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Question 011.1 (10.4.8)

Provide a basic flow diagram for the Steam Generator Bl~owdown System.

Response:

Refer to revised section 10.4.8 Steam Generator Blowdown System.

Amend. 1
QO1l.l-1 July, 1975



Question 011.2 (11.2.3)
You propose to design the .liquid radwaste system in .accordance wilthQuality

Group D classification. We do not consider. this cl assificaiton adequate
because the design guidance should provide reasonable assurance that
equipment and. components used in the radioactive waste management.system
.are designed, constructed, installed, and tested on a level commensurate.
with other plant systems and ,structures to-protect the health and safety
of the public and plant operating personnel... You shoul'd design the systems
handling liquid waste, including components in the. sol'id waste system which
contain radioactive liquids, to Quality Group .(augmented) classification
asdescribed in the attached Branch Technical Position - ETSB No. 11-1.,
"Design Guidance for Radioactive Waste Management Systems Installed In
Light-Water Cooled Nuclear Power Reactor Plants".

Response:

The response to this question is provided in revised PSAR Section 11.2..3.

Since this question was transmitted originally (June 5, 1975), Branch
Technical Position ETSBll-l was updated deleting the classification- of
Quality Group D (augmented). This deletion is reflected i~n the updated 25
response.

Amend. 25QOl1.2-1 Aug. 1976



Question 011.3 (11.2.3),;

Provide a table listing indoor tanks, except those tanks located in the
reactor containment, which contain potentially radioactive materials,.
For each tank, indicate the provisions incorporated to monitor tank
liquid levels, to annunciate potential overflow conditions, and to collect
and process liquids in the event of an overflow. Acceptable provisions
include dikes around tanks, retention basins, and elevated thresholds
to contain liquids in bays containing the tanks.

Response:

The requested information is provided in Table ll.2-5A.
25'

)

QOll .3-1
Amend. 25
Aug. 1976



Question 011.4 (11.3.3.3)

In Table 11.3-17, you list the operating pressures and temperature of
the RAPS and CAPS process vessels. Provide a listing of the design
pressure and temperature of each piece of equipment.

Response:

The design pressures and temperatures of the RAPS and CAPS process
vessels are provided in revised table 11.3-17.

QOl1 .4-1 Amend. 19
May 1976



Question 011.5 (11.3.4)

If releases to the environment are required.from RAPS as an
alternate operating procedure, indicate the release path and
provide a description of the procedure.

Response:

No releases to the environment are required from RAPS as discussed
in revised Section 11.3.4.

Q 011.5-1 Amend. 2
Aug. 1975



Question 011.6 (11.5.3)

Provide the seismic and quality group classifications
and equipment for the solid waste system..

of structures, piping,

r
Rsponse:

The requested information is provided in revised PSAR Section 11.5.3. I2.5

Q011.6-1 Amend. 25
Aug. 1976



Question 011.7 (11.5.3)

Describe the method of processing or handling of sodium-bearing solids
from the primary, intermediate, and ex-vessel storage tank cold traps.

Response:

Response is provided in revised PSAR Section 11.5.3.

Qo11..7-1 Amend. 1
July 1975



Question 011.8 (11.5.5 & 11.5'.6)

Provide the capacity available for storage of solid wastes and estimate
the expected onsite storage period and the decay realized by such storage.

Response:

The response to this question is provided in PSAR Sections 11.5.5 and 11.5.6. 25

Amend. 25
QOll .8-1 Aug. 1976



Question 011.9 (6.3.1.2 & 9.6.1)

In Subsections 6.3.1.2 and 9.6.1,
habitability system. This should
an analysis of this system to shov
consequences of a DBA with respecl
Guide 1.52. See North Coast PSAR.
Table 9.4-4 for an acceptable fort

you describe the control room
be an ESF filter system. Provide
v it is designed to mitigate the
t to each position in Regulatory
, Docket No. 50-376, Vol. VIII,

Response:

The response to this question is incorporated in new Table 6.3-1,
"Conformance of the Control Room Filtration System With Respect
to Each Position of USNRC Regulatory Guide 1.52".

Q 011.9-1 Amend. 1
July, 1975



Question 01i.O (11.3.3.3)

In Table 11.3-17, you list the operating pressures and temperatures
of the RAPS and CAPS process vessels. Provide a listing of the
design pressure and temperature for each piece of equipment.

Response:

The information requested is provided in the responses to questions
011.4 and 020.7.

Qo11 .10-1 Amend. 19
May 1976



Question 011.11 (6.3.5)

In Table 6.3-1, you present your analysis of the control room habitability
system with respect to each position of Regulatory Guide 1.52. Your response
to Position 4.d of Regulatory Guide 1.52 is inadequate. You should provide
a minimum of three linear feet from mounting frame to mounting frame between
banks of components for ease of system maintenance. If components are to be
replaced, the dimension to be provided should be the maximum length of the
component plus a minimum of three-feet.

Response:

The reponse to this question is incorporated in revised Table 6.3-1,
"Conformance of the Control Room Filtration System With Respect to Each
Position of USNRC Regulatory Guide 1.52," Regulatory Position 4d.

QO1 1.11-1 Amend. 11
,lqn 1079



Question 011.12 (10.4.2)

Indicate on the piping and instrumentation diagram for the condenser air
removal system (Figure 10.4-1) where the water from the mechanical vacuum
pump reservoir is directed. This water should be classified as a radioactive
liquid and handled accordingly.

Response:

'.This question was answered in response to QOI.21 in PSAR Amendment 28.
32

QOl1 .12-1 Amend. 32
Dec. 1976



Question 011.13 (10.4.3)

Provide a piping and instrumentation diagram (P&ID) of the turbine
gland sealing system.

Response:

'A detailed description of the Turbine Gland Sealing System is provided
in Section 10.4.3 of the PSAR. The basic flow diagram is shown in Figure
10.4.7. 1 39

Qo11.13-l
Amend 39
May 1977



Question 011.14 (11.3.2.1)

In Subsection 11.3.2.1, you discuss the procedurefor periodic bottling
of.Ar-39 and Kr-85 from the RAPS cryogenic still. -Discuss the procedure
in greater detail. Provide bottle storage pressure. Discuss procedures
and the means for monitoring leakage of gas from the storage bottles.
Provide the anticipated onsite storage. time. Describe the shipping, con-
tainer to be used for transport of"the storage bottles.to a licensed burial
site. Discuss the acceptability of bottled radioactive gases at the
licensed burial sites.

Justify your conclusion that bottling, shipping and ultimate storage of
the long-lived gaseous radioisotopes (Kr-85 and Ar-39) represents a lower
risk to public health and safety than releasing these isotopes under con-
trolled and favorable conditions to the environment. Include your con-
sideration of keeping occupational exposures as low as practicable.

Response:

The cryogenic still bottoms consist of liquid argon in which krypton and
xenon isotopes which pass through the cryogenic charcoal beds dissolve.
The major radioactive species in this solution are Kr-85, Ar-39, and Ar-41.
In addition there will be an accumulation of stable kryptons and xenons
in the still bottoms. Kr-85 and Ar-39 are relatively long-lived and their
concentrations will. continue to increase with time during the operation
of the reactor. The concentration of Ar-41 will approach a steady state
value as a consequence of its shorter half-life.

The cryostill serves to collect and remove krypton and xenon isotopes -
stable as well as radioactive - in the recycle gasstream. This concentrates
these isotopes. To provide the capability to minimize the radioactivity
release from the plant, the bottling station has been shown in the conceptual
system. (Section 11.3.)

During steady state operation with 1% failed fuel, the cryostill bottoms
will accumulate 2.0 curies/day of Kr-85 and about 0.01 curies/day of Ar-39.
It has been determined that if the still were operated for.10 years, the one
cubic foot of liquid argon would contain 5,377 curies of Kr-85, 26 curies
of Ar-39 and 0.05 curies of Ar-41. After this mixture is transferred from
the cryostill to the noble gas storage vessel, the Ar-41 will"rapidly decay
(110 minute half-life), so that only Ar-39 and Kr-85 need be considered
regarding storage and transportation. This will fill 52 1.5 cu. ft. laboratory-
sized gas bottles at 150 psia, a total of 104 curies in each bottle.

This gas, if released, would represent small site-boundary dose effect.
If released at the accumulation rate noted above, and under average meteoro-
logical conditions, the additional site boundary dose rate would be less
than 1 rem/year. (See CRBRP Draft Environmental Statement, NuReg 0024,
Section 3.5.2.6.)

Amend. 25
QOll.14-1 Aug. 1976



Based on the above, either alternative is acceptable. Thus detailed
bottling procedures have not been developed.

The Project-is currently assessing the benefits of each alternative
from an ALARA standpoint. Any change.from the present concept as'
described in PSAR Section 6.1.3 1resulting ,from the Project's
assessments will be included in a future.amendment to the PSAR.

Q O O l 1 .14 - 2 A m e n d . 2 5Aug. 1976



Question 011.15 (11.4.2.2)

Justify why you have not provided a monitor on the cell atmosphere proces-
sing system (CAPS) discharge line which would initiate automatic termina-
tion of the effluent release when radionuclide concentrations exceed a
predetermined level.

Response:

Figure 11.3-13, "P&I Diagram, Cell Atmosphere Processing System," shows
the part of the CAPS system in which the effluent from the cold box
(Figure 11.3-12) is seen to pass through redundant radiation monitors
(RISH) with a high-alarm indicator. When the signal is below the set-
point, the 3-way valve RY operates the control valve RV to permit the
gas flow to proceed to H&V discharge. Upon a "high" signai, RY operates
RV to divert the gas stream into the line which returns to the inlet
pipe of the Vacuum Vessel.

This system does divert the effluent stream back to the CAPS vacuum tank
when that stream's radioactivity exceeds the predetermined set-point
level. Further discussion of this procedure is provided in Section 11.3.4.

QOl .15-1
Amend. 12
Feb. 1976



Question 011.16 (11.5.3)

Although there are a number of processes available which are capable of
solidifyIng liquid wastes under controlled conditions, there is a potential
for free' liquids to remain in containers following solidification with
the widely varying chemical species encountered during power plant oper-
ations. Applications should implement measures to reasonably assure com-
plete solidification of liquid wastes.

Two methods which may assure complete solidification of liquid wastes are:

(1) Process Control Program

(a) Solidification agents and potential waste constituents should
be tested and a set of process parameters established which
provide boundary conditions within which reasonable assurance
can be given that solidification will be complete.

(b) The plant operator should provide assurance that the process
is run within the parameters established under (a) above.
Appropriate system controls and records should be maintained -

for individual batches showing conformance with the established
ParametIrs.

( N).eans d dtect the presence of free liquids in solid waste containers.

YOU should commit to:

(1) Establish process parameters within which solidification systems
must be operated to reasonably assure complete solidification of
liquids and provide assurance that the systems are operated within
tChese process parameters, or

(2) Have provisions to verify the absence of free liquid within containers
prior to shipment offsite.

Resoonse:

Process paramneters will be selected to assure complete solidificationof liquid wastes
Both a process control program and an administrative control program will be used.

.The process control program uses pretested formulas for required portions of
waste streams and portland cement. The formulations would establish the.required
mix compositions as well as the amount of any necessary additives to assure that
the mix will harden into a solid, immobile, free-standing monolith. Formula-
tions would also include excess cement to make certain that there will be no free
water in the crack between the drum wall and the cement block resulting from
shrinkage as the cement sets up.

The administrative controls involve back-up procedures to assure that the
pretested formulas will be followed by operating personnel. Suitable records
will permit verification of compliance.

IFree water is defined as uncombined water not bound in the solid matrix.

Amend 12
Q011.16-1 Feb 1976



Question 011.17 (115.3).

In either case, you should provide data which will justify the method.
finally used and will provide reasonable assurance of complete solidification
of liquid wastes encountered in your.plant.

Response:

While detailed data on the solidification system is not yet available since
a vendor has not been selected, programs to assure complete solidification of
liquid wastes,ý are described in the response to Question 011.16. The data
requested will be provided after the selection of the vendor for the solidifi-.
.cation system.

Amend 12
QOlI.17-1 Feb 1976



Question 011.18 (11.5.3)

In subsection 11.5.3, you describe several procedures for handling and
disposing of radioactive metallic sodium. Justify the acceptability of
disposing of radioactive metallic sodium by storing in 55-gallon drums
for subsequent offsite transfer to a licensed contractor for processing.

Response:

Radioactive sodium is placed in sealed 55-gallon drums in solid form and
is transferred to a shielded vault, where it is stored to allow radio-
active decay of Na24 before processing. Generally, sodium is not exposed
to air or water since it is in a sealed drum. Even when exposed to air,
solidified sodium will not ignite and no water connections are present
in the storage vault. Thus the possibility of a sodium fire in the
shielded storage vault is highly unlikely. Adequate shielding is provided
by the storage vault to minimize radiation exposure to plant operating
personnel. Consequently, no hazard to the general public is presented
by usage of this method of storing sodium waste.

Processing of the sodium either in the plant or by a licensed contractor
will be determined at a later date. When this processing method has been
finally determined,justification for its acceptability will be provided.

Amend. 11
QO1I .18-1 Jan. 1976



Question 011.18 (11.5.3)

In subsectionll.5.3, you describe several procedures for handling and
disposing of radioactive metallic sodium. Justify the acceptability of
disposing of radioactive metallic sodium by storing in 5.5-gallon drums
for subsequent offsite transfer to a licensed contractor for processing.

Response:

Radioactive sodium is placed in sealed 55-gallon drums in solid form and
is transferred to a shielded vault, where it is stored to allow radio-
active decay of Na24 before processing. Generally, sodium is not exposed
to air or water since it is in a sealed drum. Even when exposed to air,
solidified sodium will not ignite and no water connections are present
in the storage vault. Thus the possibility of a sodium fire in the
shielded storage vault is highly unlikely. Adequate shielding is provided
by the storage vault to minimize radiation exposure to plant operating
personnel. Consequently, no hazard to the general public is presented
by usage of thismethod of storing sodium waste.

Processing of the sodium either in the plant or by a licensed contractor
will be determined at a later date. When this processing method has been
finally determined, justification for its acceptability will be provided
in the FSAR. 140

Amend. 40
July 1977QOI.18-1



Question 011.20

To enable a comparison of the CRBRP applicationwith the numerical
standards of lOCFR50, Appendix I, additional information is required.
For each building housing systems containing radioactive materials:

a. Provide a description of the provisions incorporated to reduce
radioactive releases (iodine and particulates) from ventilation
exhaust systems.

b. Provide the release point description, including.height above,
grade, height above and relative location to adjacent structures,
relative temperature difference between gaseous effluent and am-
bient,•flow rate, velocity and size and shape of the flow.orifice.

c. For the containment building indicate the expected purge and venting
frequencies and duration, and the continuous purge rate (if used).

Response:

(a) As described in Section 11.3, one of the design objectives of the
gaseous radwaste processing system is a design that will result in
gaseous effluents in quantities that are as low as reasonably achie-
vable. Technical specifications provided to implement the ALARA
objective are listed:in PSAR Sections 16.3 and 16.4..

The design base and the expected values of theannual activity re-
lease for each gaseous radinuclide are listed in Tables 11.3-11
and 11.3-12 of the:PSAR. Neither table includes radioiodines or
particulates.

As stated in revised PSAR Section 11.3.2.1, particulates and ele-
mental iodine are not expected to enter the cover gas. This statement
is substantiated by published results in-releases from sodium pools
(Ref. QOll.20-1) and in-pile experiments (Ref. Q011.20-2). All
cover gas is processed through vapor traps in the Radioactive Argon:
Processing Subsystem (RAPS) which are expected to remove essentially
all non-gaseous isotopes including any trace quantities of sodium
iodide. After subsequent decontamination by RAPS, the cover gas
is. recycled to the seals and cover gas spaces.- The Cell Atmosphere
Processing Subsystem (CAPS) significantly reduces any radioactivity
levels in plant effluents. Discussion of the.decontamination capa-
bilities and functions of RAPS and CAPS are provided in PSAR.Section
11 .3.

There'is no expected annual activity release of radioiodines and
particulates during normal operations. However, any significant
leakages of such radioactive species would be detected as follows:

1. Leakage to the RSB and RCB cells would be detected by CAPS
process monitors and/or by the CAPS and RSB Radwaste Area
exhaust.monitors;

Amend. 27
QOII.20-1 Oct. 1976



2. Diffusion through the reactor head and buffer seals would be
detected by the RCB ventilation exhaust monitors and/or head-
access-area monitors.

PSAR Section 11.4 provides a discussion of effluent monitoring.

As discussed in revised Section 11.3.1, CRBRP design objectives
include-conformance with the requirements of 1OCFR20 including
ALARA releases. Sections 16.3.11.3 and 16.4.4 discuss the'tech-
nical specifications on airborne release and monitoring, respectively
which provide- assurance that the ALARA objective is achieved.'

(b) A new-Table 11.3-20 has been incorporated-which provides the release
point elevation, flow rate, velocity and size and shape of the
discharge orifice for the effluent release points. Figure 11.3-9.
has been'revised to add roof elevations to the. plan showing nuclear
island and balance of plant-building effluent discharges which Will,
indicate the height above and relative location of the discharges.
to adjacent structures. The relative temperature difference between::
gaseous effluent and ambient is dependent upon the seasonal tem-
perature variations and different plant operating modes. ýGaseous

ý"effluent temperature ranges for the effluent release points areý.
provided in Table 11.3-20. Monthly Historical Temperature Data for
the• .CRBRP area is provided in Table 2.6-4 of the Environmental 1
Report..

For additional information on the effluent release points, see
Sections l1.3 and 11.4 of the PSAR.

(c) During normal plant operation, a 14,000 CFM outside air system
provides conditioned fresh air to, the normal atmospheric areas of
the Reactor Containment Building, as described in Section 9.6.2 of
" th"'PSAR, entitled "Reactor Containment Building".

References:

QOll.20-l R.S. Hart and C.T. Nelson, "Introduction ofCesium,.
Strontium and Iodine into Sodium", in.W.P. Kunk~l,
"Fission Products Retention in "Sodium.-A Summary of

" Analytical and Experimental Studies of Atomics Inter-
national", NAA-SR-11766, 1966, pp 11-13.

QOll.20'2 W. Kunkel, D. Elliot and A. Gibson, "High Temperature
Sodium Studies in KEWB", in W.P. Kunkel, "Fission Product
Retention in Sodium - A Summary of Analytical. and Experi-
mental Studies at Atomics International", NAA-SR-11766,
1966, pp 45-46.

Amend. 27
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Question 011.21 (10.4.2)

441

Indicate on the piping and instrumentation diagram (P&ID) for the
condenser air removal system (Figure 10.4-1) where the water from the
mechanical vacuum pump reservoir is directed. This water should be
classified as a raaioactive liquid and handled accordingly.

Response:

Sections 10.4.2.1, 10.4.2.2 and 11.2.6.2 have been amended to indicate
that the mechanical vacuum pump reservoir drains will be discharged to
the Clinch River in the same manner as other steam cycle related dis-
charges. Concentrations of tritium released from the steam-water cycle
to the river through the blowdown system will be as indicated in Section
10.4.7.3. Figure 10.4-1 (flow diagram for the Condenser Air Extraction
System) has been revised to show disposition of water from the mechanical
vacuum pump reservoir.

QO11.21-1 Amend. 44
April 1978



Question 011.22 (10.4.3)

Provide a P&ID of the preliminary design of the turbine gland sealing
system.

.Response:

A detailed description of the Turbine Gland Sealing System is provided
in Section 10.4.3. of the PSAR. The basic flow diagram is shown in
Figure 10, 4-7.

Amend 39
Q011.22-1 May 1977



Question 011.23 (11.3.2.1)

In Subsection 11.3.2.1, you discuss the procedure for periodic bottling
of Ar-39 and Kr-85 from the. RAPS cryogenic:still. Discuss the procedure
in greater detail; provide bottle storage pressure; discuss procedures
and the means for monitoring leakage of gas from the storage bottles;
provide the anticipated onsite storage time; describe the shipping
container to be used for transport of the storage bottles to a licensed
burial site;.and discuss the acceptability of bottled radioactive cases
at the licensed burial sites.

Justify your conclusion that bottling, shipping and ultimate storage of
the long-lived gaseous radioisotopes (Kr-85 and Ar-39) represents a lower
risk to public health and safety than releasing these isotopes under
controlled and favorable conditions to the environment. Include your
consideration of keeping occupational exposures as low as practicable.

Response:

The procedure for disposing of the
revised PSAR Sections 11.3.2.1.and
gradual release of the noble gases

RAPS cryostill bottoms is discussed in
11.3.4. The procedure involves controlled
through CAPS during normal operation.

Considerations of keeping occupational exposures as low as reasonably
achievable supported the change to the method for disposal of the RAPS
cryostill bottoms as described in PSAR Sections 11.3.2.1 and 11.3.4

Amend. 50
QOl.l.23-1 June 1979
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Question 011.24

To enable a comparison of the CRBRP application with the numerical design
objectives of 10 CFR 50, Appendix I, additional information is required.
For each building housing systems containing radioactive materials:

(1) Provide a description of the provisions incorporated to reduce radio-
active releases (iodine and particulates) from ventilation exhaust
systems.

(2) Provide the release point description, including height above grade,
height above and relative location to adjacent structures, relative
temperature difference between gaseous effluent and ambient, flow
rate, velocity, and size and shape of the vent outlet.

(3) For the containment building indicate the expected purge and venting
frequencies and duration, and the continuous purge rate (if used).

Response:

The requested information is supplied in response to Question 011. 20.

Amend. 27
Q011.24-1 Oct. 1976



Question 011.25

In the CRBRP Third Level Thermal Margin (TLTM) Report and PSAR Section
9.6.2.4, a conceptual design for a reactor containment.building (RCB)
cleanup system is provided. Sufficient information in the TLTM report
or PSAR has not been provided to permit a detailed review. Provide the
following information in the PSAR.

(a) Provide a detailed piping and instrumentation diagram (P&ID) of the
RCB cleanup system.

(b). Provide the ROB cleanup system design parameters, e.g., flow rate,
temperature, pressure, and materials of construction. As appropriate,
demonstrate component material compatibility with concentrated sodium
hydroxide solutions.

(c) Provide information of the efficiency of the sodium scrubber as a
function of temperature and pH. Indicate any research and development
or testing programs which are ongoing or planned to provide the
necessary documentation of scrubber efficiency for the expected
operating conditions. Justify that a 90% efficient scrubber is
adequate to prevent severe plugging or fouling of thedownstream
HEPA filter. Provide the maximum loading (pounds of sodium) that
the closed cycle scrubbing system can tolerate and still function
efficiently.

(d) In view of the fact that hydrogen will be a reaction product of the
sodium scrubber, justify the lack of hydrogen gas instrumentation in
the RCB cleanup system to prevent the buildup of explosive mixtures.

(e) For the RCB cleanup system, provide in tabular form a comparison
between the features of the proposed system and each position in
Regulatory Guide 1.52. For each design item, discuss any exceptions
to.Regulatory Guide 1.52.

Response:

(a) Detailed design of the Containment Cleanup System is presently in
progress. A Piping and Instrumentation Diagram (P&ID) will be included
in CRBRP-3. Volume 2 (Reference lOb, PSAR Section 1.6) as soon as
the design details become available.

(b) The Containment Cleanup System design parameters are included in
Sections 2.1.2.8, 2.2.9, and A.7 of the CRBRP-3, Volume 2.

Amend. 60
Q011.25-1 Feb. 1981



(c) The Containment Cleanup System design has been changed to replace
the HEPA-Charcoal-HEPA filters with a high efficiency wetted fiber
bed sodium scrubber. See Section 2.2.9 of the CRBRP-3, Volume 2,
for a discussion of the scrubber system.

The test program to demonstrate the performance of the TMBDB Air
Cleaning System is discussed in Appendix A.7 of the CRBRP-3,
Volume 2.

(d) See Section 2.2.9 of-the CRBRP-3, Volume 2.

(e) Regulatory Guide 1.52 was developed for an atmosphere cleanup system
consisting of some or all of the following components: demisters,
heaters, pre-filters, high efficiency particulate air (HEPA) filters,
adsorption units, fans and associated ductWork, valving, and instru-
mentation. The TMBDB Containment Cleanup System does not include
any of the filter units above, but instead uses a wet scrubber
system consisting of an air washer, venturi scrubber, and high
efficiency fiber bed scrubber. Thereforej many of the design criteria
of Regulatory Guide 1.52 are not applicable. Table Q011.25-1 lists
the applicable Regulatory positions of 1.52.

Q011.25-2 Amend. 60
Feb. 1981
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Comparison of CRBRP Containment Cleanup
System to Requlatory Guide 1.52, Rev. 2

Table QOl1.25-l

(Sheet 1)

Regulatory
Position

Applicable to CRBRP
Cleanup System

Containment
Remarks

Yes

X

No

l.a

l.b

1.c

l.d

i.e

2.a

2. b

2.c

2.d

2.e

2.f

2.g

2.h

2.i

2.j

2.k

2.1

3. a

3.b

3.c

X
X

X

X
x

X

Xx

x

CRBRP-3, Vol. 2 Report

System does not contain adsorber

CRBRP has no Containment
Spray System

Redundancy is provided for
activecomponents only

Redundant components will
be physically separated

System will be designed to
withstand maximum expected
pressure

System does not contain HEPA
Filters

System manually activated, see
Sect. 2.3 of CRBRP-3 Volume 2

No outside air intakes are
required

System does not contain a demister

System does not contain a demister

System does not contain a demister

X

X
X

X

X

X

X

X
X

X

Amend. 60
Feb. 1981Q011.25-3



Revised Response

Table QO11.25-1

(Sheet 2)

Regulatory
Position

Applicable to CRBRP
Cleanup System

Containment
Remarks

Yes

3.d

3.e

3. f

3.g

3.h

3.i

3.j

3.k

3.1

3.m

.3.n

3.0

3. p

4.a

4.b

4.c

4.d

4.e

5. a

5.b

5.c

5.d

No

x
x
x

x
A
x
X

X

System does not contain HEPA Filters

System does not contain adsorber

System does not contain adsorber
or HEPA filters

System is all welded leaktight

System does not contain water drains

System does not contain adsorber

System does not contain adsorber

System does not contain adsorber 4
x

x
x
x
x
x

x

x

x
x

x

x

x
x

System does not have filter banks

System does not 'have adsorber
and HEPA filters

System does not have heaters

System does not have adsorber or
HEPA filters

No DOP or activated carbon test
are required

System does not have HEPA
filter or iodine adsorber

System does not have HEPA filters

System does not have activated
carbon adsorber

Amend. 60
Feb. 1981QO11.25-4



Revi'sed Response

Table..QO11.25-1

(Sheet 3)

Regulatory
Position

Applicable to.dRBRP Containment
Cleanup System-, Remarks

Yes No

6.a

6.b

x

x

System does not have activated
carbon adsorber

System does not have activated
carbon adsorber

Amend. 60
Feb. 1981
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Amendment 44

There are no new NRC Questions in Amendment 44.

Q-i



Question 020.1 (3.4.1 )

The.PSAR indicates that the lowest floor of several structures will be
below the plant grade. Discuss how the. safety related.equipment located
in all areas below grade will beiprotected from the effects of the maxi-
mum expected groundwater level or flooding caused by natural phenomena.
For each item discussed, provide the following additional information:

(1) A list of all entrances, including their elevations, and means to
be provided to prevent ingress of water. "

(2) A list of other below-gradepenetrations, including those for pipes;
conduits and floor drains, the means to be provided to seal these
penetrations, and.provisions for-periodic examination of these seals.
The list should include the elevation of these penetrations.

Response:

The response to this question is contained in Section 3.4.1. 125

Q020."l-
Amend. 25
.Aug. '1976.



Question 020.2 (3.5.1)

Provide a tabulation of all safety related components that will be located
outdoors and describe ithe protection provided for these components agai.ns ttornado generated missiles. Include in this tabulation all ventilation
system air intakes and exhausts, the diesel generator combustion air in-
take and exhaust, and all vents for safety related tanks.

Response:

[5The response to this question is contained in Section 3.5.1.

q020.2-1 Amend..25
Aug. 1976



Question 020.3 (3.5)

Include in Section.3.5 a description of protection that will be afforded.
for all safety related components and equipment outside containment from
internally generated missiles. List the missiles considered and their
associated kinetic energy.

Response:

The general methods of protection that will be afforded for all safety
related components and equipment outside containment from internally
generated missiles are described in Section 3.5 under the Design Bases
3, 4 and 6.

Since all rotating parts are fully enclosed in metal casings which are
designed to contain any potential missiles, there are no known internally
generated missiles identified from the failure of rotating components
except the turbine failure missiles which are described in Sections
3.5.2.1.1 and 10.2.3. Detailed discussions of rotating component failure
missiles are given in Section 3.5.2.1 for each individual system.

Pressurized component failure missiles are discussed in Section 3.5.2.2 The
identified missiles and their characteristics for SGAHRS and SGS are listed
in Table 3.5-2 .and Table 3.5-3 respectively.

Because of the relatively low pressures in the intermediate heat transport
system and components, the energy state of the contained fluid is corres-
pondingly low, and therefore, no potential sources of high-energy missiles
have.been identified.

Q 020.3-1 Amend. 19
May 1976



Question 020.4(3.6.5)

Provide protection of essential systems and components against
postulated failures in high or moderate energy fluid systems inaccordance with the requirements of enclosure 1, Branch TechnicalPosition APCSB 3-1, "Protection Against Postulated Piping Failuresin Fluid Systems Outside Containment."

Provide a complete tabulation of all high and moderate energy
piping systems as defined in BTP - APCSB 3-1 together with theessential systems necessary to shut the reactor down and tomitigate the consequences of a postulated pipe break located
outside the containment. Revise your application as necessary
and indicate your intent to comply with this position.

Response:

The information requested is provided in revised PSAR Section 3.6.

Amend. 27
Q020.4-1 Oct. 1976



Question 020.5 (3.6.5)

Provide preliminary layout drawings of the safety related areas outside
containment showing the major systems and the protection afforded to
safety-related equipment as recommended in BTP - APCSB 3-1. Emphasis
•should be placed in using the separation principal to the maximum extent
practical.

Response:

The requested• drawings are not yet available because system routing design
is not complete. However, the effects of pipe rupture are being considered
in the design process using separation of rupture sources and safety related
equipment as the principal means of protection from piping rupture.

.The attached table lists by building all safety related equipment and the
piping systems which threaten their function in the event of postulated
piping failures during normal plant operation. The nature of the'hazard,
the method which will be used for protection, and the scope of the analysis
of postulated failures that will be required to comply with BTP-APCSB.3-1
is also listed in the table. Only buildings containing safety related
equipment are included in the table.

It is anticipated that as the plant design progresses, the table will expand
to include more specific detail until upon completion of pipe rupture
analysis, safety related equipment subject to damage by pipe rupture,
will be identified by equipment numbers for safety related systems and
sources will be designated by piping line numbers. Also at that time,
the requested drawings will be prepared. The completed table and drawings
will be included dt a later design stage.

Q 020.5-1 Amend. 1
July, 1975



TABLE Q 0W 0.A-1
SUMMARY OF EX-CONTAI:NMENT PIPE RUPTURE ANALYSIS

SAFETY RELATED
EQUIPMENTr TO
BE PROTECTED

IHTS Piping

SOURCE OF
HA"ARZ

IMET;!OD OF SCOPE OF. ANALYSIS
*REMAININGLOCAT13'. ' HAZARD

Steam Generator
Building (SGB)

. Pipe whip
Jet impinge-
cannt

Main steam line
Saturated steam
line
Recirculated feed
line

Separation is the principal mnans of . Cosplete pipe whip analysis
protection. The •IfTS is.-divided to.-determine the effect of
into three loops which..are separated .. whipping pipe upon sodium
by concrete walls. Any one loop piping within the cail.
nay be "'st without loss of'the decay

.heat removal function although in
two loop-operation a loss of redundancy
may occur.' In order to prevent a major
sodium-water reaction and limit damage
propagation within the. cells sufficient
pipe restraints will be installed to pre-
vent.a.whipping steam or feedwater pipe from
causing cracks on rutures in. sodium
piping.'

Intermediate
Na pump casings

SGB
Cells

.Pipe whip
Jet impinge-

*ment

Main steam line
Saturated steam
line
Recircluated feed
line

Sa as IHTS piping. Same as IHTS piping.

0

U,••r\

Evaporators
* and Super-

heaters

Steam Drum

SGB
Cells

SGB
Calla 241, 242,

243

Pipe whip Main steam line
Jet impinge- Saturated steam
ment line

Recirculated feed
line

Pipe whip Main steam line
Jet Impinge- Saturated steam line
Meint Recirculated feed line

Main feed line
Slowdown line
Pressurized portion
of SGAHRS

Pipe whip Main steam line
Jet Impinge- Saturated.steam line
ment Recirculated feed line

Main feed line
Blowdown line
Pressurized portion
of SGAHRS

Pipe whip Main steam line
Jet Impinge- Saturated steam line
ment Recitculated feed line

Main feed line
Blowdown line
Pressurized portion
of SGAHRS

Same as IMTS piping. Same as IHTS pipifiq.

Separation is the principal means
of protection. The steam generator
system is divided into three loops
which are, separated by concrete
walls. Any loop may be lost without
a lossof the decay heat, removal
function.

Same as steam drums.

Same as steam drums.

Steam Piping
Between
Evaporators,
Steam Drum and
PA(C

Steam Drum
recirculation
system

None required.

None required.

None required.<

U,

(D

W 00



TABLE Q 020.5-1 (Cont'd.)

1.
SAFETY RELATED
EQUIPMENT TO
BE PROTECTED

Sodium Water
Reaction Products
and Vlief System

Emer cy Plant
Service Water
System

Emergency Plant
Chilled Water
System

I&C Panels and
Vital Electrical
Distribution (IS)

Auxiliary Feed
Water Pumps

SOURCE OF
HAZARD

METHOD OF
PRO~TECTIO4

SCOPE OF ANALYSIS
REMAINING

LOCATION HAZARD

SGB Flooding Etergency
Chilled water
Protected Water
Storage tank piping

Normal and Emergency
SGS Water spray Chilled water

Normal Plant
Service Wateri
Fire Protection

Building drains/sumps are sized to prevent
interruption of safety related function by
flooding.

Routed remotely from high energy piping.
Pumps are installed redundantly'and
separated by a concrete wall.

Routed remotely from high energy piping.
Chillers are installed redundantly and
separated by a concrete wall.

See PSAR Section 8.3.1.4

SGB Flooding Emergency Plant
Water spray Service, Water

Normal Chilled
Water; Fire
Protection

XD
0CD

0
0,

Determination of the maximum flood level
that can occur in each cell containing
safety related equipment assuming the
failure of one active component which
would mitigate the effects of a leakage
crack, Verification that all safety
related equipment is above this level.

Determination of the maximum flood level
that can occur in each cell containing
safety related equipment assuming the
failure of one active component which
would mitigate the effects of a leakage
crack, Verification that all safety
related equipment is above this level.

Determination of the maximum flood level
that can occur in each cell contaiping
safety related e4uipment assuming the
faili~re of one active component which
would mitigate the effects of a leakage
crack, Verification that all safety
related equipment is above this level.

Detailed checking of conduit,
cable tray and pipe routing to
verify sufficient separation of
safety related electrical
equipment.

Analysis to prove that floor
drains and building sumps are
sized to provide adequate
protection from flooding
assuming a single active failure.

None required.

SGS Flooding
Water spray
Jet Impinge-
ment
Pipe whip
Environmental

TBD

SGB
Cell 204

Pipe whip
Jet Impinge-
ment
Environmental
Flooding

Aux. feed pump disch.
Aux. feed ,turbine
drive steam line.
Protected Water
Storage Tank viniin

Emergency Chilled
WaterI

"he high energy piping systems
located within this cell are
not pressurized during normal
plant conditions.and therefore
are not considered as postulated
piping failures. Protection
from flooding is provided by
adequate floor drains/building
sumps.

Separation. The SGAIRS is divided into
three loops separated by concrete walls.
Only piping associated with a given l1o1p
is contained in the cell for that loops
PACC. Loss of one loop cannot cause
a loss of the decay heat removal function.

Protected Air SGB
Cooling Cells 281,
Condenser 282, 283

Jet Impinge- SGAHRS steam line
ment Steam drum relief
Pipe whip and safety valve

lines-ý >

14-
C71



TABLE Q 020.5-1 (Cont'.d.)

SAFETY RELATED
EQUIPMENT TO
BE PRMOCITED

Protected Water
Storage Tank

Connecting
Piping between
PWST to and
including
first valve

Building Walls

Steam Generator
Bulding

SOURCE OF
HAZARD

METHOD OF
PROTECTION

SCOPE OF ANALYSIS
REMAININGLOCATI:.N HAZARD

SGe
call 204

Pipe whip Aux. feed pump disch.
Jet Impinge- Aux. feed turbine
ment drive steam line

Emergency Chilled Water

Pipe whip Aux. feed pump disc.
Jet Impinge- Aux. feed turbine
ment drive steam line

Emergency Chilled Water

Same as Auxiliary Feed Water.
Pumps

Same as Auxiliary Feed
Water Pumps

Same as Auxiliary Feed WaterPumps

Same as Auxiliarn Feed Water
Pumps

SGB

SGB, Cells
241,243,244,
245,246,221,
222,223,281,
282,283,207,
208,209, 224,
225, 226

s GB/',GB
Interface

Gross 8truct.
failure.
Punch sheer
failure.
Hazardous
missile from
spalling.
Fluids leaking
thru wall

FLooding

A=)

C:1
PQ
Cý

L"
I

.9h.

High energy systems The preferred method of protection from
contained within the postulated pipe rupture, separation, is
listed cells. used exclusively for the SGB.

Analysis to prove that this method of
protection is adequate will be performed
on each wall of a cell containing high
energy piping. The'results of this
analysis will be used to size wall thickness
or to add piping restraints whichever
is more economical.

Feedwater and Con- Adequate Floor drains/sumps and curbs
densate Secondary are installed to preclude flooding
Services Cooling Water, inTGB from entering SGB and affecting
Normal Plant Service SGB safety related components.
Water, Fire Protection
Circulating Water,
Normal Chilled Water

Detailed pipe rupture analysis
to determine the effects of
pipe rupture on building walls
providing separation of
redundantly installed safety.
related system.

NONE

Ventilation System , Control
including fan, Building
filters, air
conditioning

Water-spray. Normal and Emergency
Flooding Chilled Water System

Fire protection

High energy piping systems are excluded Determination of the maximum
from control building. Floor drains/ flood level that can occur
sumps adequately sized to prevent flooding in each cell containing chilled
in the event of piping failure and single water'piping and safety related
active component failure. Pipe routing equipment of a piping failure wit•r
is designed to separate chilled water piping one active component failure.
and electrical componentS. Where this is not Verification that all safety related
possible, spray tight panels are used. . equipment is above this level.

C- f

C0

LU,

Emergency
Batteries

I&C Panels

A

Control Water spray.
Building' Flooding

Normal and Emergency
Chilled Water Systems
Fire Protection

Same as Ventilation System.

Same as ventilation System.

Same as Ventilation System.

same as Ventilation System.control Water spray. Normal and Emergency
Building Flooding Chilled Water Systems

Fire Protection

PS91



TABLF Q 020.5-1 (Cont'd)

SPFETY RELATED
EQUIP,%!NT TO
BE PROTECTED

Emergency Plant
Service Water
System

SOURC: OF
HAZARD

KMETHOD o0
PRC7FCT1O0.4

SCOPE OF ANALYSIS

tnCA'rIO:: HAZ.APD

Diesel Gen-
erator Bldg.
(DGB)

Pipe whip
Jet impingement

H.P. Air-Diesel
starting air
Fire Protection

Auxiliary Mach.
Systems for
Diesel Generator

Diesel starting
air system

DGB
Cells 511,
512

DGB
Cells 511,
512

DGB
Cells 511,
512

Pipe whip
Jet impingement
Water spray
Flooding

H.P. Air - Diesel
starting air.
Emergency Plant
Service Water

Fire Protection

None None

Separation of the Emergency Plant service
water supplies is established so that a
HP air line rupture of one engine will
not affect the service water line of the
other. fdditionally, the pipe size of
the H.P. air lines is smaller than that
of the EPSW so that only through wall
cracks are to be expected., Moderate
energy systems do not pose a hazard
to this portion of this system.

Diesel engines are installed redundantly.
A pipe rupture in either "source" system
precludes diesel operation for that unit
but-does not cause a loss of safety
related function.

There are no other high energy system
in these cells. Failure of a moderate
energy system will not prevent this
system from operating.

Reliability of the diesel electric
generators is dependent upon
the integrity of the boundary between
the two systems. The wall will be sized
and constructed to prevent all of the
hazardous occurrences,

The service water header is separated by
a concrete pipe chase. Adequate floor
drains/sumps are installed to preclude
flooding of safety related components.

Same as Emergency Electrical Switchgear

None required.

None required.

TBD

K)
C
0o
0

Un
I1

DGB Building
Walls

Gross structural
failure
Punch sheer
failure
Hazardous missile
from spalling
Fluids leaking
through wall.

H.P. Air - Diesel
starting air

Detailed analysis of the effects
of high energy pipe rupture on
the walls of cells 511, 512.

Emergency Electrical
Switchgear {IE)

Safety Related
Control and
Instrumentation
Panels

Flooding
Water spray

Emergency Plant
Service Water

Emergency Plant
Service Water

Determination of the maximum flood
level that can occur in each cell
containing safety related equipment
assuming the failure of one active
component which would mitigate the
effects of a leakage crack.
Verification that all safety related
equipment is above this level:

Same as Emergency Electrical
Switchgear

H(D

LnI

DGB Flooding
Water spray



TABLE Q 020.5-1 (Cont'd.)

SAFETY RELATED
EQUIPMENT TO
BE PROTECTED

Air Blast Heat
Exchangers

EVST Na & NaK
Cooling System
Components

EVST and EVST
.0 Guard Vessel

LOCATION HAZARD
SOURCE OF

HAZARD
METH OD OF
PROTECTIO!1

SCOPE OF ANALYSIS

REMAINING

Reactor
Services
Building
(RSB)

RSB

Cells 336A,
B,C, 319CD

RSB
Cell 327

None None

None None

0

01

0ct
System 82
providing and
servicing
primary cover
gas

Emergency Plant
Service Water

None

Flooding.
Water spray.

None

None

There are no high energy system in
the RSB. Non-sodium moderate energy
systems other than ventilation are
excluded from these cells.

There are no high energy piping
systems in the RSB. There are
no non-sodium systems other than
ventilation in these sealed and
inerted cells.

There are no. high energy piping
systems in the RSB. There are
no non-sodiun systems other than
ventilation in these sealed and
inerted cells.

There are no high energy piping
systems in the 3SB. Adequate
floor drains/sumps will be provided
to protect safety related components
from flooding. Spray tight covers
will be installed where required.

There are no high energy piping systems
in the RSB. Moderate energy systems
do not threaten this syste=z3 function.

Final check upon completion of
final pipe routing to verify
exclusion of non-sodiumppiping other
than ducting from these cells.

Final check upon completion of

final pipe routing to verify
exclusion of non-sodium piping
other than ducting from these cells.

Final check upon completion of
final pipe routing to verify
exclusion of non-sodium piping
other than ducting from these cells.

Argon pipe routing incomplete.
Analysis will determine the effect
of water sprays on valve operators
and other controls necessary for
system operation where it is
impossible to separate them from
the system.

None

TBD

RSB None

C-.

(D

4-
'.0

I

0 0



Question 020.6 (None.)

In regard to potential failures or malfunctions caused by freezing,
icing, and other adverse environmental conditions, discuss the pro-
tective measures to be provided to assure the proper function of
those components not housed within temperature controlled areas,
and that are essential in attaining and maintaining a safe reactor
shutdown.

Response:

The only components not housed within temperature controlled areas and
essential in attaining and maintaining a safe reactor shutdown are
the Emergency Cooling Towers. Piping to the Emergency Cooling Towers
will be routed underground below the frost level to prevent freezing.
The piping at. the Emergency Cooling Tower is drained by a 3/4" perma-
nent bleed line to the basin to prevent freezing of the pipes when
the Emergency Cooling Tower is not operating. Electrical power cables,,
Emergency Cooling Tower fan motors, instrumentation and control equip-
ment are provided with proper electrical insulation and selected such
that the adverse environmental conditions will not affect their oper-
ability and safety function.

The water in the Emergency Cooling Tower storage basinýis not affected
severely by adverse weather conditions, specifically freezing, since the
water level is below the ground level and the basin is approximately
40 ft. deep.

Under extreme cold weather conditions the
Water Systems can be alternately operated
temperature above freezing.

two Emergency Plant Service
to maintain the idle reservoir

Amend. 1
-l July, 1975Q 020.6



Question 020.7

For all vessels that will contain.gases under pressure (such as argon,
nitrogen, chlorine, hydrogen, oxygen, air, and CO2 tanks) provide the.
following information: 2

1. The:design and operating pressures of the vessels,.

2. The.maximum pressure of the gas supply

3. The total amount of energy which could be releasedin the
event that the largest pipe connected to the storage vessel.
should rupture

4. The protective measures that will be taken to prevent the
loss of.functions.of.adjacent equipment essential for a safe
reactor shutdown,:.

5. Preliminary drawings that indicate storage locations and
arrangements..ofcomponents within each..storage area.

Response:

7tviseG Section 9.5 provides the requested information.

Q020.7-1 Amend. 19
May 1976



Question 020.8 (None)

Provide the results of an analysis to demonstrate that failure of any non-
seismic Category I auxiliary system or component (including-associated
turbine systems and components) will not have. a detrimental effect (such
as flood, spray, leaks) on safety related systems or will not prevent
safe shutdown of the plant.

Response:

An analysis to demonstrate that failure of any non-seismic Category I
auxiliary system and component will not have a detrimental effect on
safety related systems outside containment is incorporated in the reply
to Question 020.5 (3.6.5).

In response to Question 020.5, a table is provided which identifies the
safety related target, its location, the hazard considered (pipe whip, jet,
impurgement, or flooding), the source of the hazard, and the method of
protection used to protect the safety related system. Non-seismic
Category I auxiliary systems and components have been considered as a
source of hazard to safety related systems in this evaluation.

In addition, in evaluating the auxiliary systems and components to be
included in the containment building, each system or component having
any possible effect on a safety related system or any possible effect
on preventing a safe shutdown of the plant is designed in accordance
with the requirements for seismic Category I systems. Thus, there are
no non-seismic Category I auxiliary systems or components within con-
tainment which can have a detrimental effect on safety related systems.

Amend. 1

Q 020.8-1 July, 1975



Question 020.9 (5.6.1)

Additional information is required to evaluate the safety aspects of the
Steam Generator Auxiliary Heat Removal System (SGAHRS). Provide
description and analyses to demonstrate that the protected water storage
tank (PWST) is capable of providing makeup to the steam drums until the
residual heat load is reduced to a level that is within the capability of
the Protected Air Cooled Condensers.(PACC).

Response:

Updated PSAR Section 5.6.1.3.9 provides the analysis requested.

17

Q020.9-1
Amend. 17
Apr. 1976



Question 020.10 (5.6.1)

Provide description and analyses to demonstrate that the Protected Air
Cooled Condensers (PACC) are capable of removing the total residual
heat upon depletion of the Protected Water Storage Tank (PWST) inven-
tory.

Response:

This question has been answered in revised PSAR Section 5.6.1.3.9 as
part of the response to PSAR Question 001.169.

Q020.10-1 Amend. 12
Feb. 1976



Question 020.11 (RSP) (5.6.1 & 5.1.5)

It is our position that sufficient redundancy and diversity of power
source be incorporated into the design of the Auxiliary Feedwater
System (AFS) as described in BTP APCSB 10-1, "Design Guidelines for
Auxiliary Feedwater System Pump Drive and Power Supply Diversity for
Pressurized Water Reactor Plants", attached as Enclosure 3.

Response:

The information requested is contained in new PSAR Section 5.6.1.3.12.

17

Q020. 11-1
Amend. 17
Apr. 1976



Question 020.12 (9.4)

Provide the criteria and bases to be used in the design of electric heaters
and associated mounting hardware applied to piping and components that are
safety related. Provide single failure analysis to demonstrate that the
failure of electrical heating system would not impair the ability of the
safety related systems and components to perform their safety function.

Response:

See revised section 9.4.3.

Q020.12-m Amend.Oct. 1975



0 Question 020.13 (9.6.1)

Provide additional description, piping and instrumentation diagrams (P&IDs) and
single failure analysis for the Control Building Heating, Ventilating and Air
Conditioning System. P&IDs should indicate design classification of each
component and subsystem, and means for isolating the essential portions of
the system from the non-essential portions. The system design should be
such that the failure of non-essential portions of the system, or of other
systems or structures not designed to seismic Category I requirements,
will not prevent the operation of the essential portions of the control
room area ventilation system.

Response:

The description, piping and instrumentation'diagrams (P&IDs) for the Control
Building HVAC System are incorporated in revised Section 9.6.1 and on the
revised Figures 9.6-1, 9.6-2 and 9.6-3. The single failure analysis for
the HVAC System is incorporated in new Table 9.6-2, "Single Failure Analysis,
Control Room HVAC System'tnd in new Table 9.6-3, "Single Failure Analysis,
Control and Diesel Generator Buildings Emergency HVAC System." The
design classification of each component is incorporated in new Table 9.6-I,.
"Control Building HVAC System Equipment List".

Q020.13-1 Amend. 1
July, 1975



Question 020.14 (9.6.2 and 9.6.3)

Provide additional description and design criteria for the Reactor
Containment Building and the Reactor Service Building HVAC Systems.
The information should include provisions to maintain the atmos-
phere in these areas suitable for the operating personnel and the
equipment.

Response:

The response to this question.is incorporated in revised Sections 9.6.2 and
491 9.6.3 and the revised P & ID'S are provided on Figures 9i.6-4 through 9.6-10.

Amend. 49
Q020.14-1 April 1979



Question 020.15 (9.6.5)

Provide additional descri~ption and design criteria for Diesel Generator
Building HVAC System. The information should include a single failure
analysis of the systems located in the Diesel Generator Building.

Response:

The description and design criteria for the Diesel Generator Building
HVAC System is incorporated in revised Section 9.6.5. The single
failure analysis for the Diesel Generator Building HVAC System is in-
corporated in new Table 9.6-7, "Single Failure Analysis, Diesel Genera-
tor Rooms HVAC System".

S.Q020.15-1 Amend 1

July, 1975



Question.020.16 (9.6.6)

Provide additional description and design criteria for the Steam Generator
Building HVAC System. The infomation should include a single-failure
analysis and the resultant ambient temperatures.

Response:

The description and design criteria for the Steam Generator. Building HVAC
System is incorporated in revised Section 9.6.6 and revised P&ID's are

491 provided on Figures 9.6-12 through 9.6-15. The single failure analysis for
the safety related Steam Generator Building HVAC System is incorporated
in new Table 9.6-9, "Single Failure Analysis, Steam Generator Building,
Steam Generator Cells HVAC System."

Amend. 49
Q020.16-1 April 1979



Question 020.17 (9.7)

You state in the PSAR that the safety-related portion of the Auxiliary
Coolant Fluid System (ACFS) has sufficient redundancy in equipment and
piping to avoid fuel damage. The description and drawings provided in
the PSAR are not sufficient in detail to permit an evaluation of this
redundancy. Provide additional description, piping and instrument dia-
grams and a single-failure analysis for the ACFS system.

Response:

The response to this question is incorporated into the response to
Question 020.32.

15

Q020.17-1

Amend. 15
April 1976



Question 020.18 (9.9.2)

,Provide design criteria and single-failure analysis for the
Emergency Chilled Water System (ECHWS). Provide, in table
form, individual cooling requirements of various coolers
served by the emergency chilled water system.

Response

Section 9.9.2.1 of the PSAR is revised to include design criteria
for Emergency Chilled Water System (ECHWS). Single failure analysis
of the system is presented in Table 9.9.2-3. Table 9.9.2-1 is
revised to include individual cooling load requirements and
locations of the various components served by Emergency Chilled
Water System. Table 9.9.2-2 is revised to reflect the changes
in cooling water requirements shown in revised Table 9.9.2-1.

Q 020.18-1 Amend. 1
July, 1975



Question 020.19 (9.9.4 & 9.9.6)

In order.to permit an assessment of the ultimate heat sink, provide the
results of an analysis of the thirty-day period following a design basis
accident that determines the total heat rejected, the sensible heat re-
jected, the station auxiliary system heat rejected, and the decay heat
release from the reactor. In submitting the results of the analysis
requested, include the following information in both tabular and graphical
presentations*:

(1) The decay heat rate and total integrated decay heat.

(2) The heat rejection rate and integrated heat rejected by the station
auxiliary systems, including all operating pumps ventilation equip-
ment, diesels and other heat sources.

(3) The heat rejection rate and integrated heat rejected due to sensible

heat removed from containment and the primary system.

(4) 'The total integrated heat rejected due to the above.

(5) The maximum allowable cooling water inlet temperature taking into
account the rate at which the heat energy must be removed, cooling
water flow rate, and the capabilities of the respective heat exchangers.

(6) The maximum design ambient air temperature.

The above analysis, including pertinent backup information, should demon-,
strate the capability of the ultimate heat sink to provide sufficient
heat dissipation to limit cooling water operating temperatures within
the design ranges of system components, and should be based on the guide-
lines provided in Regulatory Position C.l.a and C.l.b of the Regulatory
Guide. 1.27.

Response:

The Steam Generator Auxiliary Heat Removal System (SGAHRS) prov ides
primary heat. removal for the reactor decay heat.. The Overflow Heat
Removal System (OHRS) provides backup for the SGAHRS as a secondary
means for the reactor decay heat removal. The 100% redundant Ex-
Vessel Storage Tank Cooling System (EVS) provides spent fuel decay
heat'removal service. All three systems use the atmosphere as an

..ultimate heat sink. The Emergency Plant Service Water System with
the Emergency Cooling Towers provides auxiliary heat removal to support
the operation of the above systems, and providez"the ultimate heat sink
for the Control Room HVAC and Emergency Chilled Water System,

Q 020.19-1 Amend. 1
July, 1975



Auxiliary Coolant Fluid System, Standby Diesel Generators and other heat
sources. The SGAHRS, OHRS and EVS Systems are described in Sections
5.6.1, 5.6.2 and 9.3.3 of the PSAR. The Emergency Plant Service Water
System and the Emergency Cooling Tower are described in Sections 9.9.4
and 9.9.6 of the PSAR.

(1) The present selection of the Emergency Cooling Tower Storage Basin
is not based on the integrated decay heat to auxiliary heat removal,
but it is based on the maximum decay heat rate applied for the re-
quired 30 day period. Additionally 10% extra capacity is incor-
porated into the basin design. This provides-a conservative
approach in accordance with the presently available information.
The decay heat rate and the integrated decay heat rate will be in-
corporated into the Emergency Cooling Tower design and will be
presented in the FSAR.

(2) Table 9.9.4-1 of the PSAR is revised to show the maximum heat re-
moval from the various components served by Emergency Plant Service
Water System.

(3) The heat rejection rate removed from the primary system is de-
scribed in Sections 5.6.1 and 5.6.2 of the PSAR. The integrated
heat rejection from the primary system will be presented in the
FSAR.

(4) The total heat is rejected from the plant-by the' above systems.
The integrated total heat for each of the systems and the total
integrated heat rejected from the plant will be summarized and
presented in the FSAR.

(5) The maximum cooling water inlet temperature to each component will
be presented in the FSAR.

(6). The cooling load calculations are based on 95gF DB and 77°F WB am-
bient temperatures simultaneously to establish the Emergency Cool-
ing Towerheat rejection requirements. The above temperatures re-
present 0.424% and 0.585% duration for all summer hours (2928) at
the Oak Ridge Area Station.X-lO from 1966 through 1972. The
cooling loads and their effect on the Emergency Cooling Tower heat
rejection requirements will be analyzed on the.basis of the
highest historical temperatures. The result of this analysis will
bepresented in the FSAR.

Onhthe basis of information received from various cooling tower manufac-
turers having experience with nuclear safety related ultimate heat sinks,
it is assumed tha the evaporation rate of the Emergency Cooling Tower
will be maintained at a relatively constant rate despite the variations
.of the loads andmeteorological conditions by controlling the air/water
ratio of the. tower opration. The anticipated methods for the air/water
ratio control are cooling tower fan cycling or discharge dampers modu-
lation. The analysis supporting the above assumption will be presented
in the FSAR.

Q020.19-2 Amend. 1
July 1975



Question 020.20 (9.13)

Description and analyses of the Fire Protection System (FPS) should
emphasize protective measures taken to prevent occurrence of fires.
These measures should include separation by fire barriers, use of
fire-resistant construction material, locating combustible material
in separate areas of the plant and providing fire protection system
for these facilities.

Description and evaluation of the fire protection system should be in
accordance with.the requirements of Regulatory Guide 1.70.4.

Response:

The information requested is incorporated into revised Section 9.13.1
for conventional fire protection. The information pertaining to Sodium
fire protection is incorporated into revised Section 9.13.2. 2

Q 020;20-1 Amend. 2
Aug. 1975



.Question 020.21 (9.14)

Provide sufficient details in Figures 9.14-1, 9.14-2, 9.14-3 and 9.14-4
to permit proper evaluation of the safety aspect of the diesel generator
auxiliary systems.

(1) A cross connection with two locked-closed valves should be pro-
vided between the two fuel oil pump suction lines from each buried
fuel oil storage tank to enhance the diversity of the emergency
power generation.

(2) Provide design parameters for the diesel generator auxiliary
system components.

(3) Indicate the source of cooling water supply to the diesel-
driven and motor-driven air compressors for the diesel-generator
starting air system.

Response:

1. Section 9.14.1.1 and Figure 9.14-1 have been revised to reflect the
suggested change.

2. More definitive parameters for the diesel generator auxiliary system
components will be supplied in the FSAR following the purchase of the
diesel generator sets. However, certain design parameters have been
added to the revised Sections 9.14.1, 9.14.3 and Figure.9.14,1.

3. The source of cooling water supply to
identified in revised Figure 9.14-3.
the deletion of the diesel driven air

the starting air compressors is
Revised Section 9.14.3.2 reflects
compressor.

Amend. 1
July, 1975Q020.21 -1



Question 020.22 (10.3)

Provide design criteria and bases to ensure that the main steam
isolation valves will be capable of closing against accident flow rates
caused by a steam line break downstream of these valves.

Response:

The temperatures, pressures, flow rates and response times which provide
specific design bases for the main steam isolation valves are not yet
defined. The design features planned to meet the eventual design
criteria are discussed in revised Section 10.3.1 of the PSAR.

Q020.22-1 Amend. 1
July 1975



Question 020.23 (10.2.1)

Provide additional description, design criteria, and bases for the turbine
speed control system.

Response:

The description, design criteria, and bases for the turbine speed control
system have been provided in the revised PSAR Sections 10.2.1 and 10.2.2. 1 41

Amend. 41
Oct. 1977

Q020.23-1



Question 020.24 (10.4.7)

Determine the volume of water that could drain to the turbine.building as
a result of a failure in the recirculating water piping, and discuss the
precautions taken to ensure that the intended function of the safety-•
related equipment will not be impaired by the flow of this water to the
steam generator building via stairways or other openings.

Response:

The maximum amount of feedwater volume that can drain into the Turbine
Generator Building (TGB) in case of a break in the feedwater and conden-
sate piping is -205 cu. ft. If this water spreads over the Ground Floor it
would result in a -0.l in. water layer spreading uniformly over the floor,
assuming no provisions for drain water disposal. However, there are
several floor drain fittings provided in the ground floor of the TGB which
are piped to floor sumps. The capacity of each sump is -54 cu. ft. and
therefore four of these would be adequate for protection. In addition to
these sumps, there are trenches covered with gratings in the ground floor,
their total holding capacity is -980 cu. ft., and so they are more than
adequate for preventing water buildup in the TGB. Therefore, no water
would flow into the Steam Generator Building (SGB) via the two openings
which are presently two 7 ft. doors for fire escape only and are kept
closed. Also a 4 in. curb will be provided at these doors.

Q020.24-1 Amend. I
July, 1975



Question 020.25 (5.6.1)

Provide an explanation of nomenclature used in Figure 5.6.1 and demonstrate
that the selected design load of 15 MWt for the PACC is compatible with the
data given in Figure 5.6-1.

Response:

The first part of this question has been answered in the response to NRC Question
001.169.

PSAR Section 5.6.1.3.9 provides the requested identification of SGAHRS component
sizing criteria. In summary, in order to size critical components of SGAHRS such
as the PACC's the transient heat load on the system was considered. If the normal
feedwater supply is unavailable upon plant shutdown, Auxiliary Feedwater (AFW) will
be supplied to the steam drums thereby allowing sensible and decay heat to be removed
by venting steam in addition to PACC operation. Venting continues until the heat load

decreases to the level at which the PACC's can reject all incoming heat. The
PACC's are sized to remove 15 MWt each (45 MWt total) with forced convection
on the air side. The heat load is expected to reach this level within approxi-
mately 3/4 hour as shown in Figure 5.6-1. Feedwater consumed by steam venting
during the transient will be available from the Protected Water Storage Tank
(PWST). The quantity of feedwater used during the venting process is directly
proportional to the heat rejected. The PWST has been sized to provide sufficient
water for all postulated occurrences including those requir-ing venting for longer
periods of time than shown in Figure 5.6-1 (e.g., loss of loop).

Amend. 24

Q020.25-1 July 1976



.Question 020.26 -,(9..5.1)

Description and, drawings- prov-ided. for the Argon Distribution System are
not. adequate to evaluate. the system. Pro'vide. additional descriptton. and P&ID's
for 'the ýArgon .,Distribution. Sys'tem...': Theinfo.rmatio"n shoUld include.the
type: of valves to be:1'u s ed: and their.. ab.ility in containilng the::radioactive
cover.. gas• in Athe event of packing. gland.faillure.. Figure 9.5-2, Sheets ý2, :3, .
and 4, .appear to .be ident.ical. If they show Argon Distribution System in
Steam Generator Build.i ng: fori three• •separate, but identical loops, the,
equipment i n each. ishould ýbe so :designated.: The. same comments apply to-
Sheets 2,-3., and 4 of Figure 9.5-3.

Response:

The P&ID's for the Argon Distribution System are currently being prepared
and will besupplied to NRC in July, 1976. The valves to be used for
the Argon Distribution System have not been specified. The criteria for
specification of the valves will include-consideration of the effects of
packing gland failures.

Q020.26-1 Amend. 22

June 1976



Question 020..27 (9.5.1)

Explain the purpose of the arrows with numbers that occur in several
flow diagrams. If these arrows and numbers designate system interfaces
and system numbers, these systems should be so designated in the
description.

Response:

The numbers adjacent to the interface arrows do refer to the interfacing
systems. Amended Section 9.5 identifies the systems and their numbers.

Q020.27-1

Amend 12
Feb 1976



Question'020.28:

Provide criteria and bases used in determining the size of the liquid
argon and liquid nitrogen storage on site. Fresh argon supply rate
should be based on the possibility of failure of the Radioactive Argon
Processing Subsystem CRAPS) and, consequently, no purified argon
return from RAPS to the Primary Recycle Cover Gas Storage Tank. Provide
information to demonstrate that argon can be delivered to the site in
the event of extreme natural phenomena, such as rain, snow, and-resultant
floods before depleting onsite stored gases.

Response:

There are five liquified gas storage complexes in the IGRP system. Two
of these are at the RSB pad, two are at the SGB pad, and one is in the RSB. I

The RSB argon supply consists of two 1500 gal. dewars arranged to
deliver gas in sequence, or in parallel. Any dewar can be charged at will.
The size of these vessels is determined by the projected consumption
and the desired reserve capacity. The normal usage of argon, once
the system has been filled and settled in its operation will be modest,
and a single dewar will provide a minimum of 30 days of normal service.
About half of dewar will be required to re-inert the Fuel Handling Cell.
Therefore, the two dewars provide the necessary back-up when this
large cell is being serviced.

The RSB nitrogen supply consists of two 6000 gal. dewars arranged to
deliver gas in sequence, or in parallel. At the design-value use rate
required to supply inerting gas to the RSB and RCB cells, each dewar
can provide a 6-day supply. When sodium component cleaning operations
are in progress, one dewar can Drovide a 3 day supply. Vessels provide
a minimum of six days of service at the maximum use rate.

The 6,000 gal. dewar size was chosen to coincide with the capacity
of a standard long haul cryogenic tanker truck. Such a tanker is
expected to be used to provide scheduled recharging service. The currently
identified source of supply is located in Huntsville, Ala., which
is approximately 175 miles from the plant site Via primary surface roads.
Normal transit times can be projected to be less than 5 hours so that
the 3 day reserve provides sufficient time to recover from late deliveries
due to natural causes (weather, accidents, etc.) The delivery of argon
will be on a similar basis.

Amend. 62
Q020.28-I Nov. 1981



The SGB argon supply consists of two 1500 gal. dewars arranged.,to
deliver gas in sequence, or in parallel. ýach dewar is expected"tp "
provide normal service for at least-30 days. .Maintenance and sodiumtransfer
operations in uQB are not expeqted to require more .rgon than can be.
Supplied,cwith a~equate reserve by the twq dewars. Tho dOwar5 alppprovie
a back~up supply via a tie-line to the.RSB dgwar ýystep.

The normal SGB nitrogen supply system consists of two 3,000 gal.
dewars. For normal operation, the service period of each tank is
expected to be about $0 days. However, a sodium cleaning Operation has
been projected for an SGB location. Its needs would rpquire one tank's
capacity in 4 days. Therefore,, the two dewars provide ap adequate
reserve for future needs.

The sodium-water reaction nitrogen 4upply consists of one 5,00 gal.
dewar with . connectiop to thp normfl S*G nitrQpn: i$pl'ý f~r eopergenqy
use. This supply is provided for Use foa lowijgq sodivUm/water, reati-qn
events,. The nitrogen is used as the SWRPR$ fort yqe•• g45 and fr
holding the'pressure 9n the water sidgd of, het ýteam generators following
sodium.dump. The, steam generAtor ýys.tem.i. n•ply 4- sMal.J nQrmIl yse-ratq,
and .1i 11"be recharged to filthe dewar's when the sw•yly tanker arrjve

for any l.iquio Mitrogem service. The dewar qan-supply servl¶F $o Qn:
steam qgenerator module for about 3&6 hours.

Q020-48-202- ,Amend. 62

Nov. 1981



Question 020.29 (9.5)

Abbreviations associated with valves shown in table form on page l.A-6
of the PSAR do not cover all the designations shown on flow diagrams.
For instance, Figure 9.5-1 contains valves that are designated by abbre-
viations of LV, HV, PV and YV, which are not explained in the above
mentioned table. Expand the table to include all abbreviations used in
the figures.

Response:

The table in Section l.A has been revised to include all abbreviations
used in the figures of Section 9.5.

Q020.29-1 Amend 12
Feb 1976



Question 020.30 (9.6.1)

The non-essential portions of the control room HVAC system should be
isolated from the essential portions appropriately (by two automatically
isolated dampers). Revise your design to show this capability.

Response:

The response to this question is incorporated in revised PSAR Section
9.6.1.3, "Safety Evaluation" and revised Figure 9.6-1, "Flow Diagram-
Control Room HVAC System." Figure 9.6-1 has been revised to show that the
toilet exhaust ductwork connects directly to the Control Building exhaust
structure instead of connecting with the Control Room exhaust ductwork
and that the toilet exhaust system is provided with two automatically
operated isolation dampers.

Q020. 30-1 Amend. 12QFeb. 1976



Question 020.31 (9.6)

Revise your design to include redundant monitors that are capable of
detecting radiation, smoke, and toxic chemicals in the control room HVAC
system air intakes. These monitors should actuate alarms in the control
room.

Response:

The response to this questions is incorporated into revised PSAR Sections
9.6.1.2 and 9.6.1.3, and into revised Figures 9.6-1, "Flow Diagram - Control
Room HVAC System," 9.6-2, "Flow Diagram - Control and Diesel Generator

491 Buildings Emergency HVAC Systems," and 9.6-14, "Flow Diagram - Steam
Generator Cells and Auxiliary Bay HVAC System".

Figure 9.6-1 has been revised to show redundant toxic chemical and smoke
detectors and radiation monitors in the Control Room air intake ducts.

491 Figures 9.6-2 and 9.6-14 have been revised to show the relocation of the
radiation monitors from the Control Building and Steam Generator Building
air intakes to the Control Roomair intake ducts.

Amend. 49
Q020.31 -1 April 1979



Question 020.32 (RSP) (9.7)

Your response to question' 020.17 is not complete. Figure 9.7-1,
Auxiliary CoolantFluid System (ACFS) Schematic Flow Diagram
does not provide sufficient detail to permit evaluation of safety
aspects of the system.,

it is our position that isolation valves be provided to isolate
the non-safety related portions of-the ACFS system from safety
related portions.. Also, describe how ACFS flow to safety related
heat loads inside containment will be maintained in the event of
a containment isolation-signal.

Provide description and P&ID in sufficient detail showing all
valves and pertinent instrumentationfor the ACFS system.

Further, your response indicates that redundancy is provided
only on the Recirculating Gas Cooling System (RGCS) side of the
coolers.. Since there is no-redundancy in cooler units, single
failure analysis should consider loss of cooling capability to
any single cooler unit. Consequently, residual heat removal
system should not take credit for the OHRS system for removing
reactor decay heat.

Response.

Since the preparation of PSAR Section 9.7, "Auxiliary Coolant Fluid
System", the use of Dowtherm J has been re-evaluated. As a
result of this re-evaluation, Dowtherm J auxiliary coolant has
been replaced with chilled water, except in situations where sodium
is contained in the fluid being cooled. In these cases, a secondary
Dowtherm J cooling loop is interjected between the sodium contain-
ing fluid and the chilled water. To implement these changes, several
sections of the PSAR have been revised to replace references to
Dowtherm J with references to chilled water. In addition, the Normal
and Emergency Chilled Water portions of Section 9.9 have been
relocated to Section 9.7.

The response to this question, modified to reflect the change from
Dowtherm J to chilled water has been incorporated into the following
revised Sections of the PSAR:

Sections 3.A, 3.2, 6.2.4, 7.6.1, 9.1, 9.3, 9.6, 9.7, 9.9, 9.15,
15.7, and 16.3.7.

In addition to the detailed information provided in the revised PSAR
Sections, the following summarizes the approach taken to resolve each
point raised by Question 020.32:

a. Figures 9.7-1 and 9.7-2, "Normal and Emergency Chilled
Water Systems" provide sufficient detail to permit
evaluation of the safety aspects of the Chilled Water
Systems including the former Auxiliary Coolant System.

Q020.32-1 Amend. 15
April 1976



b. Redundant isolation valves are provided
"•between safety and nonsafety related portions
of the Chilled Water Systems (i.e. between
the normal and emergency portions) to
ensure separation capability.

c. In the event of a containment isolation signal,
the Normal and Emergency Chilled Water supply
lines to containment will not be automatically
isolated, because both Chilled Water Systems
a.re-closed systems capable of withstanding
containment design pressures. If events
(e.g...a.pipe break in the Normal or one
Emergency. Chilled Water line).should require
the isolation any chilled water cooling loop,remote manual isolation valves will be shut
.in the affected loop upon a signal from thechilled water and the drainage system leak
detectors. Whenever this is done, all safety-
.related heat loads inside containment-will be
supplied by-eitherl the Normal.Chilled Water
System, or-if the normal systemis unavailable
by the redundant Emergency Chilled Water System.

d. Figures' 9.7-1 and 9.7-2 and the descriptive
subsections in Section 9.7 show. all system
valves and pertinent instrumentation requested.

e., The two-train, redundant Emergency Chilled
Water System supplies cooling to safety-related
units in-the Recirculating Gas Cooling System.

Amend. 15
Q020.32- 2 April 1976



Question 020.33 (RSP) (9.9.4)

Figure 9.9-4 indicates that each Emergency Plant Service Water (EPSW)
pump provides flow through a separate and redundant loop.

Present design is not capable to assure cooling water flow to safety re-
lated equipment in the event of a moderate energy line crack in one loop
and a simultaneous single active failure in the other. Revise your de-
sign to provide this capability.

Response:

As shown on Figure 9.9-4, (Basis Flow Diagram - Emergency Plant Service
Water System) EPSW system design meets the requirements of a single failure
criterion as defined in Section 3.1.2. The assumption of a simultaneous
piping failure (moderate energy line crack) in one loop of the EPSW and
an active failure in the other loop goes beyond what is required by the
single failure criterion.

However, in the event the above assumption is considered, the leaking loop
can be isolated from the NPSW system and normal reactor shutdown can be
achieved using the NPSW system. Therefore, no design changes are considered
necessary.

Q020.33-1 Amend. 9
Dec. 1975



Question 020.34 (9.13.1)

Provide P&ID's showing the fire protection system yard piping, storage tank
and the pumps.

Response:

The Water Supply System P&I Diagram, Figure 9.13-1 shows the schematic
arrangement of the fire protection system yard piping and the pumps. The
lower portions of the main station cooling tower basins serve exclusively as
the water storage reservoirs for the Non-Sodium Fire Protection System.
Table 9.13-4(sheet I of 4) describes the capacity of the fire protection
reservoirs and the basic design features of the yard piping loop. 19

Q020.34-1
.Amend. 19
May 1976



Question 020.35 (9.13.1)

The PSAR states that Halon 1301 fire suppression system is provided in the
Control Room and the Computer Room. Since Halon 1301 and its products
of pyrolytic decomposition carry a risk to personnel, describe how the
following precautions and safety measures are considered in the design:

(1) Detectors on each line of the Halon system at its storage location
to detect small leaks.

(2) Detectors in the Control Room and its ventilation system, capable
of sensing small fractions of a volume percent of Halon 1301 in
the Control Room, and alarms to alert personnel of the presence
of Halon 1301.

(3) A description of the methods to be used to seal the Computer
Room.

(4) A description of how safe access to the Computer Room, after a
postulated fire, will be made to assure that the fire has been
completely extinguished.

(5) A description of other fire protection systems or equipment that
are available within or without the Control Room to completely ex-
tinguish a fire in the control cabinets or subfloor, if required,
in addition to the Halon system.

(6) The design criteria and bases for the Halon system to
natural phenomena, failures in the storage'system and
active failures in the distribution system.

Response:

Revised PSAR Section 9.13.1.2 responds to this question.

Q020.35-1

withstand
single

Amend. 20
May 1976



0
Question 020.36 (RSP) (9.13)

Your response to question 020.20 is not complete. The description
provided in the PSAR does not follow the guidelines set forth in
Sections 9.5.1.1, 9.5.1.2, 9.5.1,3 and 9.5.1.4 of the Regulatory
Guide 1.70.4, "Additional Information, Fire Protection Considerations
for Nuclear Power Plants." Provide the additional information.

Response.

The additional information requested is incorporated into the
revised Section 9.13.1 for the Non-Sodium Fire Protection System.

Q020.36-1

Amend. 13
Feb. 1976



Question 020.37 (E.2.1)

Section E.2.1 lists general requirements and key objectives related to
the modifications to the reference design to accommodate the consequences
of postulated pipe ruptures. Specify whether the plant design will be
committed to make these objectives into design requirements.
Modifications to the reference design should not compromise the integrity
of the systems and components that are essential for the safe shutdown
of the plant. Revise Section E.2.1 accordingly to include a design
requirement to address this issue.

Response:

For the purposes of Appendix E, a doubled-ended rupture in the primary
heat transport system piping will be accepted as a design basis and the
general requirements and key objectives given in Section E.2.1 will
become design requirements for the plant. Section E.2.1.has been
revised accordingly.

Modifications to the reference design will not compromise the integrity
of the systems and components that are essential for the safe shutdown
of the plant and Section E.2.1 has been revised to include this requirement.

Q020.37-1 Amend. 15
Apr. 1976



Question 020.38 (E.3):,

Table E.3ýl indicates that one of the assumptions made in pipe rupture
core transient analysis for three-loop plant operation involves a
maximum cover gas makeup flowrate of 100 scfm to the reactor vessel.
Show that the effects of this accelerated argon flow is considered
in modificationsto the argon storage and distribution capability of
the reference design.

Response:

The pipe rupture core transient analysis assumptions include a 100
scfm cover gas flowrate into-the reactor. This flowrate is de-
scribed in Table E.3-1 as being chosen so as to estimate the maximum
break outflow. Current design effort results indicate that, in
order to minimize the number of cycles that the control valve will
experience in providing recycle argon gas to accommodate a reactor
trip, the flowrate in this line be limited to about 60 srfm. Al-
though this restriction might result in a reduction of the rate of
sodium release in the break, the effect is expected to be small.

The gas which flows through this vaive originates (in the reference design)
in.the recycle argon vessel, which normally contains about 3,000 scf of
gas at about .50 psig. This vessel is the first source of gas to respond
to the pipe rupture event. The vessel is capable of delivering gas for at
least 20 minutes at 100 scfm. Thus, no modification to the reference design
is necessary. As the vessel becomes depleted and its pressure drops to the
selected set point of approximately 10 psig, fresh argon supply makeup
•gasenters,. the distribution line. Normally, this supply is capable of del-
ivering gas from one argon Dewar at 33 scfm, but if a condition persists
requiring high flow, the other two Dewars with. their 33 scfm evaporation
rate can-be made available by the operator.

Q020.38-1
Amend. 20
May 1976'



Question 020.39 (6.2.6.1.2 Yellow)

The SHAA cooling and ventilating system does not appear to be designed for
a single failure since there is only one supply and one exhaust lines.
Demonstrate that the design values of the SHAA will not be exceeded
assuming a single failure in the cooling, and ventilating system or, revise
your design accordingly.

Response:

This question requests clarification of information which is no longer
a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a and lOb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively. The CRBRP no longer
has a sealed head access area. 60

Q020.39-1 Amend. 60
Feb. 1981



Question 020.40 (9.5.1 Yellow)

Provide design criteria and bases used to determine the size of
emergency argon storage facility inside the Dump Heat Exchanger (DHX)building.

Response:

With the deletion of the Parallel Design in Amendment 24 this-question
is no longer relevent as the features upon which the question is based
are no longer a part of the design.

Q020.40-1l Amend. 62
Nov. 1981



Question 020.41 (6.2.7.2-Yellow)

Provide a description, preliminary layout drawings and P&ID showing the
heating, ventilating and cooling, and other auxiliary systems required
in the DHX building.. Discuss the effect of the additional requirements
of the DHX building on the capability of the related auxiliary systems
included in the reference design.

Response:

In Amendment 24 to the PSAR, the Project withdrew the Parallel Design
from further consideration by the NRC staff. This question requests
additional design information on a specific feature of the Parallel
Design. Accordingly, the question is no longer relevant.

Q020.41-1 Amend. 62

Nov. 1981



Question 020.42

Identify the means proposed to isolate the DHX in-the event of fire and
include-the measures to be used to inert the atmosphere. (Refer to our
previous request 020.20).

Response:

With the deletion of the Parallel Design in Amendment 24 this question
is no longer applicable as the DHX is no longer a part of the design. I

Q020.42-1 Amend. 62
Nov. 1981



Question 020.43 (9.5 Yellow)

It appears that credit is being taken for operation of the inert gas
receiving and processing system following the postulated CDA. Specifically,
the capability of the argon gas distribution, radioactive argon processing
(RAPS) and cell atmosphere processing (CAPS) subsystems appear to be
assumed to be available. The subsystems are not designed as engineered
safety features (Table 6.1-1) and postulated single failures (e.g., failure
of the cryogenic column) apparently are not considered. The need for these
subsystems is not clear. Revise your analyses accordingly or propose
revised systems' designs to reflect their safety-related function, if any.

Response:

The current TI.1BOB analyses [see CRBRP-3, Volume 2 (Reference lOb of PSAR
Section 1.6)] take no credit for operation of the inert gas systems during
the postulated scenario.

q020.43-1 Amend. 62
Nov. 1981



Question 020.44

The response to item 020.2 is not complete. Revise the PSAR to indicate
the tornado protection provided for the emergency cooling tower fans and
motors.

Response:

As described in updated Section 3.8.4.1.4, the Diesel Generator Building
houses and provides tornado protection for the airblast heat exchangers,
which dissipate the Emergency Plant Service Water heat load. The revised
design does not include emergency cooling towers.

Amend. 33
Q020.44-I Jan. .1977



Question 020.45 (RSP) (3.6.5)

You have not responded to item 020.4 with respect to committing to meeting
Branch Technical Position APCSB 3-1 in regard to protection against postulated
piping failures in fluid systems outside containment.

Response:

PSAR Section 3.6
020.4.

has been revised in Amendment #27 in response to question

Q020.45-1 Amend.* 29
Oct. 1976



Question 020.46 (RSP)(5.6.1)

Your response to item 020.9 and 020.10 are not complete. The DAHRS (Demo
Auxiliary Heat Removal Simulation) computer model used to determine the
steam venting requirements, which affect the sizing of the Protected
Water Storage Tank (PWST), assumes that the Protected Air Cooled Conden-
sers (PACC) operation start twenty minutes after shutdown. The PSAR
further states that venting will continue until heat load decreases to
the level at which the PACCs can reject all incoming heat at about one
hour after shutdown. Also, the operation of the PACCs require AC power
to drive the fans. The analysis based on this assumption results in a
PWST capacity that is non-conservative.

It is our position that if credit is to be taken for PACC operation for
short term (within 2 hours after shutdown) shutdown heat removal, PACC
design should meet power diversity requirements of Branch Technical Posi-
tion 10-1, i.e., PACC should be able to operate without an A-C motive
power source within this time period. Alternatively, if no credit is to
be taken for PACC operating during the short term (2 hours) the size
of the PWST should be sufficient to provide the necessary makeup to the
steam drum for two hours.

Response:

The two hour loss of all bulk AC power is not a design basis event for
CRBRP. However, section 5.6.1.3.9 has been modified to include a two hours
loss of AC power event in evaluation of the PWST size. A new case covering
this event has been added to Tables 5.6-7 and 5.6-9. The loss of all bulk
AC power is assumed and the volume of the PWST is shown to be adequate.
PACC heat rejection is assumed to be zero with the PHTS and IHTS naturally
circulating.

Amend. 31
Q020.46-1 Nov. 1976



Question 020.47

i

The non-sodium fire protection system should, to.the extent reasonable and
practicable, conform to the guidelines of Branch Technical Position APCSB
9.5-1, a copy of which is enclosed.

Response:

The CRBRP Project, to the extent reasonable and practicable, Is committing to
meet the Intent of Branch Technical Position CMEB9.5-1, "Guidelines for Fire
Protection for Nuclear Power Plants" as Indicated In PSAR Section 9.13.1.

Amend. 76Q020.47-1 March 1983



Question 020.48 (10.4.7)

Your response to item 020.24 is not complete. Determine the volume of
water that could drain to the turbine building as a result of a failure
in the condenser cooling water piping or expansion joints at the conden-
ser, and discuss precautions taken to ensure that the intended function
of the safety related equipment will not be impaired by the flow of this
water to the steam generator building via stairways or other openings.

Response:

The volume of water that could drain into the TGB as a result of a
failure in the circulating water piping or condenser expansion.joints
is approximately equivalent to the inventory of the condenser (46,200 gal)
plus the circulating water contents of the cooling tower basin (about
1,500,000 gal) i.e., a total of 1,546,200 gal.

There is no safety-related equipment located in the TGB. There are
two potential pathways for water to enter buidings where safety-related
equipment is located i.e., the personnel door in theSteam Generator
Building Auxiliary Bay of the Steam Generator Building (SGB) and the,
personnel access corridor leading to the Diesel Generator Building (DGB),,
Control Building (CB) and other Nuclear Island buildings. Other openings
in the TGB through which water could empty before entering the Nuclear
Island (NI) buildings include doorways leading to the Maintenance Shop
and Warehouse Building and the yard transformer area, as well as the
roll-up door for the TGB railroad access bay.

The intended function of safety related equipment will not be impaired by
the flow of this water into the Nuclear Island buildings since the potential
pathways leading into the SGB and DGB from the TGB will be provided with
watertight doors.

Instrumentation denoting the initiation of the circulating water system
flooding incident for operator attention and action, as required, willibe
provided. Waste Water Treatment System instrumentation will actuate main
control board alarms to signify simultaneous high water levels in sumps
located adjacent to the main condenser. These alarms, coupled with an
alarm denoting a simultaneous low pressure in the circulating water pump
discharge header and/or loss of main condenser vacuum will advise the
operator of the flood incident initiation such that the circulating
water pumps can be shutdown, eliminating the water at the source.

Q020.48-1 Amend. 30
Nov. 1976



Question 020.49

In Amendment 29, you indicated that the impact of Appendix A to Branch
Technical Position 9.5-1: is presently under evaluation. Appendix A
dated August 23, 1976, gives alternatives to the staff to be utilized
in the re-evaluation of fire protection provisions. In order to begin
our re-evaluation, perform a fire hazards analysis of your'facility with
the assistance and the technical direction from a qualified fire protection
engineer.

This examination should:

(a) Identify the guidelines in Appendix A which are presently
met, and discuss how this. is done;

(b) Identify.the guidelines for which modifications, procedural
changes, or enhanced training of personnel are underway
or planned, such that the guidelines will, be met, and the
date you intend to meet Section B of Appendix A, "Adminis-
trative Procedures, Controls and Fire.Brigade", and

(c) Indicate which of the guidelines you do not now meet or do
not intend to meet in the future. For such items, you should
provide .a basis for your position.

Response:

The detailed response to Appendix A to Branch Technical Position APCSB 9.5-1
is contained in Appendix A to PSAR Section 9.13.

Amend. 48,
Q020.49g- Feb. 1979



Question 040.1 (6.2.1.3)

Identify the heat sinks used in the containment.pressure/temperature
analysis giving, for example, surface area, material, thickness, and
location.

Response:

The Reactor Containment Building pressure and temperature transient analysis
presented in Section 6.2.1.3 is based on the RCB Design Basis Accident
(Primary Sodium In-Containment Storage Tank Failure During Maintenance).
This postulated accident assumes a large sodium pool fire on the floor of a sub-
grade containment cell (Sodium Overflow Vessel and Storage Vessel Cell).
For the accident evaluation, the cell is assumed to be de-inerted (air
atmosphere) and in communication with the upper containment volume.

The heat sinks used in the pressure and temperature analysis are:
1) Thie containment vessel steel shell above the operating floor, 2) the
urethane foam insulation covering the outer surface of the containment
.vessel shell, 3) the steel wall and floor liners in the sub-grade contain-
ment cell, and 4) the concrete wall and floor of the sub-grade containment
cell.

Tables 6.2-2 and 6.2-2A of the PSAR provide a detailed description of the
geometry (thickness, area) and heat transfer properties of these heat sinks.
New Table 6.2-4A presents a summary description of the heat sin.-s used for
the analysis.

Q040.l- Amend 16
Apri~l 1976



Question 040.2(6.2.1.3):

For those analyses in which heat rejection to structure and components were
considered, justify the heat transfer analysis including (1) heat transfer
coefficients, (2) contact resistances, (3) heat transfer through insulation,
and (4) modeling or simulation used. Provide the thermal response of typical
sections used for design purposes.

Response:

The structures to which heat rejection was considered are !).the contain-
ment.vessel steel shell above the operating floor, 2) the urethane foam.
insulation covering the outer surface of the containment vessel shell,
3) the steel wall and floor liners in the sub-grade containment cell, and
4) the concrete wall and floor of the sub-grade containment shell. The
response to Q040.1 provides a summary description of each of these heat
sinks and Tables 6.2-2 and 6.2-2A of the PSAR provide a detailed description
of the geometry (thickness, area) and heat transfer properties of these heat
sinks.

The applicable heat transfer mechanisms in the analysis ,are 1) radiation
heat transfer from the sodium pool to the gas atmosphere above the pool
and to the cell walls above the pool., 2) convection heat transfer from the
sodium pool to the gas atmosphere, 3) convection heat transfer from the gas
to the walls of the cell and the containment vessel, and 4) conduction heat
transfer between inter-connected nodes of the heat sink structures.

The analytical methods used for determining radiation and convection heat
transfer from the sodium pool have been justified and fully explained in
the response to question 001.241.

Convection heat transfer from the containment gas atmosphere to the steel
cell wall liner and steel vessel shell is dependent on the temperature dif-
ference between the gas and the wall, the surface area of the wall (steel
liner or vessel shell) exposed to the gas, and the convective heat transfer
coefficient. The exposed wall areas and initial gas and wall temperatures
are input parameters to the computer code SOFIRE-II, (See Tables 6.2-2 and
6.2-2A). The convective heat transfer coefficient is dependent
on the thermal conductivity, viscosity, and Prandtl Number of the containment
gas atmosphere and the temperature difference between the gas atmosphere
and the wall. The actual correlation used in S)FIRE-II to compute this
coefficient is described in Reference Q040.2-1

Amend. 16
Q040.2'1 Apr..976



Conduction heat transfer through the heat sinks is based on a nodal heat
transfer analysis. Each structure is modelled as a series of inter-con-
nected nodes, e.g., the containment vessel shell and urethane foam
insulation covering the shell are modelled as four inter-connected nodes.
Node thicknesses and cross-sectional areas are input parameters, as are
the material properties for each node, such as density, conductivity, and
specific heat. The specific input parameters which describe each node
(thickness, area, density, etc.) are itemized in Tables 6.2-2 and
6.2-2A. The conduction heat transfer model used in the SOFIRE-II code
is descriDed in detail in Reterence Q040.2-i.

Heat transfer through the urethane foam insulation covering the outside of
the containment vessel shell is calculated by a nodal conduction heat trans-
fer analysisias discussed in the preceding paragraph.

No contact resistances between any two heat nodes were assumed.for the
analysis.

The basic model used for the analysis.was the SOFIRE-II computer code
(Reference Q040.2-1). The accident evaluated in Section 6.2.1.3 results in
a large pool fire on the floor of a sub-grade containment cell; the cell is
assumed to be de-inerted (air atmosphere) and in direct communication, via
an open equipment hatch, with the upper containment volume. The Two-Cell
version of SOFIRE-II, which was used for the referenced analysis, effectively
models the inter-connected cell geometry-associated with the accident.

The applicability of the SOFIRE-IIcode to sodium pool fire evaluations has
been discussed in Section 6.2 of the PSAR and in response to question
001.237. The references cited in response to question 001.237 and the
references in Appendix A provide the basis for the-heat transfermethodology
and modeling used in SOFIRE-II.

Typical thermal responses for the heat sinks used in the analysis are provided
for the containment vessel shell, and the cell steel wall and floor liners
in Figures 6.2-4, 6.2-8, and 6.2-9 respectively.

References

Q040.2-1. AI-AEC-13055, "SOFIRE-II User Report," March 30, 1975

q040.2-2 Amend. 16...... Apr. 1976



Question 040.3

Provide a list of all nonseismic systems and components within the

containment building and inner-cell system. Discuss the effect that the

failure of these systems or components will have on the design basis
accidents.

Response:

Detailed analysis of the failure of non-Seismic Category 1 equipment in

the: reactor containment building have not been performed. However,
failure of any non-Seismic Category I equipment is considered in
continuing design and evaluation activities.

New Table 3.2-6 provides a listing of non-Seismic Category I systems
and components in containment.

Q040.3-1

Amend. 30
Nov. 1976



Question 040'.4 (15.6.1):

Thirteen inner cell% have been identified as containing sodium systems.
and requiring at least partial inerting. .Section 15.6 does not provide
analyses which consider all compartments. It is indicated in Section.,
.3A that each cell has been analyzed to determine the functional design
requirements--cell pressure, temperature and liner temperature--due '.
to. postulated accidents. The following information is required for
each cell subject to sodium spill's and pressure/temperature transients:.-

a. Sources •ofsodium spilll(s) within each compartment,
identifying system, leak flow rate, duration, and"
temperature of leaking fluid;

b. Methods of evaluating cell response including analytical
techniques and. modeling;

c. Peak calculated cell gas pressure and;temperature;

d. Cell-design pressure and' design temperature for the
hot and cold liners.

Response:*

a. Table Q040.4-1 sunmmarizes the source, rate, quantity, duration
and temperature of the design basis spill identified for the inner
cells of the-Reactor Containment Building. Time sequences for leak
termination are detailed in Tables Q040.4-2 and Q040.4-3. The reply
to Question Q040.9 describes the methpd for determining a leak size 38
and flow rate for each Primary Heat Transport Piping System. In
inerted cells, the consequences of a given spill depend to a large
extent upon the sodium temperature. In general., the location of the
design basis leak for each cell was chosen as the highest temperature
sodium pipe with the largest diameter and with the largest internal
pressure. In one case in particular, the reactor cavity cell lOlA,
the location of the design basis leak in the cell was chosen as the
highest internal pressure pipe (the 24" dia cold leg pipe for cell
lOlA) and coupled with the highest temperature of a pipe in the cell
(the 1015 0 F hot leg pipe in cell lOlA) for conservatism.

b. Cell responses to postulated sodium spills were predicted using
SPRAY-I, and SOFIRE-II codes. A description of these codes is provided
in Appendix A of the PSAR. Their applicability to sodium fire transient
analyses, as evidenced by prediction of experimental data, has been
presented in PSAR sections 6.2 and 15.6. The codes were described
and their applicability to sodium spill events were discussed in the
March 5, 1976 meeting with NRC.

SPRAY predicts short term temperature and pressure transients for
postulated sodium sprays; SOFIRE predicts longer term effects due to

Amend. 38.
Q040.4-1 April 1977



pool fires in the inerted ce.l atmospheres. Because SPRAY and SOFIRE
are not coupled codes, cell response to an event is calculated bY
using SPRAY.AND SOFIRE in sequence, and then separately. The case
yielding the highest cell gas temperature and/or pressure is used
to obtain a.conservative result. SOFIRE has-also been used. to predict
temperatures in, the structural concrete surrounding the cell.

The assumptions used in the SPRAY/SOFIRE calculations are outlined
in the reply to Question 001.236.-

c. The maximum design basis-leak rate of 8 gpm at 1015'F was analyzed
for the PHTS cell with the smallest free cell volume. This resulted
in a pressure rise of less than 2-psi and a temperature increase
of the atmosphere to 154 0 F (assuming a 1000F ambient). The leak ratesfor the remaining cells are generally much lower than 8 gpm andvwould
result in lower pressure and temperature increases. It is expected
that solidification of the sodium pool volumes would occur in all
cases without'damage.to cell liners.

d. The cell design pressure and temperatures are shown in Table
Q040.4-1. The maximum long term design temperatures for the cell
liners are equal to the cell design temperature.

9
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TABLE Q040.4-2

TERMINATION OF LEAK TIME SEQUENCE

TIMELINE CNDITIONS A1 AND A2

I-

ws-

SEE NOTE 1,
JrTECTION - MAX, FLOW RATE A1 - BASED ON 100 GPM DRAIN & FREEZEVENT

A2. BASED ON 50 GPM DRAIN &FREEZE VENT

SHUTNDOM - MAX, FLOW RATE

30
I~VIEW OF'CAIJSE-- (MAX.FLOW RATE) /10-

0)
.qt.
0D
0rPROCEDUFES - _ (MAX, FLOW RATE)/IO

• '120. MIN.,•. .. ! VENT (FREE2E PLUG)

.SEE..NTE.2.,.

(MAX. FLOW RATE)/1O

5.5 . *. . ~ .

DRAIN ( _ (MAX. FLOW RATE)/IO )

NOTES: 1,
2.

SEE TABLE 040,4-1 FOR LEAK DETECTION TIME,
[RAIN TIME DEPENDS ON VOLLUME IN LOCAL SYSTEM,, BASED ON 50 AND 100 GPM DRAIN.)
WI-h (MAX, FLOW RATE) 10LEAKAGE OCCURRING DURING DRAINING, SEE TABLE FOR

DRAIN TIME,

S
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TABLE Q040.4-3

TERMINATIJON"OF LEAK"TIME SEQUENCE

T.IME LINE .CONDITION B

-MAX, FLOW RATE B, -BASED ONf. HANICAL VENT

Iko

C-,

SEE-NOTE 1,

__S_ DETECTOION

E•SHU'mWK
- 8GPM MAX. FLOW RATE

[RE IVIEW OF CAUSE - _ (MAX, FLOW RATE)/10

[2' PROCEDURES _ (MAX. FLOW RATE)/IO
C)
0r

MEQ-L VEN (MAX, FLOW RATE)//1-0
SEE. NO 2,

, ***~ A , ~ . .

DRAIN ( 0.8 GPM)

NOTES: 1.2, SEE TABLE 04014-1 FOR LEAK DETECTION TIME, ON 5 M N
%l).AIN TIME DEPENDS. ON VALUME. IN LOCAL SYSTEM. BASED ON.50 GPM DRAIN WITH
(if'ax. FLOW RATE)/IO LEAKAGE.OCCURRING DURING DRAINING, SEE TABLE FOR DRAIN
TIMES

.0



Question 040.5 (15.6L1)

e. Provide the results of an analysis of the pressure buildup behind
the hot and cold liners as the result of sodium spills considering
air-gap heat up and the possibility of gaseous releases from the
concrete or other sources.

Response:

The cell liner design includes venting space behind the steel liner. Thevent is in the form of a gap between the liner and the concrete, which

serves to collect any gases evolved from the concrete, and vent piping which
allows the excess gas to travel to a non-critical area. This venting T

system will be designed to limit the maximum pressure buildup behind the
liners to lesý than 5 psi.

Q040.5-1 Amend. 31Nov. 1976



Question 040.6

Figures 12.-4 through 1.2-9 indicate that hot cell liners are pro-
vided for portions of the Reactor Cavity, Primary Heat Transport
(PHTS) compartments, and sodium storage tank cell. Justify the partial
hot liner coverage provided in these cells and the exclusion of hot
liners from other cells contain-i ng sodium systems.

'Response:

The current cell liner design concept is that of a fixed or "cold
liner;" i.e., there will be no differentiation made between "hot"
and "cold" liners.

Under the fixed liner concept, the liner is fully restrained and
thermal. stresses will be accommodated by inelastic strains in the
liner material. The design calls for prefabricated cell wal~l panels
consisting of a steel liner on which is placed an insulating layer
of concrete. These precast composite panels will serve as wall
forms for pouring the Structural concrete walls. The liner will be
vented by providing an air gap sufficient to allow venting.

Amend. 24
Q040.6-I July 1976



Question 040.7 (15.6)

The introduction to Section 15.6, "Sodium spills at potential. locations
other than those discussed in this section have been examined; however,
the results of these spills were considered to be less severe in terms
of radiological consequences and cell temperature/pressure transients...".
Identify these other spells and provide justification that the cell nressure
temperature transient and liner thermal conditions which are "less
severe. " Consider,.for instance, leaks in the Intermediate Heat
Transport System (IHTS), or other secondary systems, as well as other
locations in the PHTS within the inner-cell system. Provide justification
for the exclusion or elimination of these leaks.

PpsDonse:

The design basis leak for inerted cells has been defined as described in
the response to Q040.9. The project is currently defining a desion basis
leak rate for non-inerted cells. These design basis leaks will be used to
provide the basis for cell design parameters. In addition to defining the
design basis for non-inerted cells containing non-radioactive liquid metal,
analyses of worst-case sodium spills will be performed to evaluate the design
margin.

The criteria for determining the severity of the consequences of those
spills are cell pressure, cell structural concrete temperatures and-release
of radioactivity to containment. Although where liners are used they are
to accommodate the maximum sodium temperature of the spill, the cell design
conservatively assumes that sodium/concrete reactions may occur. The cell
design thus considers additional pressure buildup because of the sodium/
concrete reaction and deleterious effects of the sodium/concrete reaction on
the cell structure.

Amend. 30
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Question 040.8 (15.6)

Provide an analysis of the hot sodium jet spray on cold liners within
the inner-cell system for any of the sodium spills postulated. Justify
the assumption of maintaining liner integrity under these conditions.

Response:

The response to this question is provided in new PSAR Section 3A.8.3.3. I

Amend. 64
Jan. 1982
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Question 040.9

For each sodium leak analyzed for containment/cel:l response, provide the
method (analytical model, computer code, empirical data, etc.) used to
determine the mass release rate and. temperature of the leaking fluid,
particularly for those accidents in which fluid system characteristics
affect the release.

Response:

The sodium leaks analyzed for containment/cell response included in the
PSAR were bated upon an assumed 30 gpm leak. This leak rate was estimated,
based upon the anticipated characteristics of the leak detection system.
Since this preliminary assessment was performed, additional effort has
been expended to develope a design basis leak rate of 8 gpm for the primary
sodium system which has as its basis both. theoleak detection system, and
piping and component structural integrity. Using the design basis leak rate,
sodium spill design parameters have been determined for each primary sodium
cell in the reactor containment. These spills were developed on the basis
.of a. conservative, postulated design basis crack, which is derived from the
following rational.

It has been demonstrated, via extensive experimental and analytical work,
(see Ref. 2 of Section 1.6) that the largest credible flaw in the CRBRP
primary piping will exhibit negligible growth due to the plant duty cycle.
.In the event that such flaws are, forced .to grow, by application of load
cycles§ or load levels: Substantially in excess. of the conservatively formu-
lated plant duty cycle, the growth: morphology is such that the crack would
be expected to penetrate the 'pipewall prior to the accumulation. of signifi.i-.
cant crack extension. Thus, a realistic assessment of the available infor-
mation leads to the conclusion that a major spill will not occur. In order'
to obtain design basis spills for the Cells, then, it was necessary to
postulate an ultra-conservative series of events considered to be incredible.
The first such postulate was that a crack significantly longer and slightly
deeper than the largest credible initial flaw did indeed exist in the pipe
although the construction and quality assurance requirements prescribed for
primary piping render such a poss.ibility absolutely incredible. It was then
assumed that the growth morphology was. such that penetration would not occur
until the final event in the plant duty cycle. Extensional growth of the
crack was not constrained, however, and such growth was modelled, using con-
servative material properties throughout the complete plant duty cycle2 The
extended crack was then assumed to. penetrate the pipe wall instantaneously,

Amend. 30Q040. 9 -1 Nov. 1976



over a major portion of the extended length; the design basis crack was
conservatively" estimated, ýon the basis of the penetrated crack, to have a
total length of 4 inches..-

.Having established the 4.0 inch crack as the source
leak, the leak rate wascalculated as a function.of
pressure and pipe size using the following equation
the crack.

of the design basis,
the system temperature,
for laminar flow through

Q rir3 (2C)4 p4 /8 1,E 3t 4 .

where: ri =,inside pipe radius

2C=. crack length = 4.0. inches

""E modulus of elasticity for the pipe

t = pipe thickness

P = internal pressure

and i = sodium viscosity.

This expression for laminar flow was applied because-calculated leak rates-
were higher than would be obtained using the turbulent flow expressiyon pre- .
sented in recent cell liner meetings with NRC and ACRS. For each spill
postulated, the temperature of the leaking coolant was taken as the maximum

system temperature expected. Leak volumes were calculated on the basis of
the leak rate and a leak duration based upon conservative system detection
and operator action times. The upper limit design basis leak rate is 8,gal/
min which' is assumed to continue for 30 minutes (20 minutes for ,leak detection,
10 minutes for operator action). (For additional information concerning
the design basis leak, see "Information in Advance of CRBRP Cell. Liner
Design Meeting with NRC", dated June 1976).

Amend. 30

Q040. 9 -2 Nov. 1976



Question 040.10 (6.2.4)

For the RAPS surge tank cell, provide a leakage test program which is in
compliance with Appendix J of 10 CFR 50,or justify the exclusion of this
cell from these requirements.

Response:

The RAPS surge tank has been relocated from the RSB to the RCB. The RCB
has a leakage specification of 0.1% per day at 10 psid. Thus, the surge
vessel cell need not have a leakage specification nor a leakage test pro-
gram. The testing requirements for the RAPS Cold Box Cell are identified
in PSAR Section 16.4.8. I6

Amend. 36
March 1977

Qo4o. 10-1



Question 040.11

The following tabular information is required for the isolation system:

a.- Type of valve used and location (inside/outside containment).;

b. Indication of which valves will meet Type C test requirements
(and justification for not requiring Type C tests on the
others);

c. Line sizes;

d. Quality group (safety class) and seismic classification for
all piping, valves, or other components which form the iso-
lation system boundary;

e. Actuation signal(s) for each line;

f. Valve position with loss of actuation power and for accident
conditions...

Response:

Revised Table 6.2-5 provides the information requested in items a, c, e and
f. As indicated in PSAR Section 16.4.3.2, all containment isolation valves
will be tested to demonstrate compliance with Type C test requirements. As
indicated in Table 3.2-5, all the isolation valves, and .the piping between
the valves and the attachment to the containment vessel will be no less than
ASME Code Class 2 (Quality Group B).

Amend. 27
Oct. 1976

Q040.ll-1



Question 040.12 (Table 6.2-5A)

It is not acceptable basis to merely state (Item 3) that the IHTS lines meet
.the requirements of GDC 57 for. the CRBRP, and therefore, are not required.to
include isolation system valves. Criterion 57 specifically requires isolation
valves "unless it can be demonstrated that containment isolation provision for
a specific class of lines are acceptable on some.other defined basis.." You
have not complied with your criterion as stated in Section 3.1. Provide the
qualitative and quantitative information to justify that the IHTS as desinged.
will (1) provide a comparable solution (or leakage capability) to other systems
which to include one or more isolation valves and (2).show that this design
achieves greater plant safety without isolation valves.

Response:

PSAR Sections 3.1.3.5 and 6.2.4.1 have been expanded to provide the CRBRP
justification for using the IHTS as an isolation boundary. 1 30

Q040.12-1 Amend. 30
Nov. 1976



Question 040.16 (Table 6,2-5, 3*1)

The use of remote manual actuation as the primary actuation for the
Argon Exhaust to RAPS, Nitrogen Supply Line, and Gas Supply Line
(Table 6.2-5) is not in conformance with your GDC 55 (Section 3.2).
Revise your design to include automatic actuation of these valves for
the primary mode. The comments noted in our Item 040.12 are applicable
to this issue.

Response:

NRC Questions 1.308 and 222.75 also relate to Table 6.2-5 and valve
actuation. Please note that GDC 55 referenced in the question now
corresponds to CRBRP Design Criterion 46.

The assignment of the Nitrogen Supply Line (Item 11 in Table 6ý2-5) to
46 is erroneous. CRBRP Design Criterion 46 refers to lines which connect
to the reactor coolant boundary. The Nitrogen Supply Line connects only
to the containment atmosphere, and is properly classified under CRBRP
Design Criteria 47. However, the required containment penetration valve
and control requirements for CRBRP Design Criterion 46 and 47 are
identical.

Revised Section 3.1 corrects the assignments of these lines to the proper
CRBRP Design Criteria. The revised Table 6.2-5a shows the primary
actuation for the "Argon Exhaust to RAPS," "Nitrogen Supply Line," and
the "Argon Supply Line (70 psig)" as well as for the "Argon Supply
(30 psig)," "Nitrogen Exhaust to CAPS," and the "Gas Sampling Line" to
be automatic.

Q040.1 6-1 Amend. 37
March 1977



Question 040.17 (6.2.1.4)

Exceptions to Appendix J of 10 CFR 50 for Sections III.A.1, III.B.3,
III.C.3, and III.D.2 as given in Section 6.2.1.4 which constitutes a
deviation from the testing and acceptance criteria of this regulation,
are not acceptable. Provide a test program in Section 6.2.1.4 which complies
with the requirements of Appendix J. Note that the leakage rate must be
given in terms of weight percent per twenty-four hours. The maximum leak
rate should be expressed as a percentage of the weight of the original
content of containment air at leakage rate test pressure; correct the PSAR
as necessary to reflect this type of measurement.

Response:

Section 6.2.1.4 has been revised to:

a) withdraw the exceptions to IOCFR50, Appendix J,.Sections III.A.l,
III.B.3, and III.C.3.

b). justify the exception.to Section III.D.2

c) discuss the test program for the containment vessel.

Amend. 22
June 1976Q040.17-1



Question 040.18 (16.4.3)

Section 16.4.3
information:

dealing with Containment Tests, requires additional

a. Specify Pa, the calculated peak containment
internal pressure and La, the maximum
allowable leak rate at pressure Pa;

b. Identify those portions of fluid systems which
will be opened or vented to atmosphere'and
drained of fluids to assure that isolation valves
are exposed to containment test pressure Identify
those systems which will not be vented and state
the reason;

1c. Identify and justify any containment penetration
or isolation valve which will not be-leak tested.

d. Appendix J specifies acceptance criteria for
Type B and C testing (leakage from all Type
B&C tests shall be less than 0.6 La). Provide
an explanation of your acceptance criteria as
stated in sub-section 16.4.3.2.3.

Response:

a) Pa, the peak calculated containment pressure resulting from an
extremely unlikely event (sodium spill in the primary sodium
storage cell) is 1.8 psig as shown in table 15.6-1 of the PSAR.
However, to provide a testable pressure, Pa is specified at 10
psig. (See Section 6.2.1.2).

PSAR Section ]6.4.3.2 has
of the question.

been expanded to respond to items b,c, and d

Q040.18-1 Amend. 20
May 1976



Question 040.19

Clarify that lines penetrating containment which are connected to the reactor
coolant boundary, primary cover gas space, or inerted cell atmospheres will
have the capability of periodically testing the operability and leakage of
the containment isolation valves (Section 6.2.4.1.).

Response:

Seven inert gas process pipes penetrate the containment building. Two
isolation valves are provided at each penetration point as shown in Figure
6.2-10 and discussed in Table.6.2-5. Ten of the isolation valves close
automatically when a CIS signal is received. Four valves close on loss of
line pressure. Test taps are provided outboard of each isolation
valve to enable performance of leak testing. Valve position indicators on
each automatic closing valve verifies operation of the valve when each
valve is exercised by its respective remote valve switch located on the CIS
panel.

The cover gas sampling line isolation valves will have the same leakage and
operability testing capabilities as the process line valves. A typical
schematic for the valve arrangements is shown in Figure Q040.19-1.

Amend. 31
Q040.19.-1 Nov. 1976
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Question 040.20

There is no description of the containment/confinement systems. This system
should be described in detail, e.g., plant areas served by the system should
be described, system diagrams provided, design bases described, fan capacities
and actuation times should be stated and justified.

Response:

A detailed description of the containment confinement buildings was provided
in response to Question 130.74. 134
The annulus filtration system is described in Section 6.2.5, the Reactor Contain-
ment Building4iVAC system is described in Section 9.6.2 and the annulus cooling
system is described in Section 9.6.2.5. Table 9.6-4 includes fan capacities

491 for these systems. Figures 9.6-4 through 9.6-6 indicate areas, served and flow
diagrams for the above systems. A discussion of actuation time for the annulus
filtration system filter fan units and justification of the capacity of the,
pressure maintenance fan is provided in revised Section 6.2.5.

Amend. 49
April 1979
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Question 040.21

Identify all potential containment bypass leakage paths and provide an
.evaluation of the allowable leakage limit. Discuss the tests which will be
performed to assure that the design bypass leakage limit will not be
exceeded. Attached is Branch Technical CSB 6-3, "Determination of Bypass'
Leakage in Dual Containment Plants", which has been developed for the
review of light water reactors. However, many of the positionstare
applicable to the CRBRP. Describe how the plant desgin meets this-position.

Response:

This response addresses compliance with BTP CSB 6-3, "Determination of
Bypass Leakage Paths In Dual Containment Plants" in the same order as
paragraphs of the Branch Technical Position.

(1) The CRBRP confinement building is concentric to and completely sur-
rounds all portions of the primary containment with the exception of
the base mat which is embedded in soil. Therefore leak ratesless.,than
the design basis leak rate of containment can be used.

(2) The use of a pressure maintenance fan which maintains the confinement'
under negative pressure during plant operation precludes a ,period of
direct leakage to the outdoor environment during startup of.:the fan
*units for the filtered ventilation system. A pressure response
analysis of the secondary containment volume will be included'in the
FSAR and the system will be designed such that the. gradual .-thermal
transient associated with the DBA for containment will not Cause a
pressure less negative than -. 25 in. of H20.

(3) The secondary containment depressurization and filtration systems
will be designed in accordance with Regulatory Guide 1.52. Although
not presently developed, test operation and monitoring programs for
these systems will include means for determining the infiltration
'rate during initial testing and plant operation. The capability of
the pressure maintenance fan arrangement to maintain the annulus at
less than -. 25 in. of H2 0 during a containment isolation sequence will
be verified by preoperational testing.

(4) The leakage rate of the CRBRP secondary containment has been conser-
vatively calculated to be greater than 100 volume % per day. Fans have
been sized using this leakage rate, to maintain a negative pressure of
-0.25 inches water in the annulus. Since the annulus will be maintained
at this pressure during all plant conditions, no exfiltration analysis
is required. The infiltration rate will be verified during preoperational
tests.

(5) and (6) A partial listing of bypass leakage paths is identified in PSAR
Table 6.2-6. A complete listing of these paths will be provided by 1/7/77.

Q040.21-1 Amend. 30Nov. 1976



For each leakage path, a leakage ratE
manner and the total leakage has thus
from the containment is 0.1% per day
is 1.0 of the total leakage of 0.001

has been determined in a realistic
been calculated. The total leakage

and the allowable bypass leakage
% per day.

Since at least 40% of the leakage paths are directly to the filtered
reactor service building, a bypass leakage value of .0006:'wt %per 24
hours will be used in calculating offsite radiological consequences
(e.g. in responding to Question 310.43) and setting technical specification
limits.

(7) All of the bypass leakage paths identified in'PSAR Table 6.2-6 will
be subjected to either Type B or Type C tests in accordance with IOCFR50,
Appendix J. Tberefore the value of bypass leakage will be tabulated
from data obtained from regular containment vessel leakage tests.

(8) At the present time no air or water sealing systems or other leakage.
control systems are provided.

(9) The only systems for which credit is taken for being closed to the
containment atmosphere to preclude bypass leakage are the sodium systems
which penetrate containment and which are designed to Quality Group C
Standards. These systems do not communicate-directly with containment,,
the containment atmosphere inside containment,- or the environment outside
containment. They are designed to Seismic Category I standards and for
temperature and pressure conditions greater than the containment vessel
design conditions.. In addition, these systems are protected against
pipe whip., jet forces, and missiles in a manner similar to that for.
engineered safety features. The Project is evaluatinnq the qualification
of certain systems Which are designed tosQuality Group CUstandards as
closed systems. These systems will be identified when the complete
listing of bypass paths is submitted on 1/7/77.

Amend. 30
Nov. 1976
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Question 040.22 (RSP)

In response to 040.17 it is stated that the air locks will not be tested
after each opening nor after every 6 months, but rather they will be
tested once a year. An on-line monitoring system is proposed as justifi-
cation for this exception to Part III.D.2 of Appendix J to 10 ,CFR 50. It
is our position that the air locks be tested at 6 month intervals at the
highest calculated accident pressure in accordance with Appendix J and that
a detailed description of the on-line monitoring system be provided justifying
exception to Appendix J's requirement for testing after each opening.

Response:

Consistent with the NRC position, PSAR Section 6.2 has been revised to
eliminate the exception to the semi-annual testing of the air locks at
the pressure calculated for the RCB design basis accident.

The on-line testing system for the air lock seals have not yet been
designed in detail, hence a detailed description is not available at
this time. The requirements specified for the design of the seals and
testing systems are as follows.

The seal at each door shall be made by means of two seals with a test
connection provided to allow pressurizing of the air space between the
seals for leak testing. The elastomer portion of each seal will be fully
molded in a continuous length to provide a continuous barrier between
the door and the door frame completely around the perimeter of the door.
The testing system will detect failure or degradation of any seal by
leakage from the pressurized air space between it and its companion seal.

Further details of the on line testing system will be provided as they
become available.

Amend. 30
Nov. 1976Q040.22-1



Question 040.23

The specification of containment leakage should be in terms of
weight percent is as pointed out in item 040.17. Therefore,
revise those portions of the PSAR which refer to containment
leakage to specify weight percent leakage in accordance with
the requirements of Appendix J to IOCFR50.

Response:

As can be seen from the following, a weight percentage leak rate
has the same numeric value as a volume percentage leak rate.

Pt = Test pressure

PAIR@pt = Density of air at test pressure

Weight Percent = Weight of air leaked at test pressure
Weight of air in entire vessel at test pressure

=(Volume percent) (Containment vessel volume) (PATRaPt)
(Containment vessel volume) (PAIR@Pt)

Weight Percent = Volume Percent

Sections 16.4.3.2 and 6.2.1.5 have been revised to specify the containment
leakage rate in weight percent.

Amend. 30
Q040.23-1 Nov. 1976



Question 040.25

Your response to Item 040.12 is unacceptable. The NRC CRBRP Design Criterion
48 does not contian the statement "unless the boundary is protected against
accidents, extreme environmental conditions and natural phenomena".. Therefore,
in accordance with Criterion 48, justify the acceptability- and desirability
of using the IHTS as an isolation boundary as originally requested in item
040.12.

Response:

PSAR Sections 3.1.3.5 and 6.2.4.1 have been expanded to provide the CRBRP justi-
fication for using the IHTS as an isolation boundary. The previous response to
Question 040.12 has been modified to reference the sections describing this just-
ification.

Amend. 29
Oct. 1976
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Question 040.26

'Reference the system design which shows the isolation arrangement for each
line penetrating containment or alternatively provide an isolation valve
arrangement diagram for each penetration.

Response

Revised Table 6.2-5 and Figure 6.2-10 show the isolation arrangement for
each line penetrating containment.

Amend. 31
Nov. 1976
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Question 040.27

Provide justification that the entire confinement annulus can
be maintained at a minimum of 1/4" W.G. negative pressure
considering the effect of the annulus partitions which have
been added as part of the Third Level Margins Systems.

Response:

The response to this
Section 6.2.1.2.

question is provided in revised PSAR

Amend. 30
Nov. 1976Q040.27-.



Question 040.28

Provide the basis which justifies the assUmption that the containment
isolation system (valves, operators, instrumentation and control
components) will be capable of performing its intended function in the
containment environment associated with your proposed TLTM scenario.
Specifically address the capability of the containment isolation system
to maintain the assumed leak tightness under the calculated environment
conditions. Include a description df the environmental tests planned to
verify the performance of this eouipment identifying the key parameters,
such as pressure, temperature, chemical composition, and any other which
may affect system functionability.

Response:

The assumption that the containment isolation system will be capable of
performing its intended function in the containment environment associated
with the TMBDB (TLTM) scenario is based on the following:

1. Containment isolation is initiated upon detection of radioactivity
in.the Head Access Area and/or the exhaust duct of the containment
ventilation system (see PSAR Section 7.3). The Reactor Containment
Building will be isolated, as for a design basis accident, long

*before an accident is recognized by the operator as a TMBDB event.
Environmental conditions at the time of containment isolation for a
TMBDB event are the same or less severe than those encountered for
design basis accidents (see Section 2.2.11 of CRBRP-3, Volume 2
(Reference lOb, PSAR Section 1.6)). Environmental qualification
requirements of the Containment Isolation System for design basis
accident environments are discussed in WARD-D-0165 (Reference 13,
PSAR Section 1.6).

2. Valves are commercially available to withstand the temperature and
pressure exposure at their physical location during the TMBDB scenario.

No environmental qualification tests are planned under the TMBDB environ-
ment for the containment isolation system. This is justified on the
basis that the TMBDB environment is not applicable for the initiation of
the isolation as described above and that design basis accident qualif-
ication for the containment isolation valves will envelope the expected
TMBDB conditions.

Q040.28-1 Amend. 60
Feb. 1981



Question 3

Since the CRBRP fuel will be of relatively
of fuel densification must be addressed.
on experimental data that relates directly
than just microstructural appearance.

low density, the subject
Emphasis should be placed

to pellet dimensions rather

Response:

The information requested has been provided under separate cover in
the topical report WARD-D-0168, "Impact of Fuel Densification on CRBRP
Fuel Performance."

Amend. 40Q3- 1 July 1977



Question 110.1 (3.6)

In section 3.6 of the PSAR, the statement is made that even though
spontaneous ruptures of the sodium piping are not considered to be
credible, the intent of Regulatory Guide 1.46 will be met by analyzing
selected runs of sodium piping to identify postulated break locations.
Provide the basis for these selected locations if the criteria for
postulating pipe breaks differs from the intent of Regulatory Guide
1.46 which is applicable to light water reactors.

Response:

The information requested is incorporated in the revised Section 3.6.

Qll0.l-I Amend. 1
July 1975



Question 110.2 (3.6.2)

The pipe break criteria in Section 3.6.2 may not be completely acceptable.
Provide more specific criteria. If the pipe break criteria for the
Clinch River Breeder Reactor plant differs from Regulatory Guide
1.46, provide the justification for these differences. In addition,
clarify whether the criteria in this section is applicable to sodium
piping as well as all ASME Class 1, 2 and 3 high-pressure steam and
water piping inside containment.

Response:

The information requested is incorporated in the changed PSAR page 3.6-2.

QllO.2-1 Amend. 1July 1975



Question 110.3 (3.6.4):

Section 3.6.4 is not completely acceptable. Provide the basis for the
statement that a single degree-of-freedom model is conservative for a pipe
whip analysis. Specify your criteria and formulate a dynamic model for both
the pipe and pipe restraints. State system conditions, pipe and pipe
restraint boundary conditions, forcing function time histories-and, if applicable,
any impact and rebound. State if the analysis will be elastic or inelastic.
If inelastic, verify deformation compatibility. An acceptable guide for the
dynamic analysis is given in NRC Standard Review-Plan, section 3.6.2.

Response:

Revised Section 3.6.4.1 provides a description of methods and criteria to
be used in pipe whip analysis.

Q110.3-1

Amend. 13
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Question 1-10.4 (3.6.5.1)

Clarify the design criteria for the design Io pipe Whip restraints
which is discussed in Section 3.6.5.1 (3) of thpePSAR. .To be:
acceptable, the designstrain limits for restraints should not
exceed .5 of the ultimate uniform strain of the Materials of :the
restraints.

Response:

This information can be found in revised Section 3.6.5.1. 5

QllO.4-1 Amend. 25
Aug. 1976



Question 110.5 (3.9.1.6)

With respect to Section 3.9.1.6(2), identify and provide the basis for
any deviations from Code Case 1592.

Response:

The information requested is incorporated in the changed PSAR page 3.9-3.

Q110.5-1 Amend. 1
July 1975



Question 11.0.6 (3.9.2.2) . .

The design loading combinations for ASME Class 2 and 3 components listed in
Table 3.9-2 are not completely acceptable. Acceptable loading combinations
are:,.

Upset Condition - Pressure + Dead Weight + OBE + Transients Associated
With the Upset Condition

Faulted Condition - Pressure + Dead Weight + SSE + Transients Associated
With the Faulted Condition.

Response:

Revised Section 3.9.2.2. contains the required information.

Amend. 25
Q110.6-1 Aug. 1976



Question 110.7 (3.9.2.4)

Verify that the information presented.in Section 5.3.2.1.2 -. Design of
Active Pumps and Valves, apply to ASME Class 2 and"3 active pumps and valves
,as well as Class 1.

Response:

The information provided.in.Section 5.3.2.1.2 applies only to ASME Class 1
active pumps and valves:. For ASME Class 2 and 3 active pumps and valves,
the information given in Section 3.9.2.4 and Table 3.9-3 will apply.

Qll0. 7-1 Amend. 1
July 1975



Question 110.8 (3.10)

IEEE-344-1971, "Seismic Qualification of Class l. Electrical. Equipment
for Nuclear Power Generating Stations" whitch.is referenced in Section

.3.10 of the PSAR is not completely acceptable. Acceptable criteria
is contained in IEEE-344-1975 with the following exceptions:

(a). The use of a factor of 1.5 in Section 6.6.2.1 of IEEE-344-1975
for single frequency test and in Section 5.3 for static coefficient
.analysis to account for multi-frequency excitation and multi-mode"•
response should not be construed as being acceptable in the
absence of justification, since these provisions are inconsistent
with the general requirements as stated in Section 6.6.1 requiring
that the RRS envelope the TRS.

(b) The use of sine sweep testing in Section:6.6.2.5 of IEEE-344-1975
for equipment seismic qualification should not be construed as
being acceptable in the absence of justification, since sections
6.6.2 and 6.6.2.1 do not provide specific guidelines concerning
a justifiable methodology to define the TRS for a sweep input
motion and to quantify the multi-frequency effects. State your
intent to use criteria which is consistent with (a) and (b) above.

Response:

IEEE 344-1975, "IEEE Recommended Practices for Seismic Qualification of
Class IE Equipment for Nuclear Power Generating Stations" will be used
as described in Section 3.10.1 forseismic qualification by testing
of Class I electrical equipment.

In response to item (a) and (b):above, Section 3.10.1 has been revised. 25

QllO.8-1 Amend. 25
Aug. 1976



Question 110.9 (5.3.2.1.2)

The information presented in Section 5.3.2.1.2 of the PSAR is not completely
acceptable for the design of active pumps and valves within the Primary
.Heat Transport System. Acceptable criteria are contained in NRC Standard
Review Plan 3.9.3, "ASME Code Class 1, 2, and 3 Components, Component
Supports and Core Support Structures".

Response:

Additional information in response to the above question has been added to
Section 5.3.2.1.2.

QllO.9-1 Amend. 1
July 1975



Question 110.10 .(5.0)

Provide the criteria utilized to ensure that all supports for Category

I ASME Class l, 2 & 3 active components will be designed so that they
will not deform to the extent that would impair the required operability
of the active component,..e.g., the specification of maximum allowable
support deformation limit for the most adverse loading conditions in the
design specification for each active component.

Response:

The criteria for stress limits for ASME Class 1, 2 & 3 active components
and their supports to assure operability are contained in WARD-D-0174
"CRBRP; Active Pump and Valve Operability Verification Plan".

44 5

Q110. 10-1
Amend. 44
April 1978



Question 1,10.11 (5.0)

Provide a list of loading combinations which will be used in the
design of all ASME Class 1 systems, components, equipment and supports
in the Heat Transport and connected Systems.

Response:

The information requested is contained in revised Section 5.3.1.1 of the
PSAR.

QllO.1l-A Amend. .1July 1975



Question 110.12 (3.6)

To be acceptable, the PSAR should present the specific criteria
which will be'used to postulate pipe break location outside
containment and for those portions of piping which penetrate
containment. Acceptable criteria are contained in Attachment A.

Response:

The specific criteria which will be used to postulate pipe break
location odtside containment and for those portions of piping which
penetrate containment is provided in revised section 3.6 (see
response to question 110.1).

QllO.12-1
Amend.l

July 1975



Question 110.13 (3.9.1.1)

To be. acceptable, the PSAR should present a description .oft..he pre-operational piping vibrational and dynamic effects tests which will beconducted on all ASME Class 1, 2 and 3 safety-related piping. Acceptablecriteria are contained in NRC Standard ReviewPlan,. Section 3.9.2,Dynamic Testing and Analysis of Systemst.Components and Equipment.

Response:

Regulatory Guide 1.70 requested that this information be provided in the.FSAR, and it is presently planned to supply this information in the FSAR.However, PSAR Section 3.9.1.1 has been expanded to provide information
on the preoperational tests. 5

Ql10.13-1 Amend. 25
Aug. 1976



Question 110.14 (3.9.1.2)

To be acceptable, the PSAR should present a description of the seismic
qualification program which will be employed to qualify all safety-
related ASME Class 1, 2 and 3 mechanical equipment. Acceptable criteria
are contained in NRC Standard Review Plan, Section 3.9.2.

Response:

Regulatory Guide 1.70 requested that this information be provided in the
FSAR and it is presently planned to supply this information in the FSAR.
However, Section 3.9.1.2 has been expanded to provide additional detail
on the seismic qualification program. 25

QllO.14-1 Amend. 25
Aug. 1976



Question 110.15 (3.9.1.3)

To be acceptable, the PSAR should present the dynamic system analysis
methods and procedures which will be used to determine the dynamic res-
ponses of reactor internals and associated Class 1 components of the Heat
Transport and Connected Systems which have an effect on the responses.
Acceptable criteria are contained in NRC Standard Review Plan, Section 3.9.2.

Response:

The requested description of analysis methods and procedures are provided
in revised Section 3.9.1.3.

[5

QII1O..15-1 Amend. 25
Aug. 1976



Question 110.16 (3.9.1.6)

Provide, in the PSAR, the information required in Section 3.9.1.6 of the
Standard Format and Content,LMFBR Edition. Specifically, if inelastic
design stress analyses and inelastic design stress limits are used in
conjunction with an elastic dynamic system analysis, provide the bases upon
which these procedures are used. Acceptable criteria are contained in NRC
Standard Review Plan, Section 3.9.1, Special Topics for Mechanical Components.

Response:

The information requested is incorporated in the changed PSAR page 3.9-3
and 3.9-3a.

QllO.16-1 Amend.1
July 1975



Question 110.17 (3.9.2.5)

Provide in the PSAR, the information requested in Section. 3.9.2.5,
"Design and Installation Criteria, Pressure-Relieving Devices" of the
Standard Format and Content, LMFBR Edition.

Response:

Section 3.9.2.5 has been modified in response to this question.

Ql1O.17-1 Amend. 2
August 1975



Question 110.18 (5.2.1.22),

Provide in the PSAR, the information requested in sections 3.9.2.7 and
5.2.1.22, "Field Run Piping" of the Standard Format and Content, LMFBR
Edition.

Response:

There is no field run piping in the PHTS nor IHTS as indicated in Sections
5.3.2.3.4 and 5.4.2.3.3, respectively.

Revised Sections 5.5.2.3.3 and 5.6.1.2.3.4 provide the requested informa-
tion for the SGS and SGAHRS, respectively.

Amend. I
July 1975

Q1lO.18-1



Question 110. 19 ."(3.0,; 36.V',; 3.6.,2)'

Your intent to use the J.F. O'Leary Letter of July.12, 1973, for pipe
break locations, break sizes and orientations for systems inside and out-
side containment is not completely"acceptable. State your intent to comply.
with the latest criteria as specified in NRC Standard Review Plan (SRPI)
3.6.2 "Determination of Break Locations and Dynamic Effects Associated
with the Postulated Rupture of Piping" for- all systems in which breaks
are postulated. With respect to SRP 3.6.2, include the following and
provide illustratinns as applicable:

1) Provide the details to. be used for piping penetrations of containment
areas. Indicate the use of protective assemblies or guard pipes.
State whether such. protective assemblies serve to provide an extension
of containment, prevent overpressurization, or provide both functions.

.2) Indicate the use of moment limiting restraint's at the extremities or
.within the penetration assembly,

3) Provide the criteria for the design of the process pipe within the
penetration assembly. Include type of material (Seamless or welded),
allowable stress level, and loading combinations.

4) Provide the design criteria to be used for flued heads and bellows
expansion joints.

5) Provide the design criteria applicable to any guard pipe which is
utilized with the assembly.

Response:

CRBRP compliance with the J. F. O'Leary letter was discussed with NRC
as documented in Reference QllO.19-1. The response to question 020.4
will further document the CRBRP compliance with the intent of the NRC
position.

In response to the specific concerns identified, there are no high energy
piping penetrations in the RCB; however, the following discussion is
provided for the IHTS containment penetrations:

1) Figures QllO.19-1 shows the typical arrangement of the pipe penetra-
tion. The boundary of the containment shell is evident from the
figure.

2) There are no pipe rupture restraints for the intermediate bay side
of the penetration.

Amend. 26

QllO.19-1 Aug. 1976



3) Design loading for thq penetration provides for the, maximum forces
and moments which could be imposed by the pipe.. The intermediate pipeis 316 SS in hot.leg and. 304 SS in the cold leg. There will bea
transition weld between the carbon steel containment penetration and
the 316 or 304 SS adaptor. The integrity of the assembly will. be.
demonstrated against sodium spray by analysis demonstrating confor-
mance to the ASME Section I!. limits.

4) The design criteria for the. flued heao iASK ME Segtion I I I%, C.l asas.i-

5) There is no guard pipe in the copceptual design (as:evident from the
attached figure).

The following discussion is provided for the compressed gas, chilled
water and. drain system piping-penetrations:

(1)Figures Q.11019.-2 shows the typic~l arrangement of the pipe pene-
trations which serve to provide an extension of the containment.

(2) These piping systems are considered moderate energy systems and moment
limiting restraints for pipe rqpture loadings are not required.
However, pipe stops/gu!ies are prQvided within the penetration as-
sembly to limit moment loadings on thq closure due to other normal
design conditions.

(3) Process pipe within the penetration assembly will meet the allowable
stress levels and loading qombinations as required by ASME Section III.

(4) Bellows expansion joints and closure plates (or flued heads) will

meet the desi'n criteria of ASME Section I;I, Subsection NC.

(5) Guard pipes will not be used..

The detailed configurations of other penetrations have not yet been
determined, but will be. similar in concept tQ the IHTS penetrations.
in that (1) a cylinder is welded to the containment vessel; (2) the
process piping p4sses through the cylinder without guard pipes or piping
rupture restraints; (3) the design criteria for the penetration will be
at least.as conservative as the criteria of ASMF Section III, Class 2;
(4) nq expansion joints (bellows) will be us9d except as nece~sary for
testing purposes.

Reference QllO.19-1:,

Letter. S:L:653, P. S. Van Nort to R. S. Boyd, "Summary of qRBRP/NRQ
Meeting on Pipe Breaks Outside of Containment," March 3ý 1976.

Amend. 62
QllO.!9-2 Nov. 1981
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Question 110.20 (3.6.5.1)

State your assumptions regarding the motion of the free ends of the pipe at a
postulated circumferential break. Include in your discussion the possible
effects of support reaction forces and moments (even though wave phenomena are
involved) and the possible effect of the three-dimensional nature of system
flexibilities in addition to the effects of direction and point of application
of the driving force(s) and of the inertia properties of the piping system.
Provide assurance that all these effects are taken into account where
necessary in estimating dynamic loads and directions following a postulated
pipe break.

Response:

Section 3.6.4.1 previously revised in response to Question 110.3 has been
further revised in response to this question.

Q110.20-1 Amend. 17
Apr. 1976



Question 110.21 (3.6.3)

Provide assurance that in developing the design loading combinations in
Section 3.6.3 of the PSAR you have considered forces and moments resulting
from internal and external system asymmetrical pressures + seismic forces +
deadweight.

Response:

Asymmetrical pressures, deadweight and seismic forces will be considered in
the analyses of events involving postulated pipe leaks and ruptures. Details
of the manner in which seismic forces are combined with other loadings are
provided in revised PSAR Section 3.9.

Amend. 35

QllO.21-1 Feb. 1977



Question 110.22 (3.9.12, 3.10)

Expand Tables 3.2-2 and:3.2-3 to show. the expected method of
seismic qualification .(test or analysis) for both the NSSS and
BOP supplied Category I mechanical and electrical equipment.

-Response:• •'- .

Tables 3.2-2 and 3.2-3 have been revised to indicate the expected method of
seismic qualification of the components.

Q110.22-1 Amend. 20
May 1976



Question 110.23 (3.9.1.3)

The response to Question 110.15 in-the PSAR presents information which
is applicable-to Section 3.9.1.5 of the PSAR rather than Section.3.9.1.3.
Although Regulatory Guide 1.70 does imply that the information in Section
3.9.1.3 be supplied at FSAR, the.NRC staff has determined (subsequent to
the publication of Regulatory Guide 1.70) that this information is required
in the PSAR.

(I) In.Section.3.9.1.3, provide a discussionlof the program planned for
the Clinch River Breeder Reactor Plant (CRBRP) which will verify
the structural'integrity of the reactor internals due to flow-induced
vibrations prior to commercial operation of the plant.

NRC Standard Review Plan, Section 3.9.2, "Dynamic Testing
Analysis of Systems, Components and Equipment" outlines
acceptable criteria in Paragraphs 1.3, 11.3 and 111.3 of
that document.

(2) In Table I of Section 1.1.3 of the PSAR, the statement is made that
the intent of NRC Regulatory Guide 1.20 is applicable to the CRBRP,
but the testing details given in that document are not appropriate
to LMFBR's. Identify and justify the testing details which are not
applicable to LMFBR's. Provide a discussion of a testing program
consistent with the intent of Regulatory Guide 1.20 and which will
be applicable to the CRBRP.

Response:

In response to this question, a
for the CRBRP has been provided

discussion of the testing program planned
in the expanded PSAR Section 3.9.1.3. 125

QlI0.23-.1 Amend. 25
Aug. 1976



Question 110.24 (3.9.1.5)

Provide the technical bases to establish the precedent for using the
"non-mandatory guidelines" for coupling of mathematical models given
in Table 3.9-1.

Response:

See revised PSAR Section 3.9.

Q110.24-1 Amend. 12
Feb. 1976



Question 110.25 (3.9.1.5)

Provide a specific and detailed explanation of the manner in which indiv-
idual loads, in a design loading combination, such as those corresponding
to LOCA and SSE are combined. That is, provide the method for combining
LOCA and SSE loads as they affect the design of seismicCategory I items,
including the effect upon the calculated dynamic response of the reactor
internals to flow-induced and inertia-load-induced excitation.

Response:

The requested information is provided in revised Section 3.9.1.5.

Ql 10. 25-1 Amend. 35
Feb. 1977



Question 110.26 (3.9.2.4,. 5.3.2.1, 5.4.2.1, 5.5.2.1, 5..6.2.2)

44

(1) The response to Question 110.9 and the information in Sections3.9.2.4, 5.3.2.1.2, 5.4.2.,1.2, 5.5.2.1.2, and 5.6.2.2.1.2 is
unacceptable. Provide additional information on the operability
programs.of all ASME Class 1, 2, and 3 active pumps and valves.
Acceptable criteria are contained in the NRC Standard Review
Plan, Section 3.9.3, "ASME Code Class 1, 2, and 3 Components,
Component Supports, and Core Support Structures." An acceptable
program is contained in the Catawba Nuclear Station (Docket
No. 50-413/414) PSAR, Amendment 15.

(2) The design limits discussed in Sections 5.3.1.2, 5.4.1.2, and
5.5.1'2 are not acceptable for ASME Class 1 active pumps and
valves. Provide design limits for all Class 1 active pumps and
valves subjected to the component normal, upset, emergency,
and faulted operating.conditions which are at least as conservative
as those in Table 3.9-3 for ASME Class 2 and 3 active pumps and
valves.

Response:

The design, fabrication and testing requirements imposed on. Class l,
2 and 3 dctive components are discussed in WARD-D-0174, "CRBRP;
Active Pump and Valve Operability Verification Plan".

Amend. 44
QllO1.26-1 April 1978



Question 110.27 (3.9,4.1.7,5.2):

Provide a list of computer programs that will be used in dynamic and
static analyses to determine structural and functional integrity of
all Seismic Category I systems, components, equipment and supports.
Include a brief description of each program, the extent of its
application and the design control measures that will be employed to
demonstrate the applicability and validity of each program. Guidance
is provided in NRC Standard Review Plan, Section 3.9.1.

Response:

The analytical computer programs that will be utilized for the static and
dynamic analyses of Seismic Category I structures listed below are dis-
cussed in revised Appendix A to the PSAR:

ANSYS
ASHSD2
CHERN
CREEP-PLAST 144
DRIPS
DUNHAM's
DYNAPLAS

144
ELTEMP
E0984A
E1682A
FBRDSAP
FESAP
GASP
GSAP4
HAPII
HYTRAN
KALNINS
MARC
NASTRAN
NONSAP
SAPIV
SAP4GE
SPECEQ/SPECUQ
SUPERPIPE
WECAN
WESTDYN

Amend. 44
•.April 1978Q110.27-1



Question 110.28 (3.9.2.2)

Section 3.9.2.2 in the PSAR references the ASME Section IIl Code and Code
Case 1606 for design requirements for piping. These references do not
define the loading combinations for the various component operating condi-
tions. Provide the loading combinations for all ASME Class 2 and 3 piping
subjected to the normal, upset, emergency and faulted component operating
conditions (Reference the Regulatory Position on Code Case 1606 in NRC
Regulatory Guide 1.84, ý"Code Case Acceptability, ASME Section III Design
and Fabrication").

Response:

Tables 3.9-2A and 3.9-5 have been added and Sections 3.9.2.2 and 3.9.2.3
have been revised in response to this question.

QllO.28-1
Amend. 17
Apr. 1976



Question 110.29 (3.9.2.3)

The design limits for CodeClass 2 &3 (non-active) valves, given in Table
3.9-3 are not acceptable. Provide stress and pressure rating limits which
are consistent with or no less conservative than those given in ASME Code
Case 1635.

Response:

The response to Question 110.10 includes a revised Table 3.9-3. Table 3.9-4
has been added and Section 3.9.2.3 has been revised to indicate pressure limits.

QllO.29-1 Amend. 17
Apr. 1976



Question 110.30 (3.9.2.4)

Provide a sketch and a description of the design concept of the main
steam isolation valves, particularly a discussion of the valves' design
adequacy to withstand the loading effects of fast closure.

Response:

Section 5.5.2.3.1 and Section 10.3.1 have been modified, and Figure 5.5-2A
has been added in response to this question. Note that reference to the
main steam isolation valve has been removed from Section 10.3.1 since the
Main Steam Supply System covers only components and piping downstream of the
steam piping anchor at the steam generator building penetration. Also note
that the impact loading at valve seating is limited by controlling the rate
of valve closure, as noted in revised PSAR Section 5.5.2.3.1.

Q11O.30-1
Amend. 14
Mar. 1976



Question 110.31 (3.9.2.5 and 5.5.2.4)

The information presented in Sections 3.9.2.5 and 5.5.2.4 concerning
design and installation of overpressure protection devices is not complete.
Acceptable criteria for open systems is contained in NRC Regulatory Guide
1.67, "Installation of Overpressure Devices". Provide criteria for all
ASME Class 1, (if any) 2 and 3 pressure relieving devices which is consistent
with Regulatory Guide 1.67.

Response:

Sections 3.9.2.5 and 5.5.2.4 have been modified in response to this
question. The steam generation system has no ASME-III, Class 1 pressure
relieving valves.

QllO.31-1 Amend. 17
Apr. 1976



Question 110.32 (4.2.2.2)

The mechanical loads part of Section 4.2.2.2.1 is not acceptable.
Operational transient upset, emergency, and faulted mechanical loads
acting on the reactor internal structures must be considered in conjunc-
tion with seismic loads. Specify the transient loads that will be
applicable for these design conditions.

Response:

For the design of the reactor internal structures, seismic loads (Mechan-
ical.; Loads) are considered in conjunction with any concurrent and
appropriate transient loads (Pressure and Temperature Loads) in ac-
cordance with the requirements as set forth in the ASME-III Code and
the applicable Code Cases. The pressure and temperature loads are. dis-
cussed in detail in Section 4.2.2.1.3 of the PSAR. Loading combinations
of transient loads with seismic loads are discussed in revised PSAR
Section 3.9.1.5.,

Amend. 35-
QllO.32-1 Feb. 1977



Question 110.33 (4.2.2.2)

Provide a statement that the design criteria for the core support
structure under all operating conditions are no less conservative than,
those in Subsection NG and Appendix F (F-1380) of the Code. Include
criteria for items in compression where the instability load may be a
significant factor. State the type of analysis from which the component
stresses will-be derived.

Provide assurance that the deformation limits applied .to the design of
the reactor internals are sufficiently conservative to prevent inter-
ference with the functioning of all related. components, e.g., control
rods and standby cooling systems under all plant operating conditions,
including all faulted conditions. Include a commitment.to provide in the
FSAR a numerical comparison between calculated or test-determined dis-
placement and the allowable displacements to verify an adequate margin.

Response:

The statement requested is found in revised Section 4.2.2.3. The
information requested is located in revised Sections 4.2.2.1.1.1, 4.2.2.1.1.8,
4.2.2.1.2.1, 4.2.2.1.2.7, 4.2.2.1.2.8 and 4.2.2.3.1. Control rod system
maximum misalignment sources for the reactor refueling and operating
conditions are shown in Figures 4.2-95A and B. 144 48

Criteria for compressive loads and the type of analysis employed is
discussed in PSAR Section 4.2M2.4.1.I.

Final evaluation of each of the reactor internals components will include
displacement calculations for all operating conditions in the stress
reports, and will be shown to satisfy design limits.

Ql 10.33-1 Amend. 48
Feb. 1979



Question110.35 (5.1.2).

10 Figure 5.1.3 indicates several bellows are used in the PHTS. State the
design criteria that will be used to design PHTS and all other safety-
related cooling system bellows. Indicate the analytical procedures to be
used and summarize the experimental programs that will be adopted to
verify bellows integrity.

Response: .

The information requested for the PHTS bellows is provided in the response
to Question QllO.75.

The information requested for the IHX, bellows is provided in revised Section5.?2.•.2

31 •

Q110.35-1 Amend. 33
Jan. 1977



Question 110.36 (5.2.4.3)

In Section 5.2.4.3 it is stated that hollow tubes are used to adjust
the peak pressure pulse imparted to the closure head. State the
design criteria that will be used for these tubes. Indicate how the
pressure distribution in these tubes will change the total pressure
impulse on the head. Indicate how this change in impulse will influence
the safety of the vessel head design. Identify the inelastic structural
concept that may be substituted for the crush tubing.

Response:

Revised Section 5.2.4.3 provides the information requested.
I 25

Ql10. 36-1
Amend. 25
Aug. 1976



Question 110.37 (5.3.1.1)

The loading combinations forClass 1 systems and components given in
the seismic loads paragraph of Section 5.3.1.1 in response to
Question 110.11 are not consistent with current NRC acceptable
loading combinations.

Acceptable loading combinations for all ASME Class 1, 2 and 3 systems,
components, equipment and supports (including reactor internals) are:

1. For the component upset condition:
Sustained Loads* + Transient Dynamic Loads
the upset condition + OBE.

2. Fon the component emergency condition:
Sustained Loads* + Transient Dynamic Loads
the Emergency condition.

3. For the component faulted condition:
Sustained Loads* + Transient Dynamic Loads
the Faulted condition + SSE.

associated with

associated with

associated with

*Sustained Loads are loads such as pressure (for the applicablecomponent operating condition), dead-weight, live loads and
thermal loads.

Revise Section 5.3.1.1 to be consistent with the above loading
combinations. Identify the events included in the transient dynamic
loads associated with the applicable component operating condition.

Response:

The requested information has been included
5.3.1.1 and revised PSAR Section 3.9.

in the amended PSAR Section

Amend. 35
Feb. 1977Ql1O.37-1



Question 110.38 (5.3.1.1)

In the seismic part of Section 5.3.1.1, it is stated that the OBE will
be included in the Design Mechanical Loads for low temperature Section
I11 design but not for elevated temperature design in accordance with
the high temperature Code.Case 1592. This is unacceptable to the staff.
The OBE must be considered for elevated temperature design. Revise
Section 5.3.1.1 to be consistent with this criteria.

.Response:

The use of OPF loadinqs in elevated tnmiraraturp Apsi-n is discussed in
revised PSAR Section 5.3.1.1.

Q1O1.38-1 Amend. 35
Feb. 1977



Question 110.39 (5.3.2.3)

It is stated in Section 5.3.2.3.1 that it will be demonstrated analy-
tically that failure of any part of the pump rotating assembly will not
affect the integrity of the pressure boundary. Provide details on how
this demonstration will be performed. If by analysis, provide the
analytical methods to be used.

Response:

The response to this question is provided in revised Section 5.3.2.3.1.

Amend. 14
QllO.39-l Mar. 1976



Question 110.40 (5.3.3.1)

It is. stated in Section 5.3.3.1.1 of the PSAR that the results of
manufacturer's computer programs will be verified to assure their
accuracy and applicability. An acceptable method of verifying the
adequacy of computer programs is described in the Regulatory Standard
Review Plan 3.9.1. Discuss a proposed program to verify your computer
program.

Response:

The codes used for analysis of CRBRP components are listed in Appendix
A of the PSAR. In response to question 110.27, a discussion of the
verification of each code used for structural analysis was provided in
Appendix A.

.Assurance of verification of each code used in analysis of a com-
ponent is the responsibility of the vendor or Reactor Manufacturer,
whichever performs the code structural analysis of that component.
Vendor code verification is subject to the approval of the purchasing
organization.

Amend. 23
June 1976Ql 10.40-1



Question 110.41 (5.5.3.3.1)

Section 5.3.3.1.5 is not adequate. Indicate how creep-fatigue will
be considered in the pump and valve analysis. Indicate how time
dependent distortions of the pump and check valve will affect their
operation. If computer programs are to be used for creep-fatigue
analysis state their title and indicate how they will be verified.

Response:

The response to this question with respect to the HTS pumps is in-
cluded in the response to Questions 110.58 and 110.27.

The valve operating temperature is below 8000 F, and is not identi-
fied as a component requiring creep-fatigue analysis. For those
upset, emergency, or faulted events leading to some time of the
check valve above 8000 F, Code Case 1592 will be applied. The code
case is clear in its application, but the detailed analyses depend
upon the actually encountered conditions, and cannot be predefined.

Amend. 26
Aug. 197v

_Q1l0.41-1 -



Question 110.42 :(5.3.3.1) Pg. 5.3-34

In discussing screening analysis in Section 5.3.3.1.1 of the PSAR, it is
stated that an approximate inelastic analysis is a one-dimensional
approximation of two and three-dimensional geometries. Provide supporting
evidence to demonstrate the accuracy of this approximation.

Response:

The PSAR states that simplified inelastic analyses include one-dimension
analysis to approximate the inelastic behavior of two and three-dimensional
geometries. Other simplified inelastic methods, such as the Bree or.-
O'Donnell-Porowski Techniques (Reference RDT Standard F9-5T), are
pseudo-elastic in that elastic analysis results are used to predict
inelastic structural behavior.

Simplifie8 inelastic analysis techniques, as described above, may be
used to determine conservative bounds on strains. The determination of
the applicability of these methods, and the verification of the results,
are the responsibility of the component designer or user. Therefore,
the use of these methods must be fully justified by the user in his...
formal stress reports or other appropriate documentation It is not
possible to create general supporting evidence apart from the specific
applications.

QllO.42-1 Amend. 9
Dec. 1975



•Question 110.43 (5.3.3.1)

Section 5.3.3.1.2 is not completely satisfactory. Identify the mechani-
cal components and equipment requiring detailed creep analysis.

.Response:

Analysis of any component which has an operating temperature above 800°F
must account for the time dependent materials properties. Components
in the primary heat transport system which operate above 800OF are the
hot leg piping, pump, and IHX.

PSAR Section 5.3.3.1 has been revised to so indicate.

Ql1O.43-1 Amend. 20
May 1976



,Question 110.44 (5.3.3.1)

.In the discussion of pumps in Section 5.3.3.1.5 it is stated
that some computer programs have inelastic capabilities.
Identify the programs having creep (visco-elastic) capabil-
ities which you intend to use.

Response: - . ..

More specific information .on the codes to be-used for pump analysis
is provided in revised Section 5.3.3.1.5.

Q1lO.44-1 Amend. 16
Apr. 1976



• Question 110.45 (5.3.3.6)

In Section 5.3.3.6.1.1, it is stated that pressure surge, vibration, and
temperature fluctuation effects will be assessed along with the usual
load effects. State under which component operating condition (upset,
emergency, or faulted) the pressure surge condition will be included.

Response:

The only identified cause for a pressure surge in the primary system would,
be a check valve closure, following a pump mechanical failure. For design.",
purposes, the pump mechanical failure event is treated as an emergency event
In the-plant duty cycle (See Appendix B).

QllO.45-1 Amend 12
Feb 1976



Question 110.46 _(5.3.3.6)

"-n~thiis section, it is. stated that stresses. due. to the specified temperature
.gradients are defined by

• EcATI 1  -.

The resultant stresses will exist only in fully restrained elements, and:do not account for thermal distortions. Provide the techni-cal basisfor

using this equation in, view of possible thermal distortion.,

Response:

-Revised Section 5.3.3.6.1.1 provides the information requested. 1.25

Ql 10.46-1 Amend. 25
.Aug. 1976



Question 110.47 (5.4.2:.3)

In Section 5.4.2.3.1 it is stated that.the peak pressure load in con-..
junction with the possible dynamic response will be treated as a static..
primary load set. Provide the technical basis for making thiS statement.

Response:

Section 5.4.2.3.1 has been modified to clarify thatthe use of a static
analysis is for scoping purposes only.

QllO.47-1
Amend. 19
May 1976



Question 110.48 (5.5.1.1)

In Section 5.5.1.1 it is stated that the SWRPRS design will consider a full
guillotine rupture of a heat transfer tube in the most unfortunate location
in the unit which causes the guillotine rupture of six additional tubes.
Provide the technical basis for selecting six additional tubes. Discuss the
probability of more than six tubes experiencing a guillotine rupture.

Response:

The evaluation of steam generator heat transfer tube leaks is provided in
previously revised Section 5.5.3.6.

Ql 10.48-1
Amend. 14

Mar. 1976



Question 110.49 (5.5.2.4)

Provide assurance that dynamic loads in the discharge lines from the
safety/power relief valves in the steam generation system include the
effects of possible water slugs arising from the loop seals, where
applicable.

Response:

Since water seals :are not used in connection with the steam/generator
system safety/power relief valves, the discharge lines will not be sub-
jected to water slug flow.

Amend. 14

Q110.49-1 Mar. 1976



Question 110.50 (5.5.3.6)

In Section 5.5.3.6 it is stated that the sodium/water reaction creates.an
expanding bubble which begins to eject the sodium from the faulted unit through
the burst rupture discs. Provide the technical bases to verify that the reaction
bubble will proceed only through the SWRPRS piping and not through the main.sodium
1 ine.

Response:

The paragraph titled'¶esults!'in Section 5.5.3.6.2 has been revised& in response.
to this question.

Q110.50-1 Amend. 14
Mar. 1976



Question 110.51 (3.9, 5.3, 5.4, 5.6)

Provide a statement or table which verifies that the design rules
including stress limits for all ASME Code Class 1, 2 and 3 com-
ponent supports are no less conservative than those-of Sub-sec-
tion NF of ASME Code Section III. Include the stress limits for
all supports subjected to component operating conditions identi-
fied as normal, upset, emergency and faulted.

Response:

PSAR Section 3.9 presents the design criteria for all ASME Code
Class 1, 2 and 3 component supports. All ASME component supports
constructed to the rules of Section III, Class 1, 2 or 3 will be
designed to satisfy the requirements of Subsection NF, Class 1, 2,
or 3, respectively. For Class 2 and 3 component supports explicit
criteria for all conditions are specified in Table 3.9-3 (revised
in response to Question 110.10).

PSAR Section 5.3.3.1.8 has been amended to provide the required
statement for PHTS components.

QllO.51-1 Amend. 17
Apr. 1976



Question 110.52 (3 .9, 5.3, 5.4, 5.5, 5.6)

Identify, andprovide the technical basis for the variations in your
program for the inservice testing of Code Class 1, 2 and safety-related
pumps and valves from the test program defined by ASME Section XI,
Subsections IWP and IWV. A program acceptable to the staff is given in
NRC Standard Review Plan, Section 3.9.6, "Inservice Testing of Pumps and
Valves".

Response:

Inservice Testing of Pumps - Preoperational tests will be conducted to
establish reference values for speed, pressure, flow rate and vibration.
The reference values will be used to establish criteria to evaluate pump
performance data obtained during future Inservice Tests. For SGAHRS,
the inservice testing program for active pumps will be in compliance
with the applicable portions of the ASME Code, Section XI, Division 1.
The type and frequency of Inservice Tests of Pumps will not be specified
in final form until initial pump development test data is available.
Operational experience of FFTF pumps will be considered. The ASME Code
Section XI, Division 3 (IMP) for Liquid Metal Cooled Plants is presently
being prepared and will define test requirements. It is expected that
Inservice Testing for CRBRP will reflect the intent of this code.

Inservice Testing of Valves - An Inservice Testing program for valves
willbe established based on development tests and specifications for
these components. For the steam/water portions of the Steam Generator
System and SGAHRS, the inservice testing program for active valves will
be according to the applicable requirements of the ASME Code, Section
XI, Division 1. The IMV part of the ASME Section XI, Division 3 code is
expected to be followed for the CRBRP Inservice Testing.

Amend. 23

QllO.52-1 June 1976



Question 110.53 (5.3.2.3 Yellow)

The last paragraph in Section 5.3.2.3.4 (Amendment 5) needs clarification.
Indicate in more detail what is meant by the statement that although the
CDA loading requirements will be analyzed in accordance with ASME Section
III rules and criteria for faulted conditions, the CDA loadings are not
considered as a faulted condition for Code acceptance.: Provide the basis
for your conclusions that CDA's should not be considered as faulted con-
ditions.

Response:

This question requests clarification of information which is no longer
a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive.-Accidents into
report CRBRP-3 (References 10a and lOb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively. Since an HCDA is not a
Design Basis Accident (Reference Q110.53-1), CRBRP need not meet the
Faulted Condition requirements of the ASME Code during the HCDA loading.

60

Reference:

Q110.53-1 U. S. Nuclear Regulatory Commission, "Final Environmental
Statement Related to Construction and Operation of the
Clinch River Breeder Reactor Plant", NUREG-0139, Appendix
I, Docket No. 50-537, February 1977. 60

Amend. 60
Feb. 1981QlI0.53-1



Question 110.54 (5.2.4.4 yellow)

Section 5.2.4.4 (Amendment 5) is not entirely acceptable.
description and function of a margin seal must be provided.

A

Response

The additional description, function and details of the marqin
seal are provided in Amended Section 5.2.4.4 and Figure 5.2-7. 160 132

Q!10.54-1 Amend. 60
Feb. 1981



Question 110.55 (F6.3.3)

Figure F6.3-4 needs to be clarified. The.figure does.not indicate the locations
within the impact experiment where the experimental pressures were recorded nor
where the theoretical pressures were determined. Indicate these locations in
Figure F6.3-4.

Response:

191
This question requests clarification of information which is no longer
a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a and lOb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively. 60

Amend. 60
Feb. 1981QllO.55-1



Question 110.56 (F6.3.3 & 15.1.1.5 Yellow)

In Section F6.3.3 it is indicated that pressure peak attenuation mechanisms
are not considered in the TRANSWRAP analysis program. It is also inferred
that by not considering this pressure peak attenuation, the resulting PHTS
piping and component loads will be conservative. It is true that the peak
pressure will be attenuated, however, the time duration of the impulse will
generally increase. Verify the adequacy of the TRANSWRAP program to adequately
predict the critical impulse profiles for the PHTS and OHRS. In this verifi-
cation consider the effects of pressure attentuation, impulse duration, and
include system components such as pumps and valves.

Response:

The CRBRP Project has consolidated all considerations given Hypothetical
Core Disruptive Accidents into report CRBRP-3 (References lOa and lOb,
PSAR Section 1.6) and its associated references; consequently, PSAR
Appendices D and F have been withdrawn in Amendments 24 and 60 respectively.
The response to this question is now found in Section 6.1.2.2 of Reference
10a, PSAR Section 1.6. .60

Amend. 60
Feb. 1981QllO.56-1



Question 110.57 (6.2.7.3.2 Yellow)

The External Cooling System (ECS) must be described in greater detail:than ý
that described in Appendix F. The description should contain the functional
.details of the system, loading and operating.desi.gn criteria, operational.
testing methods, and the explicit codes and standards to be adapted.

Response:

With the deletion of the Parallel Design in Amendment 24 this question
is no longer applicable as the features upon which the question is based
are no longer a part of the design.

Ql1O.57-1 Amend. 62

Nov. 1981



Question 110.58

Provide in the PSAR, a description of the methods of analysis that will be
used in dynamic and static analyses to determine structural and functional
integrity of Seismic Category I componentsand supports. Include the in-
formation in Paragraphs 1 through 4 below for the following HTS components:

Piping Systems
PHTS Pump
IHX
IHTS Pump
Superheater
Evaporator
Control Valves
Pressure Relief Valves

Identify the failure modes which are expected to dominate the component
design and the loading conditions associated therewith

2. Indicate the degree to which elastic, simplified inelastic, detailed
inelastic, and creep methods of analysis will be used in design
iterations. Also, summarize the time-dependent and cyclic-structural
analysis that will be performed. Describe the basic details of these
methods and state the primary assumptions associated with each

-analysis. Indicate how component degradation over the life of the
component will be treated in the analytical methods.

3. Identify those structural tests that will be required in SUDport of-the
design analysis.

4. Identify and briefly describe the major computer programs which may be

used in the various analyses. (Ref. Question 110.27).

Response:

A discussion of In-containment Heat Transport System piping, pumps, and
failure modes in addition to IHX failure modes are provided in revised
Section 5.3.3.1.5.

Revised Section 5.4.3.1.5 provides information which pertains to Ex-con-
tainment piping.

Revised Section 5.5.3.1.5 provides Steam Generator valves and failure mode
information.

Computer programs to be used are listed in response to NRC question
110.27 and Appendix A of the PSAR.

QllO.58-1 Amend. 26

Aug. 1976



Question 110.59 (3.6.1.1)

Section .3.6.1.1 needs to be clarified. Indicate the pipe break criteriato .be used in the design of the piping runs from .the Auxiliary Feedwater
Pump to the AFW isolation valves and from the turbine drive steam supplyisolation valve to the turbine drive.

Response:

Section 3.6.1. 2.1.1 was modi fied in Amendment 27 to. specify the. criteria.
used for the subject pipinq runs with regard to pipe breaks.. I31

Amend. 31
Nov. 1976Q!10.59-1



Question 11:0.60 (3.66.4)

The -response to item.110.3 is not complete. SectibnW3.6.4.1 only describes
themethods used to cal]cul.ate the jet impingement.loads.l" Provide a complete
.response to item 110.3.'

-Response:

A revised' section 3.6.2 is included to show the latest pipe break criteria
for the steam/water piping. Section 3.6.4 has been-extensively updated to
include avdiscussion of the Pipe Dynamic.Analysi's (PDA) computer program
including forcing functions, cal1culational. modes, and problem modeling.
.•Jet impingement geometry for guillotine breaks has been revised to follow.Moody's expansion model. Section A.69a has.been added to Appendix A to
include a description of the PDA computer program.

Q110.60-1 Amend. 34
Feb. 1977



Question 110.61

The responses to items 110.6 and 110.11 are not acceptable. It is
the staffs' position that the acceptable loading combinations which
were outlined in item 110.6 are applicable to all ASME Class 1, 2
and 3 components in the CRBRP regardless of wh-e-l-er they are high or
low temperature. In addition, the term "thermal transients" in the
loading combinations presented in the response to these items ap-
parently does not include all transients associated with the particular
condition. It should be changed to reflect a more broad definition of
loads. Revise the responses to items 110.6 and 110.11 or Table
3.9.2 and Section 5.3.1.1 in the PSAR to be consistent with the
criteria which were presented in items 110.6 and 110.37.

Response:

The components in CRBRP will be designed with appropriate combinations
of loads for both high and low temperature conditions. Section 3.9
of the PSAR has been revised in response to NRC question 110.25 to
reflect the requirements for such combinations.

Ql1O.61-1 Amend. 35
Feb. 1977



S
Question 110.62 (3.9.1.1)

With respect to the response to Question 110.13, the staff will require
,that the preoperational vibrational and dynamic effects test program
be conducted on all high energy piping systems which are not classified as
ASME Class 1, 2 and 3 in addition to the commitment in the response.
Revise the response to Question 110.13 or Section 3.9.1.1 in the PSAR to
ýbe consistent with this requirement.

Response:

The CRBRP has committed to a pre-operational piping vibrational & dynamic
effects test program on all safety related piping systems designed as
Class 1, 2 or 3 under the ASME Boiler Pressure Vessel -code Section III
.per the Standard Review Plan 3.9.2.

It isthe Project's intention not to perform these tests on non-safety
related high energy Balance of Plant piping or non-safety related
moderate energy seismic Category I piping as loss of this piping will not
compromise the safe shutdown of the plant.

Amend. 30
QllO.62-1 Nov. 1976



Question 110.63

Justify the 1/3 increase in stress limits for emergency conditions as
indicated in Note 3 of Table 3.9-3.

ResponseI

The design of class 2 and 3 linear type supports by analysis is governed...
• .by sub-paragraphs NF3330, NF3230 and NF3400 of the ASME Code. The rules
,so defined are essentially identical to the AISC requirements and are
detailed in Appendix XVII of subsection NA. In paragraph NF3231.l for
elastic analysis, it is specifically stated that a 1/3 increase over the
design, normal and upset stress allowables.is permitted for emergency
conditions., Table 3.9-3 has been modified to so note.

Amend. 29

Ql10.63-1 Oct. 1976



Question 110.64

The response.: to item 1.10.10 is not adequate. The response references the
stress criteria specified in Se.tions 3.9.1.6 and 3.9.2.3. Indicate how!•
these stress criter.ia can be interpreted to insuremthat Category, I ASME
Class 1, 2 and 3active components will be designed so that they will not
deform to. the. extent that would impair the required operability of the
active components. Provide a comparison of maximum allowable support
deformations. for active components with calculated support deformations.

Response:

44

A discussion of the calculated deformations and deformation criteria for
active component supports and the adequacy of the criteria to ensure
operability of the components is provided in WARD-D-0174, "CRBRP; Active
Pump and Valve Operability Verification Plan".

Amend. 44
QllO.64_l April 1978



Question 110..65 "

The responses. to items 110.7, .11i0.9, and ,110.26. (part 1), are not comple-
tely acceptable. The staff does not concur that the. information.presented
in the PSAR meets. the intent of.NRC Standard Review Plan, Section 3.9.3
with respect to active pump and valve operability. In addition to the
information in Sections 3.9, 5.3, 5.4, 5.5 and 5.6 of the PSAR, the
staff requires, as a minimum, the following:

1. A. program to demonstrate the operability of all ASME Class 1, 2 and
•3 active pumps and valves in the CRBRP which is at least equivalent
to that presented in the Catawba Nuclear Station PSAR, Amendment
15, pages QPz4A through AP-4FB (Docket No. 50-413/414). Include:
(1) a more detailed description of the types of analyses which will
be performed, (2) a commitment to perform static tests to simulate
faulted condition loads on representative active components, (3) a
commitment to. include faulted condition nozzle.end loads in the
aforementioned analyses and tests, (4) a commitment to seismically
qualify all appurtenances which are required for operation of the
active component. These tests should be conducted in accordance
with the requirements of IEEE-344, 1975 with the exceptions stated
in .Question 110.8, (5) a commitment to demonstrate by test and/or

.analysis that all active Class 1, 2 and 3 pumps and valves will
operate when subjected to the stress limits specified in Table 3.9-
3 and in Sections 5.3, 5.4, 5.5 and 5.6 of the PSAR.

2. A commitment to satisfy the criteria outlined in NRC Standard
Review Plan, Section 3.9.3, Paragraph II.2.c, "Design Specifications."

Revise Sections 3.9.2.4., 5.3.2.1.2, 5.5.2.1.2 and 5.6.2.2.1.2 to include
the above commitments.

Response:

1. The CRBRP program to verify the operability ofactive components
is provided in WARD-D-0174, "CRBRP; Active Pump and Valve. Operability"
Verification Plan".

144

2. The intent of Section II.2.c of SRP 3.9.3 will be complied
with.

QllO.65-1 Amend. 44

April 1978



Question 110.66 (3.9.1.3)

.It is stated in Section 3.9.1.3.1 that a specific vibration test of an
approximate 0.248 scale model will be conducted. Table 3.9-7 compares
model parameters with those of the prototype. Justify the choice of model
parameters indicated. Some parameters such.as the elastic modular, fluid
temperature, and kinetic viscosity are quite different between the model
and the prototype. Clarify the significance of Table 3.9"6.

Response:

Section 3.9.1.3.1 has been modified in response to this question.

Amend 30

Q11o.66-1 Nov. 1976



Question 110.69 (3.9.1.6)

.The response to Item 110.16 is tnsuffictent. In Section 3.9.1-.6,. it is. stated
that .sufficiently low limits for normal, upset and emergency condttions are
,used to assure that the dynamic elastic system analysis is not invalidated.: ....
It is also stated that inelastic and .limit analysis methods may be used. Clar-
ify this statement. Also., provide the basis for specified deformation limits.:

Response:

The information requested is providedin revised Section. 3.9.1.6 of the PSAR.

Amend. 30
ql!0.691 Nov.. 1976



Question 110.70 (3.9.1.6)

.Provide a suimmary table of design limits for all Class 1 active pumps. and
valves.

Response:

Section 3.9.1.6 has beenmodified and Table 3.9-9
the design limits for ClassI •active components.

has been added to provide

Amend. 29
Oct. 1976QIIO.70-1



Question 110.71 (5.3.3.5)

It is indicated in Section 5.3.3.5 thatthe sodium pressure in the
intermediate heat exchanger is always greater in the intermediate
loop side than on the primary loop side. Verify that this will
always be true through all parts of the heat exchanger considering
pressure tolerances and flow characteristics throughout the heat
exchanger.

Response:

To assure that the intermediate pressure is greater than the primary
pressure at all points in the IHX, the intermediate pressure at the top
tube sheet is set at a minimum of 10 psi higher than the primary pres-
sure at that point. This pressure is assured by setting the IHTS cover
gas pressure for the worst pressure condition and holding it constant
over the range of plant operation (0% to 100% power). Based on a survey
othe IHX over the entire operating range, the limitina noint in the TI-X
is at the top tube sheet and at lO0%.power.

To assure that the cover gas system is designed for the maximum pressure
that would be required to assure a positive 10 psi pressure differential,
intermediate to primary, a worst case analysis was performed. The worst
case is defined by evaluating the PHTS for maximum loop resistance with
minimum resistances from the reactor to the IHX and evaluating the IHTS
for minimum loop resistances at 100% power. This case defines the-cover
gas pressure which will assure that a 10 psi pressure differential is
maintained in the IHX for all plant operating conditions. The IHTS
cover gas pressure requirement which results from preliminary analysisý.,
of this condition is 96 psig. The plant cover gas pressure will initially'
be set at or above the calculated value to account for control and measurement
uncertainties. During plant testing the actual plant characteristics willbe.
evaluated and the cover gas pressure requirement can be lowered if the system,
characteristics warrant it.

The 10 psi differential at the top tube sheet assures that there will be
a positive pressure.differential at all points in the.IHX,.takinq into
account the pressure tolerances and flow characteristics in the IHX. The
10 psi requirement is adequate because primary side velocities are small.

:and the overall pressure drop of the IHX on both the primary and inter-
mediate sides is approximately the same as the 10psi differential.

Amend. 35
Feb.. 1977

QllO.71-1



Question 110.72 (5.3.3.6)

The response to Item 110.46 is not adequate. It is true that the in-
duced thermal stress in a long cylinder with linear temperature through
the wall will be

E A•( TI)
2I (1-v

However, it
to elbows.
for elbows.

is stated in Section 5.3.3.6 that this stress is applicable
Verify your justification of this thermal stress equation

Response:•

The above equation provides accurate thermal stress values (within 2%)
for a constrained thin-walled, curved shell with a linear, thru-the-
wall, temperature gradient where the ratios of shell thickness (t)
to the principal radii of plate curvature (r,R) are sufficiently small
(less than 0.06) and where the point of determination is not near
gross structural or materal discontinuities. For this reason the ASME
Code (see equation (10), paragraph NO-3653.l, Section III at tne ASME
Code) allows use at the above equation for most piping products, including
plhons. 'A11 applications at the above equation to the CRBRP primary and
intermediate piping, including elbows, are well within the above
restrictions.

Amend. 30
QlO1. 7-1 Nov. 1976



Question 110.73 (5.5.3.6)

Section 5.5.3.6.2 states that it is expected that the sodium flow in the pumpsuction line will reverse before the. gas bubble reaches the pump. Discussthe consequences and potential induced loading on the pump and motor if thegas bubble does reach the pump.

Response:

Section 5.5.3.6.2 has been updated to discuss the consequences of a gas.bubble reaching the pump:.

QllO.73-1 Amend. 31Nov. 1976



Question 110.74 (5.5.1.1)

The response to item 110.48 is not adequate. Indicate the reasoning why.
the assumption was made that a guillotined tube will cause the-equivalent
of six additional guilloting tubes ruptures. The discussion in section.
5.5.3.6. can lead one to believe that more than six tubes could fail-from
overhleating in a few seconds.

Response:

The discussion is Section 5.5.3.6. was intended to provide support for the
contention that under the worst plausible sequence, the total leak is not
expected to exceed that of double-ended guillotine failures. Data from
tests and actual operating experience support this contention. The point
was also made that in order to generate significant pressure pulses,
secondary failures must occur prior to the mitigating effects of SWRPRS
actuation and blowdown. Failures which occur later than approximately 1
second following SWRPRS actuation will not significantly increase the
system pressure since they will be vented to the atmosphere through the
SWRPRS.

Section 5.5.3.6. has been expanded to clarify this position.

Amend. 30
Nov. 1976Ql 10.74-1



Question 110.75

The response to Item 110.35 indicates the analytical procedures, design
criteria and experimental programs related to PHTS bellows will be provided
in the near future. It is the staff's position that bellows design criteria
must be provided and reviewed to support the PHTS integrity argument. Provide
this criteria in the PSAR.

Response:

.Except for the bellows separating. the PHTS sodium from the IHTS sodium
in the IHX (discussed in PSAR Section 5.3.2.3.2), there are no-,bellows in the
PHTS coolant boundary. There are no bellows in the PHTS piping runs, thus no
bellows impact the piping integrity argument.

The bellows (other than the. IHX bellows) referred to in response 110.35 are
those between the piping and cell liner at the PHTS cell penetration. This
bellows is not a sodium boundary component and is not an ASME-coded item.
However, as indicated in revised Section 5.3.2.3.4, the design criteria for•
the bellows assembly shall be ASME Code Section III, Subsection NF. There.
are no experimental programs associated with this bellows.

Amend. 30
Q1. 7Nov. 1976Q110..75-1••



Question 110.77 (5.5.3, 10.3)

With respect to the main steam isolation and stop valves discussed in,
Section 5.5.3.1.6 of the PSAR, demonstrate the design adequacy of these
valves to perform their function during a postulated pipe rupture. Discuss
the analytical methods and procedures used to calculate the impact energy
and the resulting stresses and strains in the disc and any other parts
of the valves which are subject to closure impact following a postulated
rupture or a spurious closure of the isolation valve.

Response:

The method of determining the design adequacy of isolation valves, which
must close under normal or pipe rupture fluid conditions, has been added
to Section 5.5.3.1.5. No response is provided for Section 10.3.1, since
.reference to the main steam isolation valves was removed from the main
steam supply system by Amendment 14.
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Question 110.78

The response to Questi on 110.58 Is unsatisfactory. - The. staff: must be. -assured
that the methods to be used I n dynam Ic and statl-c ana lys is to determine 'ýthe
structural and. functional. Integri ty of Seismic Category I- colponents:.: and
supports are adeq uate. Of. principal concern Is theiý assurance -that. the
anahlytical.models will:1 adequately represent-the physlical..sl:tuatlons -of .
concern, i.e., proper failure modes (static and creep-fati.gue rupture",:.ý_
vibrational distortions, stability and deformations), adequate constituative
relati onshilps (elastl:c,- Inelastic, viscoelastic, degradat'ion .With t ime)',.
compatlble boundary conditions, real istic component materi alI properties-.,

Also of concern to the staff Is the adequacy of the computer programs to
produce sound quantitative results. Some recognized :computer programs 'alre
capable of producing excellent, results for oneý class of: component model s and
possibly not. prov ide .accurate :resul ts for othersm. Convincling, ev Idence must be
presented to de~nonstratethat.the computer programs, used real ly are adequate.

Supporting tests are generally required to directly verify the structural
capabilities of components, and to confilrm the analytical methods used. Such
tests can be either component model or prototype tests. The staff must be
assured that such tests:indeed accomplish their purpose,.

Include the Information in Items 1 through 5 below for. the f llowing HTS
components:

Reactor Vessel

Piping.Systems

PHTS Pump

IHX

IHTS Pump

Superheater

Evaporator

Line Valves

Pressure Relief Valves

1. Identify the specific failure modes which are expected-to dominate the
component design and the loading conditions associated therewith. For
larger and.more complicated components several critical areas will arise.
Identify the failure modes for each of these areas.

Amend. 76
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2. Indicate the degree to which el~ast.lc, simpl Ifled Inelastic,v..detal.Ied.
Inelastic, and visco elastic (creep) methods of analysis will be used in

.design. Interactions.. Also,. :summarize. the timea.dependent and cyclic_,-.
structural analysi s that-4 w1 I be. "performed, -i.e.,• .vibratlon, ,:stabity,--
and creep-fatlgue analysis. .Describe the basic detaill.s-.of: these :methods.
State "the primary: assumptions, associated w.ith-*:each ana!lysis. Itndlcate, how
component degradation over life. of the component wi I.1be treated ':in the
analytical methods. -

3. Identify and* summarize-.those structural tests. ithat ,w•lTll-.be performed In
support of the analysis. methods or the actual: -verlification of :the,
component structure In Uleu of analysis.

4. -Indicate,.how analysis :or testing of :components from other-programs,.- such
as 'the .FFTF, wi-l1 be adapted Into the overall procedure to ýveri fy, the
adequacy of: CRBR. component desi gn. SummarIze :or' ,reference the: methods
used, assutptlons made, and the results of such :,analysls-.or ýtests. If the
analysis or test has not been performed, summarized the approach to be
used in these programs.

5. -dentify •and brief ly descrIbe th.e..-major computer- programs which will -be
used"n the variousý analyses (Ref. ;QuestIon,, 110.27),. The,-adequacy of
these programs for specific application must be provided.

Responsel .;. ..

The following material In this response deals with satisfactIon of.ASIME.-Code
Requirements. These components also have been analyzed for Structural Margin
Beyond the Design Base (SMBDB) conditions as discussed In Reference,10a-of
PSAR Section 1.6.

K.
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Response for Reactor Vessel.

The :methods used in ,1.the ,stqatic and dynamicq ,.analysses.of the Reactor Vessel •RV)
to determ i ne the adequacy of. the structural and functional integrity are
summarIzed In this-response..,

The RV is a top ring-supported cylindricajlstucturewith a torIspher ica I
bottom head. It is roughly 57 feet -long with a diameter, .of. about 20 feet.
The- sodiun-,contai ni.ng.portion. is .al '..stainl. ess., stee I desi gned f 99OFin the
outlet pl.enum 'region. and 775OF in the inl:et .iilp.lenu~m region. :...:The": .top f.ilange of
the vessel, and the vessel • support ring are fabr icated of SA 508 Class 2.
low-al.loy forgi.ngs,. here is an. I.nconel I .600: itr ansti:ton section between the,ý-
low-Ial loy forgings,.:at. the :t6p and t,:he .•stailn Jess, steel in. the. remainder• of the
vessel.

The.vessel..wallýs and outlet,. makeup, and. overflow -nozzle penetrations are
coolediby primary .sodium cl. oo:ant..• bypass.f low t•o.ckeep,:the. steady .-state metal
temperature below or equal to,• 00F during. normal: operaton.and toreduce. thl
rate. of. vessel wal l temperature change during operatlon.: transients.

The -RV is supported from its upper •.end,. The vessel Isupport. system
accommodates dead vweight., sei:smic .. l:oads,. .and.,or,,ces..hy pothes-ized under margin
loading-,,conditi.ons, from ýthe assembbl ed reactor., vessel and-cl~osure. head .to the
reactor cavity wall through the Support ledge.

The RV is designed and analyzed: to the Class 1 requirements .of the ASME Code,
Section III, and Code Case 1.592. In addition, simplifled Inelastic and
deta I ed I nelIast ic. methods that,: are,, used .conform to. the requi rements of RDT
Standard F9-4T and the gu:idlein:es of RDT Standard F9T,5T.
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FAILURE MODES

Analyses of the RV reflect both time-independent and time-dependent materials
properties and structural: behavior. (el astic and I.n:.elasti:c), by conslderilngý the
fol lowIngfatilure modes:

Ductile rupture from short-time loadings
Creepu-rupture from Iong-tem loadingS,
Creep-fatigue fallure.
Gross distortion due to incremental cot lapse and ratchettI ng
Buckl Ing due to short-term loadIng "

SpecifIc f ail ure modes* cr i t.i cal I:to the varlous regionsof the- vessel are--

addressed 'later in the descrIption, of the' corresponding analyses

LOADING CONDITIONS

The lo•dling. conditions whi ch. mostly control. the: des gn of t-o he dRV are the
sedIsmic loadings;.and the Thermal ,.-loadIngs (transient 'and steady-state
conditilons), The seismic loads primarily af-fect the--siz I ng of The upper
assembly and the core support cone. The thermal loading Is critical for the
elevated temperature parts; .the: vessel T hermalU A I ner, I makeup "nozzle bridge9
lIner, and the outl et nozzle :assembly. - These parts wit Iexperience'
through-th ickness .and axial :temperature gradients both Iduring steady-state and
transient conditions.

Analysis of the RV has been subdivided into overall analy and
analyses of several different regions or components of the :RV.-ý nIn addltion•-,
analyses have been sequenced as szilng or conceptual design verification,
preliminary detailed, and final analyses.: The principal features and
anticipated critical failure modes associated with each of these analyses Is
discussed in detail below.

Design Conditions

This analysis covers the basic sizing for all the parts of the RV. The
loading conditions to be considered for this analysis are the design and test
conditions of Subsection NB AND Code Case 1592 of the ASME Code. Paragraph,
NB-3112 defines the design conditions for the low temperature parts of the
assembly as design pressure, design temperature, and design mechanical loads
(e.g., design pipe toads). The design conditions for the elevated temperature
parts are defined In Paragraph 1592-3113.1 as the design parameters for normal
conditions. Tlhe effects of earthquake .are not. considered as a design
condition load for elevated temperature parts. Test conditions are defined in
NB-3114 and 1592-3113.7.
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The analysis consists of dividing the vessel Into simple shell., pl.ate, ýand
beam segments and calculating the primary membrane and bending stresses using

conventional, elastic, hand techniques. Nozzl eel nforcing calcul ations, are
Included. The effects of pipe: loads on the nozzle and shell are considered.
The stress limits are the allowable stresses defined in NBW3221 and:
1592-3222.1 of the Code. Appropriate environmental effects are considered.

Highest: stressed areas are .the nozzles (pipe:-attachment area) and the,.
nozzle-to-shell Junctures. Design piping loads are thesignlficant stress
contributors.

Seismic Analysis

This analysis considers the detail ed sei smIc, and stress anaIysis: for the. .total
RV assembly. It is analyzed with the response spectra developed fromthe
response motion at the location of the support ring. The reactlons imposed
upon..the RV nozzles by the piping aredetermined by using th6 stiffness
matrices due to the piping system. A mathematical model of the lower reactor
is used to generate loads for all seismic conditions. The deslgn crlteria are
establ ished In accordance with that stated in Appendix A to Section 3.7 of the
PSAR."

The RV assembly is analyzed by a detailed dynamic analysis using the.response
spectra loading. The.3-D-finite element method Is used to establish a
mathematical model of the RY assembly. The structure Is divided Into a finite
number of appropriate elements, such as beam and plate elements, which are
Interconnected at a finite number of Joints or nodal points. These -individual
finite elements are then assembled Into a simplifi.ed mathematlcal model under
the' var"iational prlncil ple preserving the shock.energy absorptlon capacity, of
the total system.

The seIsmic analysis Is .performed consideri ng the seismic motion to be.acting
in the vertical direction and In two orthogonal horizontal. axes. The analysis
is performed Independently In eachl of the. two hor izontal Idi rectIons and
vertical directions. Final~ly, the combined modal responses obtained for each
of the vertical and horizontal slesmic loads are combined Individually bylthe
square root of the sum of the squares.

Fluid-induced vibration is Investigated at this stage for the liner, outlet
nozzle sleeve,. makeup nozzle sleeve, and Inlet nozzle flow deflector -to
determine the potential for vlbratlon'dueto fluid flow.

The adequacy of the design .s determined in accordance wIth Section: I I-of the
Code. The RV assembly Is desi.gned to insure a safe shutdown during and after
an SSE. To meet this condltlon, the RV shall not exceed the Ilmlts :of Section
Ill of the Code for faulted conditions.

Highest seismic stresses are found In-the upper stainless steel .shell courses
and the Inconel transition section.
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Thermal Analysls

This analysis consists of a 2-D axisymmetrTi.c finite element thermal analysis
to determine the basic thermal gradients in the various aras where potential
high thermal stresses can exist.

The analysis includes the evaluation of all the normal, upset, and steady
state conditions identified In the,,equlpment specif.ication. The translents "
are conservatively -comblned •considering -coolant flow, maximum temperature
ranges, temperature ramp rates, and number. From the resulting bounding
transients, film coefficients are calculated and temperature profiles obtained
using finite element techniques. This data Is subsequently used to determine
the time and location of significant thermal stresses. This analysis also
determines the metal temperatures from which the a llowable stress can, be
determ I ned.

Thermal-MechanhIcal Analysis fo Cover Gas Nozzles

This analysis considers the cover gas Inlet and outlet nozzles.

The loading conditions considered are the normal, upset, emergency and faulted
operating condition thermal and flow transients to determine the maximum
primary plus secondary stress range. In addition, loads due to deadweight
seismic and thermal expansion are evaluated. Pressure stresses were found to
be small.

A 2-D finite element method (FEM) analysis us-ing constant straln triangular-
ring element is performed.. A single mesh Is generated for both the,.thermal,
and stress-analyses. The thermal .analysis yields,temperature dlstrlbutlons in
the nozzles based on gas f low and associated shell temperatures:. .A speciall
purpose program Is used to evaluate the asymmetric pipe loads. The stresses
are calculated on a completely elastilc.basis.

The analysis Is performed per NB-3000, para. 3228.3, of.t•he Code. The
critical areas are the nozzle-to-shel I Juncture and the nozzle-to-pipe
Juncture.

Thermal-Mechanical Analysis of the Lower Head. Shell and Core Support Assembly

This analysisof the lower head, shel'l, and core support assembly considers
the thermal-mechanical loads for operating conditions, normal, upset, . :
emergency, and faulted. The analysis includes evaluation of transient and
steady state temperature distri.butions for all significant transients. Also
Included are the mechanical stresses due to pressure, selsmic, deadweight:
(weight of the core) and core support plate thermal motions.

The analysis presents an evaluation of transients for the inlet plenum and
determInes how the transients are combined for analytical. consideration. The
combining of transients into a lumped translent Is based on coolant flow,
maximum temperature changes, rate of change and number of cycles. Based on
the lumped transient, fluid temperatures and film coefficients are determined.
Metal temperature distributions are then determined by FEM. Stresses are
calculated for the above thermal and mechanical loads using a 2-D FEM. For
perturbed loop transients, the thermal response is approximated by composite ( .
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solutiiOns. Asymmetric stress conditlons are determinned usilng-a 2-D asymmetric
FE14 withFourlier serles thermal dist•ibutlons about'circumference :..

Buckl I ng i s I nvestigated. I n the: areas of the core support cone and thbe -I ower
torlspherical head uslng analytlcal procedures based on conserVati~ve :current,•,
state-of-the-art practice. - .

High stressed areas are the juncture of the core support cone to the shells,
knuckle region In thetorNispherical :head and'the torispherical head-toshel I
juncture.

Thermal-Mechanlcal Analys s'of U.per Assembly-

This analysis covers the upper assembly, Including the stainless, Inconel'
shells, the ferritic flange, the radiological shield, and the support ring and
the dip seal access ports.-: •The loadings 'of normal:;, upset, emergency, and '
faulted condItions-includIng, sesmIc are considered.

The heat transfer analyses Include the determination: of translent and steady
state thermal distributions. Thermal stresses considered include those due to
radial and longitudinal gradients and thermal discontinui/ty at the juncture of
the flange and the tapered shell. Superimposed on these:thermal loadsý are
pressure loads, deadwelght acting on the fl ange, selsm Ic I oads,: and:a1 II% other
externally applied loads.

The evaluation of the design Is made In accordance with Section III of the
Code and Code Case 1592. Environmental effects are considered.

The highest stressed :areas are the stalnless to 1n: nconhe I she I. I jun cture and .the
upper shell (sainless) 'cour ses which are subjected to6large •ongitudinaltherma- grad ients. S The tenmperatu res in the -carbn Steel partsa'e bel I
8000 F,'ý therefor-e the acceptance criteri'la: Is, NB-;3000.:: In t:,.he lower: par.t of
thi s Oassemb I y:(sta IinI ess:; shel I:s),tem per atures .are :above: 800OFP hence Code Case
1592 is used 1for evaluation of the stresses. 'Inel astic' ana I ysi s prI SPdf.ormed
to de-monstrate adequacy In the region where the axial[ gradlent •in the: .shelL-I
begins.

Buckling due to seismic 'loading was Investigated in the upper, she l I courses.
The analysis was based onsconservatlve analytical methods.:

The analysts consIdered:the basIc sIzIng and design of the dip seal: .
maintenance port. The :loading condltions conS idered include Interal and
external pressure, deadweight,,: seismic and,'temperature effects.

The analysis determines or: validates tubeý wall., thickness, gap, size between.,the
tube and bore, weld size and type of weld at the vessel flange, flange size
and thedesign of any- additional supporting system.', Hand ca.lculations.are
used. to perform the analysis. The highest-stressed area is the wel d at' the:,
vessel flange-to-pipe Juncture.
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The analysis considered the design of .the radiological shield, its attachment
and Its Interaction:with the vessel flange. The loading conditions. are.
deadweight, seismic, thermal conditions and natural frequency calcul ations.
The seismic analysis is based on a static seismic loading of.,:15 times. the
maximum (BE response. The analysis: uses :hand calcul ations' for 'seismic ' .
analysis and a combination of. computerized. Interaction: analysis'. and: hand
calculations for the thermal evaluation.

Thermal-Mechanical Analysis of the Inlet Nozzle Assembly

This analysis considers the Inlet nozzle assembly. The loading conditions
considered In this analysis are all Ithe thermal and flow. translents for.
normal, upset, and emergency conditions, andithe thermal and slesmic pipe
loads.

A 2-D FEM analysis Is performed. The grid from the inlet nozzle analysis
previously described Islutilized in..this analysis. The thermal analysis
yields temperature distributions throughout the assembly for steady-state and
transient conditions. The stresses-are determlned for most areas using an
elastic or Inelastic material model. In addition to the thermal stresses,
stresses due to pressure are Included In the-axisymmetric analysis.- Pipe
loads and the .flow deflector loads are- also analyzed by FEM using a special
program for asymmetric loads. Supporting..this analysis:.Is:.:a lI mited,3-D.-
elastic FEM analysis of the assembly to validate the 2-D.,assumptions used.
This model Is also utilized In evaluating the effects of the lower head on the
nozzles.

In using a 2-D technique to analyze the Juncture between a cyllinder and a
nozz I e, the cyl Inder. .i s assumed to, act as. ei ther a sphere or.. a flJ at pl!ate,..
both of ý whi ch can.: be modeled as symmetric about the, nozzl enter I ne:whl:e a
cylinder ,cannot. be, so: represented. When a: .:small!..•.::d diameter nozZle!is nsortoed
Into a.. relatively large diameter_ :cylinder., the.approximations, used .,In. 2-D:•,
analysis are obviously close .t the true geometry; howeverý whenhthe.- nozzle
diameter is large relative to the .cylinder a.check on the accuracy .of stress
distribution at their Juncture Is appropriate. For the-inlet nozzle,. the,
ratio of cylinder diameter to nozzle diameter Is only 9.44; this low ratio
makes a check on the assumptions necessary. Also, the vessel lower head Is
less than 2.5(Rt)"/2 from the Inlet nozzle; this effect Is not considered In
the axisymmetric analysis, but Is checked by the.3-D test case..

The critical area occurs at: the nozzle-to-shell. Juncture and the pipe-to-
nozzle Juncture. The adequacy of the assembly is .determined with respect to
Subsection NB. The environmental effects are consideredi.

Thermal-Mechanical Analysis of the Outlet.Nozzle and Outlet Nozzle Liner

This analysis considers the outlet nozzle assembly. The loading conditions
considered In this analysis are the thermal ,and flow transients for normal,
upset, and. emergency conditions, and the thermal and selsmic pipe loads. The
majority of this nozzle wilI be at temperatures near 80OF; however, outboard
of the.thermal sleeve, and In the sleeve Itself, temperatures will exceed
800 0 F. Thereforej time-dependent effects are considered.
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A 2-D axi'symmetric ,FEM :analysis using constant strain triangular rIng.e.lements
is performed. A si.ngl[e mesh Is generated for both the thermlaland stress,
analyses for each of the major subassembl ies. The thermal analysis yields
detailed temperature distribut-ions through the nozzle and.. sl.eeve, based on
fluid temperature .and flow through the outlet and behind :the. Iliner- and sleeve.
Both two and three loop flow conditions are evaluated thermally and, based on
results, the decision Is :made.-whether to make stress evaluatlons for *one or
both conditions.

Thermal distributions are obtalned for the translents, and:stresses are,
determined using an elastic and/or ,inelastic material model. -of f• -the. assembly.
In addition, to .the. thermal ,stresses, :pipe loads and the *ef.fects .of the
relative motion of the vessel thermal liner are factored .intiothe analysi.s.
Stresses due to these loads are determined using a FEM program for asymmetric
loading... Supporting this :ana.lysls is.a Ilimited 3-ýD elastic FEM anal.ysis, of .
the:assembly to validate the 2-D assumpti!.ons used.

Theocritical stress : aeas-re. in-the nozzle 1 iner, the nozz Ile-to-shell I
juncture, sleeve-to-vessel lin.er- :juncture, and the seal Ing discs. The
stresses are compared to the limits of Subsection NB and Code Case 1592. The
environmental effects are considered.

Analysis of -the ,Makeup and Overflow Nozzles for Operating Conditions

This analysIs :considers the sodium makeup .anid overflow nozzles. The loading
conditions considered are the thermal and flow transients for operating

conditions transient events, flow rates, and outlet plenum conditions, and
thermal and seismic pipe loads. The overfl~ow nozzle Is exposed only. to bypass
flow. The makeup nozzle has a thermal lihe-r Io consider and Is affected by
outlet.,, plenum temperatures. Analyslsof the makeup nozzle:liner includes the
local reglonof the vesseliner. -1 .

The geometri!es.for, both these nozzl.es are model~ed axisymmetriCal ly for.FEMW,.
analysiss., For both nozzles,..thermal di.stributions as well- I as.: stress,
distributions are considered axisymmetricalIIy. Asymmetric .ppe toads-are.
evaluated and super.imposed at,.critical..locati.ons. The stresses are computed
on a completely elastic basis.

The acceptance criterIa Is Code Case 1592 for those areas where significant
.temperatures above.8000 F- occur. Environmental effects are considered.

The critical stress areas are the nozzle-to-piping junctures and the .shell-to-

nozzle Junctures.

Thermal-Mechanlcal Analysis of the Makeup Nozzle Liner

This analysis rconsiders the makeup nozzle liner. The loading:condition Is the
same as-described, for the makeup nozzle,.• The 2-D .finite element model. for the
bridge liner is evaluated for convergency capability for the inelastic/creep
behavior,

The acceptance criteria Is .ASI.E Code Case 1592. Environmental effects are
considered.
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The critical area-d. is, the juncturei of the. makeup nozzlfe Tlner, to-.vessel therIal
IInerI

A sleeve of 71.8 1material s Instal led. on 'the:-makeup nozz t enable he,

assemblcy to withstand the .striping caused by -.iTncomi ng cooler. sodi:um;.

Thermal-Me(charntcal-,,Ana lysiýs of the. Vessel iThermal ,,•Liner Attachment ::Rebgloni•...•,-:

This analysIs considers the thermal mechanical loading.on the thermal liner
forging InclFudi:ng the.,adj~acent shell and the baf'fl e support :ledge., The:,.-..
Ioad ing conditlVons s,1cons idered in this analysis are •the thermal and ,flow--
transients for:i normalV upset, and emergency cond/fitions, andý the ýseitsmic .1loads
on the attachment 'p ns1 .

The analytsis Includes a heat transfer -eval uatloný of both -steady-: state .and I -•..

transient conditions. Due to the-complexi-ty• of the designi, ,thermalýl :str'esses
are co nsldereda for both radial and longitudinal gradients as well as the
thermal discontlnulty which exists at: the thermal liner_:forgl ng. ..:Superimposed
on these stresses are the mechanical• load stresses -due to pressure, and seismic
events.

The attachment region adjacent to the shell complies with the NB-3000 rules
for material- below 8000 F. The:: vessel -.. th erma I.1-11ner portio6n : adJaicenht to:0.the,ý:
vessel thermal liner support forging reaches a temperature above 800F rand Is
analyzed to the criteria of Code. Case -1592. 'The stresses an4d: str•Uin.ihsýn"this
area are not critical.:

Thermal-Mechanical Analysis of the Vessel, Thermal Liner

Thi's ana lysIs ýonsiders theýtherinc.lmail' mechanicl;.'.l loading 'of.the veSot 'thermal
iner.' The first phase includes a total evaluation. Of_":.the radial gradient

through the liner to identify operating temperature limits. No'
di scontInu -Iti esI 6sare onsidered:. In, this phase. The secnd phasei an

evaluation of the Ilner, stiffening ri ng, :the-0-l:Ainer:and the-bypass. flw•
penetrations. The loadingcondltions conslderedare-•the-norial, upset, a6hd
emergency conditions. Seismic'stresses are also-.considered..

The analysis Includes a heat transfer evaluation of steady state and transient
cornd it ons. The maximum. thermal stresses are -caused by the radi-al- gradlent. -•
which will exist in the thermal -liner. The effect of longitudinal:gradient Is
also evaluated. This location also. requi res stresses calculated for ,thermal
d i scobnt nuity . . " -

This assembly operates normally at elevated temperatures. Therefore, it
requires a time-dependent analysls. The:major- potential :failure mechanism: 1is
creep-fatigue Interaction. The method of analysis is 2-D FEM. The'structural
program has Inelastic and creep capability.• The adequacy. of,:the design I s:,
evaluated according to .Section III and Code Case 1592. The -enviro•ruental I
effects are considered. "

The critical areas are the vessel thermal liner shell in the vicinity of the
sodium level, and the striping potential In the bypass flow penetratilon area.
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MATERIAL PROPERTIES

The: envIronmental conditions of the RV also influence .the design. Sodium
exposure Is the only effect of'significance and is applicable for the high:
temperature stainless steel regions, specifically, the vessel liner, outlet
nozzle liners, nozzle stub ends, and makeup nozzler Ilner. There are no
environmental effects on. materlIal properties 4for the carbon steelI and Inconel
600 low temperature portions of the .reactor vessel.

The elastic material properties used in the structural evaluation of the RV
are specified In the ASI.E Code documents. The Nuclear Systems Materials (NSM)
Handbook TID-26666 is used as theauthoritative source for material properties
not specified In the applicable Code documents. All material propertiesrused
In the design and analyses of the.RV are specified in the Code documents or
the NSM Handbook.

A collection of compcuter files .containing material, property data, routines for
Interpolation and routines for, material models, which are based on-the
material data given In the NSM Handbook and the ASME Code, were used for the
analysis of.the RV.

Where material properties are significantly uncertain, consideration Is given
to the use of. minimum, average or maximum propertiles .as appropriate to obtal n
a conservative result. This selection of appropriate properties is guided. by
RDT Standard F9-5T.

Material. Degradation

Most of the data used to define the allowable design stresses In the ASME Code
were obtained from tests conducted in ai.r. Noattempt, Is made In the`:Code to
account for the effects of other service environment. The LMFBR development
program. has focused attention on jthe mechanical behavior of reactor .materials
when exposed to high"temperature :liquid sodium, In additlion to fast neutronm-
Irradiation and to long time aging at elevated temperatures. _ brief
discussion of the environmental effects is given In thefol lowing paragraphs.

Thermal Aging Effects on Mechanical Properties

Types 304 and 316 stainless steels are non-age hardenable alloys. Thus, no
significant changes In strength or .hardness of annealed material would accrue
from long-term aging at temperatures up to 1200OF,: unlike the precipitation-
hardened stainless steels.., Some sli ght increases .In strength and decreases In
ductility may occur due to carbide formation, together with a reduction in the
room temperature Impact strength. Of more significance, Is the fact .that
these al loys wil I sensitize during -long-term service in the temperature range
from 800OF to 15000 F.
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In this phenomenon, carbide precipitation occurs at the graln-boundaries, the
adjacent matrix becomes depleted in chromilume and the graln boundary :reglons
become.:susceptible to attack.by. corroslVe mredia; -Such attack is:not- likel y:to
occur In sodium, which, if pure, Is a:relatively: inert environment.. However,
crac'king mayinitlate during fabrication and the, other pre-operation periods
when the -component is not exposed to:sodium. due :rto the, environmental'.
conditioons (presence• of water :and- hal ides)... Because of thils, precautions-must
be taken during such periods, to ensure: that.' contact -between sensitlzed-
material and .potential ly corrosive media Is minimized, .If not entirely.
avoided. Hence, no,.allowances have been made 4for. the effects i'of:thermal agl:ng
on the.propertiles to. types 304 and 316 :staInless steels. This did, howeverv,
demand that control be specif led and exercised during the fabrication process
to prevent-stress corrosion. and. Intergranular attack* ,. '.

Neutron Irradiation Effects on Mechanical Properties

'The effect of neutron Irradiation othe mechanical properties of a material
are generally to increase:-the tensile and yiel-d strengths, and to decrease the
ductility. The actual :magnitude of the effect :isdependent on several.
parameters, such as the temperature of Irradiation, the test temperatures, the
neutron energy spectra and the neutron fluence.

Two alternate procedures have been used toa-account for the effects of neutron
irradiation on the structural Integrity of": components. The comprehensive
approach characterizes the effects of neutron Irradiation upon each-:material
response and failure mode considered by the ASIE Code. When necessary,
additional failure modes are considered. The alternate approach Involves
finding the threshold where Irradiation effects first become measurable (in
terms of structural response integrity). The irradlation levels are then held
below- these threshold level:s by shielding.

For austenittc stainless :steels :(Types 304 and 316),- measurable: loss: of-
ductlli ty (total elzongatlon) can first be detected'. at about 1021 -nvt-4total
fluence for temperatures in:the range of 6000 F*- to, 11OO°F, The reactor vessel
end-of-l Ife fl uence is less than 6 x 1020 nvt and hence no fluence effects are
expected.

Effects of (Nitrogen + 29 Oxygen) Atmosphere on Mechanical Properties

The selection of nitrogen gas as the atmosphere for the reactor 'cavity was
based on the desire to prevent chemical reactions should molten-sodlum leak
Into the cavity from any source. However, the:exposure of austenitic
stainless steel to pure nitrogen for extended periods of time at elevated
temperatures may lead to the formation of a thin nitrided layer. This is
considered undesirable because of the brittleness of such layers. ,To minimize
the formation of such a layer, a small percentage of oxygen (2%) will be
Introduced Into the nitrogen.
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Effects of (Argon-Plus-Sodlum Vapor) Atmosphere on Mechanlcal Properties

Very little is known of the ef fect~s of exposure to an argon-plus sodium-vapor
atmosphere on the mechanical properties of a material. It is possible that,-
if the sodium vapor Is continual ly condensing on the materlal, surface and
rejoining the main reactor coolant, there could be some interstitial transfer.
However, because of the scarcity of data, It is not possible to provide
quantitative assessments of such effects at thIs time. Practical ly, the
potential for significant mass transfer via condensation Is insignificant. It
is judged that exposure to the cover gas: should be considered the same as
exposure to liquid sodium without loss of interstitials.

Surface*Effects of Liquld Sodium on Mechanical Properties

Compared with air testing, I lquid sodium may cause certain:metallic elements
to be transferr~ed from the hotter to the cooler regions of the system. In
addition, surface oxidation in liquid sodium is greatly reduced when compared
to air testing. It Is believed that these surface effects are Insignificant
In their Influence on short-term tensile properties.

For time-dependent deformation, such as stress-rupture and fatigue, the
effects of a liquid sodium environment are complex and need to be considered
In detail. In the case of stress-rupture, it has been.shown that for a, gIven
temperature and stress, rupture times in air are longer than those in Ilquid
sodium. A sodIum environment correction factor is appl ied ,tothe rupture
strength data specIfIed In, ASME Code Case 1592 for Types 304 and 316
austenitic stainless steel. This effect is used In all evaluatlons where
stress to. rupture Is Involved.

Fatigue properties of materials can be greatly affected by the environment in
which the properties are measured. The avoidance of excessive surface
oxidation by testing in sodium (or inert gas) Instead of in air Increases the
cycles-to-fallure for a given strain range. No Increase in the design fatigue
limits due to exclusion of oxygen effects is permitted.

Interstitial Transfer Effects on Material Properties

In the reactor system, interstitial carbon and nitrogen are transferred from
the hotter to the cooler regions. This leads to weakening In the decarburized
and denitrided regions and to strengthening In the carburized and nitrided
areas. In the case of fatigue behavior, however, the effects of interstitial.
absorption at the surface are compli cated because of two concurrent
mechanisms. On the one hand carburization can lead to enhanced'crack
nucleation at carbide particles and, on the other, surface strengthening
during strain-control led fatigue wil I Increase the proportion of elastic
straining which is less damaging than plastic deformation. Studies indicate
that, in general, the austenitic materials will be carburized and the ferritic
materials will lose Interstitials. However, the crossover from carburization
to decarburization is system dependent, and it is likely that In certain
systems at least some of the austenitic material wil I be decarburized.
Procedures have been established by which the extent of interstitial transfer
for Types,304 and 316 stainless steel can be determined and from this the
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effects on mechanical behavior is calculatedo The proceduresý nclude.
calculations of surface and average interstitial concentrations and.
Interstitial gradients under decarburizing and denitridIng condItions,
Because of the shortage of data on nitrogen.diffusion, the rates:of nitrogen
transfer are estimated from available carbon transfer data.

TESTS

No structural tests, other than those required by the ASNE Code, have been
performed in support of the RV analysis methods.

COMPUTER PROGRAMS

The following computer programs were used in the analysis of the RV. These
codes are all proprietary to Babcock:and Wilcox,

de Used For

ABSA
ABTA
ALAS
FESAP
FETAP
CREEPABSA
B IJLARRD
I NTERACT ION

Axisymmetric Body Stress Analysis
Axisymmetric Body Thermal Analysis
Axisymmetric Load, Axisymmetric Body Stress Analysis
See PSAR Appendix A
General Configuration Thermal Analysis
Elastic Plastic Creep, Axisymmetric Body Stress Analysis
Biljlarrd Shell Stress Analysis
General Interaction Analysis for Shells of Revolution with
AxIsymmetrlc Loading
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Response for HTS Piping:

The methods used in the static and dynamic, analyses of the p1rimary and,
intermediate HTS piping to determ I structural, 'and funct iona integri are
summarized 'in thIs .response,.

The Heat Transport System (HTS) consists of piping and components requi'red to
transport reactor heat to the steam generators. The'.system Is comprised of-ý
three approximately Identical cooling circuits, each of which includes' a
Primary Heat Transport System (PHTS) loop and an Intermediate Heat Transport
System (IHTS) loop thermal ly coupled by, an Intermediate Heat Exchanger -(IHX).
,The-PHTS .and" IHTS plpi.ng w i.th in contal.nment are located: with in shi elded-and
inerted cel Is .,(nitrogen .atmosphere with a maximum of 2 percent oxygen).,': :2 A
detaiI ed descri ption of.- the PHTS and IHTS piping is provi'ded in Chapter 5 of
the PSAR.

The HTS Piping shall be designed, constructed and stamped in accordance with
the rules for Class I (ANS Safety Class 1) Nuclear Components in the ASME
Boller and Pressure Vessel Code, Section 111, 1974 Edition with Addenda
through Summer 1975 and Code Case "Interpretations 1592-7, 1593-1, 1594-1,
1595-1 and 1596-1 supplemented by RDT Standards F9,-4T (dated January 1976) and
E15-2NB-T (dated Novehtber1974, -Amendments 1 2 and 3). The gpi pi ng w II I be
designed to assure that the stresses, strains and deformations• are:4withIn the
applicable Code criteria, and to meet the system functional requirements. In
addition, simplified Inelastic and detailed Inelastic methods that are to be
used will conform to the requirements of RDT Standard F9-4T and the'guldelines
of RDT Standard F9-5T .(dated September 1974).

FAIL URE ;FmODS

Analyses wiil be performed on the piping toreflIect both t me-ndepe-dent and
time-dependent maaterl a .properies and structural behav I or (el astic and
Inelastic) by considering all the modes" of failure listed below: "

.1. Ductile rupture from short-term loadings

2. Creep-rupture from long-term loadings

3. Creep-fatigue failure

4. Gross distortion due to incremental collapse and ratchetting

5. Loss of functi.on due to excessive deformation

6. Buckling due to short-term loadings

7. Creep buckling due to long-term loadings
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It is convenient In the context of the structural analysis and stress
evaluation of the HTS piping to separate the loadings Into itwo categI'es
System Loads and Piping Component (Local). Loads. Requirement's regarding"the
combination and application of loadings are specifted in the applicableSMI•E
Code, RDT Standard documents,• NRC Regulatory Guides and CRBRP criteria
documents.. (See PSAR Section 3.9)

System desi gn loads are comprised of internal pressure, deadweight,, earthquake
loads, thermal expansIon, SodIum/Water Reaction (SWR) loaods and. system Thermal
transients.. :The combination or treatment of the system loadi ngs in the
analysis process for the HTS piping and support systems Is shown on Figure
Q110.78-P-1. These loads are described in detail in the following:

1.. Internal Pressure.

Syistem pressures Include the piping Internal pressures for Design,
Normal, Upset, Emergency and Faulted, Conditions. Local membrane and
bending stresses resulting from system pressures In the piping are
determined by standard practices and are combined with other
calculated stresses.

2. DadwLgh

The deadweight loading imposed by the piping on itself and on the
supports consists of the dry weight of the HTS piping and the weight
of the sodium contained In piping during the operating condfitions.-
The total welght of the Insulation and trace heaters around the-piping
provides an addtlonal- deadweight oadi ng as d the.weight of valves,
clamps-and portlons of The restraining devices such as snubbers'.

3. Earthquake Loads

The Intensity and character of the earthquake motion which produces
forced vibration of the equipment mounted within the contalnMent
building are specified In terms of the floor response spectrum curves
or. time-histories at various elevations within-the containment
building. These response spectra or. time-histories are developed from
a three-dimensional multi-mass elastic dynamic model of the reactor
containment and steam.generator buildings. The forcing function
appl led to this model Is the site seismic ground motion.
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'The subsequent motion throughout the buildings at various elevations
is the .ba.sis for the Operational Basis Earthquake (OBE) and Safe.
Shutdown Earthquake (SSE) floor response spectrum curves.

4. Thermal Expansion .

The vertical and lateral growth of piping and the main HTS componentsas temperature rises above the ambient temperature Impose loads in the
pipIng.

5. Sodium/Water Reaction Loads (IHTS PIping)

A possible event considered Is the Design BasIs Leak (DBL) within nthe
Steam Generator. Large pressure peaks reverberate through 'the IHTS
plpln when sodium and water react in the steam generator under the
postulated rupture of steam/water tubes. As pressure Increases the
rupture disks fall and sections of the IHTS piping are rapidly
evacuated. Both the pressure transients and Inertial Joading of
evacuation produce responses in the IHTS piping.

6. System Thermal Transient Loads

System operating transients such as plant heatup, cooldown, reactor
scram, etc. cause, changes In thermal expansion loading as described
above and In addition may cause• large through wall thermal gradients
which must be considered In the evaluaition. From hieat conduction ,
analyses, system thermal transients are analyzed to determine local
thermal stresses In the piping system which In turn are combined with
the other local calculated stresses.

Piping Component (Local Loads)

The p!pelIne flexibili ty/. analyses under system IloadIngs generate data on,.
displacements, forces and moments at selected points along the piping
resulting from deadweight, thermal expansion, seismic conditions and-other
dynamic conditions such as for sodium/water reaction (SWR) loadings. Local
membrane and bending stresses resulting from system pressures in the piping
are determined by standard practices. From heat conduction analyses, system
thermal transients are analyzed to determine local thermal stresses In the
pi png system,

The flexibility loads are combined in an appropriate manner and applied In the
stress analysis of a local region of the piping system to determine the
Induced stresses and strains at the piping component level.. These-are added
to the pressure and thermal stresses to obtain the total stresses for"
comparison with, criteria.
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Maximum al lowable Interface loads between the HTS pi ping and certain- attached
components such as the reactor vessel and the lHX are specified' 6at'the
component nozzles. Thenozzle I.determi f the flexibilityanalyses
In terms of weight, thermal expansion, seismic, etc. (or combinations thereof)
must be within these maximum allowables or redesign of the...piping becomes
necessary.

In the design of the' pip.ing, the interface interaction between components and
piping Is considered in one of two-ways. Either the displacements of the
component nozzles are Imposed upon the piping or the component is included In
the analysis model of the pipl.ng. When components are included in flexibility
models It Is necessary to consider the loads IntrodUced by the'relative motion
of component support locations. For example, under selsmic condlitions It may
ber.found that supportlng filoors have movement relative to each other.
Loadings caused by such interface conditions shall be Identified and
consI dered in 1the structural evaluatlon.

ANALYSES

The evaluation of the HTS piping design Is made In accordance with the methods
outlined In recognized nuclear Industry codes and standards, namely the ASIE
B&PV Code and RDT Standards. The governing'Code and Standards for the piping
are identif led In the introductory paragraphs of this response.

.The evaluation of the HTS piping includes flexibil Ity analyses, heat transfer
analyses, and stress analyses; these types of analyses are described In the
following subparagraphs° 9
Flexibillty Analyses

The objectives of the flexibility analyses are to determine moments, forces
and deformations Induced in a piping system due to theitypes of •ladings
discussed previously. To a large extent the flexibility analyses consider
elastic formulations; the piping i1s designed, wherever practical, such that
the stresses are sufficiently low to ensure elastic behavior. In regions
w-here Inelastic'behavior is expected, non-linear flexibility analyses are
made.

Procedures for constructing elastic flexibility models are based on finite
element technlques, using matrix displacement methods. The specific computer
finite element model or flexibility model for each plpling system Is composed
of a series of pipe elements of the appropriate flexibility character with an
appropriate lumping of mass at the intersection of each element (node point).
The nodes are selected at changes.of sections, at locations of equipment
support, at equipment centers of gravity, at points of restraint, at .special
locations where response Is desired and at Intermediate locations to limit the
length of the elements so that the model will adequately represent the actual
system. The number of lumped masses or degrees of freedom shall be such as to
insure compl lance with requirements of PSAR Section 3.7.2.3. Other
assumptions common to this type of analysis Include:
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o Def Iectlonsiarensmail in proportion to the size of .t_ cOnf lgurationi-::!jso tlhat chanes ,.n position and 'shapeofa member are ignored in thei6r

S ,effect oni f lexibl ityof- the. whole, and'

o. effects of direct axial compiession or Iexension, or of, Shear
def lection, are neg IgJbl in comparison- with 'bending and torsional,

-effects.

The Influence of lIocal Ized. ef fects on deflections and rotations Is prov ided by
the Inclusion of flexibili:ty: factors In the""formul afions. -GuIdel i'es for' the
calculation-of the flexibil ty I fators are given I n Subparagraph ,M-3687 of
the ASME B&PV Code,- Seion iii. It is noted I that th-e If.ormul at ions Itend tO6
overestimate the stiffness, and.•hereflore ,are conseriative. This same
gui delne.Is employed, In construct•I fig the flexibil i ty indices f or items 'such'
as nozzles and. 'nchors for whic6h noAS4E Code procedures are specified..

To the maximum practical extent, the HTS piping flexibility analysis models
are defined so as to Include the connecting component, pipe or auxiliary
equipment. This minimizes the number of points at which seismic Inputs must
be determined. This also avoids over conservatism at Interfaces between 'Itemswhen the stiffness of one is not negligible relative to the other' Further,
this approach milni mizes the number of f lexI b Ii1 ity,• anal ysis ,model s and 1leads to
a consistency among the models used for! thle several' types of, static and,
dynamic loadings.

Representations which are Included in the pi ping system models to, representthe connected components (e.g., Reactor Vessel) are Checked agaInst moir
detai led component models to assure orrect' dynamic response pred Ictio.'
Piping-type stick"elements and lumped masses are used for modelingcompofients
Just as for piping sections.. Component support stIffnesses are .IncludedqI n
such. model s an6d4.w,:hqret approalent upporto of:l oor
masses are Incl uded Models ''a Iso Include modeling of shell nozzle
flIexi bilI ty.

Elastic flexibility analysis for the PHTS and IHTS In-containment piping are
made with the WECAN or WESTDYN computer, programs. For deadweight and thermal
expansion analyses, linear elastic models of the piping from ,the component
nozzle anchors are used. For seismic analyses, extensive use Is made of the
response spectrum method In accord with the Appendix A to. PSAR Section 3.7.
Time-history analyses are used wherever the response spectrum method is Judged
to be overly conservative. For sodium/water reaction (SWR) and SIWDB
conditions, the response of the IHTS and PHTS, piping, respectively, Is
determined by Integrated time-history analysis, using forcing functions that
are prescribed as force-time histories at change-in-direction and flow
restriction locations In the piping system.

Amend. 76•.March 1983



The piping seismic flexibility analysIs for the PHTS 36" Hot Leg includes The
reactor vessel, the outlet. downcOmer and the pulp. The PHTS 24" Hot Leg modellncludes the pump and IHX.'' The PHTs-24" Cold Leg' model nclues 'the IHX,
check valve, reactor vessel and inlet downcomer. The Iidn-ontainment tIHTS 24!
Hot and Col d Leg model s .:Include the IHX an d models of the ' RCB penetrationseal s.. For the' SWR .analysis 4of ithe .in-contai-ment IHTS Pipingi aportion of
the ex-contalr 'nent' piping Is. al so added: to models. The •sismicjmode•dls for the
sma Ill-diameter PHTS piping (IHX vent,. pump bubbler, and pump dr.ain'. i"(nesY
include the .connect.ng component models (IHX and PumpY as well as-the guard
vessel s when the. ping ssupportedoff a guard vessl., . "

" : ! . . . l. g I. s ., s . ... ted... f . .a • gu r s..- . .- . • . . .

The elastic fiexibility analyses for the IHTS ex-contaitinent pipingare made'
wi-tlh the SAPr compuer program. Post processil-ng programs ar.e4 used to.made the
stress calculations In accordance with the ASME Code. The Model fIor, t
flexibility analyses of the ,IHTS ex-contal nment: pip ng are ibr I of I y de•sceiIbed
as follows:

Hot Leg

The Hot Leg model Includes the superheater Inlet and out let, the
evaporator Inlet and an .anchor aftthe penetration of the HTS cell of the
Reactor ContaI rment BWildI.ng. Normally 3 toý5 thermal expansion cases are
performed. These expanslon cases- will envelope all f `the therala
operating conditions. The displacement of the equipment nozzle depends on
the particular thermal expansion case being analyzed.

The. superheater Inlet nozzle ls treated as an equivalent'pipe that is
carried to the superheater shell; at the shell the equlval'ent.;Ppipe Is
rotational ly fixed.

At the superheater outlets, the superheater nozzles (two)"and the
superheater shell are-treated as :equivalent pipes. : The shell equ4i3val enrt:
pipes (one for each side of the shell) are carried to thevertaica
centerline of the superheater. At this point, the equivalent pipes are
rotational ly. fixed.

.The nozzle equivalent pipe Is rotational ly fixed at the shell.
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At the evaporator inlet the evaporator nozzle and the. evaporator shellI are

treated as equivalent, pipes. The shell e'qulvalent pipe Is carried to the

vertical centerlinhe of the evaporator., At t'hi s pInt th e same. equ Iv alIent

plpe is rotational ly fixed. The nozzleeq9"Uivalent pipe •s rotationalily

fixed at the shel l.0

At the anchor of the RCB penetration, h ,he"pipIng Is geometrIcal ly fixed'

both with respect to rotational and I:rnear dAisplacements,.

Cold Leg '

The cold leg model Includes the evaporators (outlets), the pump (inlet'and

outlet) and.an anchor at the penetratlon of the HTS cell of the Reactor

ContaIment Build I ng.

At the outlets-of the evaporators, the evaporator nozzle and :shell I-are

treated as equlval ent pipes. Theshell equival ent pipe Fs carrledto the

vertical centerline of the evaporator. At thls polnt the same equivalent

pipe Is rotationally fixed and the thermal displacement Imposed. Also,

the nozzle equivalent pipe Is rotational Ily fixed at the shel. I,

The pump Inlet Is treated i:n a similar manner. At the. Iniet, the pump

nozzle and shell are treated as equivalent pipe. The.shell equivalent

pi:pe Is carried to the vertical centerli ne of the pump. At:this point the

equivalent: pipe Is rotatilonally fixed'and the, thermal displ-acement"

Imposed.

At the pump outlet, the pump nozzle Is treated as an eq~ulvalent plpe.

This equivalent pipe Is rotatlonal ly fixed at the pump shell.

,At the anchor at the penetration of the Reactor Containment Bulidldng, the

cold leg is geometrIcally fIxed.4bo0th" with respect -to rota0tion arindi.

di spl acement.

p,
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Nonl Inear flexibIlI ty analysIs is required for fill and drain loadingconditions, for the PHTS large piping. This need, arises fro the use of

constant load hangers to support the piping. The hanger load values are set
as appropriate for the f Iiled condition,. When y heseforces lead to
excessive stress and deformation. Devices to limit the travel of11the: hangers
are required and the determination of appropriate limiting values Involves a
f I exi bi I ity analysi s which is `nonl I near due to, theý changi ng free/f Ixed
conditions of the, hangers durilng f-ill and drain,.

An Inelastic flexibility analysis Is required for the PHTS 24-inch hot.leg
where the calculation of Induced forces on an elastic.basis Is excessively
conservative, because stress relaxation is not accounted for. The use of .an
Inelastlc flexibilU ity analysis to calculate the forces applied to local.
regions Is not considered to Invalidate The use of elastic analysis rules In
evaluation of the local region for compliance with applicable structural
Integrity requirements.. The Inelastic flexibilIty analysis is performed with
the MARCC _computer, program using the curved pipe f:Inite element model
specifical ly developed for such analyses.

No significant design analyses for short-term primary or long-term creep
buckling of the In-containment piping Is required. Load-controlled forces
that can lead to buckling due to short-term loadings are kept small by The
piping support arrangements. The predomlnant operating stresses onsthe piping
are due to thermal expansion and thermal- transients (or. deformation-control led
loading). Bucklilng in straight pipe:sections under deformation-control led
loadings does not pose a problem because of the low axial load levels and the
limited deformations that could result. Also, the buckling or plastic
collapse of the elbows in the HTS large-diameter pIp.ing Is not a practical
mode of failure because rotations of the elbows are limited by the .epiping 9
support system, ,

Heat Transfer (Therma I Translent) Ana-Is "..

Thermal transients are the source of some of the largest variations of stress
In the HTS piping. Thermal analysIs of piping temperature distributions
during such occurrences are therefore an important part of the structural
Integrity assessment for the piping. In this section, the procedure and
principles employed for HTS piping temperature distribution analyses are
descr I bed.
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The translent events used as the basis for piplng.deslgn/analysis.are
specif led I n the pi pi ng design speci f Ication for each section of pi ping- Iloop
In the piping system. Thermal thydraulic c data, in _the form of temperature,
flow and pressure tlme plots, are given for each thermal transient i n .the
specif ication.

The.heat transfer -analysis of-the piping components is carried out w ith finite
element programs becausewthese analyses can become complex. Some.examples of
when a detalled analysis. .are necessary include.:

(1) When axial heat flow as well as through-the-wall flow Is significant
such as In a branch connection.

(2) when the specified sodwum transIent is complex.

(3) When the radiation mode of heat transfer Is significant along with
convectIon and conduction.

ANSYS, WECAN and TFEATS are the basic computer programs used to solve
temperature distribution problems for the HTS in-containment piping system.
Geometry generators are- internal to these programs which are used to prepare
models and Input for both one-dimensional and.two-dimensional heat transfer
problems.

The computer programs have the capacity to determine through-wall temperature
gradients in the plping as a functi.on of time for time-dependent input
functions of mass f low rateand bulk fluId temperature. They haver the
capability of decomposing the through-wall temperature dIstributIon Into three
components as described in sub-paragraph NB-3653 of the. ASME B&PV Code, Z
Section III. These three components are the wall average temperature (Ta),
the moment generating equ:ival~ent linear, distribution.( Ti ) and-the, nonli.near
portlon w ith. zer'o-average ,val ue and: zero f irst moment with respect to the
mid-th~ickness ( T2 )ý These quantities are used with ASIE code Jformulas to."
determine:.-secondary, and peak"stresses for use in the ratchetting and fatigue
evaluation of the piping'components.

Several locations in the piping system required special thermal analysis such
as at nozzle-to-pipe Joints, flued heads, tapers, branch connections, etc.
For these general thermal analyses, the large finite elements programs are
readily applicable. For nozzle-to-pipe Joint discontinuities, the thermal
response of the structure on each side of the interface Is determined by
calculating the radial temperature distribution at various time. perlods during
the various thermal transients and :then calculatlng the average Itemperature
(Ta and Tb as defi-ned In the ASME Code) as a function of time for each region.
The maximum temperature difference (Ta - Tb) between these two quantities
during each translent is used to determine peak thermal discontinuity stresses
at the interface in accord with the ASNE Code formulas.
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Stress (ASME CodelEvaluation) Analysis

The technical approach takenlin analyzing and evaluating plping components for
compl lance with structural integrity requirements fol lows'the procedure
outlined in Figure Q110.78-P-2 (Blocks 1 through 9). The process starts off
with the through-wall temperature results ( Ti T2 and Ta-Tb) obtained from
the heat transfer analysis as discussed prev.iousiy :an&d as shown: In Block 1.
elastic flexibility ana~lysis loads (forces, moments and dIspl acements) are
then obtained for all the piping system load conditions as. indicated byBlIocks
2 and 3.

In all cases the analysis and evaluation of the piping components proceeds on
an elastic basis as shown in Block 4. The ELTEMP computer code Is used to
analyze and evaluate piping components on an elastic basis In accord wIth Code
Case 1592 and RDT Standard F9-4T.

The ELTEMP computer program is operational and the calculations performed by
ELTEMP havqebeen verified. This computer program is considered to be
satisfactory for use In elastic evaluation of HTS piping,

The ELTEMP computer program willI be documented, revised and maintained as a
part of the structural evaluation program for the HTS piping and will be used
In the preparation of final stress reports for CRBRP Class 1 piping. At
present, the applicable ASME Codes and RDT Standards do not provide specific
rules for plping at elevated temperature; only general rules in accord -with
NB-3200 of the ýcode are prov ided. To assure consistency, the preparation of
the ELTEMP computer program is coordinated with other efforts to prepare,
special rules for elevated temperature piping forý Inclusion in the applicable
Codes and Standards.

A number-. of fal Iback approaches are used to assess piping components whrich- are
not shown to be -satisf actory on an el astic basis usIng Blocks 3 and 4. If the
reason for noncompl lance is Judged to result from high thermal transient
stresses, the procedure Is modified to use an elastic flexibility-analyslis and
an Inelastic analysis of the piping component (Biocks 3 and 6). If the
reasons for noncompliance is Judged to result from excessive flexibility
analysis forces, the procedure Is modified to use an Inelastic flexibility
analysis and an elastic piping component analysis (Blocks 5 and 4). In some
cases both the flexibility and component analyses need to be Inelastic (Blocks
5 and 6).

It Is anticipated that the foregol-ng four alternatives will be adequate for
the design/analysis of most of the HTS piping components. However, the
applicability of the CHERN computer program must be verified for use under
nonaxi symmetric conditions.
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Block 7 identifI es an inelastlc analysis approach of last resort. ThIs type,of _analysls I s requ i red for, pI p ing sy stems thiat are highly loaded by thermal!expansion and thermal transient. stresses: such as the PHTS 24-Inch hot legbetween the pumpip nd -IHX.' Block 8 is included In Figure8911O.78-P-2 toindlcaste that somi individual d•isconhtnu0ly regions nay require detailedmutlt-d imensional inelastic analysis. In addition, limited, Indirect-use ofthese types of analyses Is anticipated In theverification of simpler designanalysis procedures.

The scope of analysIs as descrlbed above does not incl ude consideratl on of.:vibration. The potential for excitation of vivbration is considered In..t.hestructural, evaluation program. The effects of vibration i nduced by :the pumpImpel lor are considered for the PHTS hot leg piping connected to the pump.
An anal yss checkIst for the pi pi ng. Is 1included i. n F Figure .Q1 I0.78-P-3. ThiUs
checklist wl I 1 be. expanded in size and detail was the analyses progress.,
MATERIAL PROPERTIES.

The elastic material properties used in the structural evaluation of the HTSpiping are specified in the ASME Code Documents. The Nuclear SystemsMaterials (NSM) Handbook (TID-26666) is used as the authoritative source formaterial propertiesnot specified in the applicable Code Documents. Wherematerial properties are required which are not available In the NuclearSystems Materials Handbook or the ASIME Code, action will be taken,usingprocedures approved by the CRBRP Project Office to obtain the requlredmaterial properti es.

A collection of computer files containing materi al property ,daa, routines forInterpol ation and routines for material deformation models, which are based :onthe materlals datagIven. In the Nuclear Systems Materials Handbook and theASME Code, are used for analysis of the HTS pipi ng (and other .RBRPcomponents).

Thermal and mechanical properties are considered in the selection,of materialsfor use in the HTS piping. Further, consideration is given to materlal,.,properties In connection with fabrication procedures. For example,.' the needand procedure for accounting for the. effects of cold work In the designanalysis Us examined. A thickness al lowance is provided, In the mannerdescribed -in the ASIME Code Section III Subsection.NB-3600, to account for theeffects of corrosion and erosion.
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For materia I propertles cr i tical to the des i gn/analysi s process, s conslideratIon
is given Ito0 t h e use of lminimum, average or maximu properties as appropriate

to obtain a reasonably conservative result. For example, In certain critical.
situations the evaluation of deformation limits Is based upon minlmum
stress-strain curves. The selection of appropriate properties Is guided by

RDT F9-5T.

Material 'Degradation

Most of the data used to define the allowable design stresses In the ASME Code
were obtained from tests conducted in alr. No attempt is made in the Code to
account for the effects of .other service environment. The LMFBR development
program has focused attention on the mechanical behavior of reactor materials
when exposed to high-temperature I lquid sodium, In addition to fast neutron
Irradiation and to long time aging at elevated temperatures. Guidance for
establish I ng the effects of the serv ice env I ronment upon the response and
failure characýterlstlcs of the structural materials Is summarized in Table
Q110.78-P-1. A brief discussion of the environmental effects is given In.the
fol lowing paragraphs.

Thermal Aoing Effects on Mechanical Propertles:

Types 304'and 316 stainless steels are non-age hardenable alloys. Thus, no
significant changes In strength or hardness of annealed material would accrue
from long term agi ng at temperatures up:tO 12000 F, un like -the
precipitation-hardened stainless steels. Some slight Increases In Strength
and decreases In ductility may occur due to carbide formation, together with a
reduction in the room temperature Impact strength. Of more significance, Is *
the fact, that these a I oys wl I sensitize during ong term service i the
temperature range from 800o 0 to 1500OF. Inthis phenomenon, carbide
precipitation occurs at the grain boundaries, the' adjacent mafrrx becies
depleted lin:.chromlum-and the grain boundary regions become. suscept Ible to
attack by corrosive media. Such attack is not likely to occur In sodium,
which, if pure, Is a relatively Inert environment. However, cracking may
initiate during fabricatlon- and the other• pre-operatlon per iods when the
component is not exposed to sodium, due to environmental condltions (presence
of water and hal Ides-). Because of this, precautions must be taken during such
periods to ensure that contact between sensitized material and potential ly
corrosive med~ia is avoided. Hence, no allowances have been made for the
effects of thermal aging on the properties of types 304 and 316 stainless
steels used In the HTS piping. This did, however, demand that control be
specified and exercised during the fabrication process to prevent stress
corrosion and intergranular attack.

Neutron Irradiation Effects on Mechanical Properties

The effect of neutron Irradiation on the mechanical properties of a material
are generally to Increase the tensile and yield strengths, and to decrease the
ductility. The actual magnitude of the effect Is dependent on several
parameters, such as the temperature of Irradiation, the test temperature, the
neutron energy spectra and the neutron fluence.

"0
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Two al ternate. procedures have: been usedt.. account f orthe effects of neutroni-radi1ti6n on the struur al i ntegrity lof componnts. The c•mpr ehnsive
approah ,characterizes the effects- of' he i eut•on ira!iation upon each
mater i:al response and fai lure mode 'consldered by- the AE code.

When ..necessary, additional fall..ure modes.. are : conspidered. The alternate
approaýh •invol'Ves f Indingt th thredshold where.l irrad'iation ef fec Irs be
measurable (in terms of structural response and integrity). if irradlation
levels are held below these threshold levels, no fluence effects will take
place.

Fore austenitic stainless steel s (Types 304 .anhd .316),'.measurable loss of
ductlityi (total elongatlon) can first be 6detected at about 102' nvt total
fluence. for 6temperatures In the rang' of 6000Ftoo1100F.• The p Ipe wall
end-of-life-fluence for the HTS piping within the reacto cavity Is less than
1 x 1020 nvt and hence no fluence effects are expected.

Effects of (Nitrogen + 2, Oxygen) Atmosphere on Mechanical Propertles)

The selection of nitrogen.gas as the atmosphere for the reactor cavity and HTS
cell was based on the desire to prevent chemicaF!reactIons should molten
sodium leak into the cavity and HTS cell from any source. However, 'he
exposure of austentic stailness steel to pure n trogen for extende periods 'oftime at elevated. temperaturesmay 'ead to.the formation of"a th nitnr ide:d
layer. This is considered undesirable because ofthe brittleness of such
l ayeers,. To minimize .the formation: of .such a Iayer, a smalI percentage of
oxygenh (<') is introduced into the nitrogen.

Ef fects of (Argon-Pl us-Sod I um-Vapor) Atmsphereron hMechanlical Pro6perties'.

Very .ittle. i."s knownof: :the effects of exposuret nargon -plus sodium-vapor
atmosphere, on .the mechanical aiproperti.es ;of .austnititcs.tainless steel. It is
possi bIe, that, if the sdium vapor is :cont nua ly condensing on the material
surface and rejoining the main'rea6tor' cool antý, there could be some
Interstitial transfer. However, because of the scarcity of data, it is not
possible to provide quantitative assessments of such effects .at this time....
Practi ca l. ly, the potent Ial for si gn I fI cant mass transfer via condensation. Is.
insignificant., It Is judged that exposure to the cover gas should be
considered the same as exposure to li1quid sodium without loss of
lInterstiiaI-s* l

Surface Effects of Liquid Sodium on Mechanical Properties

The interactions of the sodium environment-.with the material, excluding:
Interstitial transfer effects, may be defined as surface effects. Compared
with air testing, liquid sodium may cause certain metallic elements to be
transferred from the hotter to the cooler regions of HTS systems.. In
addition, surface oxidation In liquid sodium is greatly reduced when:compared
to air testing. It Is believed that these surface effects are insignificant
in their Influence on short-term tensile properties.
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For time-dependent deformation,. such as stress-rupture and. fatigue, the
effects of a i:iquid sodium envilro ment are complex and need o be considered
In detail. in the case of. stress-rupture, ,"It has" been Shsown thatf given
temperature and stress,' rupture times§ in I air are o onger than those in lqu•id•
sodium.* Figure"Q11O.78-P-ý4 gives ai sod Ium-envir~onm'elnt corcI-on f actor Vhtich
appi led, to the rupture.strength data specifi ed In AS.E Code Case 1592 -for
Types 304 and 316 austenitic stainless ý.steel. This effect. is u. seUd": in all•-I.'
evaluations where stress-to-rupture is involved.

Fatigue properties of materials can be greatly affected by thel1environmentli-n•
which the properties are measured. The avoidance of excessive surface
oxidation by..testing In sodium (or inert gas) Instead of In air Increases the
cyc l es-to- fail ure .for. a given. strai n range. These Increased cycles-to-fa1lure
values observed when testing insodi are being 'Independently Vrifed.r e No
Increase In the design fatil gue, l im Its due fo exc usI on of oxygn efects is
perm I ..ed.:

Interstitial Transfer Effects on Material Properties

In the HTS p.iping, Interstitial carbon and nitrogen are transferred from the
hotter to the cooler regions. This leads to weakening In the decarburized and

denitrided regions and to strengthenlngý i n the carbuhrlzed and nitr,1ded areas.,

In the case of f .fatigue behavlor, however, the effecs of interstiti•'al'.
absorption at the surface are cplicated beca use of+ tooncu-rent' .
mechanisms. On the one hand, carbUrization can l ead to enhaned- cr'ac
nucleation at carb I de particl es and, on the other, surf"ce strenghening .
during straln-controllled fatigue will Increase t'he prop6rtjon of' 4el:astIc•c
stralining which is less damaging than plastic deformation.' StudeI es;- indIca te
that, -in general.., the a~ustenitic materials will be carburized. However, the
crossover from carburization brIzation i s -system-:depndent and 4I'tis
likely. that in certaln ..systems at least some. of the .austentitic material will
be dcarb~urized. Procedures haVe been establi shed ýf+or,11 te- Rpiping by

which *the extent Ofli nterstltia ::transfer f Typ s '304 and 316 ainless'
steel can be determ I ned and from this the ef efct,: f mechanIcal behavio can'

be calculated:

ASME Code Case 1592 requires a minimum carbon content of 0.04 percent for
austenitic staianless steels. To compensate for any. Interstitial transfers,
the material Iis being ordered with a minimum carbon content of 0.055 .prc6nt..
for the primary hot-leg piping. This additional carbon percentage is
considered sufficient to account for carbon depletion In the high temperature
regions of the primary loop.

Although some carbon depletion is expected In the Intermediate HTS piping, the
specified minimum carbon content of 0.04 percent is considered adequate.
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STRUCTURAL VERIFICATION TESTS

The planned technical approach for the desi.gn/analysis of the HTS pipin9-9
Includes the use of some methods, procedures, designs, etc. that are not fully
developed, substantiated or verified. To account:for this, appropriate
testing and verification will be carried out as part of the-HTS pi-plng
design/analysis effort and/or LMFBR base technology programs which are
considered relevant to the structural evaluation of the HTS piping. Table
Q110.78-P-2 provides a list of completed and. ongoing base programs which wIll
contribute to verification of design methods and, hence verification of the
adequacy of the HTS piping.

Of. specific Importance Is the qualification testing of the CRBRP HTS piplng
support system identlfled as items 3 and 12 on Table Q110.78-P-2. These
programs willI qualI fy the load carrying capablity I of the vertical and,
horizontal plpeqclamp designs. They wlil also.eval uate and assess the
mechanical snubbers and constant load hangers-when used..,in combination with
the plpe clamps as a complete pipe support .and -restraint system. Under these
programs, models also will be developed and verified for piping restraints for
use in the design/analysis of LMFBR piping systems.

To determine the performance capabilities of the pipe clamps, testing has been
done at various temperatures up to 1015PF and under various static and dynamic
loadings. The test articles were Instrumented with thermocouples, strain
gages, accelerometers, load transducers and displacement transducers, to gather
data from which stresses and strains were calculated. The clamps were
inspected during testing to ensure proper fit during thermal expansion

movements of the pipe test section and to assure load carrying capability
during seismic-type shocks and vibrations.

Testing was performed-on 24-inch pipe clamps. Shock loadings at. forty,
different frequencies from 5.64 Hz to 62.98 Hz and with corresponding forces
between 2 lbs. and 19635 lbs. were used.

Results from all the direct CRBRP test programs and appropriate base
technology programs for piping will be used to provide assurance that designs
are structurally adequate and analysis calculations reasonable in the
certified ASME stress report and FSAR.

COMPUTER PROGRAMS

Responses to the NRC questions 110.27 and 110.58 provide Information relating
to the computer programs used for the static,, heat transfer, and dynamic,
analysis of Seismic Category I structures. Of these, the following computer
programs will be used for the analyses of HTS piping within containment:
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1. WECAN

2. WESTDYN

3. MARC

4. ELTEMP

5. CHERN

6. ANSYS

7. TFEATS

All the above programs-have been described in Appendix A of the PSAR and hence
are not repeated:in this response. Appendix A also provides Information
relating to the adequacy of these codes and verifications that have been
completed or planned. Where verification studies are In progress, the results
will be provided In the FSAR.
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TABLE Q11O.78-P-1 SUMMARY: ENVIRONMENTAL EFFECTS UPON ANNEALED TYPE 304 AND 316 SST

Stress Intensity
Category

Primary Limits

Primary & Secondary
(and Buckling)

Peak

,A

Sr
Sy
Su

Creep Eqn
Onset Tertlary ..;rep

Sr
Sy
Su

Creep Eqn
Onset TertIary Creep
Creep Hardening
Stress-Strain Eqn
Cyclic Hardening
Etotal

Sr
SY

Su
Creep:Eqn
Onset Tertiary Creep
Creep Hardening
Stress-Straln Eqn
Cyclic Hardening
Fatigue Curve
Creep-Fatigue
Interaction
Stress Rupture
Notch Effect
Fatigue Notch Effect
Saturation of Hold
Time Effects

SodIum
Expouri

Degrading

Degrading

Degrading

DM

V

Degrading
Degrading
Degrading
DNI
DN I
Degradl.ng
Degrading
Degrading.
DN I
DN I
DN I
Modification
DNI
Improvement
Degrading
Degrading
Degradi ng
DN I
DNI
DN I
Modification
DN I
DNI

Loss of

Effect

Ave
Ave
Ave
Ave
Ave
Ave
Ave
AvIa
Ave
Ave
Ave
Ave
Ave
Ave
Pointn**
Point
Point
Po nt
Poi nt
Point
Point
Point
CIDl

DNI

DNI
DNI

DNI

InterstItalas

Bas is+

ON I

ON I
ON I

DNI

*No significant effect expected
**ONI - Design Information not Included

***Point - Instantaneous value or peak, not
average values.

+: Basis - Dernoteseihether. point (0tN) content or average
content is used as the basis to establish the effect.
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TABLE Q11O.78-P-2

BASE TECHNOLOGY PROGRAMS IN SUPPORT OF THE HTS PIPING. DESIGN EFFORT

:imTitle (With Obl•--t-ve)

Thermal Transient Facility (Analysis and test to verify Inelastic pre- Ongoing
dictions of ratchetting of piping - welded pipe and jcroloy-to-304/316
SS Joints)

2 Transition Weld Development. Ongoing

3 Piping Supports (Establish design of piping supports using load bearing Complete
Insulation - FFTF type).

4 Mixing Tee Studies, Compl ete

a. Hydraulic Tests of SPTE Mixing Tee Model (Water Tests) Complete

b. Mixing Tee Considerations for FFTF (Water and Sodium Tests) Complete

c. CRBRP INTS Mixr Thenmal-Hydraul Ic Model Tests Complete

• 5 Fracture Mechanics Studies (To prove leak-before-break assumption)

a. Characterize Crack Propagation, Critical Crack Size & Crack Leakage Complete

0o b. Sodium Effects on Fracture Mechanics o(mplete

c. Corrosion Study of Sodium Leaking to Air complete

6 Evaluation of Formed & Welded Pipe Ongoing

7 Multi-Loading-Test Facility (L1TF) (inelastic response of piping, Ongoing
straight pipe, elbow and -tee sectlons)

a Simplified Inelastic design analysis procedure for piping systemas, PIRAX-2 oplete

-1 C

= -...
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TABLE Q110.778- P-2 (Continued)

BASE•TECHNOLOGY PROGRAMS IN SUPPORT OF THE HTS PIPING DESIGN EFFORT

... •Title (With Obljeclve) .Stus.

9 High Temperature Time-Dependent+ iaracterlstics of Materials in Ongoing
Sodium (Mechanical. properties of. stainless steels and Inconel. 718 Ooi
In air and: sodlim)

10 lSmplified methods (Program for qual Ification of analysis models Corplet"
of reducedlcpIexI"t and dimensloniI

11 PIpingRestraint Effects Ongoing'

00

0 =
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Figure Q1IO.78-P-1. HTS Pipiqg.-:andi!Support System Design and Analysis Process
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Figure Q1IO.78-P-2. HTS Piping Analysis Procedures
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Resoonse for HTS Pumos:

Primary and Intermediate Sodium Pumps W

The Information presented below Is based on that currently avaltable In the
pump structural evaluation plan,. In general, these plans provide for the
overall philosophy and analytical approach to be followed In the structural
analysis and Identify the conditions under which certain supplemental analysis
may be required.

Components operating above 800°F are considered "elevated temperature
components" and have strain limits and creep-fatigue damage. limits established
by Code Case 1592.

Primary and Intermediate Sodlum Pump

1.0 Failure Modes and Loading Conditions

For the purposes of loads and analysis the pump (see Figure Q110.78-PU-1) Is
divided into four subcomponents: Subcomponent I - the pump tank; Subcomponent
2 - upper Inner structure Including the pressure bulkhead; Subcomponent 3 -

the rotating machinery; Subcomponent 4 - the static hydraulics section. The
predominant failure modes and :associated loading conditions for each
subcomponent are addressed In Section 2.0.

2.0 Structural Evaluation Criteria

2.1 Subcomponent I - Pump Tank

The pump tank Is designed to the ASME Boiler and Pressure Vessel Code .Section,
Ill, Subsection NB Class 1 and Code Case 1592,`- •where.: appl••cabl~e. The cone and
cylinder are designed mainly by dynamic stiffness requirements.' These Include
seismic loads and the necessity of keepIng .the-natural frequency of the .
structure above the operating speed of the Impel ler to avoid critical-:'
resonance during operation. STARDYNE andANSYS computer codes are used for
this analysis.

The lower end of the pump tank will operate above 800OF on the primary pump,
whereas all portions of the Intermediate sodium pump normally operate below
8000 F. Creep'effects for the Intermediate pump wil l"be shown to be
Insignificant. The evaluation of that portion of the pri.lmary .pump above 8OO°F
will utilize methods of finite element coarse model Inelastic analysis. These
methods have been used on the.FFTF-intermediate heat exchanger as well as the
intermediate heat exchanger of CRBRP.

The pump tank is divided Into two groups for analytical purposes; namely,
nozzles and the pump tank assembly.
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NoziLU~

For structural Integrity of .the pressure boundary, axi-symmetrIc ANSYS models
of thevarious nozzles.willl be ,:used. DetaIled time. dependent temperlature ..
distributions wi I be determined wt.h-these6,models.ý Elastic pI:ping loads will
be :evaluated using Fourier Series and-.ýaxtsymmetric ANSYS model.s.,. Because of:
the :.proxlmlty of :the discharge and- suct ion-nozzles In the• pump tank ,,spherei a
coarse three dimens-ional model wt II be used to -assess thelr:interaction for
both mechanical and thermal loads. This work will be used to develop and
justify a conservative set of boundarycondltl ons for the ýaxIsymmetfrIc
analysis. The. .sucti on,, dischargen, ;and, IHX-vent return nozzl1es, and:, trans it ion:
ring of the prlimary pump are creep-fatigue :.and- strai:n lim itical.

The creep damage problem is magnified due to material decarbur izati.on w h I ch,,.
reduces the timg-dependent -all owable.stress for .a :given .time-,at 1015OF1 by:- l11%. "
Strai n-. 1: lmit .probl ems occur in :the~wel di between the: °nozzleo forgi ngs and the:
pump :.tank .sphere. These -nozzles cannot -pass the simpI.if led elastic rules of
Code Case 1592-1. Coarse model Inelastic analysisuslng axlsymmetric MARC
models with axisymmetric loads will be used to demonstrate compliance with the
deslgn:crIterla-of:Code Case 1592-1,. The unit histogram to be used-,w-11...-
include slx subcycles and wil I be run for. six unit. cycl~es. AIti,.s antl,cipated
that the histogram wi I be composed, of-'two normal •cooldown- cond tlions, A-two-
U-i-a transients, and one;.U-lb transient on one U-8. and.E-5 transient(see PSAR
Appendix B for definition of transients)- :

An additional functional requirement of the: discharge-, nozz I es i nvolv es.;the,
slip fitwith the discharge: duct. This slip f It, must, be shown--to remai -open,
during the design life: and not, to en large:- to: the po int where leakage, degr ades;
pump performance to an unacceptable level. ,The probl emI w I be eval uated--, :I.
using an axisymmetric model of:the nozzle.

The standpipe bubbler nozzle lof the :pr-imary pumip.;iUs. notý., subject .to ,.transients,
and signif1cant pressures. -Simplif Iedmethods .,w Il-1 be :used to demonstrate-, its:.:
structural adequacy. The.- dral n nozzle w I I V bel shown -acceptablte:: by":' comparl-ng,
It to the suctl on and discharge. nozzles. .: The -cover gas vent nozzl e i:s 1not
subject, to transients and signif Icant pressure.. Simpl I:f led elastic methods.
wil.l be used to demonstrate Its.. structural adequacy.

As .noted ear.l-ier.. !the intermediate: pump does not invol:ve creep design
considerations. .. Except for: U-11a:,and E-4a*0-,the transients: of :the'. .,.
intermediate-pump nozzles are-very, mild. -d::The elastic., shakedown. lImits. and
fatigue damage wil I be evaluated using twice the stress range from the E-4a,
transient. The severity of transients U-11a and E-4a, are such that plastic
design eval uatlon procedures (Paragraph INB 3228 -of SectIon JI I) must be.. used,
to assess distortion and total strain range (for fatigue damage). The MARC
models developed :to evaluate the primary: pump -suction and discharge nozzles
will be used. The histogram will. consist of :.transient. E-4a, and-will I ,be,: run,-
for -four cycles. - - -

* E-4a was subsequently deleted as a plant transient, but :it has been retained
as a pump design requirement since It umbrellas other emergency transients
in Its severity.
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Pump Tank Assembly

The pump tank assembly consl sts of: the remalni ng parts of the tank '(sphere,
seal ing cone, support :attachment junction, sphere-to-cone transition plecei
cone, cyl Inder,. and mounting flange), These ýparts Ycan have an effect,,on the
system requirement related to peak-to-peak nozzlevlbratlons.ý- In additlon,.
deformations of the sphere-to-cone transition piece are dlrectly related-, toý '
the pump tank impedance requirement.

A three dimensional (1800) thermal and.elastic ANSYS finite element model :of, .
the tank will :be used to assess the 'three dimensional effects,,for,:mechani.cal
and thermal loads on the sphere-to-cone :transition piece.: The&resul~ts Of. this
three dimensional analysis wi Il be used to develop and justify. axisymmetric
models of ý,the transition plece:which will be used to evaluate theepressure
boundary for s~fety requi rements.: Thls work w I I I lnvol vedetai led thermal
ana IlysiS for, two thermal - transl ents and el ght mechani cal load runs. ,Also the
model *will be used to develop the foundation stiffness ofthe trunnion 1ype
supports for the seal ing cone assembly.

The axisymmetric analyses' and structural evaluation 'of the sphere-to-cone
transition-plece and the sealing cone support attachment junction wi.ll follow
the same general procedure described-for the nozzles.- The number of.
transirents considered, -the unit histogramn and the :number of,., unit cycles.:. run
In the coarse model Inelastic analyses will be the same. The cone and
cylinder sections of the tank are not subject to severe thermal transients.
Thel r design is based upon load control Ied, considerations (pressure-and.:-
seismic) and thelpeak-to-peak nozzle motions. In the sphere the areas-which
aree far-from :local. discontinuities wIlIl be shown acceptable ousing one
dimension WERN 'inelastic analyses.

The analysis and evaluation of the closure and support flange complex willV
Invol:ve an equivalent. axisymmetric interaction model. The:model' wil I :use the
gap el:ement capab I Iy ty of ANSYS to -assess the changing conf 1 guration.effects:
due to surfaces moving In and out of contact. Sliding wIth, frctlon will be:-
considered. The bolts will be modeled with beams and local 'flexibility at the
nut face and threaded areas w Il be considered. Non-axisymmetric over-turning
loads (seismic and rocking vibration) will I be evaluated usling the model with
Fourier Series. In this instance, the gap element will not be used to
simulate the, circumferential ring joint. The stiffnesses determined will be
available for inclusion in the selsmic and pump dynamlcs models.rý In addition,
the dynamic pressure pulse for the-SMBIDB and sodium-wafer reaction will be
evaluated.

2.2 Subcomponent 2 Upper Inner Structure

The upper Inner structure wil Iconform to the same-code requirements as the.
pump tank.. The design of the upper closure plate and radiation shield is
control led by the design pressure and temperature requirements.. 'Elastic
failure is the predominant mode. The thermal shield will have steady state
thermal gradients which will be determined by a 2D ANSYS axisymmetricmodel.
The ,motor stand will be designed by the stiffness requirements of the:motor
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and selsmic loads. The principle failure mode will be buckling under.SSE
seilsmc` load.- Parts of the primary pump upper Inner structurewlil IoperaTae-
above 800°F; none of the Intermediate pump upper Inner structure operates
above this temperature.

2.3 Subcomponent 3 -: Rotating Machinery

The rotating machinery can be removed and Inspected after an-emergency or
faulted event and repaired before the plant Is placed in service again.
Therefore, this equipment will ber designed and analyzed to, the ASMIE Boiler and
Pressure-Vessel Code, Section HI1, Subsection NB for Class 1 pComonents and
Code Case 1592 where appli cable. However, for emergency events when- Code Case
1592 is used, the design rules for load control led stresses (Section 3227)
will apply. Strain deformation and fatigue analysis need only be performed up
to the emergency eventand the limitstwill apply only to the pumps' ability to
operate at poný motor speed after the event. The shaft willI be designed by
critical frequency requirements, inertial loads, torque and thermal
transients. Fallure modes will be fatigue, shear failure and creep fatigue In
the shaft. The upper Journal has a local area which Wil1 be analyzed
lnelastical ly with a 2D ANSYS axlsymmetrc model. Loads caused by bearing
misalignment will be accounted for. Portions of the rotating machinery in the
primary pumps operate above 800OF; all rotating machinery of the intermediate
pumps normally operate below 800 0 F..

2.4 Subcomponent 4 -Staticj Hydraul Ics Section

The hydraulic section consists of the lower removable region of the pump Inner
structure and the mating seal ing cone mounting in the pump tank., It will be
analyzed to same code rules as Subcomponent 3 (rotating machinery). Theprinciple loadsiwll be: thermal transients, hydraulic pressure, containment of
a failed Impeller, reaction loads against the hydraulic machinery due to
deformation of the sphere during the thermal transients and bearing loads due
to axIsymmetrical heatlng'. Creep and creep-fatlgue are the predominant
failure modes. Portions of the static hydraulics section in the primary pumps
operate above 800OF; all of the static hydraulics section of the intermediate
pumps normally operate below 800 0 F.

For purposes of analyses, the static hydraulics section has been divided Into

two parts, the seal Ing cone assembly and the pump case assembly.

Sealing Cone Assembly

In order to satisfy the functional requirements (operability and performance)
and to supply structural characterlzation (stiffnesses) for establishing
adequacy with respect to system requirements (peak-to-peak nozzle motions),
extensive three dimensional, analysis of the assembly's support on the pump
tank Is required. With respect to the functional requirements, the followling
gross distortions must be considered:

a) Time dependent (steady state loads and residual stress from plastic
action during thermal transient and/or seismic DBE events).

b) Time Independent (plastic action during steady state and transient
conditions).
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c) Time Independent (elastic action during steady state and-transient
conditions),

With respect to system requirements and the pump seismic analysis, the load
path and stiffness characteristics between the inner structure and pump tank
are needed. The Interaction of the seal ing cone assembly wlt ' its support on
the pump tank and the pump case wlfl-be established.

A full three dimensional (3600) model of the seallng cone will be used
(elastic ANSYS).o The gudgeon sleeve and suppor-ts..will be substructured and
Included. Gross thermal distributions lncluding circumferentlal-var.iatidons
due to low flow rate conditions wIll.. be determined. The detaIled three
dimensional analysis will be used to justify two dimensional models which will
in turn be used to establish time dependent distortion and stresses.

Two elastic-plastic-creep MARC analyses will be used. The first will be a two
dimensional (Rz) analysis to assess.the axial distortion of the cone. The
second will be a two dimensional (RG) analysis to assess the oval ization of
the seal ing cone at different elevations. As stated above, the three
dimensional analyses will be used to justify the- conservative two dimensional
models. For the primary pump, a unit histogram of three, subcycles will be run
for six unit cycles for each of the three models.. Forthe intermediate pumpp
the potential plastic ratcheting from the severe U-11a transient will be
assessed using the same models with plastlc action only. An objectlve of 'this
analysis is to show that the seal ing cone/hydraulic assembly radial gap does
not increase in a manner which would degrade pump performance with-respect :to
functional requirements.

The structural adequacy (code-type evaluation) will be: evaluated.for the
following:

a) The discharge duct-to-sealing cone junction (modeled,:as an equivalent
axisymmetric problem).*'

b) The support assembly Is basically the same as the discharge.nozzle and
therefore can be shown adequate by comparison.

c) The cone.- the 2D and 3D elastic models:willI be used for regions far

from discontinuities.

Pump Case Assembly

Extensive three dimensional analysis of the pump case assembly is required in
order to satisfy the functional requirements (operability and performance) and
to supply structural -characterlzatlon (stiffness) for establishing adequacy
with respect to system requirements (peak-to-peak-nozzle motions).

With respect to functional requirements, the fol lowing gross-type distortions
must be considered:
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a) Time dependent events (steady state :loadsand, resil-dual.sf'ress f rom:,..
plastic .action during.thermal transi ents. and/or seismic DBE events)..Misalignment of bearing -housing due to d stortion of the volute in• the

axial .direction, andoval ization thev olute 6n+the circUmferential
dIrection."

b) Time Independent :evehntis lr(pilast~ic act ion duri ng''thermal transients and
seIsmic events)..

C), Ti 1me Independent events (elast I c action dur ing 'steady: state and
tra.ins~ieint con~diti'oýn's.),1h.

d), Oval ization of"the beaing ' housing Furing"theral transients due to
the Journa l6belng, offset" from Center under Iow fl.o' co-nditilons.

With respect to system requirements and the pump seismic analysis, the6load:
path. and stiffness characterlstics between the Inner structure and pump tank
areneeded. The I nteraction of the pump case (volute, bearing hiousings, and
cy I IndrIcal attachment) with the seal I ng cone assembly and inner structure
will.be established. The load transfer across the lugs which connect the
attachment 1cyli nder and volute casti ng is important because 'plastic actlon
would: change "the as-manufactured alignment of the two h6ousings."

The structural adequacy (code-type analysis and evaluation) will. be evaluatedfor the .followlng :items. The generai approach for thet ites t' be analyzed Is

as given for the nozzles:

a) Lower, bearIng hous I.ng A ugs. and vol ute-axisymmetrl.c approximation
e I der Ived Jfrom. the above three . di mens iona iana1`ys:ls':fI besd'--

justify this approach.

b) upper lugs, cylinder and volute-axisymmefric approximation will be
used in the three dimensional analysis results I above.' "

c), Attachment cy I Inder, baffle'. and bolted Joint- the axsymmietric
approximation willlalso be used to determine baffle motions for
bubbler impedance,

d). Upper bearing housing attachment cylinder, baffle and bolted Junction.

.e) Lower bearing housing.

MARC Inelastic analyses will be performed to evaluate creep damage and the
effects of ratcheting'strains on bearing operability.- This inelastic
evaluatIon will ,nclude axisymmetric 2D models of the upper bearing complex
and of the upper case housing.
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2.5 Seigmic Analysis of the Pump

The pumps wi, I be selsmi!call I analyzed ' usng both te responsescra and the
,tiJme,: history methods. ,Response ,spetr.a llsol utonswil pro vide upr "Ibound
seIsm Ic I oads for use in general stress anaslysis. Time his•oy a•alysis will

be performed for evaluation of more critical regions and of 'Interaction
effects such as Jourrnal/bearing i!mpact during seismc events. Also.
i.:nterac tons occur through the pump case' and. sealing cone assmbles whiich Iare

critical with respect to.functional and system requirements, The interaction
Is nonlinear due .to the gaps which wIll open and close during the selsmic
event. The local Impacts which result when the ggaps cloose wIl be considered.
The model wl II be developed using the dynamic options of" the PSYS :and
STADYE -computer, programs. ANSYS -w I 1, employ axisymmetric conical shel I andconti!:nuum elements wt h non-axisymeIc loads. The .STARDNE. mo'de will be a

3 dimiersiona[i bean representation.' The steps 'wh i chw II" be carrie6€d out are as
follJ ows:.

a) Local stiffnesses will be developed at points of Inte•nal support.
This will be done by means of small static computer models or by hand.

b)- The remainder of the linear dynamics model wl I then be -deeloped.

This includes the addition of Iany fluid masses and external mechanical
masses such as the motor and/or piping.

c) The. time-history input loadings will be developed on tapei from the

support foundation time-history acceleration for the [6E and "SSE,
events.

2d) The silze of ..the JE~above model wI be-reduced by, substructuri'ng
techniques in order to' lower sol ution runi.time.s.

e) The STARDYNE -model1 wll Ibe run sImultaneously In .al I three. dIrectIons.
The ANSYS ,model. w I I be run I n. each ofýthree direc+tions"and , the
results stored on tape. The results will be scanned to determine the
maximum response.,points at various critical points,.

f) Internal forces and/or stresses will be derived for use in subsequent
stress evaluation.

g) Final results will be developed and tabulated for the entire unit.
The results of the analysis along with the details of the model will
be summarized in a final report..

2.6 Overall Pump and Foundation System Dynamic Analyses

For the overall system analyses of the pump and the-drive motor system, the
model will Include the coupling ef~fects of the foundation and interconnecting
piping. The system Is analyzed with the finite element HASTRAN, ANSYS and
STARDYNE codes. A detailed model of both the drive motor and pump that
Includes the foundation elements and main piping spring mass elements will be
used.
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3.0 Structural Test to Support Analysts

At present It Is planned to design by' analysis.- However, half scale and full
.scale water tests have been run 'to determine and adjust the pump performance

ha1ra6teristics. A dynamic analysis:of the. pump operating in the water'test•..
setup :was made and the water test results confirmed the analyss in all cases.

The pump shaft's mid-span deflection was measured and confirmed the maximum
T. I0.R.ki- of 0.0:17" as predIcted in the dynamic analyses. The test-results
indicated hydrostatic•bearing I If -oflf :at all .operatingllconditions as
predicted by the. dynamic analysis and confi rmed-the, hydrostatic bearing Ioad
capability of the"pump. A prototype.pumpwillbe tested In sodium for the
upset thermal trahslents: Identlfled in Othepumppspeclfication up 0to.the
facility capabili ty. (temperature increase of 4000F. up to, 1 o00,F'and ]decreases
of approximately 5000 F). Full scale. water tests wjI II be run on the plant
pumps 'to 'determine anrd adjusttheir performance :characteristics.

4.0. Relevant Programs from Other Facilitles

Experience gained from the FFTF sodlum pump tests has been applied to the
design of theýCRBRP pumps where applicable. In particular,-bearlng clearances
In the CRBRP pump are being adJusted to compensate for Type 304 stainless
steel shrInkage as observed In the FFTF tests..

5.0 Computer Programs

Computer codes used In the pump dynamics analysis are:
STARDYNE..

ANSYS, HASTRAN and

The computer codes used in the: pump structural,-analysis :are: ANSYS, HAFMAT,`
LPGEN, MARC, N-1045, N-1050, N-2050, N-2060, PRINCP AND SINDA.

ANSYS, HAFMAT and MARC codes are described in Appendix A Qf :the .PSAR.
remaini ng .codes wil I be added in an upcoming PSAR amendment.

The
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Response for IHX:

The. methods used iýln the static and-, dynamic -analysis of .:the I:ntermediate- Heat,
Exchanger (IHX) to determine .structural. .and !•.f.unctýional I.:Integrity •/-.are.-l:..
summarized in this response.

The -IHXprovides the thermal I Ink -between'the primary;'andintermedlate heat'
transport piping. The IHX Is a straight tube flexible downcomer design using
an essentially counterflow arrangement .of heated and cooled4 :sodiumi. igure:',
110.78-1HX-1,depicts the salient features of the IHX design. The main support
for the IHX Is the hanging support cylinder which Is :fabricatedfrom-y•pe 304
stalnless steel at.the top and type 316. stainless steel at the bottom. It
consists of a:cylýindrical:shelýl• ýthat s, wel:ded1 to•: the IHX. she lland tube
bundle through a "Z" shape junction forging at.the lower edge and has an upper
flange which Is anchored to the: operating'floor. The shelAl.is.fabrlcated from
type 304 stainless steel In the bottom portions and type 316 stainless steel
In the top areas where it Is welded directly to'the lower edge of ther-
cylindrical hanging support through the 17" junction. The bottom portion of
the shell assembly consists of a lateral support ring with spacer guides to
restrai.n the tube bundle, the lower tubesheet, the hemispherical head, and the
primary outlet' nozzle... The tube bundle is comprised of ýtwo major:. -
sub-assemblies: (1) the bundle, consisting of tubesheets, ;tubes, support..
plates, tierods and spacers, outer shroud, hemli-head, downcomer, strongback
and by-pass seal, and (2) the channel assembly consisting of 'replaceablle.-
bellows, upper head, Intermediate outlet nozzle, Intermediate vent, Inner and
outer channel cylinders, upper downcomer-.pipes and:the.-,."Z": .forging,. .The
uppermost. portion..ofthe.:.channel.I :contalns a' removable IHX bel Ifows-::assembly.:
The bellows permIts the. different ala Vaxial a.thOermal ::growtKh,-betpeenq the_
downcomer. and straight tubesý and :also serves as a portion of the pressure

boundary between the primary and Intermediate systems. A detailFed ýdescrfiption
of the IHX is Included In Chapter 5 of the PSAR..

The IHXwas deslgned and constructed to the, Class! I requirements of the ASME
Code, Section 1II and the supplementary requirements of RDT EI,5-2NB-T.,-., Desi:gn
and constructlon of parts andcomponents for design' temperatures exceeding:
800°F were In accordance with Code;, Case 1592 and the supplemental requirements
of:RDT.F9-4T.

LOADINGS CONSIDERED

Two major types of general loading were considered, mechanical and thermal.
Mechanical loads consist of internal pressurei nozzle loads (due. to piping
weight, thermal expansion and seismic effects)ý dead weight of the component
and its content, seismic dynamic.loads In the component Itself, vibratory
dynamic loads from various sources, and rapid high pressure loads as impact
dynamic.load effects. Thermal loads consist.of many thermal transients in the
sodium of varying degrees of severity, duration, and temperature change
direction, as well as steady state high temperature effects. Some parts of
the unit operate at temperature below the creep regime but many parts operate
in the creep regime. These loads apply to all pressure boundaries and
internal parts.
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FA I LURE MODES

Analyses were-performed on the IHX to-ref lect both :time--i ndependent -l.and...time-dependent material .properties; and&strructural. behav ior .:-(elastic .and--:
Inel astic) by considering al I the modes of fail ure.A isted below-:

1. Ductile rupture from short-term l-Ioadings-

2. Creep-rupture. from long-term Ioadlngs..

3. Creep-fatigue failure

4. Gross.distortion due to Incremental collapse and cratchetting

5. Lossi of function: due to excessive deformatIon.

6. Buckl Ing- due to short-term loadings

7. Creep.buckling due to long-term loadings

Critical falure modes for specific areas of.the IHX are identifled-In the
d i scussi on of analysis methods.

ANALYSISJ METHODS

The following paragraphs provIde a brief :summary of the considerations
Involved. in the: dentlfication of highly loaded:,areas .and the anal ys methods
appl ied to show., compl I ancew with appl llcab b le:'cr ilter Ia.

Stress:AnalIysis;

The Intermediate channel, upper tubesheets, lower portion of the hanger, lower
tubesheet ,complex and the upper portion ofntheprimary shelIwere included in
a. single finite element thermal and stress: modelU.,- The. thermal transient
analysis: waslconducted: on two separate sub-modelds composed of the lower
tubesheet: complex and the Intermediate channel complex. .The stress analysis
was conducted on the combined model through the use of substructuring methods.
The stress analysis methods used for the different areas of the IHX are
described below:
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Lolker6Tubeshet Co6plex:, For th Is region, thel govern ng fal I uremode s
fati gue. Creep strain and 'stress rupt'ur'ed damage" r are , of minor concern as th i:s
area. operates :.above 800oF for I eiss thanh•!00 hurs :during h6g.' ist.30, year des Ign
if e..Wh i e the rues-of RDT F9-r4T which i e fom satisfying

strain ImitnIs', ca be used the ade btttrco of telaic shakedown
IIIm its-,of ̀ ASME. Code, 'Sect ion- I II prese nted diffficuiltes ý.for: a few of the upset

and emergency tnITnslents where the 3&m4liMi•ts 4were ;exceeded. I n such cases,
Inelastic analysis, based onfthe" approach giveni n Pin rgraph NB•-3228 of Secti -n
IlI was perf ormed to ' show th at the aouni of 'acuul ate d strain wasW ithi n
acceptable bounds. The remaining trans ienf cycles were treated, uslng elastlc'
rules.

I ntermed I ate Channel Comp1ex: Th'is area• Is composed of the intermediate
channe upper tuibesheet, lower portlon ;,'of the§ hanger and upper portion-of the
pr Imary shei. 11 Creep- fatgu wa the" mjor failure:mode wi41th str ain,
accumul ation only a secondary concern. %,The .creep .damage was evaluated w i@th
material properties being mod if ied to account fo decarburIzatiOn wh ch
reduces the stress rupture strength of the 3ý"materia. :Gross deformations due
to 1creep were rnot of partJicu Iar cohcern.a as .+the .normal Ioperatin ig -tem prature i0s
975OF, A creep buckl:ing analysis'. of the Inner cyl Inder was performed to
conf Irm that -.it;. had adequate:thickness.

Several lumped thermal transients were .used for creep-fatigue evaluatlons,
Incl.uding worst up, worst don, moderate up, and moderate dowi. The moderate
thermal transients $ýwere-:-used, to Ienve tem large-number-of-occur-rence
transients, while.,the'most seevere :transi;ents.:were ýuised :to.:envelope;1 alltransIents- whichare :worse thlan moderate transients , This•gene ral t-r ansi eent-
lumplng procedure and usage was &mp-o4ed6for.tranient analysis-inFthe.other
parts of -the:1IHX'Valso.• The total1, ýnumber --,of lu•mpe'd 't• sents used is th •-same
as the total number of actual transients.

In addition to elastic analysIs, extensive simplifed Inelast•:icanalysis was
employed on the 'upper-tubesheet and ,outer tZf a•nd -•inner POye" junctions•of -the
Intermediate channel complex to optim ilze-th6e desUgh pri or ':to I performi ng. a
detailed Inelastic analysis to confirm the design. Detailed Inelastic'
analysIs was performed us Ing two dimensIonal axisymmetric models of these
-three areas. This general technlque of -proceed'ngfrom an elast ic to a
slmplilf lied ine I ast i c to a detail edý ine lastic analys:is. was -emp Ioyed in other
areas where necessary.
The detal'ed Inelastic analysls of the -upper: tubesheet involves the evaluation

of several cycles, composed of:worst up and down: thermal shocks. and moderate up
and down thermal shocks. Aneq:Uivalent se•t of material propertles was
developed and both plasti c -and creep correl ations were made for -the solid -

region used In the model In place of-1he actual 'perforated region. The model
used contains the tubesheet and the attached.cylinders..

For the Inelastic analysis of the .outer "z- junction, many cycles composed of
severe and moderate up-down thermal shocks were evaluated. Also, several
cycles composed of severe and moderate up-down thermal shocks were used In the
inelastic analysis of the Inner "Wye" Junction.
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angec: The lower portion of the hanger, which operatesabove -800OF during'.
normal opera+tion, Is considered aninte!ýgralI ttachment-to "the"..ASME Co e .
Class1. IHX. pressure boundary and henc•. subject to, the,.-same ,design rules as
the. iHX..... The upper portion of -the hanger'' innc]ludipg the anchor -boltS :.was.. •
desi gned.1to the-rules ,of SubsectlonANF.of the ASME. Code .Section Ill.A A,
jur I sdi ct.iona I boundary between ,the. two. areas was establ ished,e based -'upon the
temperature, I evel. 'The maJor cons ideraiti on. involved th e adequacy. to withstandpr~ry .:stresses, the. imprtant ontributors:to these stresses beingfseism ic

I oad Irig and deadweight., The, affect: of .the .axial a,ýtemperature :gradilent from the
IHX shell to the support flange was taken into .account.

P.rimary Shell: The primary shell Is divided Into three regions. The upper
reglon Involves the primary shell forging and is.considered .wi.th the
intermedi'ate cthannel complex, The middle regionn i voves the high temperatu re
prImary Inlet.area. Here the :ritical lfalilure mode was. creep-fatigue. The-
creep damage was evaluated with material proprties beIng modified-to account
for decarburizat•ion. -Straln. limits ,were .not:.a prpobliema as large thermal
disconti nuIty stresses were not prese.nt. This region was evaluated, wi th
si mplifit led I nel ast ic ana lysi.s usi ng an inf I nitely long,,th thick wal led cy I Under
model. The lower region consiss.tof the seal ring, lateral support rlng,.: head
and primary outlet nozzle. Here, the critlcal fal.ure :mode -was: fatigue and.
the evaluation was handled in the same:manner as the. lower tubesheet complex.

Additional .considerations in the anaJlysis :of the .pri..mary...shell- i, nciuded....
worst-•ias ie.l.wd.,configurati.ons and their effect on ceep-f.atigue :eyaluat•ions.

This Involved consfidering the increase :in secondary .sresses. due :to maximum
.mismatch be.tween, sections that were: Joine.d,. ..In . add di:tion, .,.the pe. ak stresses.,.;
due.t:.o the. local dl.scontinui-ty,-in a weld were considered, Anoqther
consi derationmwas dry and- wet heat up and -cool[dwn o hf the prImary shell In the
area of the primary closure. These cycl.es .ontrol 1the design :::of.,the -primary.•:
closure seal, and hence reasonable heating rates were established and the
effect of local loss of heaters was, considered.. ,Also., evalpuation of the.
.non-axI symmetric temperature: distributi.ons due -to maldistr.I buttion of 4flow,
such as at the-primary vent elevation, was doneo.

ozzes: The primary inlet nozzle, the intermedliate outlet. nozzle, the vent
nozzles and the .hand hole nozzle Including Its cap. were evaluated .in detail.
Three:vent nozzles.were evaluated. The primaryshell 'Vent has sodium flowing
through it during operation while the-other vent nozzles do.not., The critipcal
failure modes for the primary Inlet, Intermediate outlet and hand:hole nozzles
were creep-fatigue and strain accumulation. The .creep. damage was evaluated
with material properties being modified to account for decarburization.
Several lumped thermal transients were analyzed.using axisymmetric model
approximations. The. nozzle loads were evaluated using-axisymmetric
approximatIons-as subjected .to non-axisymme.tric -loads..
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i1n addiltion to elastic analysis, simpl if led Inelastic analysi s.was,-ý used.--: toP'.
optimize the nozzle configuration so that a minimum of detailed Inelastic-:,
analysi s was :required to conf irm" the design. The detalied inelastic :anaIslsi

i nvol ved .he evaluation of :several Iumped, trans i ents'c.. ompo se'd of ý"!severe and
moderate'up-down therma6l: shocks. . .. .

Intern•is: The support plates:, shroud, tie rods., .nuts, spacers,-' pr I maryby-mpass::seal compl ex, pr Imary inl et plenum. baffl aleplate' and, .

strong-back are included in•thisýcategory, The: mandatory, :rules of Code Case
1592,were appl led even though these components are not part of the pressure
boundary., These rules cover the limits on primary stress. :Dynamic loadings
due to fluid-borne pressure transients and flow-induced viJbrations were,
consi dered.

Tube and: Tube-to-Tubesheet Weld:: The cr I ti cal fal lurel mode was creepo-fatigue:
for both the tube and the tube-to-tubesheet wel d..- In addi tion,., all. loadi ngs.
on the tube were considered to evaluate the potential for column buckling. As
In the- case of:the I ntermed:iate. channel complex and: the lowerý tubesheet
complex, :several: thermal .transients were evaluated. The tube., was model ed-, :.
using an I nf Ini tel y long cylinder and simplified Inelastic methods were then.
applied.; An elastic -analysis of the- tube-to-tubesheet junction was-'perf ormed
using an axilsymmetric model. As both- thedtube and tube-to-tubesheet junction:.
are subject to decarburizatlon, creep damage was evaluated with. modi:fied,
material properties. However, excessive strain accumulatIon was nt oft
concern.

Additional considerationst Incl ude theý. buckl: ng -of the' stralght tubes duei _to
radlial varlation in •bulk tube temperature during. drypheatup andcool downoof
thei tube bundle.' This consideration :Includes the stress-strsaln
characteristics of. the tubes due to;lOSS of ca r bo n a n d. ni troge n :a nd;-ý',
contributes to faigue damage in. the tubes. and . Imposes ;def-lectldon'requirements
on-.the expansion joint. Al So, fLow mI aldstr I buton is of (i.mporance. in th

area of the :tube- and lower tubesheet to dow ncomer Ijunction. r A- nonaxi.symretr.ic
bul k temperature distr~ibution in- the tubes caused signi.ficant fati.gue damage.
In the junction between the downcomer and tubesheet. In addition, compressive
axial thrusts on the tubes were accounted for In the tube buckl]Ing potential
assessment.;

Expansion"Joint Complex: This area Is composed of the expansion joint
(bellows), attachments, Intermediateinlet: nozzle, hand hole and outer
cy I I ndere.. The critical Jfall ure,'mode Is fatigue for: all of these ,components."
The Intermed I ate Inlet nozzle, hand hole and outer cylinder operate below
800OF for a considerable fraction of the design lIfe,. Thus, the rules of RDT
F9-4T providing an exemption from the strain I Imits were used,. Several lumped
thermal transIents were evaluated. For the: expansion jolnt and :attachment,,
region,:varlous loading conditions for detailed Inelastic analysis were
developed. Even though. the expansion Joint operates below 'the creep.' range -for
most of Its design life, -the I nabi lity1 to demonstrate 'elasti c' shakedown".
necessitated the use ofý Inelastic .analysis. Many cycles of Various axi al.
deflections were analyzed. The plastic strain ranges obtained .from; -theq .
Inelastic analysis were used to establish the fatigue life of the expansion
joint.
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SEISMIC ANALYSIS

Seismic analysis:of the IHX was performed .by. the' response spectrumomethod,•
using. the ANSYS dynamic-seismIc.-capabili I-ty.. The hanging :support fIange was
modeled using continuum type finite elements. Thi:s accounted f.or. some.
additional flexibility of this region. Both SSE.and OBE vertical and
horizontal -cases were analyzed.' Non- lInear .ef fects weref actored. into the,
analysis where applicable. The results-of the sesmtic analysis provided :i1nput
to the structural eval uati'ons described In the. previ4ous section of th is
response.

VIBRATIONWAND DYNAMIC ANALYSIS

Other dynamic and vibration considerations which were evaluated Involve
sod'lum-water -:reactl on,:'ý check val ve sI am, f flui d and-, structural, borne :,Vibrations
and flow Inducedvlbrations.

The expansion Joint was analyzed under the action of the pressure transient
entering the Intermedlate Inlet nozzle due to a sodium water reaction. The
effect of th I s, pressure. tr ans Ient was al so. consi dered for the. tubes., as, they:
havel•ow flexibI-lty. The approach was to use a static analys;Is ý,with an:
ampli-fication factor, which was determined; by comparing,_the -natural.
frequencies of the, bell,1ows and tubes in . the appropriate modes: to the- time: rate
of change -of .the pressure.

The transient pressure resulting from check valve slam was analyzed for Its
ef fect-on the shroud, tubes. and expansion Joint' using, an analysi s..procedure'.
sImillar' to' that, for the sodi um-water react ion.,.

Ca l cul ations for f~luld: and structural borne.,.vibrations were made. as well as.
assessments- for.: flow ./Induced v ibriations.' It was found that fl lWA borne-ý and.
structural -borne vlbrations. (ei:g. froma the pump through the: cross overl plp;ing.
to the1IHX primary inl~et.nozzle) were, Insign.iflcant.- The -effectcof flow
Induced vibration was verified by tests as discussed later.

MATERI AL PROPERTIES

The elastic material properties used In the structural evaluation of the IHX
are specified in ,the ASMECode documents. The Nuclear Systems Materials (NSM)
Handbook' (T ID-26666)., was 'used as'the authoritative source for- material, .
propertles not-speclfled ln the applicable Code Documents. A I I material.
properties used In the design and analyses of the IHX are specified in the
Code Documents or the NSM Handbook.

Thermal and mechanical:..properties were considered In the selectlon of
materials for-use .in the IHX. Further, consideration was given to material
properties. in:connection with fabrication procedures as noted below In the,.,
section on thermal aging effects. : A thickness allowance was provided, I.n the
manner described In the ASME Code, Section III, Subsection NB-3120,: to account
for the effects of corrosion and erosion.

Amend. 76

QI 10.78-IHX-6 March 1983



Where material properties are significantly uncertain, mini'mum, average, or
maximum properties were used as appropriate to obtain a reasonably
conservative result. For example, In certaln criticalsýituatlons the
evaluations of deformation limits were based uponminlmum stress-strain
curves. The selectIon of approprIate properties was guided by RDTFg9-5LT

Material Degradation

Most of the data used to define the allowable design stresses In the ASME Code
were obtained from tests conducted In air. No attempt Is made In the Code to
account for the effects of other service environment. The LMFBR development
program has focused attention on :the mechanical behavior of reactor, madteraIal's
when exposed to high-temperature liquid sodium, In addition to fast neutron
irradilation and to long time aging at elevated temperatures. The effects of.r
the service enflironment upon the response and fail ure characteristics of-the
structural materials are summarized In the following paragraphs.

Thermal Aging Effects on Mechanical Properties

Types 304 and 316 stainless steels are non-age hardenable alloys. Thus, no
significant changes in strength or hardness of annealed material accrue from
long term aging at temperatures up to:1200°F, unl ike the
precipitation-hardened stainless steels. Some slIght Increases In strength
and decreases In ductility may occur due to carbide formations together with a
reduction in the room temperature Impact strength. Of more significance Is
the fact these alloys will sensitize during long term service In the
temperature range from 8000to 15000 F. In this phenomenon, carbide
precipitation occurs atthe grain, boundarlies,. .the adjacent matr lxbecomes
depleted in chromium and the gralin boundary regions become suscepti b le to
attack by corrosive media. Such attackis not: likely to occur In, sodium,
which, if. pure, Is a relatively inerf environment. However, cracking may
Initiate during fabrication and the other pre-operation periods when the
component is not exposed to sodium, due to the environmental conditions
(presence of water and halides). Because of this, precautions must be taken
during such periods to ensure that contact between sensitized material and
potentially corrosive media Is minimized, If not-entirely avoided. Hence no
al lowances have been made for the effects of thermal aging on the properties
of types 304 and 316 stainless steels used In the IHX. This did, however,
demand that control be specified and exercised during the fabrication process
to prevent stress corrosion and intergranular attack.

Neutron Irradiation Effects on Mechanical Properties

Neutron shielding Is provided between the reactor cavity and the HTS cells
containingthe IHX. Neutron fluences In the vicinity of the IHX are therefore
negligible and no fluence effects on mechanical properties of IHX materials
are expected.
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Effects of (Nitrogen + 2% Oxygen) Atmosphere on Mechanical Propertles

The selection of nitrogen gas as the atmosphere 1for the reactor cavi,.y and HTS
cel I s was, based on the desi re -to prevent chembica-l ý:reactions..should molt en
sod i um I eak into the cavIty and HTS.ý cell from any source., However, the
exposure of austenitic stainless steel to pure nitrogen for extended periods
of time at elevated temperatures may lead to the formation of a thln nitrided
layer. This Is considered undesirable because of the brittleness of such
layers. To minimize the formation of such a layer, a'small percentage of:,
oxygen (<2%) will-be Introduced into the nitrogen,

Effects of (Argon-Plus-Sodium-Vapor) Atmosphere on Mechan Ical Properties .

Very limited information ,is.aval Iable on the effects of exposure to an,
argon-plus-sodium-vapor atmosphere on the. mechanical. properties. of a material.
It is possible that,: If the sodium vapor Is continual ly, condensing on the
material surface and rejoining the main reactor coolant, there could be somei
Interstitial transfer. However, because of the, scarcity of.data, it Is not
possible to provide quantitative assessments of such effects at this time.
Practically, the potentlal. for .significant mass transfer via, condensation Is
Insignificant,. It was Judged that exposure to the cover gas.should be
considered the same as. exposure to liquid sodium without loss of
interstitials. Loss of Interstitials due to Iliquid .sodium exposure In other
circumstances Is discussed below.

Surface Effects of Liquid Sodium on Mechanical Properties

Compared with- air test]ing, I iqui d sodi um may. cause, certairn me6tallic elements
to be transferred from the hotter to ,the cooler regions: of LMFBR systems. ' In
addition, sursurface oxidation In lIquld s.od:ium i:s greatly reduced when compared
to air testing. It Is bel Ieved that these: surface effects are Insignificant
In their Influence on short-term ten sile properties.

For time-dependent deformation. such, as stress-rupture and fatigue, the
effects of a I iquid sodium environment are complex and need to be considered
In detail. In the case of stress-rupture, It has been shown that for a glven
temperature and stress, rupture times In air are longer than those In liquid
sodium. A sodium-environment correction factor was applied to the rupture
strength data specified In ASIE Code Case. 1592 for type 304 and 316 austenitic
stainless steel. This effect was.usedrin all evaluations where stress rupture
was involved.

Fatique properties of materials can be greatly affected by the environment In
which the properties are measured. The avoldance of excessive surface
oxidation by testing in sodium (or :inert gas) Instead of In air increases the
cycles-to-failure for a given strain range. No Increase In the design fatique
limits due to exclusion of oxygen effects was employed In the analyses as a,
conservative approach.
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Interstitial Transfer Effects on •MaterIalVProperties'

In the Heat Transport System, 'interst Iti carbon and ni trogen: are tranferred
from the hotter to the cooller, regions. This leads to weakening ith
decarburized and denitrided regions and to-strengthening In the carburl.zed and
nt I ded areas., 'I n the -case of : f atigu b-ehai howeVer, Ithe ef fects of
interstitial absorpt ion , at t.@he surface are comp icated because, of t: wo
concurrent mechanisms. On'the one hand carburization.can.lead to enhanced
crack nucleation at carbide-parti 1l -w6anýd,.onhe "other-, surfacedstrengthening
durlng strain-n-control I ed-ifat'I gue-: will1 iIncreaSe :the: propor•.t:l'on, of el'asti c
straining which Is less damaging than plastic deformation. " Inigeneral, the
austenitic materials wi I be: carburized and the ferrItlc materials. w::V I. lose
lnterstitlels. However, 'the; ,crossover .fromcarburizzation.to: decarbb, urization
is system dependent and It I slikely.that in certain systes at"least some of,
the austenitlc.material wi I be decarburized. Procedures have been..
establ.Ished for the CRBRP byý which the extent of interstitial transfer for
types 304 and 316 stainless steel can be determined and' fromThIs' the effect'
on mechanical behavior was calculated. The procedures Include calculations of
surface and average Interstitial concentrations and Interstitial gradients
under decarburizing and dentitri ding conditlons;. Because of the shortage ýof,
data on nitrogen: dif fusion, the rates-of nitrogen transfer were est imated",,from
available carbon transfer data. Thus, the effects of interstitialtransfer on
the mechanical behavior of: structural materials used were taken Into account
In the -analysis or shown to be InsIgnIfIcant In effect at the regio-hn. :iinvolved
mainly due to thickness considerations. For example, the effects of
decarburization of the Thin walled tubes was conssidered because of the, 'th:In
section of metal- involved.

STR•UCTR)~AL VERIFICATION TESTS

IHX-Expansion Bellows Development Program

The straight tube design of 'the. :IHX required, that a -flexibl-e Joi nt be .prov I ded
In the Intermediate- Inliet region to accommodate differential: thermal'-:
expansion. The bellows is thermally isolated from the primary sodium by
virtue of lts locatlon and because the stagnant primary sodi.umreon Its exterior
Is cooled by the Intermediate sodium in the downcomer. This keeps the
operating temperature below the creep range, at about 6350F.

A development test program was conducted to veriUfy the' structural
calculations, desi gn parameters and f ati gue I Ife of the -IHX expansion bel lows.
The testing consisted of three parts: a squirm test, a straln.gage test and a
.fatique test. The squirm test was performed In accordance with NC-3649.,4 .of
the ASME Code, Section-I IIV and the. fatigue ,test: was: performed: In accordance
with Appendix I of Sect.ion -I I.1 The -fati.gue test consisted of cycl ing the..
bel lows: through -a prototy1pical p.l ant: histogram.'' In a -100 :PS I nitrogen"
.atmosphere at 635 0F. The tests ,conf i rme.d -the'tadeq uacy. of the bell.ows.;-.:for.:.the

IHX service requirements.
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IHX Model Flow Induced Vibration Test Proaram

A model flow test. :of, the.IHX tube bundle :was conducted to determine.the tube
vibration characteristics. :The objectives were:.

1. To determine ,the ampli tude and ,frequency of, flow, induced tubeý,,.
vibrations at:.various elevations, of the- IHX. tubes..

2. To ascertain that the maximum amplitude ,of tube vibration does not:
exceed i25% of -the, nom I nal distance between the outer surfaces :of
adjacent tubes.

-3. To ascertaln that peak tube deflection. stress levels.do not!. exceed,• the
allowable .tube material endurance liImits.

4. To ascertain that unsupported tube :span natural frequencies- are at
least 50% higher than the calculated vortex shedding frequencies.

A ful I scale repl Ica of a'300 sector of the tube bundle was used to:establish
geometric similarity. The test results.verifled.analytical predictlons and
confIrmed that the tube bundle would not experilence flow Induced vIbration
problems in service.-

COMPUTER PROGRAMS.

Responses to NRC Questions 110.27 and 110.58 provided Information relating to
the computer programs used for the static and dynam.ic analyses of. selsm:ic,.
Category I structures. Of those, the following computer programs were used
for the analyses of the IHX:

1. ANSYS - For thermal, stress and seirsm.ic: anal-yses, in all: areas of th,.IHX.

2. CHERN - For simplified Inelastic analysis.to optimize design of ý those
areas where elastic analysis was. not adequate and detal.Ied-
Inelastic analysis was eventually necessary, and for use In those
areas where the program was appli.cable and adequate by Itself
(mainly tubular conflgurations).

3. MARC - For detailed. inelastic analysis of those areas where required
.,(primary Inlet nozzle, Wye Junction, "Z".Junction, upper
tubesheet, etc.).

A description of each of these programs is included Appendix A of the. PSAR and
hence Is not repeated In thIs response. Appendix A. also provides Information
relating to the adequacy of these codes and verifications that have been
completed. Both ANSYS and MARC are extensively used throughout the nuclear
industry. The. CHERN program has been verified for use on the FFTF-IHX wlth a
high level of confidence.

Amend. 76
QII0.78-IHX-10 March 1983



INFORMATION USED FROM OTHER PROGRAMS

The design of the IHX for• CRRP use"d informationdevel.ped in the design dof
the IHX for the FFTF. Relative- to strUctur.lal ssess ints, the.. stress anal ysis
of the. FFTF IHX components requdi red t.the development.'ýof., ana yt ical techniquesand computer programs (e.g., thie CHERN:progr ,for.simplified inelastic

analysis was developed for use :•in;th'e, FFFTF iHX -StrUctural• analiysis).
Analytical techniques': for evaluating the .effects ,of thermal transients by
lumping and for appropriIate appliucatlon :of silmpl ifled'-anIn d detal led Inelastic
analysis were forthcoming.'ý jThe. usel of rý,compl:,ex thermal. and structural finite
element models to represent the physlcal situations ,:iýin co6mpiý,cated geometr Ies
was also developed. The Information and experti se 'gah6ied,"from ý-the FFTF IHX
design and analysis'. was.]: used --and expanded for 6 application t6. the:CRBRP IHX
des!ign and analysis. .Since ,.the •ype of, service required for both of these ,iHX
coaponents. was~very sim ilar,` the carry-over 'and:use': of t-echniques establi shed
for FFTF was a natural consequence for CRBRP.
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The methods used"!n the static and dy namic. analyses ,of the Steam, Geerator(SG) Modules to, determine structural andf unc'tional integrityare dsumarized
inthis response.

The SG system In each of the thtree'iHTs loops includes two evaporatormodules

(EV) connected in parallel and one superheater module (SH). The SG modules

transfer the reactor generated heat from:;:r' the i ntermediate sod ium t6 thewater/steam. The main components of a SG module (the EV and SH.are identical
In almost all respects) are shown In F I gure Q1 1-0 78-SG-1. The"`SG ý modul e
coImprises a tube bundle assembly and-water/steam.,heads. Theotube bundle
assembly consists of the !"mai•nshell. assembly," tube-,ubesheet assembyi,
nozzles, SG Internals, and SG external s. The .mai n she l I assembly provIdes-
containment fort the sodium, supportforf:the SG internal,-s and' rmounti .ng poi nts
for the tubesheets, nozzles, and SG externals. The components support used
for mounting the SG module Is an I ntegral partfof the main shell. I The tube-
tubesheet assembly provides the primary sodium- water barrier and consists of
the steam tubes and tubesheets. One sod6ium inlet and- twosodIum outlet
nozzles are welded to the main shell assembly. A vent nozzle Is provlded In
the upper stagnant region for venting the module duri:ng iUniti al ( sod im f IiI Ing
and for detecting any tube leak. One sodlum draln nozzle Is attached to the,
loWer part-of the, shell. The.SG internal s consist malnly of- the.shroud,
thermal ,lIner, tube-spacer plat.es, vi bration damper and I"tube-.suport, bar§s. •The
SG6.external 'attachmemts are used. as lifting"dev Ices and insul'atlion sup ports.'
A lower restraintf ixed 'to the SG bul IdIng at the, lo wer- tube:sheet level' is6Is
used' to provide lateral stabi. 111It :for the SG',mOdu I e . The st4em/water .heads
pro6vi.de. 'rans-it Ion-'betweeen1 th.eq SG. 'tubes and the. steam/water i of ,th SGI.e
System. A bolted manway Th-each h'ead-provides access for ninerna: insipcti:ton
of tubes and tube pl~ugging. Mr e detaled description of the SGmodules- is

Included in Section 5.5 of the PSAR.

The SG modules are-designed and analyzed In accordance with, the rules of Class
1 Nuclear Components in ASME Section I I (1974 Edltlon with' Addenda through"
Wi nter. 1-974),as supplemented by RDT Standard E15-2W-T (1974 EdItlon wiWth::
Amendments , 1; 'and 2) and I n ASME. Code: Case 1592-4 (w Ith changes- I n Suppl emrents
8 and 9)'.as'ýsupplemented by RDT Standard F9-4T (1976 Edition). The SG
analysis,.also; conforms to the guidelrines' and procedures in-::RDT:. Standard
F9-5T(,961: Editio'on)'. '.The aforementioned codes and standardsý..are ..edirectly.
appl icable6. to6 the SG pressure boundaries. The.SG:I nternal-s- are. not: under the
j ur I sd ict iOn of the: ASME Code, 'they:are however, analyzed usii ng the. gu Ide I I nes
of ASME Section I I I and Code Case :1592'. The'SG component:-support and lower-
restraint are-analyzed as Class 1 component supports in .accordance with
Subsection NF.' The parts of the components supports that experience elevated
temperature conform to the.designh'crditeria: of Code Case 1592.
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FAILURE MODES

Analyses are performed on the SG modules to reflect both time-•nde pe ndent and
time-dependent material, properties and. structural, behav"ior"(elatic 'nd
inelastic) by considering all the modes of failure listeid"beliow: ,.

1) Ductile rupture from short-term loadings,-

2) Creep-rupture from long-term loadings,

3) Creep-fatigue fallure,

4) Gross. dlstortion due to Incremental collapse and"ratcheting,

5) Loss of'.functl~on due to excessive deformation,

6) Buckling due to, short-term loadings,

7) Creep buckl lng. due to long-term. Ioadings, and

8) Non-ductile falture.

Critical fallure-modes.for specific.areas of the SG modules a're dentIfled' in
the discussion of analyses. The nonductile failure mode:is ofpaticul"ar1
Importance In the SG analysis because the SG pressure boundiaies a nd most of
Its other components are made of 2 1/4 Cr-lMo low-al boy ferritic sieel . The
capability of these ferrltic components to withstand nonductifle: filur'e is
demonstrated.by, appl~ying the. linear elastic fracture mech~anics'proeursin

Appendi x- G o of.- ASME Section -I.l 1, taking into account,;he stresses due to
appl led iloads as wel I as any residual stresses....

LOADINGS

The principal ,Ioadlngs that are considered in the analysis of the SG
components are: a),steam/water and sodium pressures, b) deadweight-and.
sel:smic loads (OBE and SSE.) of the SG module and including the flui[d_,contents
and thermal[ insulation, c) deadweight, thermal expansion ahd external
mechanicalloads-: at the nozzles, d) fluid thrust loads, e) fuifd.iJnduced
vibration Ioads and:other dynamic loads, f) loads generated-w'ithin rthe SG due
to-temperature .•difference between various, parts, g) loads ge~nerated by thermal
transients, h) sod0.um-water reaction loads ,(DBL and DBR) in the-event of
steam/water tube rupture, i) loads resulting from rupture of ste66/water or
sodium piping (PB),.J) thermal fatigue due to mixing of interfacing steams of
fluids at different temperatures (striping), .and k) thermal fatigue In the
evaporator tubes due to departure from nucleate boilling (DNB)..'

Since the EV and SH are required to be Interchangeable, the SG modules are
analyzed so that they can withstand the loadings of both the EV and SH.

a
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ANALYSES

To facilitate the structural ana l y sis ., thei SG module"s dI ided into d esign
zones. in ..accor~dance wIth -Pairagr•a p4312(d1 ) 2t ofCde Cse, 1592. For each zone,
the, boundaries. are de f` ined and the prsue'tmeauead mechan IcFal and.
thermal loads are specified. Table Q11O.7-SG-1 is a.chec li st of• th

analyses performed for the SG va ious components or design zones. Th-'taile
shows for each zone the type and method of anaIy~sis,•.:. loading categor ies,fabrication and environmental effects, and 'desIgn :rules and im its appl led.

In the analyses of these zones, the. loads, are general ly- drawr-n from four. mai -n
sources; 'a results of 'str•uctura I assembly analyses, b) resuits of thermalhydrauli Ic assembly analyses, c) inter ace, loads wi th her CRBRP systems, and

d) strudcural tests.

Structural Asshmbly Analyses

The purpose of these analyses Is to simulate the Interactions between the
components and to provide the loads required for subsequent analyses of the
individual components. The main structural assembiy'analyses performed are
the seismic and misali.gnment analyses. The SG is classifled as Selsm-ic
,Category I component, I that must withstand five.Operat+inng Basis Earthq'uakes.
'(O1E) and one Safe Shutdown Earthquake (SSE) duIing the.lifetime of :the, plant.
D(eta iledf finIte ed lemotn response spectrum and itme history analyses are'
perform~ed .usi ng. ANSYS finite element. The purpose of the response
spectrum analysis Is :'to provide conservative. seismic Ilads for all the I -SG .
components. The time :history analyssl s to provide more preci'selI y. the
se I sm:c t oads for, he steam tubes. -.Ana lyses. are :.per bformed for OBE and SSE
Ioadings wit1h ";2 percent and 3 percent, of the .. 1 critical ".darmpipng, ýrespectively'.

The steam tubeý'bundle could .be ''subjected to lr Internal mechanhIca loads if
it is m saligned with the numerous suppor ts. aI.ong its l ength, Af I ni teelemeh. nt analysis is jperf ormed using the+WEAN Cputer Cde " to'termine these

internal loads with the worst possible m sa lignment permltted by the.tolerances. Spring-gap elements are used to represent the Interaction between
the tube-spacer ' pl!ate, spacer -plate-shroud and shroud-shel. The, same finite
el Ment+ model• is used to Cal culate the internal l. oads resulting from the
deadweight .pand i f fferenti al thermal .expansion between the tube bundle and the
mja In shell.

Thbrmal-Hydraulid Assembly Analyses

The f I cld. €ondi tIons in the SG.modul es during steady state and.thoermal
transients must be known to conduct 'stress evaluations for the SG components.
The water/steam and sodium pressures are part of the mechanicalo loads and the
fluid flow rate and temperature determine the boundary conditions for the
thermal analyses of the Individual components.
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Fluid conditions In the EV and SH arecalculated by using the SETS, TRUMP and
TRANSQ Computer Codes. Flow distributions .within the modules are determine'd
by using..TEMPEST..Computer Code or sca le model Itestingg. The postulated event
Of an equivalent doubl e-endedgUl giloti ne break (EDEG)' of as s gl tube
f fo.llowed ..by two additional seqiuenti e EDG tube f 6.1 ur•es Is' a Des ign! Bajips '"
Leak (DBL) faulted condition in the affected mode and isn aDi'Bsi
Reaction (DBR)• emergency cond ition I the other t•womodules of t6he 6•sam"e IHT
System. These conditions are analyZed w.i th the'TRANSWRAP 1i Com• ter Code.
The ana lyt ca Ic. model for thi s Code I ncI udesdetailed representation of the two
evaporators, super-heater and other components of 'the.iHT System, such -as
Interrmediate Heat Exchanger, Sodium pump,. ,and interconnecti ng pipih]g. The
major input to. TRANSWRAP I I Code I s the tansient 1water/str eeflw rate from

the failed tubes. The program. output provides the "pressure ýand vel ociy of:"
the sodium throughout the faulted and emergency modules. : (See PSAR SýecIon"
5.5.3.6.2 for.detal.ls on TRANSWRAP)

Design Zone Analysis

A brief summary of the major analyses s' follows.

Steam Tubes: The tubes are subjected to severe and numertous ty/pes of loading
and at the same time are exposed' to.. a defr imenta se•v ice ehv ironment. Comon
pressure vessel methods are used to I-evaluat" prmary"sresses due to pressure.
Primary stress eval-uatlon also includes seismic loads,: dedweight, and flow
induced v.ibration loads w ith the emphasis onhthe cr itical ares a't the ub'•-

sheet' welds -,and the spacer .plates.. Secndary stress evaluati cnsiders the
misal i gnmen- .lo:ads, temper6ature difference .between ,tubees and s.ahe I and
temrpera•ture" gradient throUgh the tube w ll. The•DNB•fatigue•evaltion is
based on testing toA dteine teent oof tmraure fluctuations-and:on
combined thermal-stress analyses to assess the largest thermal stress
flUctuation.• Only elastic sress analyses, are required fo+hese loadings'd

except-for the temperature gradient ,through t-he tbe wal dur•:ng.severe
thermal trans ients where simplified .inel~asic, anaiysis is :sused...

Main sheJl:..The primary stresses in the main shel. are evaluated with the
shell subjected to the run and nozzle loads.. These loadings include sodium
pressure for steady state and thermal transient events, seismIc loads for OBE
and SSE and the loads generated during DBL, DBR and PB. The nozzle loadings
Include the thermal expansion loads. -Conservative loading combinatJons are
adopted to bound all loading categories. The stresses due-to.the run loads
are determIned by using common pressure vessel methods for t he cylindrIcal
.portions and by using the stress Ind.ices method given In NB-3685 for the elbow
portion. The stresses due to'to the nozzle loads are cal cul ated by using
Bljlaard method. The.structural evaluation also addresses the shellI buckling
and potential thermal stripin the-elbow and lower prtion of the shell.

Amend. 76
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Tubesheet and Steamhead Assemblv: This design zone i ncl.udeps "the tubesheet,
steamhead, manway hole. and part, of the main shell in the:vicininty of the

tbseet Te relativel hgh.. steqm_ temperature at the SH upper tubesheet
and the high steam/water pressure, com severe:sodium transients at
the EV and SH lower tubesheets, indicdate potential cree-atigue damage thatreuires: both upper, and.:loer assemblies to be carefully analyzed. The stress
evaluation is conducted throughý a number of finite element analyses in which,
WECAN tCmputer Code is used. These, ana-ly:ses •include asisymmetric thermal,,Iý,_.
elastic, and Inelasti.c analyses and three-dimensiohal 180 degree elastic
analysis. The three-dimensional ana Iys I s I s used. to determine accurately the,
local stresses arlsing from. the. Interactions between the'tubesheet,.steam ead
manway hole, and water/steam 'nozzle,. ,.The :perforated reglon of. the.e tubesheet

i "these anal,,.yses is rere.. tesdnby an equ1vaI:ent hoogeneous mat eial. A'
va-al:e f ilm a oefnficient is ntroduced In the. 0radia dlrection of the

equvalent ,material torreesn te hetconvecto'ytewtrsemi h
tueshee t holes. -:Th e elasticproperties ofý- the I"equivalen maerial are
dete'rmihedg in terms of the I igament. ef f cIency I'naccordance -:Wi:th the
procedures of A-8000 In ASW SectIon Ii f. Theinelasticproperties tof the
equ valent mater 1 6i-are :generated by a series of. Inelastic analyses for the
smallest repetitive part,,Of the perforation. The thermai and.elVast Ic anal~yses
are performedj for.th andselected eumsbrellaatr t Basedon
the resul ts of these- anaIyses a Ileadi ng hIstogram for a subsequent Inelastic
analysis Is conservatively constructed.

lizzes: The SG model has eight different nozzildes; s o'diiumn•l'e 'tsod'iumnoutlet, steam inlet, steam outlet, steam, head manway., Inspection ,.ports, sodlum
vent, .and ..sod um dump. For. eah nozzle the-- I oad.. control led sfresses are'f fI•rst
cal culated us ingI cd•ionpeessure vessel nd -simlie 'beamf•..ormuas.The
loa~d Ings -consist *Of flui'd prsuead 'interf ace -mech ani caV and thermal loads.
The re InfobrceIment of the' 6oenings are also checked based on the procedures InSub~secti:onBanCdeas 15 .92.i Because, of tehg sodium temperature
during fulI power operating Istte, in addition to the severe-upset and
emergency thermal trans I ent• ,, •the s-I nozzles, the creep-fati:gUe failure, s a
plausble falure mode Issare performe orthese nozzles to
demonstrate that the .€creep-7fatigue damage is su Itab Iy lim:ited by meeng he
criteria In Appendix. T of Code Case 1592. The 'temperat'ure- distr i:butitons in,,the nozzle walI and surroundi'ngshell are fi rstdeterm ined by us ing. theWECN
Coputer Code. An axi.symetr lmodel is constructed, with the nozzle attached
to a. sphere that.has a radius two times that Of the.cylindrical- shell. For
the ca se ::of the sodium •inlet :nozzle, the thermal iner• an the sodium flow
through the gap are .also" simul, ated I.n.. the therma Iala Iaysis. The thermal, "andsubsequent elastic stress analyses are performed. for a numbe of. :selected
transients that show large and fast sodium temperature change. Based on.the
results of these analyses, the critical zones are. I denti.fied and ..Inelast I c,ý
analyses are performed for each .critical zone separately. The load-Ingr
histogram for these inel-astlc analyses I s-.. conservati:vel.y1 chosen based on the
results., of the f ul I nozzle .el astic. analysis and .the. resuits of a one:,- ,
d imens Iona I I ne Ilastic ania l y sis for the most cr itI ca I cross section.

Amend. 76
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MATERIAL PROPERTIES

The mechanlcal material properties. used in the striuctural evalu6ation of SG
modu I es 1.are, spec fi ed i n the ASIME Code Documents. ..The* Nuclear.. System"
Mater 1.1 p .'Handbook .(NSMH), Reference QlO.780-S.;1,-1. is• use d, as' +the :.
author.tative source for material properties not, specified 'i the applicable
Code Documents.* Where materia properti es are req irede .no available
i ntheASt J Code or NSMHl, the propert es wil 1,,be specified and the sources and
procedures forFobtalning thhem explai ne d.,

Mater Ia Dearadation

The fcabrication and .e•vilronmtentalt ef .fects on the porpertIes -of :the6 2 1/4" Or,-

1Mo S+eel and AI ! 7-'.,'1"8 'used in. the SG des i gn are: addressed I hhe respose to
NRC quedstIonsCS25(.4 and 'CS.250,9, Reference Q110.78-1Gt2. Only the
properties of.2 1/4 Cri1 o Steel 'are found to be Infl uenoced. The, SG service.
env I ronment affectsbthe 2 114 Cr-IMo Steel in. two ways: physically removing
the material and degrading the materlal strength. The removing of thematerial is of particular Importance in the thin. steam tubes where al owances
are specified to compensate for corrosion, cleaning and wear betWeen the tubes
and spacer plates.. The material strength degradation by post weld heat
treatment (PWHT)., thermal aging, and decarburization is accounted' for i41n the
design evaluation.

Creep-Fatigue Damage Evaluation

The creep and fatigue damage of. the. SG components I.n the e Ievated 'temperature S
regime I s suItabl y imi ted 'by meeting the criterla.,in T-;.1,400 ofCo•de!•.se1592-4. The structmural integrit of the ponens madeof012 14 .r-Steel
and :,•s ub jected t~o. severe -the'rmadl• loading wi I general .69y b&M6e de Saeda-byasifmpified and detai ed inelsti C analyses. The design f ati&gue curves and
creep-fati gue envelope, hweer, e for
2 1/4 r•-iMo Steel. Extenslve deveiopment programs haV•"been carried out to
prov I del these data. ,Based on the re:su lt•s of these programs, a connserv•aive
procedure for the creep-fatigue evaluation has been• deve'loped.roce The, -procedure
,f Irst~reduces the experimentally ;determined fatigue curves In the NSH41 to
design curves by applylng the common twd-and-twenty factors. The design
curves are then reduced further by applying a factor that .depends ontheserVice environment and loadIng conditions. The stress to rupture values
prov'Ided in the Code Case are reduced to account for PWHT, ithermaal aagIng and
decarburization in addition to.applying the Safety' Factor K. =09. to: tfhe"appl ied 'stresses. The creep damage pl us fatigu e d is thenI imited to the
vailu ue6 of 1.

STRUCTURAL VERIFICATION TESTS

The SG design is based on a very extensive testing program that encompassed
the material mechanical properties tests and structural. and thermal-hyidraul ic
performance tests. A comprehensive descrilption and evaluation of this testing
program. Is presented In Section 5.5.3.1.5.1 of the PSAR.

Amend. 76
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A list of the tests (completed, in.-progress, and planned) Is given' In n:the-z
following:

o Modular Steam Generator (MSG) 7Tests, - (1972-1974)

" Hydraulic Test -Model (:HTM)p:,1(1969-1976)

o Sodium to Water Boundary Leak Tests, (1974-present)

o Few Tube Tests (FTT), (1978)

0 Departure from Nucleate Boiling (DNB) Tests, (1975-1976)

o Friction and Wear Tests, (1973-1979)

o Single-Tube Performance, Stability and Interaction Tests, (1976-1977)

0 Tube to Tubesheet Welds Tests, (1976-1980)

o Mechanical Properties Tests, (1968-1981)

o Scale Hydraulic Model Feature Tests, (1980-present)

o Flow Induced Vibration (FIV) Tests, (to begin In 1983)

o Prototype Steam Generator Tests, (to begin In 1982)

o In-Situ Evaporator Performance Tests.

COMPUTER PROGRAMS"

The computer programs (ANSYS, SETS, TRANSQ*, TRANSWRAP II, TRUMP, TEMPEST and
WECAN) used in thermal-hydraullc and structural analyses of the SG modules are
described in Appendix A of the PSAR and hence are not reported In this
response. Appendix A also provides information relating to the adequacy of
these codes and verifications that have been completed or planned.

*An amendment to PSAR Appendix A addressing validation of the "TRANSQ"

Computer Code will be provided by November 30, 1982.

Amend. 76.
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Resoonse for Line Valves

The only large-diameter Seismic Class 1 valves In the PHTS and IHTS are the
cold leg check valves In the PHTS. The design limits and rules for these
valves are given In PSAR paragraph 5.3.2.3.3 and the analytical methods are
given in PSAR paragraph 3.9.1.6.

Amend. 76
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Question 120.1 (4.2.2)j

A list of the materials used for the reactorvessel internals should be
provided.

Response:

A list of the materials used for the reactor vessel.internals has been
provided in revised Section 4.2.2.2.1.

.Ame .' .• 20. •y 97Q120. I-I uly 1i975



Question 120.2 (4.2.2)

The compatibility of the materials with the coolant should be stated,
Also, the applicant should provide assurance that the modules in the core
supports and the fuel element aids will not self weld in the low-oxygen
sodium.

Response:

The response to this question has been incorporated in revised Section 4.2.2.3.3o2.1
and 4.2.2.3.3.3 and additional Figures 4.2-48A and 4.2-48B.

Amend. 1
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Question 12.0.3 (4.,2.2)

The welding and seizing of rotating or moving parts of the reactor inter-
nals should also be discussed.

Response:
The design considerations for wlding and seizing of rotating or moving

.parts for reactor internals are presented in new•Section 4.2.2.5 and new
Tabl:e 4.2-64. 25

Q120.3-1 Amend. 25
Aug. 1976



Question 120.4 (4.2.2)

Environmental Effects - Provide references and data on the effects of
sodium on mechanical properties of the materials, including the r6oes
of carbon and nitrogen.

Response:

Refer to revised Section 4.2.2.3.3.2, "Environmental Effects on Material
Properties". References for this material are provided in Reference Section
4.2. I125

Q120.4-1
Amend. 25
Aug., 1976



Question 120.5 (4.2.3)

Provide information on the self-welding phenomena associated with
couplings and the safety consequences of failure to decouple.

Response:

Primary Control Rod System

The response to this part of the question is contained in revised
Section 4.2.

Secondary Control Rod System

The response to this part of the question is contained in revised pages
4.2-168, 204, and 204a.

25

Ql20.5-1
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Question 120.6 (.4.2.3)

The PSAR indicates that the primary control .assembly uses B C Provide
assurance that the confirmatory irradiation testing describgd in the,
PSAR will actually be performed.

Response:

A discussion of committedB 4 C irradiation tests is provided in revised
PSAR Section 4.2.3.3.1.5. 15:

I

Ql 20. 6-1
Amend. 15.
April 1976



Question 120.7 (4.2.3)

The PSAR indicates that 17-4 PH materials are used in highly stressed
areas such as segmented arms, roller nuts, anti-ejection pawls and

leadscrews because of its high strength. Provide the aging temperature
that will be used for 17-4 PH material and provide assurance that the
material will not embrittle from long term reaging phenomenon.

Response:

The requested information is provided in revised Section 4.2.3.1.7.

Q120.7-1

I2.5
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Question 120.8 (4.2.3)

In the control assembly analysis., reference is made to the peak
absorber temperature. of 2870°F for the B4C hot spot. Provide
information on the acceptability of this temperature.

Response:

The response to this question is contained in revised pages 4.2-200
and 200a.

Q120.8-1 Amend. 2
August 1975



Question 1.20.9 (4.2.3)

Information is needed to provide assurance that condensation of sodium
vapor in :the'reactor head area will not adversely affect ease of
movement or operation of the reactivity control system.

Response:

The requested information"is in revised Section.4.2.,3.1.6.
information has been incorporated in Section 4.2.3.2.1.2.

Additional
15

Ql20.9-1
Amend. 25
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Question. 120.10 (5.1.1)

The section on the primary heat transport system describes a thermal..
liner for by-pass coolant flow to keep the vessel below 9000 F.
Provide information on the thermal stress analysis of this liner.
and how thermal fatigue will be avoided where the by-pass and reactor
coolant streams remix.

Response:

.The information requested is contained in revised Section 5.2.1.

Ql20.10-1

25
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Question 120.11I(5..2)

Special welding techniques and processes are specified for welding
the. reactor vessel and the core structures. There .is.no reference-cited
except that they were developed for FFTF. Details of these procedures
and processes should be provided.

Response:

Section 5.2.3.2 has been revised to discuss the details of this welding
technique. 117

Amend. 17
Apr. 1976Ql 20. 11-1



Question 120.12 (5.2)

The reactor vessel cover seal is an Omega seal and
between the reactor vessel and its support system.
are inadequate for evaluation.

is the main seal
The details provided.

Response:

The Omega seal feature has been deleted from the reactor vessel design
since preparation of the PSAR. The related portion of PSAR, Section 5.2
has been modified to reflect this change.

Q120.12-1 Amend. 1
July 1975



Question 120.13 (Table 5.2-3)

The material used for the guard vessel should be clearly indicated in
Table 5.2-3.

Response:

The material to be used is SA 240, Type 304 and is indicated in revised
Table 5.2-3 and Section 5.2.2.3.

Ql 20.13-1 Amend. 1
July 1975



Question 120.14 (Table 5.3-6)

Table 5.3-6 lists primary system check valve materials. Pro-
vide information on satisfactory service experience in sodium
for Inconel 718, Stellite-6B, Alloy B8M, and Stellite-6 (C-1).

Response:

Refer to the footnotes on Table 5.3-6 for the supplemental
information. Numerous references to FFTF testing added.

Ql20.14-1 Amend. 1
July 1975



Question 120.15 (5.2)

The methods to be used to control delta ferrite need clarification,
especially regarding production testing of welds for delta ferrite
content.

Response:

I25Clarification is provided in revised Section 5.2.6.

Ql 20.15-1 Amend. 25
Aug. 1976



Question 120.16 (5.0)

The accessibility for in-service inspection of piping components inside

guard pipes should be discussed.

Response:

A discussion of in-service inspection of piping within guard pipes is provided 5

in Revised Section 5.2.4.5.

Q120.1 6 -1 Amend. 25
Aug. 1976



Question 120.17 (5.3.2.1.3)

The consequences of failure of a weld is considered a more valid reason
for determining the extent of-inservice inspection than the reasons
indicated in the PSAR, e.g., plant outage duration, and availability of
people. Provide the. basis for listing these items in the PSAR as
.priorities for weld inspection.

Response:

The insprvice inspection will be planned and conducted as appropriate,
according to the requirements of ASME Code Section XI, Division 3
(under preparation).as shown in PSAR Section 5.3.2.1.3.

Q120.17-1 Amend. 8

Dec. 1975



Question 120.18 (5.5)

There does not appear to be sufficient access to the steam generator
tubes for inservice inspection. Inservice inspection should include
steam generatortubes. This should be discussed in more detail.

Response:

The requested information is provided at the end of revised Section
5.5.2.3.4 of the PSAR.

Q1 20.18-1 Amend. 1
July 1975



Question 120.19 (5.4)

Provide additional information on how the inservice inspection program
for the intermediate heat transfer system will be implemented and
.conducted in accordance with the intent of the ASMC Code, Section XI.
what exceptions to Section XI Code will betaken as aresult of using
liquid metal coolant-for the intermediate heat transport system.

Explain

Response:

The NRC position with respect to preservice and inservice inspection for
CRBRP has been provided in Round 2 Question (RSP) 120.66. The Project
discussed its plans with the NRC staff in a meeting on September 8, 1.976
and is subsequently revising its Inservice and Inspection Plan to more
fully accommodate the NRC position. The plan-and any necessary supporting
discussion baye tqenprQvt~ad in response tQ q•uetiQn 120,66.

' l ll'I " l 3 3

Amend. 33
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Question 120.20 (5.2..4.6)

Provide details of the contemplated surveillance program.

Response:

Detai,,Is of the surveillance program are provided in response to
Question 120.30.

Ql20.20-1 Amend. 19
May 1976



Question 120.21 (5.3.2)

Under description of design in 5.3.2, reference is made to protection
against accelerated corrosion and material degradation. In connection
with this effort provide a statement describing what materials are
discussed. Also furnish more details or commitments to future detailed
discussion of avoidance of potentially corrosive environments.

Response:

The information requested is discussed in revised Section 5.3.2.1.4 of
the PSAR.

Ql 20. 21-1 Amend. 1
July 1975



Question 120.22 (5.1)

Statements are needed on the need for rapid cooling rates to avoid
sensitization. Indicate which components cannot be cooled at a rapid
rate.

Response:'

At this point it is not.possible-to -specify detailed .heat-treatment
schedules. Each component will be evaluated independently to determine
whether heat treatment is .necessary. If it is required, the heat
treatment will be optimized to give the maximum degree of stress relief
together With the minimum degree of sensitization. The information
requested is further discussed in revised Section 5.3.2.1.4 of the PSAR.

Q120.22-1 Amend. 1
July 1975



Question 120.23 (5.1)

Provide assurance that field compounded thermal insulation will maintain:
low leachable chlorides.

Response:

Design features and procedures to assure compatibility .of the piping
(and. components) and.external insulation are discussed in revised
Section 5.3.3.10.4 of the PSAR.

Q120.23-1 Amend. 1
July 1975



Question 120.24 (5.5)

The steam generator design description does not have enough supporting
reference material for evaluation. Details on the Atomics International
Modular SteamGenerator (Ai-MSG) should be provided.

Response:

Further description of the AI unit is provided in revised Section 5.5.2.3.4
and a reference is provided for further infomation.

Q1 20.24-1 Amend. 1
July 1975



Question 120.2.5 (5.3.2,.1.3 5.4.2. 1.3, 5.5. 2.1.3)

The entire subject of inservice inspection of primary heat transport systems
(PHTS), intermediate heat transport systems (IHTS) and steam generator; system
(SGS) must be presented and should include., as a minimum, specific locations
to be inspected, method of inspection, and frequency-of inspection. Access
should be provided by the design to permit performing inspections.

Response:.

The NRC position with respect to preservice and inservice inspection for
CRBRP has been provided in Round 2 Question (RSP) 120.66. The Project
discussed its plans with the NRC Staff in a meeting on September 6, 1976,
and is subsequently revising its.Inservice and Inspection Plan~to more
fully accommodate the NRC position. The plan and any necessary supporting
discussion have been provided in response to Question 120.66. 134

Amend. 34
Feb. 1977
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Question 120.26 (5.1.2);

The response to Question 001.58 is not satisfactory. Since CRBRP is
a demonstration plant, the integrity of the reactor vessel and nozzles
should be monitored and demonstrated. It is the staff's opinion
that this can best be accomplished by periodic volumetric examinations.
Describe the critical areas in the reactor vessel on the basis of stress
analysis, and provide access for future volumetric inservice inspection.

Response:

The NRC position with respect to preservice and inservice inspection for
CRBRP has been provided in Round 2 Question (RSP) 120.66. The Project
discussed its plans with the NRC Staff in a meeting on .September.8,.,1976,
and is subsequently revising its Inservice and Inspection Plan to more
fully accommodate the NRC pIsicion.1 The plan and any necessary supporting
discussion havd seenpvovile4 1in responseto1-uestton 120.66. 133

.13 . 3
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Question 120.27 (5.1.2.1.3)

Provide the following additional information discussed i nl 5.3.2.1.3
Surveillance and Inservice Inspection.

(1) Describe the metallurgical inspections that will be conducted.

(2) Inspections should be performed on the basis of consequences:of
failure rather than on the convenient access provisions. Describe
specific areas to be inspected.

(3). What are "pump bearings of IHX tube to tube support plate interface?"

,Response:.

The NRC position with respect to preservice and inservice inspection for
CRBRP has been provided in Round 2 Question.(RSP.) 120.66. The Project
discussed its plans with the NRC Staff in a meeting on September 8, 1976,
and is subsequently revising its Inservice andInspection Plan to more,
fully accommodate the NRC position. The plan and any necessary supporting.
discussion have been provided in response, to Question 120.66.

133

Ql 20.27-1 Amend. 33
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Question 120.28 (5.2.3.4)

Describe methods that will be used to verify the integrity of the core
support structure of the vessel during service life..

Response:

The integrity of the core support structure during service life will be
verified by material surveillance.

The CRBRP material surveillance program provides for core support
structure-material specimens and will include tensile specimens.
These specimens will be placed in surveillance locations having a

•higher flux than in the region of the component whose material pro-
perties are being verified. Verification of the expected material
behavior in conjunction with analysis is the best known means of
verifying the integrity of the core support structure. The material.
behavior, as determined from the surveillance specimens, will lead
the actual component neutron exposure.

The core support structure tensile specimens are selected on the basis
of a minimum total residual elongation of ten percent. The first measurable
loss of ductility in austenitic stainless steel occurs at 1 x 1021 n/cm2

>0.1 MeV with increasinq loss of ductility at higher fluence levels. Thus,
tensile specimens are selected for all regions of the core support
structure where the end of life fluence is equal to or greater than
1 x 1021 n/cm2 . Notch ductility degradation, as well as strength property
changes, are also progressive with increasing fluence above 1 x l101 n/cm2 .

I

Q120.28-1 Amend. 62
Nov. 1981



Q0iistion 120.29 (5.2.4.5)

Provide assurance that the mobility of the transporter is adequate
to permit observation of all welds in the vessel. Provide greater detail
on the sensitivity of a TV camera (i.e., size of fissure).

.Response:

Revised Section 5.2.4.5 provides more detailed information regarding trans-
porter mobility and TV camera sensitivity. .25

Q1.20.29-1 Amend. 25
Aug.197A



S
Question 120.30

Provide in detail, the philosophy of the overall surveillance program of
FFTF which, as indicated in the response, will be followed by the CRBRP.
In particular, describe the coupon surveillance program, especially with
regard to the materials, and testing conditions under which these data
will be generated, and how these data will be used to monitor or evaluate
the mechanical properties of the materials in question.

Response:

PSARP Section 5.2.4.5 has been expanded to discuss the coupon surveillance
program in more detail.

Q120.30-1
Amend. 19
May 1976



Question 120.31 (5.1.7.e.2)

Provide supporting evidence that a sodium leak in.an, austenitic stainless
steel welded system can only originate as a small or weeping type leak,
and that it will propagate very slowly.

Response:

This question is answered in detail in the "CRBRP PHmary Pipe Integrity
Report," which was submitted to NRC on December 19, 1975. Section 4 in
general and Sections 4.1, 4.5 and 4.6 specifically cover this question.

Q120.31-1 Amend. 11
Jan. 1976



Question 120.32 (5.5.1.1 & 7.5.5.3)

In the second "b" of 5.5.1.1, the design basis leak for a steam generator
module is addressed, but small leaks are not. However, in 7.5.5.3 the
subject of small leaks is addressed and it is stated that the operator
will take corrective action to prevent the leak rate from increasing.
Describe this corrective action in sufficient detail to explain how it
functions to control the leak rate.

Response:

Small leaks are not addressed in the second "b" of 5.5.1.1 since the
paragraph pertains to the SWRPRS design, which is based on the steam
generator module design basis leak. The paragraph titled Leak Detection
Subsystem in section 5.5.1.1 refers to section 7..5.5.3 for subsystem
details. The Operation Requirements paragraph of section 7.5.5.3
indicates the operator action based on detected leak size. The leak
growth in the affected module is minimized by depressurization of the
water/steam side. In additicn, depressurization limits the quantity
of water/steam available at the leak site.

Amend. 14
Q1 20.32-1 Mar. 1976



Question 120.33 (5..5.3.7)

Provide engineering.verifi.cation for the statement "The existence of uni-
dentified leaks are not anticipated... •"Provide leakage history for
other liquid metal reactor systems that substantiate this statement, or
provide other justification for this statement.

Response:

Section 5.5.3.7 has been revised in response to: this question.

Q120.33-1

S25
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Question 120.34 (E.3.2)

Since the sensitivity of a leakage detector depends strongly on the...
location of the detector, cell.volume, cell environment (atmospheric
composition and temperature), sodium temperature and flaw shape, describer.."i
what criteria for the above variables will be used to ensure that a
small leak in. the PHTS or IHTS system can be successfully detected..

Response:

The detection of small sodium leaks in the PHTS and/or IHTS can be.
successfully accomplished by the Sodium Leak Detection System since
its design criteria are based on cell environment, sodium temperature
and leak location. The proposed Leak Detection System for CRBRP.
consists of aerosol monitors, cable dtectors, contact detectors,
particulate radiation monitors (for :"Na), smoke detectors and
pressure and temperature sensors. Emphasis is placed in the PHTS
where protection is needed to avoid a large leak from the piping;
however, in the IHTS the emphasis is reduced, since the vaults are
being designed to accommodate a double ended pipe rupture, and
there are no safety implications, just economic considerations.

Aerosol monitors are used to monitor the annular space between PHTS and
IHTS piping and its insulation. In this configuration,.cell size has no
effect on the detectors' sensitivity. In addition, guard vessels and major
components are provided with aerosol type detectors and cable detectors.
The vault atmosphere of both Primary and Intermediate systems are
monitored by pressure and temperature sensors; Primary System vaults
are also monitored by particulate radiation monitors, and Intermediate
.Vaults are monitored by smoke detectors. Small cells in both Primary
and Intermediate Systems are monitored by aerosol detectors.

Test data to date indicate that the effect of atmosphere composition
.or leak detection sensitivity is small when compared.•o the effect of
sodium temperature. At the higher temperatures, >600 F, aerosol formation
increases substantially so the use of aerosol detectors is planned.
At the lower temperatures, aerosol formation is reduced, so other
methods of leak detection are utilized such as particulate radiation.
monitors (concentrations of 10-15 to 10-16 gm/cc of sodium can be detected
.by these instruments).

Flaw shape is a variable that affects the amount of sodium leakage;
however this is an uncontrollable variable. Detection criteria have
been established for detection of small leaks in a specified period of
time and will be provided in response to Q222.75.

Amend. 16
Q120.34-1 Apr. 1976



Question 120.35 (7.5.5.3.1)

The thin walled nickel membrane used in the hydrogen detecto s to pass
hydrogen will be subject to Na corrosion, given as 3.9 x 10-/in/yr per:
Table.9.2.1.2-1 of Vol 2 of BNWL 1901. Justify the thickness of the Ni
membrane, and/or plans and schedules for replacement.

Response:

The 3.9 x l0-3 in/yr nickel corrosion rate indicated in BNWL 1901 is based
on exposure to 6500C (1200°F) liquid sodium flowing at 30-40 ft/sec. The
conditions are not comparable to the hydrogen detector operating conditions
of 950°F liquid sodium flowing at less than 1 ft/sec. Figure 9.2.1.2-1 of
BNWL 1901 shows the effect of temperature on the corrosion rate of nickel
in sodium and Reference Q120.35-1 includes data indicating the effects of
sodium velocity on corrosion rate.

Based on the lower liquid sodiuT temperature and velocity, the corrosion
rate is predicted to be 8 x 10, in/yr. Therefore, corrosion of the nickel
membrane is not expected to be a problem based on an initial membrane
thickness of 1 x 10-2 in.

References

Q120. 35-1 Summary Report, Mass Transfer Program, GEAP-10394, August, 1971.

Q120.35-1 Amend. 16
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Question 120.36 (5.3.3.6.1.1) (5.4.3.6.1.1)

Identify-the critical loop and locations within the primary and secondary
system pipings based on stress analysis. Describe what measure(s) will
be taken to ensure the integrity of those piping systems during the service
lifetime of the plant.

Response:

Revised Sections 5.3.3.6.1.1 and 5.4.3.6.1.1 identify critical loop and
locations within the primary and secondary system piping based on stress
analysis. Revised Section 5.4.3.6.1.1 describes the measures taken to
insure piping integrity. 25

Ql 20.36-1 Amend. 25
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Question 120.37, (5.3.3.6.2)

Provide justification for using the upper-bound curves presented in
Figures 26-28 to estimate the fatigue crack growth of 304 stainless
steel considering possible synergistic effects of temperature, frequency,
stress ratio, sodium environment, etc., on crack growth at service con-
ditions.

Response:

The "CRBRP Primary Pipe Integrity Status Report". submitted to NRC on De-
cember 19, 1975, gives a detailed illustration on the influence of environ-
ment and temperature, stress ratio, thermal aging, cold work, crack orie-
ntation, heat-to-heat variation, grain size, irradiation, biaxial stress
state, loading waveform, welds and static loadings on fatigue-crack
growth behavior for 304 stainless steel (Sections 4.1.1 thru 4.1.12).

In the PSAR, the upper-bound curves in Figures 5.3-26 thru 28 are used to
obtain the most conservative estimate of crack growth.

Q120.37-1 Amend. 11
Jan. 1976



Question 120.38 (E3,..4)

Since it is stated that a double-ended hot-leg rupture not only will
cause the pressure and temperature transients on the PHTS cells or reactor
cavity but might also.have the possibility of introducing gas bubbles
into the core, describe the service experience and what measure(s) will

.be taken. to ensure the structural integrity of these portions of piping
to preclude a double-ended hot-leg rupture.

Response:

To insure integrity.of the PHTS hot leg piping, the design criteria
to be employed are the Class 1 requirements of the ASME B&PV Code,
Section III, RDT Standard E15-2NBT and Seismic Category I requirements.
In addition, the high temperature design criteria given in Code Case
1592 and RDT Standard F9-4T will be applied and the envirnoment
surrounding the pipe will be inerted. (See PSAR Section 5.3.)

A program to verify the integrity of ASME Class 1 Piping has been
undertaken. The Primary Pipe Integrity Status Report (Reference 2
to PSAR Section 1.6) issued in December 1975, describes results with
analysis on the cold leg piping. A revision to this report which will
include the analysis of the 24" diameter hot leg piping will be available in
Jan. 1977. This report will demonstrate the adequacy of the structural
integrity of these portions of the HTS piping to preclude a double-ended
piping rupture.

W3

Ql 20. 38-1 Amend. 33
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Question 120.39 (4.2, 4,3, 5.3)

It is necessary to assure operability of reactivity control systems and to
provide for disassembly after operation of certain reactor internals.
Literature references at the conclusion of Section 4.2 are included to
provide information on the antigalling characteristics and irradiation
stability of mating materials in the reactor internals.. The references
include data obtained at lower than the LMFBR operating temperature.
Provide test data to ensure operability of mechanisms under all reactor
operating conditions.

Responset.

.The information requested is provided in revised PSAR Sections 4.2.2.3.3.3 and
4.2.3.1.3.

Amend. .31" -- .- 120G.3. -I." " April 1976



Question 120.40

The ductility of metallic materials is reduced by neutron exposure and
thermal aging. Provide experimental data to ensure that the ductility
of the material used for. the reactor internals will be sufficient to
maintain the integrity of the core through a thermal transient at the
design end of life of the reactor.

Response:

The experimental data is provided in revised Section 4.2..2.2.1 of
the PSAR.

Ql20.40-1 Amend. 19
May 1976



Question 120.41 (4.2, 4.3, 5.2,;5.3)

,Types 304 and 316 stainless steels are used extensively for fabricating
the reactor vessel, major system. components, and piping. .The suscepti-
bility to hot cracking of welds in these materials is decreased byV
adjusting the composition of the welds to contain delta ferrite inW
conformance to the requirements of Section III, ASME Boiler and Pressure
Vessel Code, 1974 Edition. When exposed for extended'times at elevated
temperatures, delta ferrite may convert to the Sigma phase. Provide
experimental verification to show that the fatigue and creep-fatigue
properties of welded austenitic stainless steel components are not reduced
below safe values at EOL, by the presence of Sigma phase in the micro-
structure.

Response:

There are no data that would directly relate the effect of sigma phase on
either fatigue or creep-fatigue properties of Type 308 or 16/8/2 stainless
steel weldments at the EOL of the CRBRP. There are some data which are
presented below that indicate little effect of short-term aging on the
fatigue properties of austenitic stainless steel'weldments. Experimental
verification to show the effect of sigma Dhase on the fatigue or creep-fatigue
properties as requested would require a test program to generate such data.

The amount of sigma phase which could be formed as a result of transformation
from delta ferrite will be low because the amount of delta ferrite is
restricted in CRBRP. The restrictions on delta ferrite are imposed
through invoking ASME Code Section I1l, Code Case 1592 and RDT standard
requirements on CRBR welds. Delta ferrite will be held to 5 to 9 percent
in filler metals for use with Type 304 material and to less than 5 percent
in filler metals used with Type 316 material (provided 16-8-2 filler metal
is used).

It is expected that some of the delta ferrite in the 304 and 316 weldments
may convert to sigma when exposed to high te'mperatures over the operating
life of the CRBRP, Ratz (Reference Q120.41-1) observed a small amount obf
sigmal(approximately 2 percent.) in a weldment made in Type 304 pipe. The
weldment had been exposed as part of a sodium loop to temperatures between
12000 and 1470OF for 20,000 hours. Baker and Soldan (Reference Q120.41-2)
have observed approximately 1.5 percent sigma in 16-8-2 weld metal after
60,000 hours of laboratory exposure at 11500 F. 10,000 hour, 900OF aging
of 308 CRE (controlled residual element) weld metal containing 5 to 7 per-
cent delta ferrite did~not result in ,sigma formation (Reference Q120.41'3).
Similarly, aging of Type 308 weld metal for 1000 hours at 1100OF did not
result in sigma formation (Reference Q120.41-4).

Limited data obtained after short term aging show no detrimental effect on
weldment fatigue properties. Brinkman and Korth (Reference Q120.41-4) ob-
served little effect of 1000 hour, 1100OF aging on the fatigue life of Type
304 weldments made with Type 308 filler metal. Similarly, 5923 hour, 900uF

Q120.41-I Amend. 13
Feb. 1976



aging of Type 308 weld metal had no significant effect on fatigue properties
.(Reference Q120.41-6). James (Reference Q120.41-7) has observed slightly de-
creased fatigue crack propagation rates (relative to.304 base metal).in Type
308.;weld metal after 3000 hour aging at 1000OF while Type 304 ,weldments aging
at ll00OF for 800 hours observed to have a beneficial effect on .fatigue crack
propagation rates.

In summary, the available observations, based on relatively short-time- aging
coupled with the time temperature transformation data of Cole, et.al.-'(Reference
Q120.41-8) leads to the conclusion that sigma effects on fatique and creep-fati-

.gue effects over the operating life.of CRBRP are not detrimental. However, it
must be recognized that no long term aging data are available to confirm this
conclusion.

References

Ql.20.41-1.

Q120.41-2.

Q120.41-3.

Q120.41-4.

Q120.41-5.

Q120.41-6.

Q120.41-7.

*Ql 20.41-8.
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Welded AISI Type 304 Stainless Steel Pipe, Nuclear Technology,
Vol. 17, February 1973, p. 153-159.
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1100°F of Piping of Austenitic Steels, Proc. Inst. Mech. Engrs.,
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Question 120.42.(4.2, 5.2)

The transport of a portion of the radioactive structural materials from.
the core to colder areas in the reactor systems is anticipated. Estimate
the maximum radioactivity with operating time in particular areas of the.,
primary heat transport system, and show that this radioactivity will not
interfere with the in-service inspection procedures. Provide sufficient
evidence that deposits of mass transported material will not reduce the
heat transfer capability.of the IHX to an unacceptable degree, including
the results of the study cited (but not referenced).on page 5.3-70.

Response:

The CRBRP in-service inspection program is discussed in PSAR Section
5.3.2.1.3. The principal emphasis in the program is placed on visual%
condition inspection. Capabilities are being developed to permit remote
viewing of the primary coolant boundary in the PHTS cells and pipeways.
This will include the ability to view the annuli between an IHX or pump,
and its respective guard vessel. This type of inspection will result in
minimal radiation exposures. Further discussion of in-service inspection
radiation exposures can be found in revised Section 12.1.5.

The study cited on page 5.3-70 has been identified in revised Section
5.3.3.10.3.1. Discussions of IHX performance including allowances for
sodium corrosion product deposition are provided in Section 5.3.3.5
"Intermediate Heat Exchanger Characteristics".

125
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Question 120.43 (4.,2.3.1.7):

Describe the test program(s) performed on the Inconel 718 CRDM bellows
to ensure that adequate margins of strength will be maintained in the high
temperature sodium and irradiation environment.,

Response:

The information requested is found in amended PSAR Section 4.2.3.1.7.

Qi 20.43-1 Amend. 14
Mar. 1976



Question 120.44 (5.2.2.1)

Describe the effect of internal heating of the boron carbide neutron
shield ring surrounding the vessel near the flange on the flange tem-
perature.

Response:

The information requested is provided in revised Section 5.2.2.1.

Ql 20.44-1 Amend. II
Jan. 1976



Question 120.45 (5.2,)

The reply to Question 120.11 referred to a "block welding technique".
In using this technique, discuss how the sensitization of welds is pre-
vented. Discuss how weld defects are prevented at the weld "block"
overlaps-or start-stops.

Response:

The term "block welding" used in the response to Question 120.11 is a
misnomer. Section 5.2.3.2 has been revised to clarify this.

Q120.45-1

Amend. 17
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Question 120.46 (5.3)

Published data (NRL Memorandum Report 2752) suggests that notch
ductility of Type 316stinless steel submerged arc weldments may
be quite low (56 ft-lb upper shelf value) and .that it may be
significantly further degraded by neutron irradiation. Provide data

.to verify that fabrication processes used in the manufacture of the
CRBR pressure vessel and other components will.produce sufficient
.notch ductility to enable these s~tructures to withstand thermal
transients during the plant design life.

Response:"

A discussion of the components' capab1ilty to withstand thermal transients
is provided in new PSAR Section 5.3.3.10.1.5.

Q120.46-1 Amend. 24
July. 1976"



Question 120.47 (5.3)

,The present programs for tests to verify high temperature design criteria
are described in Tables 5.3-19 through 5.3-22. In the descriptions of
the samples to be tested, none are indicated as containing welds or weld
metal. Describe which samples in the presently funded program will test
welded specimens with delta ferrite to verify the adequacy of welds made
with weld rod purchased to the RDT Ml-IT and Ml-2T Standards.

Response:

The delta ferrite content of stainless steel welds will be controlled
by strict compliance with ASME Code Section III Division 1. Subsection
NB for Class 1 Components (Section NB2433) and Code Case 1592
(Section 2433).. In complying with the code, tests of production filler
metal or welded metal are required as stipulated therein and delta
ferrite limits are specified. More information is provided in revised
Section 5.3.3.10.2.3. 25

Q120.47-1.
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Question 120.48 (5.3)

Information presented in the PSAR indicates that the fatigue life of
austenitic stainless steel is reduced by the presence of a carbide
phase in the microstructure. Provide experiMIental data and discussion
to verify that long time exposure at high temperature will not reduce
the fatigue life (due to the formation of chromium carbide) below the
design requirements.

Response:*

Section 5.3.2.2.3 has been expanded to provide the information requested.
I25
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Question 120.49 (5.3, 5.5)

The reply to 120.15 states that there will be no testing for delta
ferrite in production welds. The amount of delta ferrite in the weld
will be controlled by comparing the composition of the filler welding rod
to the Shaeffler diagram.. It is the staff's position that the amount of
delta ferrite in the production welds must either be determined by
actual measurement or an acceptable program of testing preproduction
welds be established to demonstrate uniform and predictable weld
ferrite content under production conditions. Describe your -method of
conformance with the above position.

Response:

The information on delta ferrite content is provided in revised Section
5.3.3.10.2.3.. 1:25

Ql 20.49-1
Amend. 25
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Question 120.50

The primary pump shaft is supported at the impeller end by a sodium
bearing. Provide data to show that during start-up and shut-down,
self welding of bearing and journal surfaces will not occur. Describe
the mock-up tests conducted:to show the conditions under which self
welding, galling or hard-surface deterioration do not occur.
Response

Self-welding is a phenomenon which dends upon the simultaneous inter-
action of a number of parameters such as:

* Surface Cleanliness
a Metal Diffusion Rate
* Surface Temperature
s Contact Pressure

* Contact Time

s Material Couple

a Surface Finish

e Sodium Purity

In general, self-welding requires that the above parameters have the
following characteristics:

1) Surfaces be atomically clean.

2) High metal diffusion rate. Metal temperature above 800°F. The
higher the temperature, the higher the metal diffusion rate.

3) Contact pressure between the interfacing surfaces approaching the
yield strength of the mateiral.

4) Long contact time (static contact).

5) Material couples of similar material which are relatively soft, of
low yield strength, and prone to galling.

6) A rough surface which provides many points of very high contact
stress (small true area of contact). The effect of surface finish
is not well understood.

7) Sodium of very high purity, 1 ppm of 02 or less.

In case of the CRBRP pump at start-up or during coastdown, some of the
above parameters are in the direction of no self-welding as follows: 33,

Amend. 33
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1) At 600°F (more likely 400°F) temperature is too low for metal
diffusion..

2) Contacting pressure (hertzian stress) is very low because bearing
contact loads during start-up and coastdown are very low (stress,
well below the yield strength of the hardfacing material).

3) Static contact time during periods of pump shut-down could be long,
but contact stress is very low (less than 1000 psi).

4) Hardfaced surfaces (Stellite, Colmonoy) in general are non-galling,
high strength surfaces.

5) Surface finish of 16 microinches AA provides a uniform smooth
surface and a relatively large area of true contact (low stress).

In .addition, thlere is the following test experience which provides
confidence that self-welding of the pump bearing will not occur:

1) The continuing Sodium Technology Program on Friction Wear and Self-
Welding at Westinghouse ARD reports that a review of the self-
welding tests conducted on various material couples, including hard-
facing materials for bearings, showed that for all materials tested
no self-welding occurs at temperatures of 850OF or lower for static
contact times up.to 6 months, At temperatures of 600OF or less,
expert opinion is that self-welding probably does not occur under
these contact conditions regardless of contact duration.

2) Friction and wear tests at LMEC with pin and disk machines operating
in sodium at representative contact stresses (500-800 psi) and
temperatures from 400 to 12000F showed no evidence of self-weldingof various.hardfacing materials tested. Coefficients of sliding
friction averaged in the range from 0.3 to 0.6 with relatively low
wea r.

3) Westinghouse ARD FFTF pump bearing mock-up tests in sodium toinvestigate the effect of 100 start and coastdown cycles of the FFTF
pump, represented a total of 10,000 revolutions of rubbing under
typical load.. Bearing rotationwith contact was at a temperature
of 400 F (typical coastdown temperature from pony motor speed).
Inspection of the bearing surfaces (Stellifte 6B vs Stellite 6B)
indicated only slight abrasion in a narrow band and no .evidence of
any self-welding whatsoever. The degree of surface abrasion
observed (very light galling) does not deteriorate the performance
of the bearings since the bearing is very tolerant of considerable
surface damage. 33

Amend. 33
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4) Forthcoming. FFTF pump tests in sodium in the SPTF at LMEC will
provide additional valuable information on.the performance of a
typical bearing hardfacing material couple, Stellite 6B vs.
Stellite .6B,. under actual operating conditions.

The significant amount of experimental and actual operating evidence
cited above leads.to-the firm conclusion that the CRBRP pump hydrostatic
bearing hardfacing.material will not self-weld under the conditions of
pump start-up or coastdown after a shutdown. Additional confirming
evidence will be obtained from the FFTF pump tests in sodium at LMEC
in SPTF, including effects of surface deterioration or galling, if any,
on bearing performance.

'No additional mock-up tests are contemplated at this time for the CRBRP
pump. bearing-pending review of the FFTF pump'SPTF sodium test data
relating to bearing surface conditions and performance. 33

Amend. 33
Jan. 1977.
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Question 120.51 (5.2.1)

The closure head has an average temperature of 400OF under both normal
operation and refueling conditions. It is stated that because the
closure head is at 400OF the elastomer seals can be kept at 150OF for
adequate life. Provide information to justify the use of 150OF as the
operating temperature at the region of the elastomer seals at the top of
the risers.

Response:

Revised Sections 5.2.2.2 and 5.2.4.5 provides the information requested. (25

Amend. 25
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Question 120.52 (5.3.1, 5.4. 9.3)

Strip heaters are used to heat sections of the pipe in the primary,
intermediate heat transport system, and auxiliary liquid metal systems.
Electric shorting may-result in pipe damage. Describe the precau-
tions that are taken to ensure against this occurrence and/or the
inspection to be performed following such an occurrence. Additionally,
discuss the effect.of thermal stresses resulting from the failure of
one or more of the strip heaters.

Response:

Section 9.4, Piping and Equipment Electrical Heating discusses the
design of the heaters to prevent damage to piping or components due
to electric shorting. A discussion of the effects of failure of one
or more trace heaters is Drovided in'revised PSAR Section 9.4.3, "Safety
Evaluation".

Q120.52-1 Amend. 17
-Apr. 1976



Question 120.53

Welds joining ferritic and austenitic alloys may be subject to accelerated
degradation when exposed to long-term, high temperature sodium environment
and thermal cycling. Describe the methods and processes used in making
bimetallic joints, indicate the location of such joints, and provide evidence
that the design basis mecnanical properties, of these weldments will be re-
tained throughout their anticipated service life.

Response:

A discussion of the conservative approach being taken with respect to
ferritic-austenitic welds is provided in revised Section 5.5.3.11.2.

Q1 20.53-1
Amend. 17
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Question 120.54 (5.3.3.6)

The following statement is made in Section 5.3.3.6: "The potential for
piping degradation due to caustic corrosion caused by a postulated leak
has been investigated experimentally. Experiments have been performed
to investigate sodium leakage from cracks in test pipes." Provide a
more detailed description of the experiments in support of the fore-
going statement and the results-of these experiments.

Response:

This question is answered in detail in the "CRBRP Primary Pipe
Integrity Status Report'" The corrosion aspects of the tests are
covered in Section 5.5, and the leakage characteristics in Section 5.4.

Q120.54-I Amend. I9IJan. 1976



Question 120.55 (5.3.2.2.1.5).

Long-term exposure of heat transport system structural materials in sodium
will result in a loss ofiinterstitial elements from hotter sections of the
system, and thus lead to a loss in strength. Provide the experimental
basis for the derivation of the interstitial loss equations and demonstrate
the validity of the extrapolation to end of life.

Response:

Section 5.3.2.2.5 has been retitled "Mass Transfer Properties" and the
last paraqraph deleted. New Section 5.3.2.?.F, "Interstitial Transf r
Properties," has been added in response to the question.

Extrapolation of the equations, particularly to low temperatures$ contains
some udcertainty. However, experimental tests have verified the data for
periods up to 2000.hr. within the 850-1360°F temperature range. The early
estimates of the carbon potential Cs, to be anticipated in the reactor,
now appear to be overly conservative, and a value of Cs of not less than
50, is anticipated rather than Cs = 30. This will effectively raise the
carburization/decarburization crossover temperatures for T 304 SS and T 316
SS to about 975 and 900OF respectively. Additional 10,000 hr. sample
exposures are currently being initiated; when the data are available in
1977, extrapolations of the basic equations will be further validated..

120.55-1 Amend. 17Apr. 1976



Question 120.56 (5.4.2.1)

The PSAR references ASME Code, including Code Case 1592 and RDT standards
in discussing materials for IHTS pressure-containing components. A state-
ment is made that "the use of additional or alternative material properties
shall require the approval of the purchaser." Provide additional discus-
sion regarding the intent of this statement and define the.term "alterna-
tive material properties" in relation to the ASME code design basis.

Response:

This statement is clarified in revised PSAR Section 5.4.1.2.

Amend. 17
Apr. 19761
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.Question 120.57 (5.5.3.11):

The statement in Section 5.5.3.11 that the "compatibility of austenitic
stainless steel with external insulation is assured as set forth in 5.3.3.10.4"
is made. The referenced section does not provide documentation. Provide
experimental data to justify the above statement.

Provide limits for "excessive moisture in insulation materials,' and describe
details of the "quality controlled installation" used to prevent "excessive
moisture."

Response:

As shown in Table 5.5-3, most components in the Steam Generator System (SGS)
are constructed of materials other than austenitic stainless steels. Com-
patibility of austenitic stainless steels with external insulation shall be
assured by requiring the thermal insulation materials to be tested and
analyzed in accordance with RDT Standard M12-1T, October, 1972. The standard
gives requirements for conducting corrosion tests and chemical analysis using
samples of insulation material selected from production lots and for certification
of results of chemical analyses and corrosion tests.

Most thermal insulation materials do not in themselves cause stress corrosion
cracking of austenitic stainless steels. However, the presence of leachable
chlorides and moisture can cause the chloride ion concentration at a stress
point sufficient to catalyze crack propagation. As explained above, the
eachable chlorides will be controlled by application of RDT Standard M12-1T

for all insulation to be installed on austenitic stainless steel and 2-¼ Cr-lMo
components and pipes.

A selection program will demonstrate that the insulation selected meets
the required criteria. Specifically the tests will determine the following
for selected candidate insulations.

a. moisture content
b. compressive strength
c. thermal conductivity
d. sodium compatibility
e. compatibility with materials of construction
f. leachable chlorides
g. chemical off-gases during heat-up

The above tests will be performed on 3" x 3" x 3" test specimens The
following insulation types have been selected for initial evaluation:

a. Babcock and Wilcox - Kaowool (Alumini-silica)
b. Owens Corning - Kaylo - 10 (Calcium silicate)
c.. Pittsburgh Corning Foam Glass (Steam Generator Application)

Amend. 23
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Question 120.58:

The material presently specified for the Steam Generator Auxiliary Heat
Removal System (SGAHRS) is carbon steel. Describe the procedures to be taken
to ensure against caustic gouging, stress corrosion cracking, pitting
corrosion, incompatibility with insulation and methanation.

Response:

Specific procedures for maintaining and monitoring SGAHRS water chemistry
are yet to be developed, however, the system has been designed to allow
recirculation mixing (if required) to assure that representative samples
are taken during sampling. The minimum water purity level specified is
as follows:

Cation conductivity (at 70'F) <10 micro Mho/cm
pH of 9.5 to 10.0 by ammonia addition
hydrazine (catalyzed) -150±25 ppm
Suspended solids <5 ppm

This water chemistry is a common wet lay up chemistry used in commercial
plants which is designed specifically to prevent pitting corrosion. The
extremely low corrosion rates associated with this chemistry along with the
low operating temperatures preclude methanation. Caustic gouging is not a
problem since the SGAHRS contains no caustic. SGAHRS water will contain
no sodium hydroxide,only ammonium hydroxide which will not cause stress
corrosion cracking in carbon steel.

Since the usual effect of increased velocity is an increase in corrosion
rate, flow velocities have been limited to the approximate ranges specified
below:

Type of Service Maximum Velocity- fps

Pump Suction 10

Pump Recirculation 70

Steam Drum Feed 20

Saturated Steam-PACC 22

Saturated Steam-Turbine Supply 200

Turbine Exhaust 500

Superheater and Steam Drum Vent 500

The minimum corrosion allowance, including cleaning, in terms of additional
thickness of material, shall be 0.10 inches. This shall be deducted from
the available structural material before strength calculations are performed.

Amend. 62
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Question 120.59 (4.2, 5.2 & 5.5.3.11)

Thermodynamic stability of structural materials used in the primary, inter-
mediate, and secondary heat transport systems is an important consideration.
Show that the steam generator tubing will not be degraded by the interstitial
mass transfer. Provide background data on the decarburization of 2-1/4 Cr-
I Mo steel at 965 0F in steam generator sodium to justify the statement in
Section 5.5.3.11.4 that the carbon level will not drop below 0.03% during 30
year design life of the tubes.

Response:

Section 5.5.3.11.4 has been revised in response to this question.

Q120.59-1 Amend. 14
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Question 120.60 (5.3.2.2)

The •statement is: made in .5..3.2.2 that ;: , "limits will be placed on the carbon.
level.,, ranging from ,0.04% to,0..055%to tensure that .the steel does, not fall
below the ASME Code requirement of 0.04% for high temperature service
at end of life." Provide the experimental data to justify these limits,
and to verify that the strength requirements of the Code will be met
throughout the material cross-sectionat the end of the design life.

Response:

Clarification of the ASME Code requirement regarding minimum carbon content
for Types 304:and 316 stainless steels to be used in Code Case 1592
applications, is warranted. Table 1-14.1 of Code Case 1592 lists permiss~ible
material specifications for structures, other than bolting, and Note l of
this table specifies a minimum carbon content of 0.04 percent for Types
304 and 316 stainless, steel. This is interpreted to be a "start-of-life"
requirement, since the Code. does not provide specific guidance on deterioration
of materials.in service. Paragraph NA-1130 of Section III,,subsection NA
states:

."(a) The rules of this Section provide requirements for new conttruc-•
tion, and include consideration of mechanical and themal
stresses due to cyclic operation. They do not cover deteriora-
tion which may occur in service as a result of radiation effects,
corrosion, erosion, or instability of-the material:. These
effects shall be taken into account with a view of realizing
the design or the specified life of the components".,.

Paragraph NB-2160 of Section III, subsection NB for class 1 components
states further:

"Consideration of deterioration of materials caused by-service,
is generally outside the scope of this Section. It is the
responsibil i ty of the Owner to select material s sui tablIe .for
the conditions stated in the Design Specifications (NA-3250),,
with specific attention being given'to the effects of service -

conditions upon the properties of the materials".

"Any special requirements shall be specified in the•Design
Specification (NA-352 and NB-3124). When so specified, the
check analysis shall be made in accordance with the base metal.
specifications...

Section 5.3.2.2 of the PSAR was thus misleading in referring to an "ASME
Code requirement of 0.04% for high temperature service at end of life due
to interstitial loss in sodium", and the Section has been revised. As noted
above, the ASME Code specifies a minimum carbon content of 0.04% to ensure
the material properties given in the Code Case 1592.

_Q120.60-1
Amend. 13
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The Code requirement for a "start-of-life" minimum carbon content of 0.04%
for Types 304 and 316 stainless steels in appl~ications.governed .by Code -
Case 1592, is beinq met b.y specifviina a carbon content of 0.04%.- 0.08%.
in the Equipment Design Specifications.

As noted in the excerpts quoted above, the Code requires the desi~gner.`:to'
evaluate the effects of the service environment on material properties.
Guidance for performing this evaluation is provided in an Appendix.:to i'the
Equipment Specifications.

Briefly,. for interstitial transfer effects in sodium, the analysis consists
.of the following:

1. Determine the carbon + nitrogen (C+N) concentration.for the
component material in question at the end of ,life. Equations
are. provided for determining the actual interstitial gradient
through the material cross-section as well as the average
interstitial content.

2. Based on results of Step (1) above, revised material properties
(tensile stress-rupture) are calculated and corrections are
made to the Code allowables where necessary.

For a more detailed treatment of the effect of sodium on mechanical
properties of materials, refer to Section 4.2.2.3.3.2.1. of the PSAR.

The experimental basis for Step (1) above, is the subject of the response
to PSAR Question 120.55. The equations for determining the effect.of (C+N)
on tensile properties of 304 and 316 stainless steel have beenderived .in
Reference Q120.60-1. The basis for calcul.ating stress-rupture properties
can be found in Reference Q120.60-2.

In the majority of cases, cross-sectional thicknesses are -large, and
operating temperatures are such that interstitial -losses arem-small, thus
resulting in a negligible impact onidesign. However, in other cases
(e.g. primary piping, IHX tubing, etc.), the material cross-sections are
relatively thin and interstitial losses could be sufficiently
high to cause reductions in properties. which must be considered in
design (Reference Q120.60-3). To minimize the impact of these reductions
on design, higher "start-of-life" minimum carbon contents (e.g., 0.055%
for the primary piping) are or will be specified in the Piping Design
Specification for the primary piping components.

Q120.60-2
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Question 120,61 (5.5.3.11.3)

Describe the.rustlprotecting methods that.will be used for 2-1/4 CR-I.Mo
and carbon steel. Provide evidence that the material(s) used for rust
protection and.solvents required for their subsequent removal during or,
after erection will not produce deleterious effects..

Response:

Section 5.5.3.11.3 has been revised to discuss the method of rust prevention.

Amend, 1.4
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Question 120.62 (120.15, 120.41, 120.47, 120.49)

Responses to previous questions are not sufficient to conclude that the
mechanical properties of welded austenitic stainless steel will not degrade
during the life of the plant. The information submitted does not address
adequately the long term thermal aging effects. The specific weld filler
rod and welding procedures to be used in CRBRP will affect the weld ferrite
content, and, after thermal aging, the sigma phase morphology. Sigma phase
can degrade the weld joint mechanical properties.

It is our position that tests should be initiated prior to plant construction
to evaluate the long term thermal aging effects upon the mechanical properties,
toughness and crack propagation of welds using materials and procedures spec-
ified for CRBRP.

Response: (Interim)

Qualitative assessment of the limited available data regarding micro-
structural and property changes of austenitic stainless steel weldments as
related to service temperature and exposure time indicate that the materials
utilized in CRBRP have a high likelihood of acceptable mechanical performance.
However, the need is recognized to expand the data base, particularly the
data on weldments thermally aged for suitable times at temperature and/or
proven methods of extrapolating available short term data.

An experimental program to examine the effects of long term thermal aging
on welded austenitic stainless steel is included within the base technology
program. This program would utilize the specific base metals, weld filler
metals, and weld processes to be utilized in CRBRP fabrication. Specimens
will be evaluated in the condition prototypic of start of plant life and
after various thermal aging times. The duration of thermal exposure would
be terminated on a case-by-case basis. Material combinations selected
for investigation would include prototypic primary hot and cold leg piping
welds as a minimum. The properties to be evaluated would be selected to
provide insight on property degradation as related to likely failure modes
of the component involved and may include any or all of the following:

* microstructural evaluation

o tensile properties

* creep properties

Q120.6211 Amend. 62
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0 crack propagation

toughness as determined by the J-itntegral method

The schedule for the experimental program will be dependent upon the fabri-
cation schedules of a number of related components,-for some of which.vendors
are yet to be selected (such as the PHTS piping). Adetailed schedule for this
experimental program therefore cannot be defined at this time.. Howev.er, NRC
will be informed when such a schedule is available.

Amend. 30
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Question 120.63 (3.2, 5.3.2.1.3)

ASME Code Case 1594 is applicable for the examination of elevated.,tem-
perature Section III, Class 1 components only. Provide a listing ahd
technical basis for preservice nondestructive examination requirements
that you are specifying for ASME Section III, Class 2 and Class 3 com-
ponents which have not been upgraded to Class 1, and where metal tem-
perature exceeds those for which allowable stress values are given in
Section III.

Response:

The Auxiliary Liquid Metal System and the Impurity Monitoring and
Analysis System have components designated as ASME Section III, Classes
2 and 3, in which metal temperatures exceed those for which allowable
stress values are given in Section III. The following components by
system are Section III, Class 2 or 3, and must be designed for elevated
temperature service in accordance with an applicable Code Case.

EVST NaK air blast heat exchangers

NaK piping from overflow heat exchangers to the EVST ABHX including
valves

Primary Na cold trap economizers

Piping between primary Na cold traps and the first isolation valve

Primary Plugging temperature indicator ('PTI) and associated piping & valves

Primary sodium sampling package (SSP) and associated piping and valves

Intermediate sodium cold trap pumps

Intermediate sodium cold trap economizers

Intermediate sodium cold trap piping and valves (applies only to normally
flowing circuit-not applicable to drain lines, transfer piping, or piping
between cold trap economizer and crystalizer)

Intermediate sodium characterization package and associated piping and valves

EVS Multipurpose Sampler

Q120-63-1 Amend. 62
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ASME Section III, Class 2 or 3 components of the Steam Generator System
(SGS) and Steam Generator Auxiliary Heat Removal System (SGAHRS) which
will see elevated temperature service are as follows:

e Superheater Outlet Steam Piping

* Superheater Outlet Isolation Valve

* Superheater Outlet Check Valve

* Superheater Relief Valve Inlet/Outlet Piping

* Superheater Relief Valve

* Reaction Products Separator Tank

• Sodium Rupture Discs to Reaction Products Separator Tank
Pi ping

* Reaction Products Separator Tanks Equalizer Piping

* Superheater Steam Vent Inlet/Outlet Piping

e Superheater Steam Vent Valve

* Superheater Steam Vent Isolation Valve

Preservice inspection for all ASME coded plant components is addressed
in response to NRC Question 120.66.

Q120.63-2 Amend. 62
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Question 120.64, (RSP),(5.6).

Your response to Questipon 120.18 is' not complete.' A general description,
and technical basis. for your program for periodic inservice inspection'
of steam generator tubing was not addressed..

It is.our position that periodictvolumetric inservice examination of a
representative sampjeof the steam generator tubesis required. This
requirement is intended to assure: the continuing structural integrity
of the sodium-water boundary, to mitigate theconsequences of the unlikely.
event of a significant sodium-water reaction and to identify potential.
long term degradation mechanisms that may result from plant operating.
conditions. The initial sampling program and examination frequency should

-be based on results from your steam generator development program subject
to modification depending on results from periodic volumetric inservice
inspection: experience.

Response:

Access.for future inservice-inspection of Steam Generator tubing is pro-
vided through the use of removable steam heads that allow access to the
entire tubesheet at both ends of each steam generator module. The extent
and interval of inservice inspection of steam generator tubes is dependent
on results of ongoing steam generator development programs and on the sen-
sitivity and accuracy of existing and developing ISI methods for CRBRP
steam generator tubing.. Actual inspection intervals will be selected after
the steam generator development programs are complete.

Ql 20.64-1 Amend. .31
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Question-120.65ý(5.5, 15.3)

In your response to Question 120.18 you state-in7Section 5.5.2.3.4,that
the inner diameter.of the steam..generator heat transfer tube is readily-
available for inspection by ultrasonics,-eddy current, and/or,other sui-
table means which.will be-determined at the conclusion of a development
program now in progress.

Identify any inaccessible regions in the bend radius.of the U-tube to
internal probe inspections by eddy current or ultrasonic methods due to
probe interference or potential loss of coupling.

Conventional inside diameter eddy current probe techniques are not nor-
mally used to examine ferromagnetic tubing, such as 2¼ CR-I Mo material,
with wall thicknesses as great as 0.109-in..to detect tube wastage or
through wall penetration. Discuss the effectiveness of the eddy current
method considering the mechanism for the development of a. large leak
from a small steam leak by defect enlargement on the sodium side as
shown in PSAR Figure 15.3.3.3-I. Provide the technical basis for your
conclusions.

Discuss potential limitations to the ultrasonic method for the detection
of discrete radial flaws (pin-holes), circumferentially oriented cracks
in the butt weld region and tube deformation in support areas. Define
your developmental program objective for minimum detectable flaw size
and rejection (tube plugging) criteria in terms of percentage of tube
wall wastage and minimum crack size. Provide the technical basis for
your conclusions.

Discuss the scope of your development program for steam generator tubeý
leakage location using acoustic emission techniques.

Response:

The CRBRP Steam Generator modules are in a hockey stick configuration
with a "worst case." head radius of 24 inches. Eddy current and ultra-
sonic probes should both be able to negotiate this bend while making
measurements, although the CRBRP Project expects ultrasonic inspection
techniques to-be adequate without reliance on eddy-current techniques.

The ultrasonic method using commercially available probes has demon-
strated the ability to detect pits a few mils deep, through wall flaws
0.010 inches in diameter, and notches 0.003 inches deep or less,.in
prototypical tubing. The goal for minimum detectable notch of five
percent of the tube wall and the accuracy of wall thickness measurement
is +0.005 inches. The measurement of tube deformation greater than
0.0505 inches has been demonstrated using ultrasonic methods. The tube-
to-tubesheet butt welds are examined by a separate ultrasonic technique
developed.at ORNL. The sensitivity to circumferential cracks is strongly
dependent on details of weld crown geometry on the inner surface of the
tubing. This notch sensitivity is-thought to be about ten percent of
the tube wall based on prototypical welds determined to date.

Q120.65-1 Amend. 31
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Acoustic emission leak .location has been. demonstrated in-static steam
generator modules, *but is not currently practical in operating steam
generators or in full scale steam generators. .Devel-opment at the
National Laboratories as well as commercial ,developments are ;being
closely followed. A decision to use thiIs approach for leak locatIon isnot warrantedat this time.., Ifdevelopment is •successful, this methodcan be app.lied'to the steam generator modules.
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Ouestion 120.66 (RSP) (5.0. 5.1.2. 5.3.2.1.3. 5.4. 5.4.2.1.3. 5.5.2-1.3)

Questions 120.19, 120.25, 120.26 and 120.27 related to the inservice
inspection program have not been answered.

It is our position that, as a minimum, a preservice nondestructive examination
and inservice inspection (ISI) program including the examination categories,
inspection methods, and governing documents or acceptable alternative methods
Is required. These methods are summarized below:

Preservice Nondestructive Examination

Examination
Categories

Primary heat
transport sys-
tem Including
reactor
and closure
head, con-
nected piping

System, pri-
mary pump
tank, check
valve and
Intermediate
heat exchan-
ger shell.
Also reactor
vessel core
Internals.

Inspection Method
Reference
Documents

ASME Code
Case 1594

Volumetric examination of 100% of the
welds and adjacent base metal with
methods capable of characterizing
the throughwall dimension of
Indications.

To assure the Initial structural
Integrity of the primary heat trans-
port system and reactor vessel core
internals, we will require the fol-
lowing information about all flaws
over 5% In throughwall dimension
retained after the preservice
examination:

1. Location of acceptable flaw.

2. Definition of the throughwall
dimension as a percentage of
wall thickness.

3. Characterization of the flaw
in terms of nature, enclosed
volume, and actual orientation.

4. Complete documentation suitable
for fracture mechanics evaluation.

Volumetric examination of 100% of
welds and adjacent base metal

Balance of
Class 1
components.

•ASME Code
Case 1594

Q1 20.66-1
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Examination
Categorl es

Reference
Inspection Method Documents

Intermediate
heat exchan-
ger tubing.

Guard vessels

Intermediate
heat trans-
port system
Including
Intermediate
heat exchan-
ger connected
piping system,
pump, expansion
tank, dump
valves and
flowmeter

Balance of
Class 2
components

Steam
generator
tubing

Eddy current method for preservice
baseline.

Volumetric examination of 100% of the
welds and adjacent base metal.

,Volumetric examination of 100% of the
welds and adjacent base metal.

Volumetric examination of welds and
adjacent base metal.

Volumetric method for preservice
baseline.

To be
estab-
I :shed by
CRBR
deve I op-
ment
program

ASME Code
Case 1594

ASME Code
Case 1594

ASME Code
Section III.
We will
require the
I denti f I-
cation of.
govern I ng
codes In
cases where
metal tem-
peratures
exceed
those.for
which
allowable
stress
values are
given In
Section III

To ,be
established
by CRBR
deve I opment
program

0
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Examination
Categories

Class 3
components

Reference
Inspection Method Documents

Examination of welds and adjacent
base metal.

ASME Code
Section II1.
We will
require the
Identifica-
tion of
governing
codes In
cases where
metal tem-
peratures
exceed
those for
which
allowable
stress
values are
given In
-Section III
or when
Section III
Is not
applicable

.Inservice Examination Program

We will require that an inservice Inspection program be established and
submitted for review. This program should Include periodic volumetric
examination of a significantly representative sample of vessel and piping
welds in both the primary heat transport (PHT) system and the Intermediate
heat transport (IHT) system. The periodic volumetric examination Is Intended
to provide assurance of the continuing structural Integrity of the ASME Class
1 and Class 2 components and to reliably Identify potential long term
degradation mechanisms that may result from plant operation.

Provide a detailed discussion of your volumetric examination program for both
the PHT system and the IHT system Including the technical justification for
the selection of specific welds. Pertinent subjects that should be addressed
In your response are the safely significance of the weld, potential
degradation processes In the system, and the areas of highest operating stress
levels, and highest temperature gradients. Regions of structural
discontinuity and terminal ends of the piping systems, such as vessel nozzle
to pipe welds, should be Included In your inservice Inspection program. Your
discussion should include the Identification of the location, materials, and
accessibility of selected welds In each loop of both the PHT system and the
IHT system.

We will require that for those welds selected for the representative
volumetric sampling program, the design and arrangement of the system

Amend. 32
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components include allowance for adequate clearances to conduct 100%
volumetric examination of the selected welds and adjacent base metal. Since
potential degradation mechanisms and unique operating conditions are still to
be firmly defined during d velopment programs, examination accessibility.
should be an important consideration in all component designs. We require
that sufficient accessibility be provided for visual inservice examination of
the reactor vessel nozzle to pipe weld for each inlet downcomer.

After the preservice examination Is completed, acceptable retained flaws with
the greatest percentage throughwall dimension should be added to the
volumetric Inspection program. We will require that the methods, equipment
and techniques used during the periodic volumetric inservice examination
program be equivalent to those used to establish the preservice baseline.

ResDonse:

NRC question 120.66 requested that Information be submitted related to
inservice inspection of CRBRP including details of the preservice Inspection
program. We had previously described our inservice inspection program in the
document, "CRBRP Plan for Inservice Inspection - August 1976", which was
discussed in the joint NRC - CRBRP Project meeting on September 8, 1976. We
have subsequently revised our inservice inspection program, and a summary of
the revised program is described below. The CRBRP Inservice Inspection Plan
has been revised and Is provided In Appendix G to the PSAR. The plan includes
details of the inservice inspection described below.

GeneralApproach

The general approach of inservice inspection of CRBRP is based on ensuring,
through continuous monitoring and periodic Inspections, the integrity of
systems and components whose failure could adversely affect core reactivity
control or core cooling, or could result in an unacceptable release of
radioactivity to the environment. Continuous monitoring will be provided by a
diverse, redundant leak detection system capable of detecting very small
amounts of sodium leakage. Periodic visual inspections will be performed at
specified intervals to examine components for signs of degradation. Visual
inspection also will be performed to locate and evaluate leaks detected by the

-leak detection system. These leak detection and visual Inspection programs
are considered to provide the level of monitoring necessary for the safety of
the plant to detect any significant breach in the structural Integrity of the
pressure boundary. However, periodic volumetric examinations will be
performed on Intermediate system dissimilar metal welds and adjoining base
metal to determine if (1) flaws are propagating or (2) other degradation is
occurring such as to impair the structural integrity of the system.

Amend. 65
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I

The design and arrangement of piping and components will be such as toallow
access for the specified Inspections.

We consider that the requirements specified herein provide the requisite
degree of safety for assuring the structural Integrity of CRBRP systems and
components. This. inservice inspection program Is to detect degradation
.processes and the onset of failure mechanisms well In advance of the time that
a serious breach of the coolant boundary could occur.*

Steam/water components of ASME Class 2 or 3 will be inspected in accordance

with the requirements of ASME Section Xl, Division 1.

Requirements

Requirements for examinations to be performed during the construction and
erection phase are included In Table Qt20.66-1. Principal features of the
CRBRP program are as follows:

1. Construction Phase - Examinations and Tests

Welds and adjoining base material in the coolant boundary of components of
the primary and Intermediate heat transport systems, Including the reactor
vessel, the reactor vessel closure head, piping, pump tanks, IHX exterior,
expansion tanks, and valves, will be radlographically examined In two
directions (one normal to the surface of the weld and the second taken
along the line of fusion between one side of the weld and base material)
and also will be Inspected by the liquid penetrant or magnetic particle
method. Inspection of the reactor internals will also Include
radiographic examinations as well as liquid penetrant examinations. In.
addition, all welds will be ultrasonically examined to the extent
practical by use of techniques that yields results similar to those that
would be expected should such examinations be required after the plant is
placed In service.** It is planned to perform these ultrasonic
examinations either In the fabrication shop where the component Is made or
at the construction site shortly after erection. The purpose of these
ultrasonic examinations Is to

*For complete discussion of degradation processes, stress levels, and
likelihood of postulated failure, see Reference 2 of PSAR Section 1.6.

**The ultrasonic Inspection method used will reflect the latest current
practical techniques. However, since ultrasonic Inspection of austenitic
stalnless steel welds Is highly developmental, particularly at high
temperature, the techniques used at a later date are likely to be
significantly different. A meaningful comparison between the initial and
later Inspections will require an extrapolation factor to account for sonic
attenuation differences In the metal if the temperature of the later
examination differs from the baseline examinations.

Amend. 32
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obtain records for c~mparlson should future inservlce examinations (over
and above those examinations described In Sections 2 and 3 below) be
necessary. The results of radiographic examination will be the principal
basis of acceptance of the welds;. Indications found that are classed as
unacceptable by the governing code will be repaired.

Other flaws that are detected and determined to be nongeometric will be
characterized to the extent determinable by the reference technique,
sufficient to enable appropriate evaluations by use of fracture mechanics
methods, Welds In components of other systems will be examined in
accordance with requirements of the governing (ASME) construction code.

2. PreservIce Examination Program

All coolant boundary welds will be examined visually at room temperature.
The coolant boundary welds will also be inspected at 400°F with techniques
that are the same as those to be used In the inservice Inspection program.
In addition, dissimilar metal welds in the Intermediate system will be
examined volumetrically at room temperature and at 400 F by use of
ultrasonic techniques (or other proven volumetric examination techniques
presently being developed for this program) that are the same as those to
be used in the Inservice inspection program. The dissimilar metal welds
In the IHTS piping are also among the highest stressed In that system.
The extent of examination will Include the circumferential welds (heat
affected zone) plus the adjoining one-foot section of longitudinal pipe
welds.

System leak tests will also be performed prior to system fill, in
accordance with ASME Section Xl, Division 3, article IMA-5210. The
pressurizing medium will Include helium as a constituent.

3. Inservice Examination Phase

The primary heat transport system and the portion of the intermediate heat
transport system that Is Inside the containment building will be monitored
continuously for leakage of sodium. Diverse redundant leak detection

capability will be provided by aerosol-type leak detectors, radiation
monitors, smoke detectors, continuity-/type detectors, and level sensors.
The detection capability of the leak detectors is described In Section
7.5.5 of the PSAR.

Leak detection devices will also be provided for all ASME Code Class 2 and
3 liquid metal systems. Periodic inspections include visual examinations
of welds throughout the primary heat transport system, the Intermediate
heat transport system, and other ASME Code Class 2 and 3 systems.

A volumetric examination will be performed on the dissimilar metal welds
In the Intermediate heat transport system. Other welds will be visually
inspected in accordance with the ASME Code Section XI, Division 3.

The frequency of examination of these welds will be In accordance
with ASME Code Section XI, Division 3.

Amend. 65
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TABLE Q120.66-1

CRBRP SUMMARY OF NONDESTRUCTIVE EXAMINATIONS OF, WELDS
CONSTRUCTION, PRESERVICE, AND INSERVICE PROGRAMS

Examination
Categories Construction', Preservice .Insetevice

'I 1 (All Welds) (All Coolant Boundary
Welds)

(Essential ly
All Coolant
Boundary
Welds)

Reactor Vessel and
Nozzle Welds.
(Similar Metal Welds)

Reactor Vessel
(Dissimilar Metal
Weld)

Reactor Internals

Closure Head

Reactor Coolant
Piping Outside of
Guard Vessels

Reactor Coolant
Piping. lnside Guard
Vessels

VT+2Directional RT+ RE
PT Per ASME-IlI TE
Class 1 + ASME @
Code Case 1594;
Also UT (2).and LT

VT+2Directional RT+ RE
PT Per ASME-II1 TE
Class 1 + ASME @
Code Case 1594;
Also UT (2) and LT

VT+2Directional RT+ CF
PT; Also UT (2) of

S(

VT+RT+PT/MT per Cc
ASME-III Class
1; Also UT

VT+2Directlonal RT+ RE
PT Per ASME-ill R(
Class 1 + ASME al
Code Case 1594;
Also UT

VT+2Directional RT+ R(
PT Per ASME-I II Rc
Class 1 + ASME al
Code Case 1594;
Also UT

mnote Visual, Room Remote
mperature and also Visual @
400°F 400°F;

Continuous
Monitoring

note Visual, Room Remote (4)
mperature and also Visual
.400OF @ 400OF;

Continuous
Monitoring

RBRP is.lin the course Division 3
evaluating the ASME requirements

action XI and w I I
develop
CRBRP-re-
quirements
based .upon
the results
of thl.s
evaluatlon.

pntinuous Monitoring Continuous
Monitoring

nmote or Direct Visual Direct or
)om Temperature and Remote V Is-
so @ 4009F; and LT ual 4000F;

Continuous
Monitoring

emote or Direct Visual Remote or
oom Temperature and Direct'
Iso @ 400°F; and LT Visual

@ 400OF +
Continuous
Monitoring

I

Amend. 65
Feb. 1982Q1 20.66-7



TABLE Q120.66-1 (Cont'-d.).

CRBRP SUMMARY OF NONDESTRUCTIVE EXAMINATIONS OF WELDS
CONSTRUCTION, PRESERVICE, AND INSERVICE PROGRAMS

0

Examination
Categor ies Construct!ion* Preservice

; I (All Welds) (All Coolant Boundary
Welds)

Insery ice

(Essentiall y
All Coolant
Boundary
Welds)

Primary Pump Tank,

Check Valve

VT+2Directional RT+
PT Per ASME-III
Class 1 + ASME
Code Case 1594;
Also UT (2)

VT+2Directional RT+
PT Per ASME-III
Class 1: Also
UT (2)

Remote or Direct Visual Remote or
RooanTemperature and Direct
al:so @ 400°F; and LT YVisual

@,4009F, +
Continuous
Monitoring

Remote or Direct Visual,.Remote or
Room Temperature and Direct' /
also @ 400°F; and LT Visual

@ 410&'F,
Continuous
Monitoring

Remote or.Direct Visual,Remote or.
Room Temperature and Direct
also @ 4000F; and LT Vis6ual +

Continuous
Monitoring

Remote or Direct Visual,Remote or
Room Temperature and Direct
also @ 400°F; and LT Visual

. 400OF,,
Continuous
Monitoring

40
Balance of Class 1
Components

IHX Shell

VT+2Dlrectional RT+
PT Per ASME-III
Class 1: Also
UT

VT+2Dlrectional RT+
PT Per ASME-I1i
Class 1 + ASME
Code Case 1594;.
Also UT (2)

UT+ECT Per ASME-III
Class 1

IHX Tubing & Tube-
-to Tubesheet Welds

LT: per. JMC-2100 (3) Continuous
Monitoring
(3). per
IWB-5300

Class 2
Guard Vessels

VT+RT Per ASME- I I
Class 2

Remote or Direct Visual,Remote or
Room Temperature and Direct....:
PHTS*6 400F Visual PHTS

@ 400°F

Amend. 65
Feb.. 1982Q1 20.66-8
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TABLE Q120.66-1 (Cont'd.)

CRBRP SUMMARY OF NONDESTRUCTIVE EXAMINATIONS OF WELDS
CONSTRUCTION, PRESERVICE, AND INSERVICE PROGRAMS

Examination
Categories- Construct!on* Preservice

(All Coolant Boundary
Welds)

(All Welds)

Inserv ice

(Essentiallly
All Coolant
Boundary
Welds)

Intermediate'Heat
Transport System
.Piping, Except
Dissimilar Metal
Welds

Intermediate Heat
Transport System
Piping Dissimilar
Metal Welds

VT+2Di rectional RT+
PT Per ASME-I11
Class 1 +ASME
Code Case 1594;
Also UT

VT+2DI rectional RT+
PT Per ASME-1I1
Class 1 + ASME
Code Case 1594;
Al so UT

Remote or Direct Visual,Remote or
Room Temperature and Direct
also @ 400°F; and LT Visual

@ 400OF +
Continuous
Monitoring

Direct. Visual and UT
@.Room Temperature;
Direct Visual @ 400°F;
and LT.

Direct
Visual and
Continuous
Monitoring
@ 40O°Ft; UT
at Room
Temperature

IHTS Pump Tank

IHTS Expansion
Tank

.IHTS Valves, Flow-
meter, Etc.

VT+2D I rectionalI RT+
PT Per ASME-III
Class 1 + ASME
Code Case 1594;
Also UT

VT+2Di rectional RT+
PT Per ASME-Ill
Class 1 + ASME
Code Case 1594;
Also UT

VT+2Di rectional RT+
PT Per ASME-III
Class 1 + ASME
Code Case 1594;
Also UT

Remote or Direct Visual,Remote or
Room Temperature and Direct
also @ 400°F; and LT Visual

@ 400°F +
Continuous
Monitoring

Remote or Direct Visual,Remote or
Room Temperature and Direct
also @ 400°F; and LT Visual

@ 400°F +
Continuous
Monitoring

Remote or Direct Visual,Remote or
Room Temperature and Direct
also @ 400°F; and LT Visual

@ 400OF +
Continuous
Monitoring

Amend. 65
Feb. 1982Q1 20.66-9



L,.TABLE Q120.66-1 (Cont'd.)

CRBRP SUMMARY OF NONDESTRUCTIVE' EXAMINATIONS OF WELDS
CONSTRUCTION, PRESERVICE, AND INSERVICE PROGRAMS

Examination
Construction* Psre Ice

(All Welds) (All Coolant Boundary
Welds)

(Essentially
All Coolant
Boundary
Welds)

B0l aInce of Class: 2
I/!quld Metal Coin-
/,onents

VT+RT Per ASME-III
Class 2

/

Steam Generator-
Evaporator and
Superheaters

VT+2Dlrectional RT+
PT Per ASME-IlI
Class 1 + Code
Case 1594; Also
UT or ECT tubing

Remote or Direct Vlsual,Remote or
Room Temperature and Direct
also @ 400 0F; and LT Visual.

@ 400 OF +
Continuous
Monitoring

Remote. or Direct VisualWatersi de.
Room Temperature and of Tubling.&
also @ 400°F; and LT Tube-Tube
and Volumetric per Sheet
IMC-2100 Welds-UTorý

ECT,; Sodi um
(Shel. we•ld•)
Visual +
Continuous
Monitor-ing

Class,`3 ýL1qui d
-Metal.Compohents

VT+RT, MT, or PT per Visual @ 400°F; and LT Visual
ASME-III Class 3 @ 400°F;

+ Continuous
MonItoreIng

*VT .=.Dl0rect.Visual Examination ECT = Eddy Current Examination
RT "=Rad:iographic Examination UT = Ultrasonic Examination
PT =,Penetrant Examination MT = Magnetic Particle Examination

LT = Leak Test (Per 1MA-5000 ASME Section Xl, Division 3)

(1) Circumferential.. weld Joints inclouding the adjolning, one foot secti:ons of
Iongitudlnal welds.

(2) .Base "merial prior to construction.
(3).Reference Response to NRC Question. 120.67
(4) Exceptfoh to ASME Code - See Appendix G '
(5) Nondestructive examinations durling construction will be done at room

temperature.

QI 201.66-10



Question 120.6716(5.3.2.3.2)

Question 120.19, associatedwith the in-service inspection program for the
intermediate heat .transfer ,ststem,.was not answered.

It. is our position that sufficient design access;i'bi.lity ýshoul• be'provided:
in at least one intermediate heat. exchanger"(IHX) ýto conduct -periodic in-
service examination.of the IHX tubing. The intermediate heat exchanger is
an essentially prototypical design that will be subjected-to unique plant-
operating conditions and transients, I.n=service examination ofa. represen.-
•tative sample of the intermediate heateexchanger tubing 4is •necessary to as-
sure'the continuing structural integrity of. the radioactive sodium-interme-
diate sodium boundary to preclude the possibility,of gradual tube degrada -
tion proceedingundetected to an unacceptable stage and to reliably define
potential long-term degradation mechanisms that may result from plant oper-.
ating conditions. The initial sampling program and examination.frequency
should be-based on results from your IHX development program subject to
modification depending on results from accumulated in-service examination.
experience..

Response:

I. Background

ýThe CRBRP -IHX design has benefitted from both the successes experienced and
also the failures in sodium-to-sodium heat exchange operation. A case of
a failed IHX tube in the Hallam:plant was due to a poor-desi~gn and a lack
of vibration testing. The tube failure was due to flow-induced vibration at a
point where the tube passed through a baffle plate and was subjected to a:. "
locally high cross-flow of.four times nominal:.cross-flow. ..:,This failure was'
rather rapid and probably would not have been avoided by a periodic inspec-
tion program. The failure may have been: avoided if either vibration anaily-7
sis or vibration testing of.the unit had been'performed.. Even in this

.instance, the event which revealed the design deficiency was local and
not massive.

The CRBRP-piantoperation is designed so that the pressure on the interme-
diate side of the unit exceeds the pressure on the-primary side during all
steady-state conditions anticipated. Tube leaks, if any, would result in an
increase in primary sodium inventory and.adecrease in intermediate sodium
inventory. ,Radioactive sodium escape is, thereby, precluded.

II. CRBRP - IHX

.Building upon industry experience in designing:sodium-to-sodium IHXs, the
CRBRP: unit and specifically the tubing Is not expected to suffer from mater-
ial.degradation to.unacceptable levels by reason of the following design
considerations:

120.67-1
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A.- Vibration Testing

A full-scale model of a 300 sector. of the IHX unitthas been-tested
from.zero to. 120% of full flow in water at elevated temperature.
The model includes al.l distributioni devi*ces:;, tie rodsý,. baffle.
plates, etc. Results of this test :qIemonstrate that the•• vibration:
of' IHX-. tubi~ng w-ill not be a mechanism for fail~ure or- gradual, dew-
gradation; th~rough fretting, i mpacti etc.,

B. Vibration Analysis:

A vibration: ana-lysis was applied to the IHX bundle -in;cluding::tubing.
The: results of thiss analysis concur with. and support the ýfinding of
the. vibration test in that tube vibration will not be a problem in
thel CRBRP - IHX.,

C.. Fow .Design"

Flow- distribution devices have been- designed and scale: models tested
to ensure an even flow distribution throughout the:tube bundle.
Although these devices have been incorporated into the IHX design to
minimize stresses due to uneven fluid flow and heat transfer.,, they
also assure that there will be no local areas of high cross flow
which caused a tube failure in the Hallam IHX.

D. Stress Analysis:
The IHX tubing has been analyzedlin accordance with the following

criteria:

1.. ASME. Code: Section.H III
2. Code Cases 1592, 1593, 1594., 1595 &1596 :
3. RDT Standard-E15,2NBT,
4. RDT StandardF9-4T.

Stresses due to all plant conditions, transients, etc., are below
the limits set by the above criteria. Potential buckling problems

,have been eliminated by employing a floating lower tubesheet and
expansion bel:lows to allow differential thermal expansion between
the shell downcomer, etc., and the: tubes.. Theý. stress analysis of
the tubes has shown no mechanism for. gradual degradation of the_
tubes to an, unacceptable level.

E. Corrosion

Curves defining corrosion rates in mils/year/PPM 02 versus temperature for
ý304 & 316 stainless steels have been supplied to" thle IHX designer.• These rates are for sodium flowing at veloc.ities.encompalssing :CRBRP flow
rates. The corrosion allowance was includedin--sizing the. IHX. tubing
to ensure acceptable wall thickness at end of life.

Q123.67-2
Amendo.. 301
Nov. 1976•



F. Radiation

Material degradation due to radiation has been investigated, for the
'IHX. The total fluence expected over the. plant life at, the, IHX is

below the level which would affect the material. Therefore, node-
gradation of .the IHX.tubing is expected-, due to radiation.

G. Ma erial:

The. material used for the IHX tubes is 304 stainless s teel. This
material has been used in several other sodium-to-sodium heat ex-
:changers and has been found acceptable. The tubing. useidin the
CRBRP " IHX conforms to requirements of the following criteria:

1. ASME Code Section III
2. ASME Code Section II, SA213
3., RDT E15-2NBT"
4. RDT M3-2T

In addition to these material requirements, supplemental require-
ments have been included in the material order -
These include addtiional chemical content limitations and clean-
liness requirements. Due to long industry experience and the
quality of the material purchased, it is not expected that degra-
dation of the tubing will occur.

III. Possible Tube Surveillance

Access to the tubesheets and inside of the tubes will be provided for
IHX tube leak location and plugging. Tools will be designed which
will enable instruments to be inserted into an individual tube
during IHX maintenance in the event a leak occurs. Access to the
O.D. of the tubes is clearly impossible since the bundle is sur-
rounded by the shell and shroud and since the tube spacing denies
access to an interior tube.

If the IHX must be opened for tube plugging, great care must be taken
to avoid contaminating the unit due to inleakage of air, water vapor
or other deleterious matter. The IHX will be drained, but all sur-
faces will remain sodium wetted. Contact of a contaminant with'sodium
may lead to caustics or corrosion products which coul- be detrimental
:to the IHX.

The possibility of this contamination occuring will be kept
to an absolute minimum by employing inert.gas purging, temporary
seals, cleaning, strict maintenance procedures, etc. Nevertheless,
it is felt that the opening of the IHX unit, for any reason,
should be kept to an absolute minimum in order to avoid possible
contamination.' This risk is acceptable only to a leaking or
defective unit. Exposing a sound unit to this risk to search
for unknown mechanisms is unacceptable to the project as det-
rimental to maximizing overall safety.

Amend. 30'Nov. 1976Q120.67-3



:IV. -Concl~usion

-It is ýstrongly ;-asserted that the ýIHX tubiing :•has been procurod, designed,
.analyzed, _-nd ;tested to -such adegqree :that -we feel'certain tha:tthere
will be :no material 'degradation of -the tubing!to .unacceptable. .levels

..over.the lilf. of -the. ýCRBRP 'Plant, it-isalso bel~ieved ..thatt un-
•necessary. opening ýof the "l HXfor tube i" nspecti-on ;zmay :."in~troduce -the
;harniful -conrtaminants into" the IHX uniLt. .Thiis:. risk odf •degrading the
IHX is judged :.to far out-weigh the :benefits of inservice tube in-
--spection 'of !•an:.operating nonleakin-g -unitt..

Q120.67-4 Amend. 30
Nov. 1976



Question .68 0 8

The description of your materials surveillance program is not adequate to
conclude that all potential degradation processes-which may occur inservice
will be monitored. We require Justification for the use :of materials in
the lower.27d upp(t internal structure-receiving irradiation fluence from
101, 7 to 10•" n/cma. In addition to your proposal of only sub-size tensile
specimens withdrawn at one-quarter plant life in rvals 2 (plus one contingency
capsule) from areas receiving-a fluence. 1 x.lO9 n/cm. we require additional
specimens withdrawn at the same interval to monitor other degradation processes
that may occur in theprimary heat transport loop. The properties to-be mon-
itored include strength,.toughness mass transport related changes and phase
transformations of both base.and weld metals from components and structures
located in the lower and upper core internal regions, reactor vessel and
primary heat.transport piping. Specimens from bimetallic welds should also
be included in your proposed survetllance program. Provide the description of
a revised materials surveillance program which reflects the requirements of.
this position.

Response

A comprehensive material surveillance program for the. CRBRP Reactor and. Primary
Heat Transport Piping materials is betng developed and detailed documentation,.on
this. program will be provided to NRC as.it is developed. The .program will in-
clude in-reactor surveillance of material coupons to study neutron irradiation.
effects and examination of components to determine mass transport effects as "
well as laboratory test programs on base metal-weld metal combinations to monitor
thermal aging effects at prototypic plant temperature and steady state stress
conditions.. These and other specific-concerns raised in the abovelquestion are
addressed in the following paragraphs.:

Neutron Irradiation 'Effects: End-of-life residual ductility concepts:are
used in designlng the CRBRP Reactor and Primary Heat Transport System components.
Available fast neutron irradiation data provided in References Q120.68-1, -2
and -3 show that no si9."flcA4. 1oW t te±4 .drW ctility In austenitikc stain-
less steels and nickel base Alloy 718 occurs until total neutron fluences
exceed 1021 n/cm2 (E>O.0 MeV). This ,is illustrated in the attached Figures
Q120.68-1, -2, -3, and -4. Hence, the use of in-reactor surveillance specimens
for components in the upper and lower reactor internals receiving neutron
fluences less than 102.1 n/cm2 are not considered necessary. Similarly, in-.
reactor surveillance of the Primary Heat Transport piping and components is
not necessary as the neutron fluenye corresponding to plant lifetime is sign-
ificantly lower than 1 x 10 1 n/cm . However, surveillance of the reactor
vessel midband •se metal and weldments will be done even though the fluence
is less than 10 n/cm..

In-reactor surveillance of CRBRP ferritic steels is not considered to be
necessary since these steels are located in regions of the plant where the total
fluence is less than 1 x 1017 n/cm2 which is the threshold limit given in
1OCFR50, Appendix H for ferritic steels in the reactor belt-line region.

Q120.68-1 Amend. 32
Dec. 1976



Fracture Toughness: Fracture toughness surveillance of the ferritic steels
in the CRBRP heat transport system is not included in the surveillance
.program because of the low fluence level s. ý The fl uence Ievel s at both'the *-,
head and the vessel transition section weld regions are-below 1017 n/cm2

(Emax1 MeV), and there.-are .no ferritic material s in the reactor vessel .. 3.
below the transition section.. Therefore, no fracture:toughness surveil lance"-. .
is required by 1OCFR50, Appendix H. -

Fracture toughness surveillance specimens of the austenitic stainless steels
and nickel base alloys have not-been included in the-program. A-test
program is being developed with the goal of demonstrating-acceptable ,
fracture toughness behavior of irradiated austenitic stainless steel :base
metals, weldments and nickel base structural materials. Depending on the .
results obtained from this program, CRBRP surveil.lance of fractureýtoughness,. .
will be done-,for those components which are exposed to:fluence levels:
causing significant degradation.

Thermal Aging Effects: Assessment of the available data regarding microstruc-
ture and property changes as related to service temperature, time and stress
indicates that the CRBRP primary coolant boundary materials have a high like-
lihood of acceptable performance and thus in plant surveillance is not con-
sidered necessary. This position is based on the data from on-going base
technology programs concerned with providing a firm basis for appraising
possible degradation that could occur to LWBR materials. To augment and,
broaden. the base. of the existing technology efforts, typical.. materials-and
weldments utilized in the CRBRP primary heat transport system will.be pro.
vided for inclusion in this on-going effort.

Included in the.program will be hot leg and cold.leg piping welds together .
with-their respective base metals and the reactor vessel bi-metallic weld ,
(SA'508"Class2 to SB 168, Inconel 600). Mechanical properties and micro•e-
structural, examinations will be performed on both base metals and weld
metals after long-term exposure to temperature and steady-state stresses,
which simulate operating conditions. Test specimens will"-be.,fabricated.
by vendors providing CRBRP component hardware. Thermal agingwill be.
performed in air at prototypic plant temperature and-steady-state'stress
for pre-selected periods of time. Mechanical property evaluations will be
performed at the operating temperature fn the as-fabricated condition and
after each perfod of thermal aging, i.e., after 1, 2, 3, 6,...etc., years.
The properties to be evaluated will be selected after a comprehensive.
review of available data on material degradation mechanisms and could
include microstructure, tensile properties, creep properties, fatigue pro-
perties, crack propagation and notch..toughness. A limited 8valuation wil-l
also be performed at the plant refueling temperature of 400 F.

Amend. 3319Q12.6-2Jan. 1977



Mass Transport Related'Effects: Allowances for masstransport, related changes
to the reactor and Primary Heat Transport System piping and components have.
been provided for by imposing appropriate limits on raw material composition,
e.g. carbon content and in the design of components. These allowances are
based on experimental data obtained from sodium test loops and are considered
representative of mass-transfer phenomena anticipated in the CRBRP. In addition,
data from on-going test programs at ARD and els.ewhere to examine the facts of
mass transport on mechanical properties of LMFBR materials will be utilized to
assess potential impact on CRBRP plant performance.

In-plant surveillance of mass transport related changes will be performed on
selected components:, with the 1VTh port plug being the prime component. The
IVTM port plug is fabricated.from 316SS and is exposed to flowing sodium and
temperatures representative of the reactor vessel outlet. Changes to this
component due to mass transport Can be considered to be' representative of
those in most of the reactor vessel and Primary Heat Transport System com-
ponents.

The IVTM port plug is available for examination when it is removed during
each refueling operation. Mass-transfer evaluations will be performed after
exposure times which will cause measurable changes in surface and bulk chem-
istry and microstructure or, as a minimum, at times corresponding to the
withdrawal schedule identified in the surveillance program. The results from
these evaluations will be compared with the data used to establish the design
allowances and with the data from the ongoing programs to assess any degradation
in properties.

Mass transport effects on Alloy 718 will be obtained from the control rod
drivelines which are scheduled for removal after 10 years. Examinations of
these components will be included in the material surveillance program.

Microstructure: The surveillance program will include microstructural examinations
-to determine phase transformations. These examinations will be made for the aging
and mass transport programs noted above on unstressed 'regions, such as the grip
regions, of the irradiation surveillance specimens.

References:

Q120.68-1 T. T. Claudson, Semi-Annual Progress Report-Irradiation Effects
on Reactor Structural Materials-March 1975 to July 1975, HEDL-
TME 75-95, December 1975,. pp HEDL102-HEDL Ill..

Q120.68-2 J. M. Steichen and A. L. Ward, Effect of Strain Rate on the
Tensile Properties of Irradiated Inconel 718, HEDL-SA-1059,
January 1976.

Q120.68-3 A. L. Ward, Austenitic Stainless Steel Weld Materials-A Data
Compilation and Review, HEDL-TME 74-25, May 1974, pp. 22-36.
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Question 120.69 (5.5)

The PSAR description of the steam generator is not complete. We require a
detailed description for evaluation. The description should include: design
requirements; material specification; description of welding and heat treating
procedures; methods used to ensure preservice material-integrity; mechanical
properties bf basic materials; mechanical properties of welds, including bi-
metallic welds; mechanical properties of anticipated back-up materials,
mechanical properties anticipated after projected inservice degradation, such
as mass transfer of interstitial elements from the nonstabilized 2-1/4 Cr-l
Mo steel to minimum levels.

Response:

Section 5.5.2.3.4 has been modified in response to this question.

Amend. 30
Nov. 1976
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Question 120.70 (5.2.4.5)

In response to question 120.29 you described the resolution capability of
the TV camera and monitor inspection system. We require that design accessi-
bility and transporter(s) mobility be provided such that the inrservice in-
spection program requirements for detailed visual examination of Class 1
and.Class 2 welds can be performed at sensitivities sufficient to resolve
weld fissure(s) and/or to verify the crack dimension associated with 100
gm/hour sodium leak. The definition of the visual examination method should
not be interpreted as a general visual survey.

Response:

The design accessibility and transporter(s) mobility has been described in
the previous response to question 120.29.

The remote visual inspection system as proposed is the current state-of-the-
art for closed circuit television (CCTV). The sensitivity of the CCTV is
specified in PSAR Section 5.2.4.5. As noted in-that Section, the
resolution is better than that required by the ASME Code, Section XI, para-
graph IWA-2210(b). There are presently no requirements of the ASME code
or the CRBRP project which require the resolution of a weld anomaly as-
sociated with 100 gm/hour sodium leak. It is expected that the proposed
systems resolution is sufficient to detect sodium leakage of 100 gm/hour.
However, it is expected that the capability to resolve base or weld metal
anomalies associated with a 100 gm/hour sodium leak is beyond the
present state-of-the-art.

Amend. 29
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Question 120.71

.The responses to Questions. 120.31, ,and 120..34 are not suff icient to.
conclude thatan adequate -and reliabl sodium to..gas leakage detection "
system will be incorporated in the cRBRP. Frther test work wilibe
required to verify. that the leakage detection thresholds and signal
response times of these systems are reproducible and predictable. We
required design verification tests conducted in a representative mock-up
that simulates portions of the primary and intermediate, heat transport
systems. Mock-up design verification tests of leakage.detection
capability in guard vesselswi.ll also .berequilred. The simulation should
include.sniffing tubes foraerosol detectors that have-the. same ength,
complexity and thermal gradients of those proposed.for:CRBRP. "

The staff requires that the following areas be addressed in the developmentprogram: 
"

(1) Adequacy of coverage, redundancy,.diversity and range of the',
sensor units.

(2) In-situ calibration and operability tests. Develop a sensor
qualification program.

(3) "Plate-out" of.aerosol in long sniffer tubes with thermal
gradients.

(4) Diversity, redundancy, and sensitivity of sensors over the
temperature range of 400QF to 1100TF and in inerted and/or
ambient atmospheres.:

.(5) Sensitivity, diversity, and redundancy of sensors monitoring
theIHTS within the RCB.,

We require that the leak detection system installed in CRBRP be. capable
of in-place operational verification and calibration. Wealso req.uire
that leak detection system diversity and redundancy be maintained at
all plant conditions. Multiple sensors at the end of one.sniffer tube
are not considered diverse and-redundant.

Response:

The Project and.the NRC staff attended a-meeting, June 18, 1976, to
discuss the summary of design and development status:of the Liquid
Metal to Gas Leak Detection System for CRBRP. Atithat meeting, the
Project provided NRC a complete discussion.of the Liquid Metal to Gas
Leak Detection System and its supporting development program.. The
NRC staff concerns were individually addressed by the Project, and
supporting documentation was, sent to the. staff fortheir"evaluation.
The pertinent information has beenincorporated-in PSAR Sections
1.5 and 7.5. A brief summary is provided below.

Amend. 23
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An adequate and reliable Sodium to Gas LeakDetection Sysoem will be
provided for ,the :CRBRP. The system Uti l1i zes , yve~r). sensi wve leak de-ý:_
tecýt•s ýl ocated at strategic"locations in ,the 'plant and .,these. are.:: '
backed up 'by other types of .detectos which- are aals :very, sensitive
to iiquid metal.leaks.:

Further test work is planned in the form of, Verification Tests (at,
LMEC)'and Long-Term Environmental Performance Test (a6t ._EBRI I.). "

These tests w'll :verify that leak detectors performance and responisetimes are reproducible, predictable, and within sensitivity require-
,ments. The tests will be conducted on realistic representattive
mock-ups of bath pr imary and intermediate piping.

Mock-up of guard vessels is not necessary since tests have, been con-
ducted by monitoring a cell which has a volume equivalent to that of
guard vessels. These tests have shown that aerosol diffusion/con-
vection takes place throughout the cell with no preferential path.,
enabling detection by aerosol detectors located at ceilings or floor
of cell at about the same time.

Specific NRC concerns are addressed below using the same (1) through
(5) numerical identification as used in the question. (For more de-
tail, see revised PSAR Sections 1.5.and 7.5.5ý.)

(1) Adequacy of coverage, redundancy, diversity and range of
sensors are addressed in the: test program to be conducted

.at LMEC and:,EBRII during FY '1977.

(2) In-situ calibration and operability tests will be developed to
meet., the intent of applicable sections of Regulatory Guide
1.45.

(3) The. "plate-out" of aerosol-s in long sniffing tubes, having
typical LMFBR Thermal gradients, has. been negligible i-n past
tests. This will be confirmed during the, verification test
series.

(4) Past and proposed test programs have addressed the sensitivity
of redundant and.diverse.sensors operating:in both air and
inerted environments over the temperature range of 400°F-
10000F. Revised,, PSAR Section.7.5.5 gives details of the
diversity provided. in the reactor cavity area which; was
identified by NRC staff as an area of special concern.

(5) The sensors moni-toringithe IHTS within the RCB are similar
with respect to sensitivity, diversity, and redundancy. to that
provided for the Reactor Vessel and PHTS.

Amend. 28
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The syStem for CRBRP will be designed to provide redundancy/di-V.ersity for all required plant conditions. It will also be de-signed to allow for in-place operational verification and cali-.bration.

Multiple sensors at. the end of one sniffer tube are neither con-sidered diverse nor redundant, and the leak detection system doesnot plan. to take credit for diversity/redundancy should thisapproach be used. At this time, the-Project has no plans to putmultiple sensors at the end of one sniffer tube, each sensor willhave its. own.sniffer tube.

9 -
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Question 120.72

The PSAR discusses the detection of gross leakage through the intermediate,.
heat exchanger to the primary sodium system. However, undetected leakage
may occur, and under certain conditions, a higher cover pressure on the
primary than on the intermediate coolant may exist. We require a leakage
detection system to identify and quantify leakagefrom the.primary to the
intermediate coolant system.

Response:

Section 7.5.5.2 has been expanded to address the concerns expressed with
the potential for a reverse pressure differential and the need for a primary
to intermediate leak detection method.

Q•20.72-1 Amend. 30
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Question 120.73 (7.5-30; 15.3.3.3.1)

Page 7.5-30 indicates that a water to sodium leak of I0"4 lb/sec in the
steam generator will be-detected and identified by a hydrogen rate of rise
detector in the IHTS. Figure 15.3.3.3-1 postulates the development ofa
steam leak with size increase from 4x 10-b to 3 x 10- 2 in 30 seconds.
Figure 7.5-5 presents curves for hydrogen concentration versus time for
various water leak sizes and indicates a relatively slow hydrogen rise for
a steam leak of 10-4 lb/sec during the first 2000 seconds. The above data
is inconsistent for conclusive leak detection evaluation..

Provide an analysis to.show that a 10-4 lb/sec steam to sodium leak will be
detected and distinguished from background level in the IHTS. In your
analysis consider the normal background level plus an increased level due
to a potential undetected leakage from the primary system. Consider in
your analysis variations in cold trap operations on background level and
the variation of background level with changes in reactor power level and
core life.

_Response :

As indicated on page 7.5-30, the range of leak sizes detectable by the rate
of-Eise method is from 10-5 to 10-4 lb/sec. Figure 7.5-5 indicates that a
10- lb/sec leak will be detected in approximately 1/21hour. Figure
15.3.3. -1 addresses the development of a steam leak with size increase from
4 x 10-9 to 3 x 10-2 lb/sec in approximately 2 hours as indicated in steps
(4) and (5) of the figure. Therefore, the leak would.be:detected with
sufficient time remaining to allow for operators corrective actions.

As shown in Figure 7.5-4 leak rates on the order of 10-4 lb/secmwill be de-
tected on the first pass rather than the rate of rise method thereby allowing ini-
initiation of rapid loop shutdown. If leaks should enlarge suddenly, and the
leak.detection system cannot detect the leak in time to implement corrective
action, the SWPRS rupture discs provide the required protection.

The sensitivity established for the in-sodium hydrogen detector, 3 ppb in a
background of 100 ppb, corresponds to a leak rate of 10-" Ib/sec as indicated
in Section 7.5.5.3.2. During normal steady state operation the cold trap
will be operated at an appropriate flow rate and temperature to maintain the
IHTS hydrogen background concentration below 100 ppb. After establishing
the background concentration for a given operating mode, only minor vari-
ations in cold trap operation are anticipated which will stil-I allow a
resolution of 3 ppb change in the hydrogen background concentration during
steady state operation (Section 7.5.5.3.2.)

Primary to intermediate sodium leakage will not occur during normal operation
since the IHTS pressure is required to be a minimum of 10 psi above the PHTS
pressure in the IHX (Section 7.5.5.2.1.). Only minor variations in hydrogen
background level with changes in reactor power level and core life are :
expected. These changes would not appreciably affect the capability of the
leak detectors to resolve a small leak signal.

Amend 29
Oct. 1976
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Question 120.74

Report WARD-D-0127 (Primary Pipe Integrity Status Report-December 1975)
discusses lower bound critical crack lengths determined'in-model elbow
tests and states that additional tests are planned to investigate the
potential rupture area opening sizes at the plant operating temperature.
We require that information and analysis developed from these tests be
submitted for our review. Your analysis should include and justify max-
imuhM anticipated rupture areas (leak sizes) which can be developed in the
primary and intermediate heat transport systems considering the system
environment and design conditions.

Response:

The development test program discussed in Subsection 4.6.5 of the
referenced report is presently in the planning stage.

Pertinent information and analysis developed from these tests will be
submitted to NRC when available.

Amend. 29
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