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Question No. 12.03-52 
 
10 CFR 20.1101(b), 10 CFR 20.1406(b) require licensees to describe design feature to 
maintain Occupational Radiation Exposure (ORE) ALARA, reduce contamination of the 
facility, facilitate eventual decommissioning, and minimize, to the extent practicable, the 
generation of radioactive waste. 10 CFR 52.47 requires applications to include information 
describing how operating experience has been incorporated into the design. SRP Section 
12.3-4 Acceptance Criteria, and Regulatory Guides 8.8 and 4.21, provide guidance for 
meeting the requirements of 10 CFR 20.1001 and 10 CFR 20.1406. Regulatory Guide 1.206 
sections C.I.5.4 and C.I.9.3 note that applicants should discuss system reliability 
considerations. 
 
The following questions are a follow-up to the applicant’s response to RAI 8275, Questions 
12.03-44 and 12.03-45. 
 
1. In the response to Part 1 of Question 12.03-44, the applicant indicated that, “The 

application of metallic bellows and diaphragms is limited to the valves with low-stroke 
length applications, or infrequent movement in the APR1400 design.” Please include this 
statement in the FSAR. 

 
2. In the response to Part 2 of Question 12.03-44, the applicant indicates that they are using 

graphite lantern rings in accordance with industry guidance. In the response to Question 
12.03-45, the applicant updated FSAR Figures 5.1.2-3, 6.3.2-1, and 9.3.4-1 to show valves 
with leak off lines (and therefore, double packing with lantern rings), and there are a large 
number of valves with this feature. Also, even though the applicant did not update the 
figures for other systems such as the liquid radwaste management system or component 
coolant water system, FSAR Sections 12.3.1.2.e and 12.3.1.2.i specify that graphite 
lantern rings with leak off between the double packing is provided for valves 4 inches and 
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larger as well as normally open valves greater than 2 inches and all valves greater than 2 
inches inside the containment building. 

 
However, the more recent documents referenced by the applicant in the response either 
recommend against the use of lantern rings (URD, Vol. 2, Chapter 1, Section 12.2.2.10) or 
only recommend graphite lantern rings for limited circumstances when monitoring and a 
leak off line is required (EPRI-TR-1000923, Section 4.2.5). The reference EPRINP-5697 is 
from 1988. 

 
Leaking valves or valve failures can result in increased worker dose for workers fixing the 
problem and leaks can result in contamination in the plant. In addition, valve leaks and 
failures can result in other operational problems and safety hazards (for example, see NRC 
Information Notice 93-90). 

 
a. Please provide additional justification for the widespread use of lantern rings and leak off 

lines in the APR1400 design and indicate why lantern rings and leak off lines are 
appropriate for use instead of live loading and other designs for valves greater than 4 
inches, valves normally open over 2 inches, and valves greater than 2 inches in 
containment; or revise the FSAR (text and appropriate figures) to limit the use of lantern 
rings and leak off lines to only valves where a leak off feature is necessary and update 
the FSAR to revise the criteria for specifying the use of lantern rings and leak off lines in 
the FSAR. 

 
b. The response indicates that where lantern rings are used, they are graphite lantern 

rings, however, certain sections of the FSAR do not specify if the lantern rings used are 
made of graphite (such as FSAR Section 9.3.4.3.3). Please ensure that all FSAR 
sections specify that the lantern rings being used are graphite lantern rings or include a 
statement in Chapter 12 clearly stating that all lantern rings specified within the design 
are graphite lantern rings. 

 
c. In the response to Question 12.03-45 the applicant updated FSAR Figures 5.1.2-3, 

6.3.2-1, and 9.3.4-1 to show where leak off lines are located in those figures. Please 
specify if there are any other valves in the FSAR which contain leak off lines and update 
the FSAR, as appropriate, to label these valves. Please ensure that the text in the FSAR 
is consistent with the information in the figures.  
 

3. In the response to Part 5 of Question 12.03-44, the applicant indicates that the reactor 
coolant pump casing is fabricated with austenitic stainless steel cladding and that the 
finished surface of the cladding is machined to have smooth surfaces to limit the buildup of 
radioactive contamination on its surface. Besides the reactor coolant pumps, specify if 
other pumps have similar design features to limit the buildup of radioactive material and if 
not, specify why it is not necessary. Update FSAR Section 12.3.1.2.a to include these 
design features. 

 
4. In the response to Part 5 of Question 12.03-44, the applicant indicated that electro-

polishing was not used on pumps. Electro-polishing can significantly reduce the dose rate 
from components and is recommended for consideration in industry guidance documents, 
(such as URD, Vol. 2, Chapter 1, Section 8.3.3) for areas where the dose rate can be 
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significantly reduced, such as large diameter reactor system piping, steam generator 
channel heads and divider plates, and reactor cavity and transfer canal liners. Please 
specify if electro-polishing was considered and will be used for any components in the 
plant, such as those specified above. If so, please update the FSAR to specify which 
components electro-polishing will be used on. If electro-polishing is not specified in the 
design, please provide an explanation for why electro-polishing is not necessary to 
maintain doses ALARA and to minimize contamination as part of the APR1400 design. 

 
Response 
 
1. As requested by NRC, the following sentence will be included in the Section 12.3.1.2.e of 

the DCD: 
 

“The application of metallic bellows and diaphragms is limited to the valves with low-stroke 
length applications, or infrequent movement in the APR1400 design.” 

 
2.  

a. Based on KHNP experience, there has been no leaking problem when the double 
packing and leak off line with lantern rings are used when periodical inspection and 
maintenance are performed. Therefore, the double packing and leak off lines with lantern 
rings have been the standard design in the KHNP’s nuclear power plants. However, 
KHNP understands that the use of live loading packing in addition to the double packing 
and leak off lines with graphite lantern rings is a better design for minimizing the leakage 
problem of valve packing. KHNP will apply the live load packing and double packing with 
leak off lines for the valves greater than 2 inches in diameter or all of modulating valves 
in order to satisfy the EPRI URD requirements after technical discussion with the valve 
Supplier. KHNP will also revise the APR1400 DCD to limit the only use of double packing 
and leak off lines with graphite lantern rings to the valves less than 2 inches in diameter 
except modulating valves, and to state that the design of leak off lines shall be practical 
and proven. 

 
b. Section 12.3.1.2.e.1).c) of the DCD will be revised to include a statement as follows: “All 

lantern rings within the double packing design being used are graphite lantern rings.” 
 

c. Valves with stem leak off are listed in the reply to RAI 235-8277, Question 12.03-45. 
Even though there are no additional valves with leak off lines, item c) of Section 
12.3.1.2.e in DCD will be modified. 

 
3. Other major NSSS pumps, besides the reactor coolant pump, are the charging pump, the 

shutdown cooling pump, and the safety injection pump. Justification why the smooth 
surfaces to limit the buildup of radioactive contamination on the surface is not necessary is 
as follows; 

 
- Charging pump 

The suction fluid for the charging pump is purified through the filters and ion exchangers 
of CVCS during normal operation. The probability of the buildup of radioactive 
contamination on the surface is very low. Therefore, it is not recommended that the 
charging pump be machined to have smooth surfaces. 
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- Shutdown cooling pump 

The shutdown cooling pump does not operate during normal. During shutdown 
operations, the shutdown cooling pump takes suction from the RCS, which is purified by 
CVCS charging pump. The probability of the buildup of radioactive contamination on the 
surface is very low. Therefore, it is not recommended that the shutdown cooling pump be 
machined to have smooth surfaces. 

 
- Safety injection pump 

The safety injection pump does not operate during normal operation. The probability of the 
buildup of radioactive contamination on the surface is very low. Therefore, it is not 
recommended that the safety injection pump be machined to have smooth surfaces. 

 
The APR1400 DCD 12.3.1.2.a will be updated to address the design features of the reactor 
coolant pump to limit the buildup of radioactive contamination on its surface. 

 
4. For the purpose of reducing the radiation field and exposure to personnel during 

maintenance, surfaces will be polished in those areas of the plant where this treatment will 
significantly reduce the dose. The COL applicant will determine the areas that will require 
either electro or mechanical polishing. The potential areas that may require polishing are as 
follows:  

 
- Steam generator channel head, including divider plate 
- Pressurizer shell (pressure boundary portion) except heads and nozzles 
- Reactor vessel closure head and bottom head excluding reactor vessel shells and flange 
- Reactor permanent pool seal (reactor cavity area) 
- Reactor coolant system main piping (pressure boundary portion) excluding surge line and 

nozzles attached on the piping. 
- J-groove weld surface of the reactor vessel closure head 

 
The APR1400 DCD Sections 12.3.1.2 and 12.3.6 will be revised to clarify where electro and 
mechanical polishing may be used. 

 
Supplemental Response 

 
This supplemental response is to provide additional information pertaining to the changes that 
were previously proposed. 

 
1.  

a. The proposed revisions of paragraphs b and c mean that all valves on figures 5.1.2-3, 
6.3.2-1, and 9.3.4-1 use double stem packing with a leakoff between packings and a 
graphite lantern ring and stem leakage is piped to an appropriate drain sump or tank.  
The proposed revision b means that live load packing is used in addition to this double 
stem packing with a leakoff between packings and a graphite lantern ring for the valves 
greater than 2 inches in diameter and for all modulating valves, and stem leakage is 
piped to an appropriate drain sump or tank.  
The proposed revision of paragraph c means that just double stem packing with a leakoff 
between the packings and a graphite lantern ring is used without using live load packing 
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for valves 2 inches and under, excluding modulating valves, and stem leakage is piped to 
an appropriate drain sump or tank. 

 
b. The reason why the word “and” was replaced with “or” in paragraph b is to satisfy the 

requirements of EPRI URD (Version 10) Vol. 2 Chapter 1, Section 12.2.2.9. 
 

c. KHNP will reword paragraph b, with some modification in order to clarify, as follows: 
 
“Modulating valves or valves greater than 2 inches in diameter use live loading of the 
packing by conical spring washers or equivalent means to maintain a compressive force 
on the packing in addition to double stem packing with a leakoff between the packings 
and a graphite lantern ring, where possible.” 
 
The KHNP will reword paragraph c, with some modification in order to clarify, as follows: 
 
“For the valves 2 inches and under, excluding modulating valves, just double stem 
packing with a leakoff between the packings and a graphite lantern ring is used. Stem 
leakage is piped to an appropriate drain sump or tank. All lantern rings used are graphite 
lantern rings. All valves with stem leakage are shown on Figures 5.1.2-3, 6.3.2-1, and 
9.3.4-1.” 

 
2. KHNP will add the following items, 1) regenerative heat exchanger, 2) spray valves, 3) 

refueling pool liner, 4) refueling cavity liner, 5) spent fuel pool liner, and 6) cask loading pit 
liner, into Section 12.3.1.2. 

 
3. KHNP will add the description that “Stainless steel surfaces on the pool sides of the plate 

conform with the finish of No.4 as specified by ASTM A480.” in the Section 3.8.3.6.3. 
 

 
Impact on DCD  
 
DCD Sections 3.8.3.6.3, 12.3.1.2, 12.3.6 and Table 1.8-2 will be revised as indicated in the 
attached markup.  
 
Impact on PRA 
 
There is no impact on the PRA. 
 
Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports 
  
There is no impact on any Technical, Topical and Environmental Report. 
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1.8-24 

Table 1.8-2 (20 of 29) 

Item No. Description 

COL 11.5(4) The COL applicant is to prepare an ODCM that contains a description of the methodology 
and parameters for calculation of the offsite doses for the gaseous and liquid effluents.  The 
COL applicant is to follow NEI 07-09A as an alternative to providing an offsite dose 
calculation manual. 

COL 11.5(5)  The COL applicant is to provide analytical procedures and sensitivity for selected 
radioanalytical methods and types of sampling media for site-specific matter. 

COL 11.5(6) The COL applicant is to develop the calibration procedures in accordance with NRC RG 
1.33 and 4.15.  

COL 11.5(7) The COL applicant is to develop detailed location and tubing installation and provide the 
sampling method including the sampling time to acquire representative sampling. 

COL 11.5(8) The COL applicant is to provide operational procedures and maintenance programs related 
to leak detection and contamination control. 

COL 11.5(9) The COL applicant is to develop a radiological and environmental monitoring program, 
taking into consideration local land use and census data in identifying all potential radiation 
exposure pathways.  The COL applicant is to follow NEI 07-09A as an alternative to 
providing a radiological and environmental monitoring program. 

COL 12.1(1) The COL applicant is to provide the organizational structure to effectively implement the 
radiation protection policy, training, and reviews consistent with operational and 
maintenance requirements, while satisfying the applicable regulations and Regulatory 
Guides including NRC RGs 1.33, 1.8, 8.8, and 8.10. 

COL 12.1(2) The COL applicant is to describe the operational radiation protection program to provide 
reasonable assurance that occupational radiation exposures are ALARA. 

COL 12.1(3) The COL applicant is to describe how the plant follows the guidance provided in NRC RGs 
8.2, 8.7, 8.9, 8.13, 8.15, 8.20, 8.25, 8.26, 8.27, 8.28, 8.29, 8.34, 8.35, 8.36, and 8.38. 

COL 12.2(1) The COL applicant is to provide any additional contained radiation sources, such as 
instrument calibration radiation sources, that are not identified in Subsection 12.2.1. 

COL 12.3(1) The COL applicant is to provide portable instruments and the associated training and 
procedures in accordance with 10 CFR 50.34(f)(2)(xxvii) and the criteria in Item III.D.3.3 of 
NUREG-0737. 

COL 12.3(2) The COL applicant is to determine the WARN and ALARM setpoints of the ARMS based 
on the site-specific conditions and operational requirements 

Rev. 0

Add. 
COL 12.3(3) 
The COL applicant is to determine the areas that will require either electro or mechanical 
polishing. 

RAI 396-8463 - Question 12.03-52 Attachment (1/ )
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3.8-57 

b. Vacuum leak test is performed for leak-tightness on all liner plate seam welds. 

3.8.3.6.4 Stainless Steel Other Than Pool Liners 

Stainless steel embedded plates and stainless steel checkered floor plates are fabricated 
from A240 Type 304 material, hot rolled, annealed, and pickled.  Stainless steel bars and 
rounds are fabricated from A276 or A479 Type 304 material, hot rolled, annealed, and 
pickled. 

Stainless steel pipes are fabricated from A312 Type 304 or A358 Type 304 or A376 Type 
304 materials, hot rolled, annealed, and pickled. 

Stainless steel gratings are fabricated from A240 Type 302 or Type 304 materials, hot rolled, 
annealed, and pickled prior to fabrication and then electro-polished after fabrication. 

Stainless steel sump liners are fabricated from A240 Type 304 or Type 316 materials. 

Stainless steel bolts are fabricated from A193 Type 304 class 1 material. 

Stainless steel nuts are fabricated from A194 Type 304 material. 

Stainless shapes are fabricated from A276 or A479 Type 304 materials. 

 Testing and Inservice Inspection Requirements 3.8.3.7

Testing and inservice inspection requirements are outlined in Subsection 3.8.4.7. 

3.8.4 Other Seismic Category I Structures 

The other seismic Category I structures of the APR1400 plant are the auxiliary building and 
the emergency diesel generator building. 

The COL applicant is to provide the design of site-specific seismic Category I structures in 
addition to the above structures, such as the essential service water building, component 

Rev. 0

RAI 396-8463 - Question 12.03-52 Attachment (2/6)

Stainless steel surfaces on the pool sides of the plate conform with the finish of No.4 as
specified by ASTM A480.
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High-radiation areas are provided with locked doors to prevent inadvertent access 
by plant personnel. 

High-radiation areas and very-high-radiation areas are properly marked with 
signage to alert personnel and to further prevent inadvertent access as part of the 
radiation protection program (see Section 12.5). 

Ingress and egress with offset inner walls with curbs are provided for the pumps 
and valve galleries for maximum radiation attenuation and shielding. 

12.3.1.2 Equipment and System Design Features 

The APR1400 design specifies the use of reliable and simplistic equipment with a minimal 
number of parts and straightforward operation to reduce the frequency of maintenance and 
radiation exposure to plant personnel.  The design characteristics of the equipment used in 
radioactive systems are as follows: 

a. Pumps 

1) Pumps and associated piping are flanged to facilitate pump removal to a 
lower-radiation area for maintenance or repair.  Pump internals are also 
removable.  This design approach is consistent with NRC RG 8.8, Position 
2.b (9). 

2) All pump casings are provided with drain connections to facilitate 
decontamination.  The drain connections are free of internal crevices to 
minimize accumulation of radioactive corrosion products (crud). 

3) Pump seals are easily serviceable without the removal of the entire pump or 
motor.  The seals of reactor coolant pump, centrifugal charging pump, 
shutdown cooling pump, and safety injection pump are of the cartridge type to 
facilitate their removal for maintenance or repair. 

Rev. 0
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For the purpose of reducing the radiation field and the exposure to personnel during
maintenance, surfaces will be polished in those areas of the plant where this treatment will
significantly reduce the dose. The COL applicant is to determine the areas that will require
either electro or mechanical polishing (COL 12.3(3)). The potential areas that may require
polishing are as follows: 
- Steam generator channel head, including divider plate 
- Pressurizer shell (pressure boundary portion) except heads and nozzles 
- Reactor vessel closure head and bottom head excluding reactor vessel shells and flange 
- Reactor permanent pool seal (reactor cavity area) 
- Reactor coolant system main piping (pressure boundary portion) excluding surge line and 
  nozzles attached on the piping 
- J-groove weld surface of the reactor vessel closure head 
- Regenerative heat exchanger 
- Spray valves 
- Refueling pool liner 
- Refueling cavity liner 
- Spent fuel pool liner 
- Cask loading pit liner

The reactor coolant pump casing is fabricated with austenitic stainless steel 
cladding and that the finished surface of the cladding is machined to have 
smooth surfaces to limit the buildup of radioactive contamination on its
surface. 

4)

RAI 396-8463 - Question 12.03-52

Supplemental RAI 396-8463 - Question 12.03-52
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e. Valves 

1) The following descriptions summarize the valve design features that minimize 
valve leakage and extend valve design life. 

a) A packless valve is used as an isolation valve that is non-modulating, is 
less than 5.08 cm (2 in) in diameter, and operates on a weekly interval in 
the radioactive material processing systems to minimize external leakage 
from the valves. 

b) Modulating valves and valves greater than 5.08 cm (2 in) in diameter use 
live loading of the packing by conical spring washers or equivalent means 
to maintain a compressive force on the packing, where possible. 

c) Double stem packing with a leakoff between the packings and a graphite 
lantern ring is used for valves 10.16 cm (4 in) and larger, as well as 
normally open valves 5.08 cm (2 in) to 10.16 cm (4 in) in diameter.  
Stem leakage is piped to an appropriate drain sump or tank. 

d) Valves using stem packing are provided with a backseat capability. 

e) Radiation-resistant seals, gaskets, and elastomers are used, when 
practicable, to extend the design life and reduce maintenance frequency. 

f) Valves located in high-radiation areas are equipped with reach rods or 
motor operators to allow operation from lower radiation zones to 
minimize radiation exposure. 

2) Fully ported valves are used so that valves are fully open and radioactive fluid 
flows freely.  This minimizes internal accumulation of cruds. 

3) Valves requiring removal during maintenance and inspection activities are 
flanged. 

Rev. 0
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or

in addition to double stem packing with a leakoff 
between the packings and a graphite lantern ring

For the valves 5.08 cm (2 in) and under, excluding modulating valves, just
double stem packing with a leakoff between the packing and a graphite
lantern ring is used. Stem leakage is piped to an appropriate drain sump or 
tank. All lantern rings used are graphite lantern rings. All valves with stem
leakage are shown on Figures 5.1.2-3, 6.3.2-1, and 9.3.4-1.

RAI 396-8463 - Question 12.03-52

Supplemental RAI 396-8463 - Question 12.03-52
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4) Internal valve surfaces are designed to be as smooth as possible and free of 
crevices to minimize the accumulation of crud. 

5) Valve wetted parts are made of austenitic stainless steel or a similar corrosion-
resistant material. 

6) Valves are designed so that they may be repacked without removing the yoke 
or topworks. 

7) Valves for highly radioactive components are located in shielded valve 
galleries to the extent possible to minimize operator exposure. 

f. Piping and penetrations 

1) The field run piping is minimized to the extent practicable to reduce the 
potential for unintended leakage to the environment. 

2) Resin and concentrate piping is designed as follows: 

a) The length of pipe runs is minimized by locating the related components 
as close to each other as possible. 

b) Piping is routed through shielded pipe chases whenever possible to 
minimize the radiation exposure rate in personnel access corridors. 

c) Large-diameter piping (greater than 12.7 cm [5 in] in diameter) is used to 
minimize the potential for clogging during slurry or resin transfer without 
violating minimum flow requirements.  

d) The number of pipe fittings, such as elbows and tees, is minimized to 
reduce the potential for radioactive crud accumulation. Where elbows are 
needed, large-radius bends are used. 

e) Low points, deadlegs, elbows, and vertical pipe runs that may cause 
accumulation of radioactive material are minimized. 
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Check valves are used only where necessary. The type and size of valve
selected are compatible with system requirements to reduce disc flutter
related wear. Check valves are located and oriented properly in the piping
system.

8)

The application of metallic bellows and diaphragms is limited to the valves
with low-stroke length applications, or infrequent movement in the APR1400 
design.

9)
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COL 12.3(2) The COL applicant is to determine the WARN and ALARM setpoints of 
the ARMS based on the site-specific conditions and operational 
requirements. 
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COL 12.3(3) 
The COL applicant is to determine the areas that will require either electro or mechanical 
polishing.


