been 
depleted by a factor of 50 (i.e., 98% of the suspended mass is 10 times more readily removed 
than the remaining 2%).  

The resulting particulate iodine spray removal coefficients are 5.17 per hour in the upper 
compartment, 6.83 per hour in the lower compartment, and 3.15 per hour in the fan rooms—until 
the particulate iodine decontamination factor reaches 50.  After the particulate iodine 
decontamination factor reaches 50, particulate iodine spray removal coefficients are reduced to 
0.517 per hour in the upper compartment, 0.683 per hour in the lower compartment, and 0.315 
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per hour in the fan rooms.  Lastly, because removal mechanisms for particulate iodines are 
significantly different from and slower than removal mechanisms for elemental iodine, there is 
no need to limit the decontamination factor for particulate iodines.  

14.3.5.4 Containment Model 
The containment is divided into the following five containment regions:  upper compartment, 
lower compartment, fan rooms, dead-ended region, and ice condenser.  The upper compartment, 
lower compartment and fan rooms include both sprayed and unsprayed portions.  The dead-
ended region and ice condenser are unsprayed.  Conservatively minimized containment free 
volumes are shown in Table 14.3.5-1 and Table 14.3.5-2.   

The containment air recirculation / hydrogen skimmer system circulates air from the upper 
compartment through the fan rooms to the lower compartment and then from the lower 
compartment through the ice condenser back to the upper compartment, thus establishing a 
circulation pattern.  Relative to sprayed and unsprayed containment regions, for the containment 
equalization function, the suction source for the containment air recirculation fan is the sprayed 
upper compartment.  For the hydrogen skimming function, the suction sources for the 
containment air recirculation fan are the unsprayed upper compartment and unsprayed lower 
compartment.  The discharge flow from the containment air recirculation fan is assumed to be 
proportionately distributed by volume between the sprayed lower compartment and unsprayed 
lower compartment.  Similarly, the flow through the ice condenser is assumed to be 
proportionately distributed by volume between the sprayed upper compartment and unsprayed 
upper compartment.  Conservatively minimized containment air recirculation flow rates are 
shown in Table 14.3.5-1 and Table 14.3.5-2.  These flow rates are based on an assumed single 
failure. 

The mixing rate between sprayed and unsprayed portions of the same containment region, i.e., 
the upper compartment or lower compartment, is conservatively assumed to reflect natural 
convection and to be two turnovers of the unsprayed region per hour.  In addition, since the 
dead-ended region is wide open to the lower compartment, the natural convection mixing rate is 
assumed to be two turnovers of the dead-ended region per hour and is conservatively assumed to 
occur only between the dead-ended region and unsprayed lower compartment. 

The radioactivity released from the fuel is assumed to mix instantaneously and homogeneously 
throughout the free volume of the containment as it is released with one exception.  The 
distribution is adjusted for internal compartments that have limited ventilation exchange.  Since 
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the dead-ended region has limited ventilation exchange, the radioactivity from the fuel is not 
released directly to this region. 

14.3.5.5 Engineered Safety Feature Leakage Outside Containment Model 
Subsequent to the emptying of the refueling water storage tank during the initial phase of 
emergency core cooling, water from the containment sump is recirculated by the residual heat 
removal pumps and spray pumps and cooled via the residual heat exchangers and spray heat 
exchangers and then returned to the Reactor Coolant System and containment.  Because the 
containment sump water contains the radioactivity of the spilled reactor coolant, the potential 
off-site and control room exposures due to operation of these external recirculation paths is 
evaluated. 

Engineered safety feature systems that circulate sump water outside containment are assumed to 
leak during their intended operation.  With the exception of noble gases, all fission products 
released from the fuel to the containment are assumed to be instantaneously and homogeneously 
mixed in the containment sump water at the time of release from the core.  The minimum 
containment sump volume is conservatively assumed to be 50,000 ft3.  With the exception of 
iodine, all radioactive materials in the recirculating liquid are assumed to be retained in the liquid 
phase.  The radioiodine that is postulated to be available for release to the environment is 
assumed to be 97% elemental and 3% organic.  Since the temperature of engineered safety 
feature leakage outside containment is less than 212°F, the amount of iodine that becomes 
airborne outside containment is assumed to be 10% of the total iodine activity in the leaked fluid. 

The effective unfiltered engineered safety feature leakage outside containment is defined as the 
sum of the unfiltered engineered safety feature leakage in the auxiliary building, unfiltered 
engineered safety feature back leakage to the refueling water storage tank and 10.9% of the 
filtered engineered safety feature leakage in the auxiliary building.  The factor of 10.9% accounts 
for the minimum charcoal filter efficiency of 90% for elemental iodine and organic iodide and 
the maximum technical specification limit for bypass leakage through the activated carbon 
adsorber section of 1%. 

The administratively controlled limit for effective unfiltered engineered safety feature leakage 
outside containment is 0.1 gpm.  In the loss of coolant radiological consequence analysis, 
engineered safety feature leakage outside containment is taken as two times the sum of the 
simultaneous leakage from all components in the engineered safety feature recirculation systems.  
Therefore, in the analysis, the effective unfiltered engineered safety feature leakage outside 
containment is assumed to be 0.2 gpm. 
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14.3.5.6 Containment Purge Model 
Since the containment is purged during power operations, releases from the containment purge 
system prior to containment isolation are analyzed.  The radionuclide inventory in the reactor 
coolant system liquid is assumed to be released to the containment at the initiation of the loss of 
coolant accident.  This inventory is based on the technical specification reactor coolant system 
equilibrium activity without iodine spiking, which is listed in Table 14.A.3-3.  

14.3.5.7 Control Room Model 
The control room is modeled as a discrete volume using the parameters listed in Table 14.3.5-2.  
The assumed failure of an emergency diesel generator results in one control room ventilation 
train operating. 

14.3.5.8 Atmospheric Dispersion Factors 

For the offsite dose analysis, atmospheric dispersion factors, or χ/Q values, for the containment 
are used for containment leakage and containment purge.  χ/Q values for the auxiliary building 
are used for effective unfiltered engineered safety features leakage outside containment.  These 
offsite χ/Q values are provided in Table 2.2-11. 

For the control room dose analysis, χ/Q values for the containment surface are used for 
containment leakage.  χ/Q values for the unit vent are used for containment purge.  These control 
room χ/Q values are provided in Table 2.2-12. 

For effective unfiltered engineered safety features leakage in the control room dose analysis, χ/Q 
values for the unit vent are applicable to filtered engineered safety features leakage.  For back 
leakage to the refueling water storage tank, since χ/Q values for the unit vent are greater than 
χ/Q values for the refueling water storage tank vent, it is conservative to apply χ/Q values for the 
unit vent.  For unfiltered engineered safety features leakage, χ/Q values for the unit vent have 
historically and implicitly been assumed.  Unfiltered engineered safety features leakage is 
leakage in the boron injection tank room of the auxiliary building, which is serviced by the 
non-safety-related general auxiliary building ventilation system (which is powered by emergency 
sources).  Using χ/Q values for the unit vent implicitly credits sufficient dilution and holdup 
within the closed boron injection tank room and auxiliary building such that χ/Q values for the 
unit vent are conservative to apply.  Unfiltered engineered safety features leakage must travel a 
torturous path to reach the control room.  The holdup and dilution inside the closed boron 
injection tank room and auxiliary building are so significant that χ/Q values for the unit vent are 
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conservative to apply.  In summary, χ/Q values for the unit vent are conservative to apply to the 
effective unfiltered engineered safety features leakage outside containment. 

14.3.5.9 Radiological Consequence Analysis Results 
The resulting control room dose is 4.26 rem TEDE. 

The resulting thyroid and whole body doses at the site boundary and low population zone are 
listed below. 

 Thyroid Dose (rem) Whole Body Dose (rem) 

Site Boundary 236 (U1), 231 (U2) 2.64 (U1), 2.70 (U2) 

Low Population Zone 176 (U1), 182 (U2) 0.864 (U1), 0.90 (U2) 

 

The control room dose is within the 5 rem TEDE 10 CFR 50.67 limit.  The thyroid and whole 
body doses are below the 300 rem and 25 rem guideline levels of 10 CFR 100, respectively.  
Because of the combination of independent conservative assumptions, the doses actually 
expected following the occurrence of a loss of coolant accident would be much lower than the 
values here given. 

14.3.5.10 Population Center Considerations 
The preceding discussion shows that engineered safety features adequately protect persons at the 
site exclusion radius and at the low population zone radius from accidental exposure in excess of 
the limits for these distances set forth in 10 CFR 100.  This regulation also requires that the 
reactor be so situated that there is no population center (defined as a city of 25,000) having its 
nearest boundary closer than 1-1/3 times the low population zone radius.  

The nearest boundary of the population center lies at a minimum distance of 8 miles (12,872 
meters) from the reactor containment which is considerably more than the required 1-1/3 times 
the low population zone.  

The above evaluations show that the ice condenser reactor containment provides a passive means 
for both rapidly absorbing the energy from a postulated loss-of-coolant accident and reducing the 
off-site consequences to below the allowable limits in 10 CFR 100, even in the case where the 
TID-14844 release assumptions are considered.  
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14.3.6 Deleted1 

14.3.7 Long Term Cooling 
Specific analyses on this subject have not been performed for Unit 1.  Discussions on this subject 
in the Unit 2 FSAR are, in general, applicable to Unit 1 as well. 

Effect of the Replacement Steam Generators on Unit 1 
The effect of the RSGs on long term cooling has been evaluated.  A calculation performed for 
the RSGs demonstrates that the sensible heat of the original steam generators (OSGs) is slightly 
larger than that of the RSGs at nominal conditions when considering primary, secondary, and 
metal mass.  Consequently, the cooling requirements for systems such as the residual heat 
removal system and the auxiliary feedwater system are reduced slightly with the RSGs.  
Therefore long term core cooling is not adversely affected by steam generator replacement. 

14.3.8 Nitrogen Blanketing 
Specific analyses on this subject have not been performed for Unit 1.  Discussions on this subject 
in the Unit 2 FSAR are, in general, applicable to Unit 1 as well. 

Effect of the Replacement Steam Generators on Unit 1 
The effect of the RSGs on nitrogen blanketing has been evaluated.  This section of the UFSAR 
originally was a portion of the response to a question addressing the issue of nitrogen blanketing 
from the accumulators during a small break LOCA.  Extensive analyses have since been 
performed to study the general behavior of small break LOCA.  Accumulator nitrogen was not 
identified as a potential source of non-condensable gas in the RCS.  The small break LOCA 
evaluation for the RSGs concludes that small break LOCA acceptance criteria continue to be met 
at Unit 1 with the installation of RSGs.  Therefore, use of the RSGs does not affect the nitrogen 
blanketing information reported in the UFSAR. 

                                                 
 
1 Section 14.3.6 deleted by UCR-1997 Rev 0 with the following exceptions: 
  Section 14.3.6.6 relocated is to new Section 5.8; 
  Section 14.3.6.6.1 relocated to new Section 5.8.1; 
  Section 14.3.6.6.2 relocated to new Section 5.8.2; 
  Section 14.3.6.6.3 relocated to new Section 5.8.3; 
  Section 14.3.6.7 relocated to new Section 5.8.4 
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