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Subject: Transmittal of ESBWR DCD Tier 2, Chapter 12 Markups Related to 
GEH Internal Corrective Action 

The purpose of this letter is to submit markups to the ESBWR DCD, Tier 2, Chapter 12, 
Revision 6, which are the result of GEH internal review.  These markups will be 
incorporated into the DCD, Revision 7.  The markup pages are contained in 
Enclosure 1.  Changes associated with these corrective actions are enclosed within 
boxes on the markup pages.  The changes are summarized below. 

 

Affected Section Description of Change 
Subsection 12.2.1.1.1 Added sentence pointing to Table 12.2-3 Part C. 
Subsection 12.2.1.2.1 Corrected table reference to point to Table 12.2-3 Part C 

and delete non-applicable word “core” after “SFP”. 
Table 12.2-3 Part B Corrected values in table to be consistent with DCD fuel 

design. 
Table 12.2-3 Part C Added table to present spent fuel pool gamma sources, 

which bound all discharged spent fuel. 
Table 12.3-8  Corrected wall thickness values for rooms 6108 and 6161. 
Subsection 12.4.2,  
2nd paragraph  

Corrected description of DPV arrangement to be 
consistent with Subsection 5.4.9.2. 

Subsection 12.4.3  Corrected the dose rate value, for the unit conversion, 
from 5 mrem/hr to 15 mrem/hr. 
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If you have any questions or require additional information, please contact me. 
 
Sincerely, 

 

 
Richard E. Kingston 
Vice President, ESBWR Licensing 
 
 
Enclosure: 
 
1. Transmittal of ESBWR DCD Tier 2, Chapter 12 Markups Related to GEH Internal 

Corrective Action – DCD Markups 
 

cc: AE Cubbage USNRC (with enclosure) 
JG Head  GEH/Wilmington (with enclosure) 
DH Hinds GEH/Wilmington (with enclosure) 
TL Enfinger GEH/Wilmington (with enclosure) 
eDRF Sections 0000-0112-1176 
   0000-0112-4259 
   0000-0112-5295 
   0000-0112-9544 
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dimensions, core average material volume fractions, and cycle average reactor power 
distributions and exposures.  The reactor power distributions are given for both radial and axial 
distributions and represent the cycle averages for an equilibrium cycle. 

Core Boundary and Vessel Neutron Fluxes 
Table 12.2-2 presents multigroup neutron fluxes at the representative location of the core 
boundary and at the vessel.  The multigroup neutron fluxes and the fast neutron flux (E>1 MeV) 
at the peak elevation of the core boundary, vessel inside surface, and ¼ thickness of the vessel 
are presented in Table 12.2-2, Part A.  The uncertainty of the fast neutron flux at the vessel is 
estimated to be within ±19%.  Normalized axial variations for the fast flux at the vessel inside 
surface are shown in Part B of Table 12.2-2. 

Gamma Ray Source Energy Spectra 
Table 12.2-3 presents the average gamma ray source energy spectra in both core and non-core 
regions.  In Table 12.2-3, Part A, the energy spectrum in the core, bypass water, shroud, 
downcomer, and reactor pressure vessel (RPV) is presented.  This represents the average gamma 
ray energy released by energy group per unit volume of the region.  The energy spectra in MeV 
per sec per cm3 can be used with the power distributions to obtain the source in any part of the 
core. 

The gamma ray energy spectrum includes the fission gamma rays, the fission product gamma 
rays, and the gamma rays resulting from inelastic neutron scattering and neutron capture.  The 
total gamma ray energy released in the core is estimated to be accurate to within ±20%. 

Post-Operation Gamma Sources 
Table 12.2-3 Part B gives a gamma ray energy spectrum in MeV/sec per MW thermal in spent 
fuel as a function of time after operation.  The data were prepared from the irradiation and decay 
calculation of a representative ESBWR fuel bundle to an average exposure of 35 GWd/MTU.  
To obtain shutdown sources in the core, the gamma ray energy spectra are combined with the 
core thermal power and power distributions.  Shutdown sources in a single fuel element can be 
obtained by using the gamma ray energy spectra and the thermal power of the element during 
operation. Similar information that is suitable for the spent fuel pool is given in Table 12.2-3 Part 
C for fuel bundles with an average exposure of 58 GWd/MTU. 

Neutron and Gamma Ray Fluxes Outside the Vessel 
Table 12.2-4 presents the maximum axial neutron and gamma ray fluxes outside the vessel.  The 
maximum axial flux occurs typically near the core midplane elevation where the maximum 
power density is located for the peripheral bundle.  This elevation can be located using the data 
from Table 12.2-1.  The fluxes at this elevation represent the fluxes at the peak azimuth angle.  
The gamma ray calculations include gamma ray sources from all regions inside the vessel and 
the vessel itself. 

12.2.1.1.2  Other Radioactive Sources 

Radioactive Sources in the Control Rod Drive System 
The control rod drive (CRD) source term data are provided in Table 12.2-5.  The system is 
described in Subsection 3.9.4. 
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Reactor Startup Source 
The Cf-252 reactor startup source is shipped to the site in a special cask designed with shielding.  
The source is transferred under water while in the cask and loaded into a stainless steel source 
holder.  This is then loaded into the reactor while remaining under water.  The source and source 
holder are removed from the reactor during the first refueling outage and moved to a designated 
location in the spent fuel pool (SFP).  Operations and radiation protection personnel determine 
placement and duration of residence for the Cf-252 source and holder in the SFP. 

12.2.1.2  Reactor Building and Fuel Building Source Terms 
This section provides a summation of the significant radioactive source terms found in the 
ESBWR Reactor Building.  These source terms consist of those elements which are found to 
contain significant quantities of radioactive materials, but do not include sources due to 
incidental contamination such as sources in valves and pipes due to deposition of corrosion or 
fission products species on the surfaces of the components. 

The Reactor Building (RB) is divided into three specific zones: 

• Containment 

• Contaminated areas 

• Clean areas 

Radioactive Sources in the Reactor Water Cleanup/Shutdown Cooling System 
A description of the RWCU/SDC System is given in Subsection 5.4.8.  Radioactive sources 
contained in this system are the result of contamination of components by transit of reactor water 
through this system and accumulation of radioisotopes removed from the water.  Components for 
this system include regenerative and non-regenerative heat exchangers, pumps, valves, and 
demineralizers.  The accumulated sources in this system are given in Tables 12.2-6a through 
12.2-7.  The sources present in the demineralizers are present in all modes of operation.  
Therefore, backwashing capability is provided to remove residual activity with clean water plus 
chemical decontamination for effective radwaste handling. 

12.2.1.2.1  Other Sources 

Radioactive Sources in the Fuel and Auxiliary Pools Cooling System (FAPCS) 
A description of the FAPCS is given in Subsection 9.1.3.  The FAPCS is designed to service the 
fuel pools, suppression pool, Gravity Driven Cooling System (GDCS) pool, and Isolation 
Condenser/Passive Containment Cooling System (IC/PCCS) pools on a rotating basis.  The 
accumulated activity in this system is the result of the accumulation of residual activity in each 
of the above pools.  The filters are backwashed into a backwash receiving tank, which is then 
routed to the Radwaste Building (RW) systems.  The sources for the FAPCS are given in Tables 
12.2-8 through 12.2-9.  Clean water connections are provided for this system to flush lines prior 
to switching between pools as necessary to prevent ancillary contamination between pools. 
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Radioactive Sources in the Spent Fuel Pool 
The radiation sources in the SFP core are given in Table 12.2-3 Part B C in terms of MeV/sec-
MWt.  Water concentration is assumed as 1% of normal reactor water concentration 
(Section 11.1). 

Radioactive Sources in the HVAC System 
The Heating, Ventilation and Air Conditioning (HVAC) System is described in Section 9.4 and 
employs a bypass high efficiency particulate air (HEPA) filter train for use in the event of 
airborne contamination of the RB or controlled purge of the RB containment.  The HEPA train is 
capable of removing all large particulate releases and up to 70% of small particulate releases. 

Radioactive Sources in the Main Steam and Feedwater Lines 
All radioactive material in the main steam system results from radioactive sources carried over 
from the reactor core during plant operations.  In most components carrying live steam, N-16 is 
the dominant source of radioactivity (Section 11.1).  Otherwise, under conditions where 
sufficient decay time has removed the N-16 source, noble radiogases become the dominant 
source term (Section 11.1).  Flow in the feedwater lines is dominated by corrosion and fission 
products and is the result of the residual activity of reactor steam after treatment in the condenser 
filter-demineralizer system. 

Post-Accident Radioactive Sources 
The ESBWR design limits potential radiation exposure from accidents both to plant personnel 
and to the public by the use of passive safety features, containment and treatment of potential 
accident sources.  The following describes those features of the ESBWR germane to post-
accident radiation sources in the RB containment and the RB. 

The RB containment is an inert steel-lined pressure boundary capable of containing all accident 
sources with minimal leakage to the environment or other plant areas.  The containment is 
provided with redundant passive cooling systems (Subsections 5.4.6 and 6.2.2) to ensure within a 
reasonable probability that this primary boundary does not exceed design criteria.  Drywell spray 
provides additional capability to control pressure.  Therefore, for all but the most improbable 
accident scenarios requiring massive failures of all major systems including passive systems, 
radioactive sources from the pressure vessel are adequately contained in the RB containment. 

Surrounding the containment on all sides, the ESBWR employs a RB that provides a secondary 
holdup volume (Subsection 6.2.3) to trap containment penetration and valve leakage except 
direct bypass leakage via such lines as the main steam lines and feedwater lines.  All major 
connections from the containment, except the ICS steam lines and condensate lines and the main 
steam lines and feedwater lines requiring isolation valves, terminate with the second isolation 
valve in the RB.  The RWCU/SDC System is the only high energy line in the containment and 
RB that could produce potential releases in the containment or RB.  High energy line rupture 
releases in the containment are isolated by the HVAC system for holdup and treatment, except 
potential high energy breaks, which are then routed for release via the Reactor Building/Fuel 
Building (RB/FB) stack.  High energy line rupture releases in the RB are routed to the refueling 
floor where a rupture disk relieves the overpressure.  See Section 15.4 for discussions of line break 
releases. 

Estimates on sources and location for limiting design basis events are found in Section 15.4. 
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Table 12.2-3  
Gamma Ray Source Energy Spectra  

 B.  Post-Operation Gamma Sources in Core (MeV/sec-MWt) 

Time after Shutdown Upper Energy 
 (MeV) 0 Sec 1 Day 4 Days 1 Month 

11 6.8E+099.1E+09 1.1E+051.0E+05 1.1E+051.0E+05 1.1E+059.7E+04

8 2.0E+132.7E+13 7.3E+056.7E+05 7.2E+056.6E+05 6.9E+056.2E+05

6 1.5E+152.2E+15 1.8E+102.5E+10 7.5E+064.2E+06 4.3E+063.9E+06

4 2.3E+153.2E+15 1.8E+122.5E+12 1.6E+122.1E+12 4.3E+115.7E+11

3 3.5E+154.7E+15 1.7E+142.2E+14 1.5E+142.0E+14 3.7E+134.9E+13

2.5 6.7E+159.1E+15 1.8E+142.3E+14 1.3E+141.7E+14 4.7E+135.9E+13

2 1.0E+161.4E+16 2.9E+153.9E+15 2.5E+153.3E+15 6.2E+148.3E+14

1.5 2.0E+162.7E+16 1.2E+151.5E+15 5.9E+147.0E+14 1.9E+141.9E+14

1 2.4E+163.2E+16 5.9E+157.8E+15 4.3E+155.7E+15 2.6E+153.5E+15

0.7 1.6E+162.0E+16 4.2E+155.5E+15 2.5E+153.2E+15 1.0E+151.3E+15

0.45 6.3E+158.3E+15 8.9E+141.2E+15 5.8E+147.6E+14 1.2E+141.6E+14

0.3 6.7E+158.8E+15 1.9E+152.4E+15 8.2E+141.1E+15 8.4E+131.1E+14

0.15 2.6E+153.3E+15 1.3E+151.7E+15 6.6E+148.6E+14 1.1E+141.5E+14

0.1 1.9E+152.5E+15 3.7E+144.8E+14 2.1E+142.7E+14 3.6E+134.7E+13

0.07 8.6E+141.1E+15 1.4E+141.8E+14 8.6E+131.1E+14 3.3E+134.3E+13

0.045 5.5E+147.3E+14 1.3E+141.8E+14 8.4E+131.1E+14 2.8E+133.8E+13

0.03 4.3E+145.7E+14 7.6E+139.9E+13 4.8E+136.3E+13 1.8E+132.3E+13

0.02 9.0E+141.2E+15 2.3E+142.9E+14 1.2E+141.5E+14 2.8E+133.7E+13

0     

Total 1.0E+171.4E+17 2.0E+162.6E+16 1.3E+161.7E+16 5.0E+156.5E+15
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Table 12.2-3  
Gamma Ray Source Energy Spectra 

 
C. Gamma Sources in Spent Fuel (MeV/sec-MWt) 

Time after Shutdown Upper 
Energy 
(MeV) 0 Sec 1 Day 4 Days 1 Month 

11 6.4E+09 6.8E+05 6.8E+05 6.6E+05 

8 1.6E+13 4.4E+06 4.4E+06 4.3E+06 

6 1.1E+15 1.3E+10 3.1E+07 2.6E+07 

4 2.0E+15 1.9E+12 1.6E+12 4.5E+11 

3 3.3E+15 1.7E+14 1.4E+14 3.6E+13 

2.5 6.3E+15 2.8E+14 2.2E+14 7.3E+13 

2 1.0E+16 3.0E+15 2.5E+15 6.2E+14 

1.5 1.9E+16 1.6E+15 9.1E+14 3.2E+14 

1 2.4E+16 6.2E+15 4.6E+15 2.8E+15 

0.7 1.6E+16 4.7E+15 2.9E+15 1.4E+15 

0.45 6.5E+15 9.7E+14 6.2E+14 1.3E+14 

0.3 6.8E+15 2.1E+15 9.4E+14 9.9E+13 

0.15 2.8E+15 1.5E+15 7.5E+14 1.1E+14 

0.1 2.1E+15 4.3E+14 2.3E+14 4.0E+13 

0.07 8.7E+14 1.6E+14 9.9E+13 3.6E+13 

0.045 5.6E+14 1.4E+14 8.8E+13 3.0E+13 

0.03 4.3E+14 8.0E+13 5.0E+13 1.9E+13 

0.02 9.5E+14 2.6E+14 1.3E+14 3.0E+13 

0     

Total 1.0E+17 2.2E+16 1.4E+16 5.7E+15 
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Table 12.3-8  

Shielding Geometry  (Nominal) 

Elev. Room Room Name North East South West Floor Ceiling 
Radwaste Building cm (in) 

-9350 6103 Equipment Drain Collection Tank Room A 70 (28) 60 (24) 60 (24) 60 (24) Ground 80 (31) 
-9350 6104 Equipment Drain Collection Tank Room B 70 (28) 60 (24) 60 (24) 80 (31) Ground 80 (31) 
-9350 6105 Equipment Drain Collection Tank Room C 60 (24) 60 (24) 80 (31) 80 (31) Ground 80 (31) 
-9350 6106 Condensate Resin Holdup Tank Room 90 (35) 40 (16) 80 (31) 60 (24) Ground 80 (31) 
-9350 6107 Low Activity Resin Holdup Tank Room 100 (39) 80 (31) 60 (24) 100 (39) Ground 80 (31) 
-9350 6108 High Activity Resin Holdup Tank Room 70 

(28)80 
(31) 

90 
(35)100 

(39) 

70 (28)80 
(31) 

100 (39) Ground 80 (31) 

-9350 6109 Concentrated Waste Tank Room 70 (28) 90 (35) 90 (35) 100 (39) Ground 80 (31) 
-9350 6150 Floor Drain Collection Tank Room A 70 (28) 80 (31) 60 (24) 60 (24) Ground 80 (31) 
-9350 6151 High Activity Phase Separator Room  100 (39) 90 (35) 70 (28) 40 (16) Ground 80 (31) 
-9350 6160 Floor Drain Collection Tank Room B 60 (24) 80 (31) 80 (31) 60 (24) Ground 80 (31) 
-9350 6161 Low Activity Phase Separator Room 100 (39) 60 (24)70 

(28)) 
70 

(28)100 
(39) 

40 (16)60 
(24) 

Ground 80 (31) 

-9350 6171 Floor Drain Sample Tank Room 30 (12) 35 (14) 30 (12) 30 (12) Ground 80 (31) 
-9350 6172 Equipment Drain Sample Tank Room 30 (12) 35 (14) 30 (12) 30 (12) Ground 80 (31) 
-2350 6103 Equipment Drain Collection Tank Room A 70 (28) 60 (24) 60 (24) 60 (24) 80 (31) 80 (31) 
-2350 6104 Equipment Drain Collection Tank Room B 70 (28) 60 (24) 60 (24) 80 (31) 80 (31) 80 (31) 
-2350 6105 Equipment Drain Collection Tank Room C 60 (24) 60 (24) 80 (31) 80 (31) 80 (31) 80 (31) 
-2350 6106 Condensate Resin Holdup Tank Room 90 (35) 40 (16) 80 (31) 60 (24) 80 (31) 80 (31) 
-2350 6107 Low Activity Resin Holdup Tank Room 100 (39) 80 (31) 60 (24) 100 (39) 80 (31) 80 (31) 
-2350 6108 High Activity Resin Holdup Tank Room 70 (28) 90 (35) 70 (28) 100 (39) 80 (31) 80 (31) 
-2350 6109 Concentrated Waste Tank Room 70 (28) 90 (35) 90 (35) 100 (39) 80 (31) 80 (31) 
-2350 6150 Floor Drain Collection Tank Room A 70 (28) 80 (31) 60 (24) 60 (24) 80 (31) 80 (31) 
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• Reading of instruments; 

• Routine health physics patrols and surveys; 

• Security sweeps or patrols; 

• Decontamination of equipment or plant work areas; 

• Calibration of electrical and mechanical equipment; and 

• Chemistry sampling and analysis. 

These activities may be conducted in the RB, FB, RW or TB.  The significant reductions in 
component and instrumentation requirements due to the emphasis on passive safety systems in 
lieu of the active systems used in current BWRs, combination of systems such as Reactor Water 
Cleanup and Shutdown Cooling, and elimination of systems such as the Traversing In-Core 
Probe (TIP) system result in a significant reduction in surveillance, monitoring and testing work. 

Exposure from these miscellaneous surveillance, testing, and monitoring activities during normal 
operation is due to N-16, as well as reactor coolant corrosion and fission products. Additional 
shielding is provided to reduce radiation levels in routinely occupied areas during power 
operation from N-16 sources.  The ESBWR is expected to have reduced general radiation 
levels during operation compared to the typical BWR due to more stringent water chemistry 
controls, redundant reactor water clean up capacity (as discussed in Subsection 5.4.8.1.2), 
titanium or stainless steel condenser tubing, and the use of low-cobalt materials. 

Estimates of the collective doses to operations and surveillance personnel have been made by 
extrapolating results of previous studies for BWRs to the reduced equipment and component 
utilization of the simplified systems of the ESBWR.  Person-hour estimates of activities 
performed in this category, the associated dose rates, and the collective dose from these activities 
are shown in Table 12.4-2. 

12.4.2  Routine Maintenance 

Routine inspection and maintenance are required for mechanical and electrical components 
throughout the operation of a power plant.  This category summarizes collective dose incurred 
during routine scheduled maintenance and inspection activities, which in some cases can be 
performed while the plant is in normal operation.  The special maintenance category reviewed in 
Section 12.4.6 sums collective dose associated with specialized procedures that can be performed 
only during refueling outages.  

Simplified systems result in a significant reduction in the total number of valves and 
instrumentation located in the drywell with an accompanying decrease in maintenance time. 
Valve design is also enhanced. For example, operation of the GDCS requires reactor 
depressurization. This depressurization utilizes eight depressurization valves (DPVs) with four 
pairs of DPVs mounted on the terminal ends located on the steam pipes and four located onof 
four stub tubes off the RPV and shared with the ICS lines in the upper drywell.  In the ESBWR, 
simplifying systems in the Reactor Building result in a significant reduction in the total number of 
valves and an attendant decrease in maintenance time.  This work includes all valve work, minor 
maintenance, and CRD hydraulic line work.  Use of live-load valve packing to control stem 
leakage reduces maintenance and worker radiation exposure for valve repair.  The ESBWR RB 
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has been designed to provide for ease of maintenance with overhead lifts, coordinated hatchways 
and ample space to maintain equipment in-place.  It has been arranged to take advantage of the 
reduced quantity of equipment associated with the simpler reactor systems. The building 
arrangement features numerous dose-reducing benefits and improved equipment maintenance 
times. Equipment is more accessible which facilitates improved access control and maintenance. 
The building features enhance accessibility on all floors.  In addition, most of the equipment in 
the Reactor Building is removable.  The combined RWCU/SDC system purifies reactor coolant 
during normal operation and shutdown.  Two 100% redundant RWCU/SDC trains are provided 
in the ESBWR design that use state-of-the-art water treatment technology to significantly reduce 
the concentration of radioactive material in the coolant.  The system is constructed of stainless 
steel for those portions in contact with the reactor coolant.  For system piping, smooth bends 
are used instead of welds and the nuclear grade pipes are electro-polished to reduce corrosion 
product buildup. 

RWCU/SDC system maintenance work consists of inspection of two pumps per year in each train.  
The FAPCS uses a similar design philosophy for its components.  Although it is assumed that some 
maintenance may be conducted during normal operation, certain portions of the RWCU/SDC system 
and FAPCS in the FB may require additional maintenance during refueling outages.  Estimated 
annual time for maintenance activities in other systems in the RB and FB are shown in Table 12.4-3.   

For routine maintenance in the RW, the ESBWR design implements the use of skid-mounted 
process systems for radwaste processing, thereby reducing the maintenance requirements to the 
permanently installed systems.   

Due to the high radiation from N-16 in the TB, maintenance on major systems must be 
performed when the plant is shut down.  Maintenance on supporting systems can be performed if 
there exists a sufficient decay period for the N-16. 

Table 12.4-3 provides a breakdown of the collective doses associated with overall routine 
inspection and maintenance activities. 

12.4.3  Waste Processing 

Radioactive waste other than spent fuel is processed in systems housed in the RW, which 
consists of the LWMS and the SWMS.  The LWMS is designed to segregate, collect, store, and 
process radioactive liquids generated during operation.  The SWMS is designed to control, 
collect, handle, process, package and temporarily store wet and dry solid radioactive waste prior 
to shipment offsite.  The processing systems consist of pumps, valves, tanks and process systems 
(skid-mounted) that are remotely operated from a central RW Control Room.  In the LWMS, 
radioactive contaminants are removed and the bulk of the liquid is purified and either returned to 
the Condensate Storage Tank or discharged to the environment, minimizing overall liquid waste.  
The radioactivity removed from the liquid waste is concentrated in filter media, ion exchange 
resins, andother forms.  These concentrated waste forms are sent to the SWMS for further 
processing.  The output of the radwaste processing systems generally consists of DAW, wet solid 
waste in high integrity containers (HIC), and mixed wastes, which are both radiologically and 
chemically contaminated.  
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The dose projections below are based on representative systems currently used in the industry.  
Dose from surveillance and maintenance activities in the RW are captured in the other respective 
categories of this analysis.  

More of the radwaste operations involve remote handling than in a typical BWR.  General RW 
work consists of pump and valve maintenance, shipment handling, radwaste management and 
general cleanup activity.  Maintenance collective dose estimates are captured in Section 12.4.2.  
The LWMS collects liquid wastes from equipment drains, floor drains, filter backwashes and 
other sources within the facility.  Some examples of SWMS activities include movement of 
casks and liners, filter handling, resin transport, and movement or reconfiguration of radwaste 
processing skids.  Generally, much of the activity is remotely performed and controlled by 
operators in the RW Control Room.  Dose estimates for the collection, packaging and shipment 
of radwaste quantities are based on the assumptions below. 

Operation of the RW Control Room is assumed to occur approximately once per day for 
one shift with a maximum dose rate of 10 μSv/hr (1 mrem/hr).  Processing and packaging 
of DAW is assumed to occur once a day for two hours using two workers in a dose 
field of 50 μSv/hr (5 mrem/hr) as appropriate.  This activity is assumed to occur three times 
per week.  Shipments of concentrated wet solid waste in HICs are assumed to occur once per 
week for four hours in a dose field of 50 μSv/hr (5 mrem/hr) as appropriate using four 
workers.  DAW shipments are assumed to occur once per month for eight hours in a dose 
field of 50 μSv/hr (5 mrem/hr) as appropriate using three workers.  Finally, miscellaneous 
activities in high dose rate areas such as valve lineups or filter changes are assumed to be 
required approximately 4 person-hours per week in an average dose rate field of 150 μSv/hr 
(15 mrem/hr) as appropriate. 

The estimated annual collective doses associated with waste processing operations appear in Table 
12.4-4.  

12.4.4  Refueling Operations 

In the ESBWR design, refueling operations are conducted in two general areas.  The Fuel 
Building houses the SFP and various equipment used for the receipt of new fuel assemblies.  
Space is also provided for fuel assembly receipt inspection and the installation of fuel channels 
on the new fuel assemblies.  When new fuel assemblies are readied for transfer to the reactor, the 
assemblies are transferred using the IFTS, which is located in the upper portion of the RB.  Here 
the new fuel assemblies are kept in the buffer pool until the refueling outage.  This dual pool 
system is similar to that implemented in the BWR/6 product line.  During the refueling outage, 
new fuel assemblies are placed in the reactor core using the refueling machine, the core shuffled, 
and spent fuel removed to the RB buffer pool.  At this time, control rods or other in-core 
components may be replaced.  Spent fuel assemblies, which were removed from the core, are 
then transferred through the IFTS to the FB SFP.  The Fuel Building also contains facilities for 
the transfer of spent fuel assemblies into casks for possible storage at an onsite independent spent 
fuel storage installation. 

Prior to commencing refueling operations, the drywell and reactor vessel heads must be 
disassembled and removed.  Reactor vessel access and reassembly exposure times are reduced 
by use of a special stud tensioner for the 84 RPV head bolts.  Underwater transfer of the dryer, 
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