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) Question 011.1 (10.4.8) | |
. o Pk‘ovi-de a basic flow diagram for the Steam Génef'a'tor Blowdown System.
' ‘Response: '

Refer to revised section 10.4.8 Steam Generator B]_owdowh _Sysfem.

July, 1975

Q 4 . : QO11.1-1 . B ‘Amend. 1



Qpestwon 011.2 (11.2. 3)

“You propose to des1gn the 11qu1d radwaste system 1n accordance w1th Qua11ty
Group D: classification. -We do not consider. this classificaiton. 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 personne] You should design the systems
~ handling ‘1iquid waste, including components in the solid waste system which
.contain radioactive liquids, to Quality Group D (augmented) classification

':Zfas described in the attached Branch Technical Position - ETSB No. 11-1,.

"Design Guidance for Radioactive Waste Management Systems Installed In
Light-Water Coo]ed Nuc]ear Power Reactor P1ants" ”

Response _
The response to this quest1on is prov1ded in rev1sed PSAR Sect1on 11 2. 3

Since this quest1on was transmitted or1g1na11y (June 5, 1975) Branch
Technical Position ETSB11-1 was updated deleting the c]ass1f1cat1on of S
Quality Group D (augmented) This delet1on is reflected in the updated A
response _ _ o1

o : '1Amend; 25
Qon.2-1 | - Aug. 1976



Question 011.3 (11 2. 3)

- Provide a table 11st1ng 1ndoor tanks, except those tanks 1ocated in. the
reactor containment, which contain potentially radioactive materials.

For each tank, indicate the provisions incorporated to monitor tank
1iquid levels, to annunciate potential overflow conditions, and to coltect -
and process 11qu1ds in the event of an overflow. Acceptab1e provisions
include dikes around tanks, retention basins, and elevated thresho]ds

~to contain liquids in bays conta1n1ng the tanks

. Resgonse.

‘The requested information is providéd in - Table 11.2—5A;7 . ?5"

Amend. 25

1Q011.3-1 , - Aug. 1976



Question 011.4 (11.3.3.3)

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

Resgohset |

The design pressures and temperatufes of the RAPS and CAPS process

~ vessels are provided in revised table 11.3-17.

QO11.4-1

Amend.-19-f'i
May 1976



~ Question 011.5 (11.3.4)

If heleaseS’tO'the environment are requiréd]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.

©Q011.5-1 ' ~ Amend. 2
o ' ' Aug. 1975



_ The requested information is,prdyided in revised PSAR>Sectionv]1;5.3.‘}

. Quest1on 0]1 6 (11.5. 31

Provide the seismic and qua11ty group classif1cations of structures, p1p1ng,
and equ1pment for the solid waste system :

ngonse.

Q011.6-1 o v o g Amend 25

Rug. ig76 -




Question 011.7 (11.5.3)

'Describe~the method of processing or hand]ihg of sodium-bearing solids
from the primary, intermediate, and ex-vessel storage tank cold traps.

Resgdnse:

Responsé is prbvided in revised PSAR Section.]1}5;3.

Qo1t.7-1 ' Amend. 1
o July 1975



s'Quest1on 011.8 (11.5.5 & 11.5.6)

Prov1de the capacity ava11ab1e for storage of so11d wastes and est1mate
the expected on51te storage period and the decay rea]1zed by ‘such storage

Res nse

The response to this question 1s prov1ded in. PSAR Sect1ons 11.5.5 and 11 5. 6 25

- o - Amend. 25
Q011.8-1 S o Aug. 1976



Question 011.9 (6.3.1.2 & 9.6.1)

In Subsections 6.3.1.2 and 9.6.1, you describe the control room
habitability system. This should be an ESF filter system. Provide
an analysis of this system to show it is designed to mitigate the
consequences of a DBA with respect to each position in Regulatory
Guide 1.52. See North Coast PSAR, Docket No. 50-376, Vol. VIII,
Table 9.4-4 for an acceptable format.

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 011.70 (11.3.3.3)

In Table 1i. 3 ]7 you 1ist the ope rating pressures and temperatures R
of the RAPS and CAPS process vessels. Provide a 11st1ng of the -
des1gn pressure and temnerature for nach p1ece of equipment.

Response:

The information requested is provided in the responses to quest1ons
011.4 and 020. 7.

Q011.10-1 o 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

a2 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 max1mum 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.

Q011.11-1 - Amend. 11

Jdan 1074
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~ Question 011.12 (10.4.2)

~ “Indicate on the piping and instrumentation diagram for the condenser air
- removal. system (Flgure 10.4-1) where the water from the mechan1ca1 vacuum

‘pump reservoir is directed. This water should be c]ass1f1ed as a rad1oact1ve e

. - liquid and hand]ed accordlngly

3 Resgonse

| '-Th1s quest1on was answered in: response to Q011.21 in PSAR Amendment 28.
32
- e - pmend. 32
Go11.12-1 P Dec. 1976



“
\'

 Question 011.13 (10.4.3)

‘Prov1de a p1p1na and instrumentation d1agram (P&1ID) of the turb1ne

g]and sealing system.

Response:
'A detailed descr1pt10n 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. .o :

it

Q011.13-1

May 1977

39

Amend 39



Question 011.14 (11.3.2.1)

In Subsection 11.3.2.1, you discuss’ ‘the procedure “for per1od1c bott11ng

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 Teakage 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 Ticensed burial
site. Discuss the acceptab111ty of ‘bottled rad1oact1ve gases at the

.licensed burial sites.

Justify your conc1u51on 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 1sotopes 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 td collect and remove krypton and xenon 1sotope$ -
~ stable as well as radioactive - in the recycle gas .stream. 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. (Sect1on 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-1ife), so that only Ar-39 and Kr-85 need be considered

. regarding storage and transportation. This will fi1l1 52 1.5 cu. ft. laboratory-
- sized gas bottles at 150 psia, a total of 104 curies in each bottle.

This gas, if re]eased 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
Q011.14-1 | 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“sﬁandpbjnt}ifAnyVChange*from the present: concept as’
describEd‘jh*PSAR»SeCtﬁon;1]i3*resulting%frbm'the Project's *

 .}asses§mént§fwi11 be" included “in a future amendment to the PSAR.

Q0011.14-2

Amend. 25
Aug. 1976




Quest1on 011.15 (11.4.2.2)

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-alaym 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 1ine 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 prndeterm1ned set-point

,Just1fy why you have not provided a monitor on the ce]] atmosphere proces-

level. Further discussion of this procedure is provided in Section 11.3.4.

Q011.15-1
Feb.

Amend.

12
1976



Question 011.16 (11.5.3)

Although there are a number of processes available which are capable of
vso11d1fy1ng 1iquid wastes under controlled conditions, there is a potentijal
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 1iquid 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 so1idification 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 estab11shed
-parametars : . :

- {2) Means %o detect the‘presence of free liquids in so]id waste containers.
"~ You should commit to:

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

; (2) Have provisions to verify the absence of free Tiquid w1th1n conta1ners
prior to shioment offsite.

. Response:

Process parameters will be selected to assure complete solidification of 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 resu1t1nq from

. shrinkage as the cement sets up. ' : '

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

]Free water is defined as uncombined water not bound in the solid matrix;

~ Amend 12
Q011.16-1 . Feb 1976



" Question 011.17 (11.5.3)

In either case, you should provide data which will Just1fy the method

- finally used and will provide reasonable assurance of complete so]1d1f1cat1on' 
" of 11qu1d wastes encountered in your: plant.

Response:

“While detailed data on the solidification System is not yet available s1nce"_df
a vendor has not been selected, programs to assure complete solidification of
1iquid wastesy are described in the response to Question 011.16. The data

requested will be provided after the selection of the vendor for the so]1d1f1—f
cation system

Q011.17-1 | Fggn%g;g



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

Rad1oact1ve sodium is p]aced in sea]ed 55- ga]]on 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 p]ant operating '
personnel. Consequently, no hazard to the genera] pub11c is presented

by usage of this method of storing sodium waste.

Process1ng of the sod1um either in the p]ant 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.

S o . Amend. 11
Q011.18-1 | Jan. 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 NaZ24 before processing. Generaily, 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

in the FSAR. v 40

_ Amend. 40
Q011.18-1 _ July 1977
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: :Quest1on 011 20

\ | o o . v
. " To enable a comparlson of the CRBRP apphcatwn with the numerical
- - standards of 10CFR50, Appendix I, additional information is required.

_jFor each bu11d1ng hous1ng systems. conta1n1ng rad1oact1ve mater1als

oA, '5Prov1de a descr1pc1on of - the: prov151ons incorporated. to reduce -
' radioactive releases (1od1ne and part1cu1ates) from vent11at1on o
' exhaust systems .

b, Prov1de the re]ease po1nt descr1pt1on, 1nc1ud1ng he1ght above .
~ grade, height above and relative location to adjacent structures,
relative. temperature difference between gaseous effluent and am--
: b1ent flow. rate, ve1oc1ty and size and shape of the flow. or1f1ce

'c;h'fFor the conta1nment bu11d1ng 1nd1cate the expected purge and vent1ng _'d
' ;frequenc1es and duratlon, and the cont1nuous purge rate (if USEd)

» Resgonse

' (a) As descrlbed in Sectlon 11.3, one of the des1gn -objectives of the
‘ " gaseous radwaste proce551ng system .is a des1gn that will result in
fgaseous effluents in quantities that are as Tow as. reasonably achie-
vable. "Technical spec1f1cat1ons provided to 1mp1ement the ALARA
-ob3ect1ve are 11sted in PSAR Sections 16 .3 and 16.4. »

g ‘ ' The design base and the expected va]ues of the. annual act1v1ty re-
’ ~ Tease for each gaseous radinuclide are listed in Tables 11.3-11
and 11.3-12 of the PSAR. ~Neither table 1nc1udes_rad1o1od1nes or
'*part1cu1ates ' ' . ' :

;,As ‘stated in rev1sed PSAR Section 11.3.2.1, part1cu1ates and ele-
mental iodine are not expected to enter the cover gas. This statement:
is substantiated by pub11shed results in releases from sodium pools
(Ref. Q011.20-1) ‘and in-pite experiments (Ref. Q011.20-2). A1l . .
cover gas is processed through vapor traps in the Radioactive Argon: -

- Processing Subsystem (RAPS) which are -expected to remove essent1a11y o
all non-gaseous isotopes including any trace quantities of sodium-

- fodide. After subsequent decontamination by- RAPS the cover gas _

s, recyc]ed to the seals and cover gas spaces. The Cell Atmosphere .

; ProceSS1ng Subsystem (CAPS) s1gn1f1cant1y reduces any radioactivity:
Tevels in plant effluents. Discussion of the decontamination capa-
b}11t1es and funct1ons of RAPS and CAPS are provided in PSAR. Sect1on o

3 v

There is no expected annual act1V1ty release of rad1o1od1nes and
particulates during normal operat1ons ‘However, any significant -
" Teakages of such rad1oact1ve species would be detected as fo]]ows

| 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. mon1tors, '

S | '.Amend.t27»-
Q011.20-1 . ' . Oct.. 1976



2. D1ffus1on through the reactor head and buffer seals would be * .
: detected by the RCB vent11at1on -exhaust monitors and/or head- -
: access area mon1tors

t PSAR Section 11. 4 prov1des a discussion of eff]uent mon1tor1ng

>'°'As d1scussed in rev1sed Section 11.3.1, CRBRP des1gn obJect1ves

include ‘conformance with the requ1rements of 10CFR20 including

7_'ALARA releases. Sections 16.3.11.3 and 16.4.4 discuss the tech-

nical specifications on airborne release and mon1tor1ng, respect1ve1y'

' wh1ch prov1de assurance that the ALARA obJect1ve 1s ach1eved

()

“point elevation, flow rate, ve10c1ty and size and shape of the

A new Table 11 3-20 has been 1ncorporated which prov1des the re]ease

discharge orifice for the effluent release points. Figure 11.3-9.

* “has been revised to add roof elevations to the plan showing huclear
“isTand 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 d1fferent plant operating modes. Gaseous

o feff]uent temperature ranges for the effluent release points are

‘“prov1ded in Table 11.3-20, Monthly Historical Temperature Data for

the 'CRBRP area 1s prov1ded 1n Table 2 6-4 of the Env1ronmenta1

. Report.

(c)
. provides conditioned: fresh air to the norma 1 atmospher1c areas of
" the Reactor ‘Containment Building, as described in Sect1on 9. 6 2 ‘of

7For ‘additional 1nformat1on on the eff]uent re]ease po1nts,rife§t

Sect1ons 11 3 and 11 & of the PSAR.

Dur1ng norma] p]ant operat1on ‘a 14,000 CFM outside air system

3'ithe PSAR ent1t1ed "Reactor Conta1nment Bu1]d1ng“

,‘References

:‘0011.2041 - R, S Hart and C T. Ne]son,'"Introduct1on of Ce51um,.
o . ~ Strontium and Iodine into Sod1um" in W.P. “Kunkel,
"Fission Products Retention in’ Sodium = A Summary of
© “-Analytical and Exper1menta] Studies of Atomics Inter-
U ‘j'nat1ona1"' NAA SR-11766, 1966, pp 11 13 :
Q011.20-2 - W. Kunke1 D Elliot and A. Gibson, “H1gh Temperature

~ Sodium Stud1es in KEWB", in W.P. Kunkel, "Fission Product .
Retention in Sodium - A Summary of Ana1yt1ca1 and Experi-
“ mental Studies at Atomics Internat1ona1" -NAA:ZSR- 11766

: 1966 pp 45-46,

: _ o Amend. 27
- QO11.20-2 | - Oct. 1976



44&

Question 011.21 (10.4.2)

Indicate on.theVpiping and instrumentation diagram (P&ID) for the
condenser air removal system (F1gure 10.4-1) where the water from the

~mechanical vacuum pump reservoir is directed. This water should be

c]ass1f1ed as a radioactive ]1qu1d and handled accordingly.

Resgonse.
Séct]bns 10"4 2.1, ]O 4. 2 2 and 11.2.6.2 have been amended to indicate

that the mechan1ca1 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 cyc]e
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 mechan1ca1
"~ vacuum pump reservoir.

011.21-1 1 " Amend. 44
‘ © April 1978



Question 011.22 (10.4.3)

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

-Response:

A detailed description of the Turbine G1and~Sea]ihg 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

39



| Que#tidn 011.23 (11.3.2.1) ._:»‘-

In Subsection 11.3.2.1, you:disgusé'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'prbcedure[for'disposing of ‘the RAPS cryostill bottoms is discussed in ,
revised PSAR Sections 11.3.2.1 and 11.3.4. The procedure involves controlled
gradual release of the noble gases through CAPS during normal operation.

5Consideratibns:df keeping_occupafiohal'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

o . - . Amend. 50
. QoT1.23-1 o dume 979



~ Question 011.24

‘ " To enable a comparison of 'tvh'e-»‘ CRBRP. application wi th the numerical desi’qn
' . objectives of 10 CFR 50, Appendix I, additional information is required.
-jFor each bu1]d1ng hous1ng systems conta1n1ng rad1oact1ve materials:

(1) Prov1de a descr1pt1on of the prov1s1ons 1ncorporated to reduce rad1o-'

active releases (1od1ne and part1cu1ates) from vent1]at1on 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, f]ow
rate, ve]oc1ty, and s1ze and shape of the vent outlet.

(3) For the conta1nment building 1nd1cate the expected purge and venting
: frequencies and duratlon, and the continuous purge. rate (if used).

Response:

f27' o The_requested informatioh-is supplied ih_response:to;Question 011. 20.

’ _ ' : - B | ~ 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 RCB cleanup system design parameters, e.g., flow rate,
temperature, pressure, and materials of construction. As appropriate,
demonstrate component material compatibility with concentrated sodium
'hydrox1de so]ut1ons :

(c) Provide information of the eff1c1ency of the sod1um 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 plugglng or fouling of the downstream
HEPA filter. Provide the maximum loading (pounds of sod1um) that
the closed cycle scrubbing system can to]erate 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 c]eanup system, provide in tabular form a compar1son
between the features of the proposed system and each position in
Regulatory Guide 1.52. For each design 1tem, discuss any exceptions
-to Regu]atory 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 10b, PSAR Section 1.6) as soon as
the design details become available.

(b) The Contaihment 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)

(d)

(e)

The Conta1nment Cleanup System design has ‘been changed to rep]ace
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 perfOrméhce of the TMBDB Air

Cleaning System is discussed in Appendix A.7 of the CRBRP-3,
Volume 2.

See Section 2.2.9 of the CRBRP-B, Volume 2.

Regulatory Guide 1.52 was developed for an atmosphere c]eanup system
consisting of some or all of the following components . demisters,

heaters, pre-filters, high efficiency particulate air (HEPA) filters,

adsorpt1on 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. Therefore; many of the design criteria

of Regulatory Guide 1.52 are not applicable. Tab]e Q011.25- 1 lists
“the app11cab1e Regu]atory positions of 1.52. .

QO11.25-2 Amend. 60

Feb. 1981




Comparison of CRBRP Containment Cleanup
System to Requlatory Guide 1.52, Rev. 2

Table Q011.25-1

(Sheet 1)
Regulatory Applicable to CRBRP Containment
Position. _ Cleanup.System S Remarks
Yes No
l.a X _
1.b - CRBRP-3, Vol. 2 Report
l.c System does not contain adsorber
1.d CRBRP has no Containment
Spray System
l.e X
2.a ' X Redundancy is provided for
B : - active components onTy
~2.b _ . X ' Redundant components will
be physically separated
.C _ :
d X System will be designed to
withstand maximum expected
pressure
e X
2.t - X : System does not contain HEPA
: Filters ' v

.g | A

2.h _ X : System manually activated, see
- Sect. 2.3 of CRBRP-3 Volume 2

i

.J .

k X " No outside air intakes are

: required

2.1 X
3.a System does not contain a demister
3.b System does not contain a demister
3.c System does not contain a demister

| Amend. 60
Q011.25-3 Feb. 1981



Revised Response

Table QO11.25-1.

PR R W W W W W W W W W W

(Sheet 2)
Regulatory Applicable to CRBRP Containment
Position _ Cleanup System _ Remarks
Yes ' No
3.d ' _ X System does not contain HEPA Filters
3.e , X System does not contain adsorber
3.f - | X System does not contain adsorber
' o v or HEPA filters :
g X System is all welded ]eakt1ght
h X System does not contain water drains
i X System does not contain adsorber
j' ‘ X System does not contain adsarber
k X System does not contain'adsofber
1 X
m X
n X
0 X
p X
a X | |
b - System does not have filter banks
c ~ System does not “have adsorber
and HEPA filters
4.d Sysfem does not have heaters
4.e - X ~ System does not have adsorber or
‘ » - - HEPA filters
5.a : . X No DOP or activated carbon test
' . are required
5.b ' , X System does not have HEPA
filter or iodine adsorber
X System does not have HEPA filters

System does not have activated
carbon adsorber

_ ‘ Amend. 60
Q011.25-4 o Feb. 1981



' Reguiatbry

Position

6.b

Applicable to;éRBRP Containment

ReviSed'ResponSe

© Table Q011.25-1

(Sheét,3)'

Cleanup System— -

Yes

No

X

Q011.25-5

Remarks

System does not have activated
carbon adsorber

System does not have activated
carbon adsorber '

~ Amend. 60
Feb. 1981



~ Amendment 44

There are no new NRC Questions in Amendment 44.



" 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 be protected from the effects of the maxi-
mum expected groundwater level or flooding caused by natural phenomena.
For each*item.discusséd, prOvide the following additional information:

f(]) A list of all entrances, 1nc1ud1ng their e]evat1ons and means to
~ be prov1ded to prevent ingress of water

(2) A list of other below-grade. penetrat1ons, 1nc1ud1ng those for pipes;

- conduits and floor dralns, the means to be provided to seal these
penetrations, and provisions for periodic examination of these seals.
The list. shou1d 1nc1ude the elevation of these penetrat1ons

‘jResgonse

ﬁhtThe response to th1s quest1on is conta1ned 1n Sect1on 3.4. 1. 25
Amend 25

- Q020.1-1 | ' Aug 1976




o Quest1on 020 2. (3 5. 1)

: ‘outdoors and descr1be the protection prOV1ded for these components aga1nst
- tornado generated missiles. Include in this tabulation all ventilation -
- system air intakes and exhausts, the diesel- -generator combust1on air in=
' take and exhaust and al] vents for safety re1ated tanks

-'u'ResEonse

The response to this quest1on is contained in Section 3. 5 1. ' k51

o S : Amend.;ZS"'ﬁ:
Q020.2-1 . : - Aug, 1976



; Question 020. 3 (3.5)

~_Include in Section 3.5 a descr1pt1on of protect1on that will be afforded
. for all safety related components and equipment outside containment from .

internally generated missiles. List the m1ss11es considered and the1r
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 m1ss11es are descr1bed in Section 3.5 under the Design Bases

3, 4 and 6.

" Since all rotating parts are fully enclosed - in metal cas1n§s which are

designed to contain any potential missiles, there are no known internally
generated missiles identified from the failure of rotat1ng ‘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 fa11ure_

.[ missiles are given in Section 3.5.2.1 for each individual system.

Pressurized component failure missiles are d1scussed in Section 3.5.2.2 The-
identified missiles and their characteristics for SGAHRS and SGS- are ]1sted
in Table 3.5-2 and Table 3.5-3 respect1ve1y

Because of the re]at1ve1y Tow pressures in the 1ntermed1ate heat transport

system and components, the energy state of the contained fluid is corres-

f_pond1ngly low, and therefore no potent1a] sources of high-energy m1ss11es :
- have .been 1dent1f1ed :

Q 020.3-1 | Amend. 19 .
May 1976



Quest1on 020. 4(3 6 5)

‘Provide protection of essent1a1 systems and. components agalnst
postulated failures in high or moderate energy fluid systems in
accordance with the requirements of enclosure 1, Branch Technical

~ Position APCSB 3-1, "Protection Against Postu]ated P1p1ng Fa1]ures

1n F1u1d Systems 0uts1de Containment."

Provide a comp]ete tabulation of all high and moderate energy
piping systems as defined in BTP - APCSB 3-1 together with the
essential systems necessary to shut the reactor down and to
mitigate 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_brovided’iﬁ.reyisediPSAR Settion'3.6.

I S Amend 27
Q020. 4-1 o R 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 equ1pment as recommended in BTP - APCSB 3-1. Emphas1s ,
should be placed in u51ng the separat1on princ1pal to the max1mum extent .
practical.

Response:

The requested drawings are not yet available because system routing désign

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 re]ated
equipment are included in the table.

It is anticipated that as the plant design progresses, the table will expand
to include more specific detail wuntil upon completion of p1pe 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 at a later design 'stage. =~

) ~ Amend. )
Q020.5-1 July, 1975
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. SAFETY RELATED

EQUIPMENT ‘TO

" -BE PROTECTED

IHTS Piping

Intermediate

Na pump casings

Evaporatorse

- and Super=

heaters

Steam Drums

Steam Piping

. Between

Evaporators,

Steam Drum and .

PACC

Steam Drum
recirculation
system

© LOGATION

Steam Generator .

Bullding (SGB)

‘SGB
Calls

s
Cells

-l

Calls 241, 242,
243

sG

‘SGB

TABLE Q 02

SUMMARY 0F EX- CONTAINMENT PIPE RUPTURE ANALYSIS

HAZARD

Pipe whip
Jet impinge=~
mant

.Pipe whip
Jet impinge=
‘ment

Pipe whip .

Jet impinge=
ment

Pipe whip
Jet Impinga=-
ment

Pipe whip

Jet Impinge~

ment

Pipe vhip
Jec Impinge-
ment

SOURCE -OF
HAZARC

. Main steam line

Saturated steam
line

Recirculated’ f.eed
line

Main steam line
Saturated stenm
line :
Recircluated feed
1line

Main steam-line
Saturated steam -
line
Recirculated £eed
line

Main steam line
Saturated steam line
Recirculated feed line
Main feed line’
Blowdown line
Pressurized portion
of SGAHRS

Main steam line
Saturated steam line
Racirculated feed line
Main feed line
Blowdown line
Pressurized portion
of SGAHRS

Main steam line
Saturated steam lins

‘Recifculated feed line-

Main feed line
Blowdown line .
Pressurized portion
of SGAHRS

. Sepaza’:iéﬁ is the principal means of

SOOPE OF ANALYSIS
REMAINING

P"TI'OD CF
PHOTILTTION -

*.Complete pipe whip analysis
to determine the effect of
whipping pipe upon sodium
piping within the cell.

protection. The INTS isidivided
into three loops which: .are separated
by concrete walls. Any one loop
.'nay be ost without loss. of the decay

. heat xemval function although in -

two loop operation‘a loss of redundancy
may. occur. In order to prevent'a major .
sodium witer reaction.’ and limit damage

_propagation within the. cells sufficient

pipe zestraints will be installed to pre-
vent a whipping steam or feedwater pipe- fzom
causing cracks on ruptures ‘in, sodlum

piping. ! :

Same as IHTS piping. - Same as IHTS piping.

Same ‘as IHTS piping. _'same as IHTS pipiig..

Separation is the principal means- None required.
of protection. The steam generator
system is divided into three loops
which are: separated. by concrete
walls. A.ny loop may be lost without
a loss of the decay heat remval ’

functlon.

Same as steam drums. None required.

Samo as steam drums. None required.




SAPETY RELATED

Reaction Products
and Relief System

Emergency Plant

Emergency Plant

€-6°020 O

I&C Panels and
vital Electrical
Distribution (IE)

Auxiliary Feed

G/6L ALnp
* pusuy

1

LOCATION

SGB

5GB

s5GB

sGB

Call 204

Cells 281,
282, 283

HAZARD

Plooding

Water spray

Flooding
Water spray

Flooding
Water spray
Jet Impinge-

ment

Pipe whip
Environmental

Pipe whip
Jet Impinge-

ment

Environmental
Flooding

Jet Impinge-

ment

Pipe whip

TABLE Q 020.5-1 (Cont'd.)

SOURCE OF
HAZARD
—_—

Emergency
Chilled water

Protected Water
Storage tank piping

Normal and Emergency
Chilled water
Normal Plant
Bervice Water;

Fire Protection

Emergency Plant
Service, Water
Normal Chilled
Water; Fire
Protection

TBD

Aux. feed pump disch.
Aux. feed ‘turbine
drive steam line.
Protected Water
Storage Tank pioing
Emergency Chilled -
Waterx

SGAHRS steam line
Steam drum relief
ané safety valve
lines

METHOD OF
PEOTECTION

Building drains/sumps are sized to prevent
internption 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

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

Separation. The SGAHRS is divided into
three loops eeparated by concréte walls.
Only piping associated with a given loop
is contained in the cell for that loops
PACC. Loss of one loop cannot cause

a loss of the decay heat removal function.

SCOPE OF ANALYSIS
‘REMAINING

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 oceur 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 equipment assuming the
fallure of one active component which
would mitigate the effects of a leakage

crack s 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.
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SAFETY RELATED
EQUIPMENT TO °

LOCATIZN HAZARD
BE PROTECTED .
- Protectad Watar sGB Pipe whip
Storage Tank Cell 204 Jet Impinge=~
ment
Connecting SGB Pipe whip
Piping between Jet Impinge~
PWST to and ment
including
first valve
puilding Walls SGB; Cells Gross struct.
. 241,243,244, failure.
245,246,221, Punch sheer
, 222,223,281, failure.
282,283,207, Hazardous

208,209, 224, missile from

225, 226 spalling.
Fluids leaking
thru wall
Steanm Generator § GB/TGB Flooding
Bulding Interface

Ventilation System ° Control Water .spray.

including fan, Building Flooding
filters, alr
condi tioning
A .

Emergency Control Water spray..
Batteries Building’ Flooding
IsC Panels Control Water spray.

Building Flooding

TABLE Q 020.5-1 (Cont'd.)

SOURCE OF
HAZARD

Aux. feed pump disch.
Aux. feed turbine
drive steam line

Bmergency Chilled Water

Aux. feed pump disc.
Aux. feed turbine
drive steam line

Emergency Chilled water

High energy systems
contained within the
listed cells.

Feecdwater and Con-
densate Secondary
Services Cooling Water;
Normal Plant Service -
Water; Fire Protection
Circulating Water:;
Normal Chilled Water

Ndrmal and Emergency
Chilled water Systenm
Fire protection

Normal and Emergency
Chilled water Systems
Fire Protection

Normal and Emergency
Chilled Water Systems
Fire Protection

/METHOD OF .
PROTECTION

Same as Auxiliary Feed Water.
Purps

"Same as Auxiliary Peed
Water Pumps-

The preferred method of protection from
postulated pipe rupture, .separation, is

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.

hdequate Floor drains/sumps and curbs
are installed to preclude flooding

in TGB from entering SGB and affecting
5GB safety related components.

High energy piping systems are excluded
from control building. Floor drains/

sumps- adequately sized to prevent flooding
in the event of piping failure and single
active component failure. Pipe routing

is designed to separate chilled water piping

'SCOPE OF ANALYSIS
REMAINING

Same as Auxiliary Feed Water
Pumps

Same as Auxiliary Feed Water
Pumps

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

NONE

Determination of the maximum

flood level that can occur

in each cell containing chilled
water piping and safety related
equipment of ‘a piping failure witlr
one active component failure.

.and electrical components. Where this is not verification that all safety related

possible, spray tight panels are used.

Same as Ventilation System.

Same as Ventilation System.

_equipment is above this level.

same as Ventilation System. -

Same. as Ventilation System.
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SAFETY RELATED
EQUIPMENT TO
BE_PROTECTED

Emergency Plant
Service Water
System

Auxiliary Mech.
Systems for
Diesel Generator

Diesel starting
air system

DGB Building
Walls

fnergency Electrical

Switchgear (IE)

safety Related
Control and -
Instrumentation
Panels

© LOCATION HAZAPD
Diesel Gen- Pipe whip
erator Bldg. Jet impingement
(DGB)
DGB Pipe whip
Cells 511, Jet impingement
512 water spray
Flocding
o e None
Cells 511,
512 :
DGB Grogs structural
Cells 511, failure
512 Punch sheer
failure
Hazardous missile
from spalling
Fluids leaking
through wall.
0GB Flooding
Water spray
A
DGB Flooding

Water spray

{‘lll'

TABLE Q 020.5-1 (Cont'd)

SQURCE OF
HAZARD

H.P. Air-Diesel
starting air
Fire Protection

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

None

H.P. Air - Diegel
starting air

Emergency Plant
Service Water

Emergericy Plant
Service Water

METHOD OF "
PROTECTION

Separation of the Emergency Plant Service
Water supplies is established so that a
HP air line rupture of one engine will
nor affect the service water line of the
other. 2dditionally, 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 systems
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

SCOPE OF ANALYSIS
REMAINING

None required.

None requi_ged.

Detafled milyals of the effect.s
of high energy pipe rupture on
the walls of cells S11, 512. .

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

Same as Emergency Electrical
Switchgear
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SAFETY RELATED
EQUIPMENT 7O

BE PROTECTED -

Air Blast Heat

- Exchangers

EVST Na & Nak

Oooling System

Components

BVST and EVST
Guard Vessel

System 82
providing and
servicing
primary cover
gas

nx\érgency Plant

-Service Water

LOCATION

Reactor
Services
Building
(RSB)

RSB

Cells 336a,
B,C, 319C,D

RSB
Cell 327

RSB

HAZ2ARD

None

None

None

Flooding.
Water spray.

None

TABLE Q 020.5-1 (Cont'd.)

SOURCE OF

__HAZARD

None

None

None

TBD

.None

METHOD OF
PROTECTION

There are no high energy systems 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. Therae are
no non-gsodium systems other than
ventilation in these sealed and
inerted cells.

Theee 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. 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 systams function.

SCOPE OF ANALYSIS
REMAINING

Final check upon completion of-
final pipe routing to verify .
exclusion of non-sodiumppiping othar

- 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.

Pinal 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



~ Question 020.6 (None)

In regard to potential failures or ma]funct1ons 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" ma1nta1n1ng 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 basin:is not affected
severely by adverse weather conditions, specifically freez1ng, since the
water level 1is below the ground Tevel and the bas1n is approx1mate1y
40 ft. deep. _

Under extréme cold weather cond1t1ons the two Emergency Plant Service
Water Systems can be alternately operated to maintain the idle reservoir
temperature above freezing.

» o Amend. 1
- Q 020.6-1 - July, 1975



’ S &estwn 020. 7

For a]] vesse]s that w111 conta1n gases under pressure (such as argon,fv} o

‘nitrogen, chlorine, hydrogen, oxygen air, and CO2 tanks) prov1de the
‘follow1ng 1nformat1on - ; _ _

1. The des1gn and operatlng pressures of the vesse]s,.
_'25 The' max1mum pressure of the gas supp]y v
3. The tota] amount of energy wh1ch could be re]eased in the
- event that the. 1argest pipe connected to the storage vesse]
should rupture o » _ -v e
4. The protect1ve measures that w111 be taken to prevent the fi' n
lToss ‘of - functions of ‘adjacent equ1pment essent1a1 for a safe :
'reactor shutdown, - o : »

5. Pre11m1nary draw1ngs that 1nd1cate storage 1ocat1ons and
: ‘arrangements of components w1th1n each storage area.

' ;f Respons

Feviseq Section,9;5_prov1des'the requeSted informatiOn;

Q20.7-1  Amend. 19 '
s 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 rep]y
to Question 020.5 (3.6.5). v

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 add1t1on, 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 poss1b1e effect
on preventing a safe shutdown of the plant is designed in accordance
with the requ1rements 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 capab]e of providing makeup to the steam drums until the
residual heat load is reduced to a level that is within the capab111ty of
the Protected Air Coo]ed Condensers (PACC).

Resgonse.
Updated PSAR Section 5.6.1.3.9 provides the analysis requested.

Q020.9-1 Apr

Amend.

17

17
1976



~ Question 020.10 (5.6.1)

.. Provide description and analyses to demohstiate 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.

020.10-1 | 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.

Resgonse:

The infbrmation,fequested is contained in new PSAR Section 5.6.1.3.12.

17

~ Amend, 17 - |
Q020.11-1 - 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 sectidn 9.4,3,

Q020.12-1 | Amend.
- Oct. 1975



Question" 020 13 (9.6.1)

"~ Provide add1t1ona1 descr1pt1on, p1p1ng -and 1nstrumentat1on 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 port1ons of the system, or of other
systems or structures not designed to seismic Category 1 requirements,
will not prevent the operation of the essential portions of the control
room area ventilation system.

Resgonse'

The descr1pt1on, piping and 1nstrumentat1on d1agrams (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 1ncorporated in new Table 9.6-2, "Single Failure Analysis,
Control Room HVAC System"and in new Table 9.6-3, "Single Failure Ana]ysws,
Control and Diesel Generator Buildings Emergency HVAC System." The '
design classification of each component is incorporated in new Table 9 6-1,

~"Control Building HVAC System Equ1pment List".

- Q020.13-1  Amend. 1
- | July, 1975



Question 020.14 (9:6.2 and 9.6.3)

Prov1de additional description and design cr1ter1a 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 su1tab1e for the operat1ng personnel and the
equ1pment i

‘ Resgonse:

| - The response to th1s quest1onfls 1ncorporated in rev1sed Sections 9. 6 2 and
49} 9.6.3 and the revised P & ID's are provided on Figures 9.6-4 through 9.6- 10-

' _ : Amend. 49
Q020.14-1 - April 1979



-_Qpestion 020.15 (9.6.5)

Provide additional descr1pt1on and des1gn criteria for Diesel Generator
Building HVAC System. The information should include a single failure
~ana1ys1s 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 analys1s for the Diesel Generator Building HVAC System is in-

- corporated in new Table 9.6-7, "Single Failure Analysis, D1ese1 Genera-
tor Rooms HVAC System".

Amend. 1

- -Q020,15-1 |
RN July, 1975



'bQuest1on 020.16 (9.6.6)

- 49)

lProv1de additional description and des1gn cr1ter1a for the Steam Generator
Building HVAC System. The information should include a s1ng]e fa11ure
~analysis and the resultant ambient temperatures.

Response:

The destr{pt1on and'de51gn criteria for the Steam Generator. Bu11d1ng HVAC . 
System is incorporated in revised Section 9.6.6 and revised P&ID's are

provided on Figures 9.6-12 through 9.6-15. The $ingle failure analysis for :  :

the safety related Steam Generator Building HVAC System is incorporated
in new Table 9.6-9, "Single Failure Analysis, Steam Generator Bu11d1ng,
Steam Generator Ce1ls HVAC System."

. | Amend. 49 . .
- Q020.16-1 5 ~ 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.

ReSEonse:
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 -g9.9-..2)-

,Prov1de design criteria and sin 1e—fa11ure ana]ys1s for the
Emergency Chilled Water System ?ECHWS) Provide, in table
form, individual coo]1ng requirements of various coolers
served by the emergency chilled water system.

Response

Sectlon 9.9.2.1 of ‘the PSAR is rev1sed to 1nc1ude 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

'v Water System. Table 9.9.2-2 is revised to reflect the changes
in cool1ng water requ1rements shown in revised Table 9.9.2-1.

a , - Amend. 1
Q 020.18-1 - July, 1975



Question 020.19- (9.9.4 & 9.9. 6)

In order .to permit an assessment of the u1t1mate heat sink, prov1de 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 tabu]ar and graph1ca]
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 vent11atwon equip-
ment, d1ese15 and other heat sources.

-(3)f'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 anaTys1s, including pert1nent 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-
-7T1nes provided in Regu]atory Pos1t1on C.1.a and C.1. b of the Regu]atony

Guide 1.27. :
i .

Response:

The Steam Generator Aux1l1ary Heat Removal System (SGAHRS) prov1des
- 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-
o Vesse] ‘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 providessthe 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 Cool1ng Tower Storage Basin

is not based on the 1ntegrated 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 Coo]1ng 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. ‘ . -

V(3) ‘The heat rejection: rate removed from the primary. system is de-
sdribed in Sections 5.6.1 and 5.6.2 of the PSAR. The 1ntegrated
- heat re3ect1on from. the primary system will be presented in the
FSAR. : ,

- (4) The tota] 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 coo]1ng water inlet temperature to each component will
be presented in the FSAR.

(6). The coo]ing load calculations are based on 95%F DB and 77°F WB am-
bient temperatures simultaneously to establish the Emergency Cool-
ing Tower heat 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-10 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 ana]ys1s will
be presented in the FSAR. ‘

~On>the 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 Pfotection 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 prov1d1ng fire protect1on system

for these fac111t1es

Description and evaluation of the f1re protection system shou]d be in
accordance with .the requ1rements of Regulatory Guide 1.70.4.

' Response:

. The information requested is 1ncorporated into revised Section 9 13.1
- for conventional fire protection. The information pertaining to Sod]um

f1re protect1on is 1ncorporated 1nto rev1sed Section 9 13.2. 2

Q 020;20-] | N | , - Amend. 2
: o " Aug. 1975



@ westion 0220.21 (9.19)

“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 coo]1ng water supply to the diesel-
driven and motor-driven air compressors for the d1ese1 -generator
start1ng air system.

Response:

,'1. Section 9.14.1.1 and F1gure 9.14-1 have been rev1sed to reflect the
~ suggested change

_ components will be supplied in the FSAR following the purchase of the
s ’ 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.

’ 2. More definitive parameters for the diesel generator auxiliary system

3. The source of cooling water supply to the starting air compressors is
identified in revised Figure 9.14-3. Revised Section 9.14.3.2 reflects
the deletion of the diesel driven air compressor.

. B | - , - Amend. 1

Q020.21 -1 B July, 1975



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.

Q20.22-1 © Amend. 1

July 1975



Question 020.23 (10.2.1)

" Provide additional description, design criteria, and bases for the turb1ne

speed control system

Resgonse:

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." I 41

Amend. 41
oct. 1977

Q020.23-1.



Question 020.24 (10 4.7)

Determine the volume of water that could dra1n to the turbine bu11d1ng 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.

: Resgonse

The maximum amount of feedwater volume that can drain into the Turb1ne

" 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 ~0.1 in. water layer spreading uniformly over the floor,

. assuming no provisions for drain water disposal. However, there are .
several floor drain f1tt1ngs 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. 1
' July, 1975



Question 020.25 (5.6.1)

Provide an explanation of nomenclature used in Figure 5.6.1 and demonstfate

- 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. ‘ : S

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 3
(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 requiring venting for longer
periods of time than shown in Figure 5.6-1 (e.g., loss of loop).

‘ Amend. 24
Q020. 25-1 : B - July 1976



| '__-Questmn 020 26 49.5.1)

f[f;Descr1pt1on and draw1ngs prov1ded for the Argon D1str1but1on System are o
.- 7-'not. adequate to evaluate ‘the system Prov1de additional’ description and P&ID" s
.- for. the ‘Argon: D1str1but1on System. -

he 1nformat1on shou1d include- the

2 “type of valves to be used and- the1r ab111ty An; conta1n1ng ‘the:: rad1oact1ve

< < cover’ ‘gas.in.the event of packing gland failure.  Figure 9.5-2, Sheets 2, :3;:
~_.and"4, -appear to be identical. :If"
: steam Generator Building for: three: separate, but- identical, 1oops, the

If*they show Argon D1str1but1on System: 1n

'V-equ1pment in- ‘each. Should be: so des1gnated The same comments app]y to-

-Sheets 2 -3, and 4 of F1gure 9. 5 3

Resgonse

The P&ID's for the Argon D1str1but1on System are currently being prepared

and will be supplied 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. cons1derat1on of the effects of
pack1ng gland failures. - | . _

0020f26’1 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

Prov1de cr1ter1a and bases used in determ1n1nq the size of the 11qu1d
“argon and 1iquid nitrogen storage on site. Fresh argon supply rate

should be based on the possibility of failure of the Radioactive Argon
Processing Subsystem (RAPS) and,. consequently, no purified argon

return  from RAPS to the Pr1mary 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 storagé comp1eXes in the TGRP system. Two
~of these are at the RSB pad, two are at the SGB pad, and one is in the RSB. |

"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 provide a 3 day supply. Vessels prov1de ‘
a -minimum of six days of service at the maximum use rate.

X

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 suffi¢ient time to recover from late de11ver1es
due to natural causes (weather, accidents, etc.) The delivery of argon:
will be on a similar basis.

Amend. 62



The SGB argon»supply consists of two 1500 gal. dewars avranged to

deliver gas in sequence, or in parallel. Each dewar is expected tp

prov1de normal service for at least 30 days .Maiintenance and sodium transfer
operations in $GB are not expected to require more argen-than can be . ..
supplied with adequate reserve by the twg dewars, Thgge dewars a]sp provide
a back»up supply via a tie-line to the RSB dewar system.

- The norma] SGB n1trogen supply system consists of two 3, 000 ga1'
dewars. For normal operation, the service period of each tank is
expected to be about 30 days. However, a sodium cleaning operation has

“been projected for an SGB location. Its needs would require one tank's

capacity in 4 days. Therefore, the two dewars provide ap adequate '
reserve for future needs. ,

‘The sod1um water react1on nitrogen supply consists of one 3 000 gaW
. dewar with-a connection to the novmal SGB nitragen supply fqr emergengy
- use. This supp1y is prov1ded for yse fo;10wwng sodium/water reagtian
“events, The nitrogen is used as the SWRPRS inert cover gas and for
holding the pressure on the water side of the steam generators folJowing
sodium dump. The stegm generator system has qnly g small npwmal yse- vate,
- and will be recharged to fill the dewars when the supply tanker arrives
for any 1iquid mitrogen service. The dewar can supply servipe to one
steam generator module for about 36 hours.

-Q020-28-2 Amend. 62

Nov. 1981



-

Question 020.29 (9.5)

Abbreviations associated with valves shown in table form on page 1.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 1.A has been revised to include all abbreviations
used in the figures of Section 9.5.

020.29-1 | - | Amend 12 -
0020.29 - Feb 1976



Question 020.30 (9.6.1)

The non-essential portions,of the control foom HVAC system should bé
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.

_ ) : Amend. 12
0029.30 1 Feb. 1976



.Quest1on 020. 31 (9.6)

Revise- your des1gn to 1nc]ude redundant monitors that are capab]e of
~detecting radiation, smoke, and toxic chemicals in the control room HVAC
system air intakes. These monitors should actuate alarms in the control

‘room. . ' : ' :

Resgonse

The response to this quest1ons is 1ncorporated into revised PSAR Sect1ons
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

49!Bu1]d1ngs Emergency HVAC Systems," and 9.6-14, "Flow Dlagram - 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.
49 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 Bu1]d1ng
a1r 1ntakes to the Control Room air intake ducts. :

: , Amend. 49
.0020'\3]_] _ Abril 1979 -



Quest1on 020 32 (RSP) {9. 7)

Your response to quest1on 020.17 -is not comp]ete Figure 9.7-1,
Auxiliary Coolant.Fluid System. (ACFS) Schematic Flow Diagram

does not provide sufficient detail.to perm1t evaluation of safety
aspects of the system.. .

It 1S'OUP position that isolation valves be provided to isolate
the non-safety related- portions of the ACFS system from safety
related portions.. Alsc,.describe how ACFS flow to safety related
heat -10ads inside containment will be maintained in the event of
a containment isolation- s1gna1

Provide descr1pt1on and P&ID in sufficient detail showing all
valves and pert1nent instrumentation for the ACFS system.

Further your response indicates that redundancy is provided
only on the Recxrcu]at1ng Gas Cooling System (RGCS) side of the
coolers. . Since there is no redundancy in cooler units, single
failure ana]ys1s 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.

Resgonse

S1nce the preparat1on of PSAR Sect1on 9.7, "Auxiliary Coolant Fluid
System", the use of Dowtherm J has been re-evaluated. As a

result of this re-evaluation, Dowtherm J auxiliarv 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 centain-
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 1ncorporated 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



" ~between safety and nonsafety related. portions

Redundant 1so]at1on va]ves are provided

of the Chilled Water Systems (i.e. between

* the normal and emergency. portions) to
*ensure separat1on capab111ty :

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
are. c1osed systems capab]e of withstanding

' conta1nment 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 the
“chilled water and. the drainage system leak

detectors. Whenever this is done, all safety-

'related heat loads inside containment will be

" ~subsections in Section 9.7 show all system.
valves and pertinent instrumentation requested.

supplied by -either:the Normal Chilled Water
System, or if the normal system is:unavailable

by the redundant Emergency Chilled Water System.

Figures 9.7-1 and 9.7-2 and the descriptive

.The two-tra1n redundant Emergency Chilled
Water System supp11es cooling to safety-related
units in the Recirculating Gas Cooling System

B,
e

N o ~ Amend. 15
0020-32r2 April 1976



| Question 020.33 (RSP) (9.9.4)

Figure 9.9-4 indicates that each Emergency Plant Service Water (EPSW):

: fipump provides flow through a separate and redundant Toop.

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 th1s capability.

Resgonse:

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 assumpt1on of a simultaneous
piping failure (moderate energy line crack) in one 1oop of the EPSW and

‘an active failure in the other Toop goes beyond what is required by the
~single faw]ure 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. Therefere, no design changes are considered
necessary, : f o ‘

Q020.33-1 ' Amend.
' Dec. 1975



Question 020.34 (9.13.1)

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

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 1 of'4) describes the capacity of the fire protection-
reservoirs and the basic design features of the yard piping loop. _ 1 19

o T ~ Amend. 19
Q020.34-1 . ‘ , May 1976



Question 020. 35 (9.13. 1)

The PSAR states that Ha]on 1301 fire suppress1on system is prov1ded 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
fOl]owing precaUtions and safety measures are considered in the desiqn'

(1) Detectors on each 11ne of the Ha]on system at its storage 1ocat1on
to detect sma11 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 uéed to seal the Computer
Room. v

(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 ext1ngu1shed

(5). A description of other fire protection systems or equipment that

B are available within or without the Control Room to completely ex-
tangu1sh a fire in the control cabinets or subfloor, 1f required,
~in addition to the Halon system.

(6) The design criteria and bases for the Halon system to withstand

natural phenomena, failures in the storage system and single
active failures in the distribution system.

" Response:
Revised PSAR Section 9.13.1.2 responds to this question.

Q020.35-1

Amend. 20
May 1976



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.] for the Non-Sodium Fire Protection System.

Q020. 36-1

Feb. 1976

Amend.‘13' o )



‘ - Question 020.37 (E.2. 1)

Section E.2.1 lists general requ1rements and key obJectlves 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 requ1rements
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. ' :

v Modifications to the reference design will not compromiée_the‘integrity

of the systems and components that are essential for the safe shutdown ,
of the plant and Sectijon E.2.7 has been revised to include this requirement.

Q020.37-1 Amend. 15
Apr. 1976



'Question.ozo 38 (E.3):

‘Table E.3-1 1nd1cates that one of the assumpt1ons made in p1pe rupture

core trans1ent ana]ys1s for three-loop plant operation involves a

'Leui 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 d1str1but1on capab1]1ty of
~.the reference design. :

'ﬁResgonse~

V'._The p1pe rupture core trans1ent analysis assumpt1ons 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 prov1d1ng recycle argon.gas to accommodate a reactor

~ trip, the flowrate in this line be limited to about 6C safm. Al--
~though this restriction might result in a reduction of the rate of

sod1um re]ease in the break, the effect is expected to be sma]l

" The gas which flows through this valve originates (in the reference des1qn) -
~_in the recycle argon vessel, which norma]]y contains about 3,000 scf of
"~ . gas at about_SO 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 dep]eted and its pressure drops to the

selected set point of approximately 10 psig, fresh argon supp]y makeup

-gas enters the distribution line. Normally, this supply is capable of del-

1ver1ng gas from one argon Dewar at 33 scfm, but if a condition persists
requiring high flow, the other two Dewars with. their 33 scfm evaporat1on
rate can be made available by the operator.

©.Q020.38-1 o
_ - ~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 fok

a single failure since there is only one supply and one exhaust lines.

Demonstrate that the des1gn 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 10b, PSAR Section 1.6) and its asso-

ciated references; consequently, PSAR Appendices D and F have been

withdrawn in Amendments 24 and 60 respect1ve1y The CRBRP no longer
has a sealed head access area. v ’

Q020.39-1 ) Amend. 60
, , Feb. 1981

60



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.

Q020.40-1 . 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

Idént1fy 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). .

'Resgonse

With the de]et1on of the Parallel Des1gn in Amendment 24 this quest1on
is no longer applicable as the DHX is no longer a part of the design.

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 postulatad 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 THBOS analyses [see CRBRP-3, Volume 2 (Reference 10b of PSAR

Section 1.6)] take no credit for operation of the inert gas systems during
the postulated scenario.

Q020.43-1 Anend. 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
' Q020.44-1 “Jan, 1977



Question 020.45 (RSP) (3.6.5)

You have not responded to item 020.4 with'resbeCt 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 has been revised in Amendment #27 in responsé to question
-020.4. : ' '

, a1 o Amend. 29
00_20‘45 ! _ Oct. 1976



. Quest1on 020 46 (RSP)(S 6. 1)

Your response to jtem 020.9 and 020 10. are not complete. The DAHRS (Demo
Auxiliary Heat Removal Simulation) computer model useéd 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 Toad decreases to~
the Tevel 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 assumpt1on results in a
PWST capacity that is non-conservative.

It is our position that 1f 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 Techn1ca1 Pos1-
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 credlt 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

Resgonse.

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 reJectlon is assumed to be zero with the PHTS and IHTS naturally
c1rcu1at1ng

' _Amend. 31
- Q020.46-1 v - Nov. 1976



Question 020,47

The non-sodium fire pro+e¢flon,s9s+em should, to the extent reasonable and
practicable, conform to the guidelines of Branch Technical Posltion 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, "Guidellnes for Fire
Protection for Nuclear Power Plants"™ as indicated tn PSAR Section 9.13.1. '

' Amend. 76
Q020.47-1 - 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 open1ngs '

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—rélated 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 the :Steam Generator
Building Auxiliary Bay of the Steam Generator Building (SGB) and the _
personnel access corridor leading to the Diesel Generator Building (DGB)
,,ControT Building (CB) and other Nuclear Island buildings. Other open1ngs
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 wi]] not be impaired by .-
the flow of this water into the Nuclear Island buildings since the potential
pathways teading into the SGB and DGB from the TGB will be provided with

- watertight doors. : _

Instrumentation denoting the initijation of the circulating water system =
flooding incident for operator attention and action, as required, will:be "
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.

gAhehdz'30-.:

Q020.48-1 Nov. 1976 -



Quest1on 020. 49

“In-Amendment 29, you 1nd1cated that the 1mpact of Append1x A to Branch
Technical Position 9.5-1 is presently under evaluation. Appendix A
i'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 techn1ca1 direction from a qua11f1ed fire protect1on
_ engwneer

'Th1s exam1nat1on shou]d

-1 (a) - Identify the gu1de11nes in Append1x A wh1ch are present]y
' ‘met, and discuss how this. is done; _

(b) Ident1fy_the-gu1de11nes for which modifications, proceduralﬂ
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 Brigadeﬁ,.and

SE '(c)' Indicate which of the guidelines you do. not now meet or. do ‘
' ' - not intend to meet in the future. For such 1tems you should -
- provide a basis for your position.

: Response

~ :The detailed response to Append1x A to Branch Technical Pos1t1on APCSB 9.5-1
- is contained in Appendix A to PSAR Section 9.13.

o o S | S B Amend._48f.~"'

Q020.49-1 . Feb.. 1979 =



Question 040.1 (6.2.1.3)

Identify the heat sinks used in the conta1nment'pressure/temperature
analysis giving, for examp1e surface area, materlal thickness, and
Tocation.

Response

The Reactor Containment Bu1]d1ng pressure and temperature transient ana]ys1s
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 commun1cat10n with the upper conta1nment voiume.

The heat sinks used in the pressure and temperature ana1ys1s are:

1) Tie containment vessel steel shell above the operating floor, 2) the
urethane foam insulation covering the outer surface of the conta1nment
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 prov1de a detailed descr1pt1on of the
geometry (thickness, area) and heat transfer properties of these heat s1nks

New Table 6.2-4A presents a summary descr1pt10n of the heat sin“s used for
__the ana]ys1s _

0040.1-1 o ~ Amend 16
: Apri] 1976



dest1on 040. 2(6 2.1.3):

For those analyses in wh1ch 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 1nsu1at1on,

and (4) modeling or simulation used. Provide the therma] response of typ1ca1
»sectlons used for design purposes.

Response:

The structures to which heat rejection was.considered are 1) 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 ceT],’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 propert1es of these heat
sinks.

The applicable heat transfer mechan1sms 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
g. sodium pool to the gas atmosphere, 3) convection heat transfer from the gas
3 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 determ1n1ng rad1at1on and convect1on heat T
transfer from.the sodium pool have been Just1f1ed and fu]]y exp1a1ned 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 Prandt]l Number of the conta1nment '
gas atmosphere and the temperature difference between the gas atmosphere

and the wall. The actual correlation used in SIFIRE-II to compute this
coefficient is described 1n Reference Q040.2-1

. - Amend 16
Q040.2-1 o 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- S
‘nected nodes, e. 9., 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 conduct1on heat transfer mode] used in the SOFIRE II code
is descriped in detail in Reference Q040.2

Heat transfer through the urethane foam insulation covering the outs1de of
the containment vessel shell is calculated by a nodal conduction heat ‘trans-
fer analysis was d1scussed in the preceding paragraph

No contact res1stances 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 atmosphereg 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-II code 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 Append1x A provide the basis for the heat transfer methodo]ogy
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 Tiners
in F1gures 6. 2 4, 6.2-8, and 6.2-9 respect1ve]y

References

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

' Amend. 16
Qo40.2-2 Apr. 1976



Question 040.3 -

_ Prov1de a list of a]] 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 des1gn basis

o acc1dents

Resgonse

',Deta1]ed ana]ys1s of the fa1]ure of non- Se1sm1c Category 1 equ1pment in
“the:reactor containment building have not been performed However,
"failure of any non-Seismic Category I equipment is cons1dered in

- continuing des1gn and evaluation activities. -

New Table 3.2-6 provides-a listing of non- ~Seismic Cateqory I systems
and components in conta1nment

Q040. 3-1 ) .
S ‘Amend. 30
Nov. 1976 .



Question 040.4 (15 6. 1)

Thirteen inner ce]]g have been 1dent1f1ed as conta1n1ng sodlum systems o
and requiring at least partial inerting. Section 15.6 does not prOV1de R
analyses which ‘consider all compartments It is indicated 'in Section = - "=

- 3A that each cell has‘been analyzed to ‘determine the functional des1gn o
requ1rements-—ce11 pressure, temperature and liner temperature--due S
to postulated accidents. The fo]]ow1ng information is required for -
each cell subJect to sodium sp1115 and pressure/temperature transients::

- a. Sources of sodium sp111(s) within each. compartment
identifying system, leak flow rate, duration, and
temperature of ]eaklng f1u1d

b;‘ Methods of evaluat1ng ce]] response 1nc1ud1ng ana]yt1ca1
techn1ques and mode11ng,

' o. Peak ca]cu]ated ce]] gas pressure and temperature,
N
d. Ce]] des1gn pressure and des1gn temperature for the
hot and cold liners.

Response:

a. Table Q040.4-1 summarizes the source, rate, quantity, duration

and temperature of the design basis spill identified for the inner

cells of the Reactor Coritainment 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 method 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 101A,

~ 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

~ 101A) and coupled with the highest temperature of a pipe in the cell

(the 1015°F hot leg pipe in cell 101A) for conservatism.

b. Ce]] responses to postu]ated sodium spills were. pred1cted us1ng
SPRAY-I, and SOFIRE-IT 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 descr1bed

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
' Qo40.4-1 _ Apri} 1977
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are not coupled codes, cell response to an event is .calculated by o , i
using SPRAY AND SOFIRE in sequence, and then separately. The case o B
yielding the highest cell gas- temperature and/or. pressure is used . S

“to obtain a conservative result. SOFIRE has -also-been used. to predlct L

temperatures in. the structural concrete surroundlng the cell.

'pool fires in the 1nerted ce]] atmospheres Beeause SPRAY and SOFIRE} L - ‘

: The assumpt1ons used in the SPRAY/SOFIRE ca]culat1ons are. out11ned
in the reply to Question 001.236.

C. The maximum design basis: leak rate of 8 gpm at 1015°F was ana]yzed
'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°F (assuming a 100°F ambient). The leak rates
‘for the remaining cells are generally much lower than 8 gpm and ‘would
- vesult in lower pressure and temperature increases. It is expected
that solidification of the sodium pool volumes would occur in a11
cases without damage to cell liners.

d. The cell des1gn pressure and temperatures are shown in Table

Q040.4-1. The maximum long term design temperatures for the cell
-11ners are equa] to -the cell des1gn temperature

P  Amend. 36 .
Q040.4-2 | March 1977 ' g



CELL STRUCTURAL DESTGN PARFETERS —— ' SODTUM SPILL DESIGN PARAMETERS

_ _ Des.Press.psi Temp.°F Floor . . ] [ SP9$$n§iql g?x. kizz T32?1m2p111 'Egolh
. Cell No. Fluid Source of Leak Surge #gég_ﬂf;engn- Opefation 55??-%i%1 é;ﬁa Tg?p. E;ﬁﬁitggﬁ (1) $$;:c;;g?(4) &Dlg?ﬁ ﬁgn. P Ga]? ) ogPM . Fg3 Fg.
Reactor Cavity TOTR Na 24" Dia. Main Coolant Piping ® 10 10 120 53,700 1257 1015 % 20 178 T8000 g 6.1 05
. Flowmeter Cell PHTS Loop #1 101C Na o " " f 35 10 180 120 53,700 . 310 1015 Ay 20 % 176 18000 8 69.1 © o ,22(5).
Flowneter £el1 PHTS Loop #2 1010 Na " " " " 3% 10 180 120 53,700 30 1015 A 20 . 176 . 18000 8 69.1 .22(5)
Fiowmeter Cell PHTS Loop #3 101E Na oo " " " * 35 10 .1'00 ‘ 120 53,700 - 362 1015 A-; ‘ 20 \ 176 18000 » 8 69.1 .19(5)
Overflow & Pri. Na Stg. Tank 102A Na 6" Dia. Sch. 40 Piping 210 180 20 '58,354 w03 8w Ay 975 E 176 32000 .15 21.1 03
R.V. Cavity Piping Pent. Area 1028 Na %m0 12 10 11§o.': ’ izphl._ - 68,364 . 2% 830 n 975 1 213 32000 15 21.1 .09
Primary Na Makeup Punp - : 103 Na 4" Dia. Na Makeup Piping 12 0 ,iso‘ ._ : 129@ - :3;422 o w7 830 . ; 300 { 292 17500 51 234 !09<;
Future Pri. Na Makeup & Pump 104 Na 4" Dia. Na Makeup Piping S22 10 e ’1zoﬂ'; a0 a5 830 Y 300 1oy 17500 s 2408
Pri. Ng-Makéyp”Pump'Valve Gallery (B) 1074 Na 4" Dia. Na Makeup Piping ~ 12 ?0";'.1891f_;.,. 12qf1 f 40967 . % 830 A " 200 73 17800 51 . 23;4 3  4053'
Pipeway & Valve Gallery - 1078 Na 6" Dia. DHRS Cooler S 1210 80 1200 49667 as0(3) 500 A 395 AETCI 17500 38 22.4 .05 -
"Pri. Na Makeup.Pump Valve Gallery (A) - 107¢ Na 4" Dia. Na Makeup Piping 1210 180 120 4h:067 266 880 A 300 Cma 17500 51 23.4 09
PHTS Loop 41 | S 3 Na °~ 24" Dia. Main Coolant Piping 3. 10 180 1205 ie529 1630(3) © 1015 A ‘ 20 ' E 76 18000 8 691 . .04
PHTS Loop #2 : oz L S L3010 ?802_ 1200 esgpe2 1630(3) 1015 A 20 % 176 18000 8 §9.1 L
PHTS Loop 43 123 Naoovomomn 010 180 1207 oyie00  1630(3) 1015 Al 20 [ 176 18000 8 69.1 .04
Nak CooTing Equipment 131 MNak 3" Dia. Sch. 40 Piping 12- 10 180 120, 5,239 253 150 B 3450 if' 1 700 .04 18.5 .07
>SP el L 12 10 180 120, 1,828 116 830 n 1030 | e 17500 .01 12.8 13
PTL Cell : at Nao1mom o mom 1210 180 12 y,223 % 830 A, 11030 { a8 17500 .0l 14.8 .16
PT1 Cel (Future) v 143 Na amomom e 2o To e 20 1,487 116 830 A, 11030 ( 348 17500 .01 14.8 13
Pri. Na Cold Trap (A) 1574 Na 2" " v wow , 12 10 180 120 - 202 830 T 2500 | 347 17500 .06 20.6 .10
Pri. Na Cold Trap (B) ,A 1578 Na o o2n v w 2 0 e 120 0475 w5 w0 A 2500 v 17500 .06 20,6 .07
Cold Trap Valve Gallery (a) 1570 Na 2"+ v moom 12 10 180 120 2,227 136 830 Ay 2500 ' % 347 17500 .06 20.6 15
Cold Trap Valve Gallery (B) 157 - Na 2" % oo 1210 180 120 2,005 155 830 A, . 2500 347 17500 06 206 13

38| Notes: 1. See Table 040.4-2 or 040.4-3 for termination of leak time sequence.

2. A1l cells are nitrogen inerted.

3. Floor areas shown represent the areas of the Towest elevation in the cells.
4

5

Time to detect derived from leak detection requirements in .PSAR Section 7.5.5.

Cell floors to slope to permit drainage back into PHTS cells.

‘ - | | o - - i ~ TABLE Q040.4-1

- _ - | P CELL PARAMETERS FOR REACTOR CONTAINMENT BUILDING

n040.4-3 Amend. 38
| ~ April 1977



“TABLE Q040 4-2
TERMINATION OF LEAK TIME SEQUENCE
 TIME LINE CONDITIONS A; AND A,

SENEL | - |
r:::IDErEmON N, FLON RATE Ay - BASED ON 100 GPM DRAIN & FREEZE VENT

| o g - BASED ON 50 GPM DRAIN & FREEZE VENT
] SHTOON - HX, FLOK RTE
::[ REVIEW FOUSE- O FLOW RATE) /10

2 : : o o
P_RO(EDURES - _(Mt\x. FLOW RATE)/10

. VENT (FIEEZE PLUG) (W\X FLOW RATE)/lO

SENIE2, L
DRAIN ( (mx LI RATE)/lO) )

NOTES: l See TABLE 040.4-1 FOR LEAK DETECTION TIME,

2, DRAIN TIME DEPENDS ON VOLUME IN LOCAL SYSTEM, BASED oN 50 axp 100 GPM DRAIN,.-

WITH (MaX, FLOW RATE) 10 LEAKAGE OCCURRING DURING DRAINING, SEE TABLE FOR
DRAIN TIME, : :

Amend. 36
March 1977

1 Q040.4-8
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TABLE Q040.4-3 |
E TERMINATION oF LEAK TIME SEQUENCE D
TIME LINE com)mon B o

SEE NOTEl S
E::]BErEcnm MAX. FLDWRATE B, - BASED ON MECHANICAL VENT

8 sumon - s e WWR“TE

* REVIEW OF CAUSE - __ (M, FLON RATE)/10

(21 PROCEDIRES - _ (WX, FLOW RTEVID

[:_15 MECH, VENT  _ (MAX, FLOW RATE)/lO
' SEE NOTE 2

DRAIN ( D 8 GPM)

. o : - A
IR T TRE T B S IR B B BN

NOTES: l SEE TABLE 040,4-1 For LEAK DETECTION TIME,
DmXN TIME DEPENDS. ON: VALUME. IN LOCAL SYSTEM.- ‘BASED oN 50 GPM DRAIN WITH
FLOW RATE)/lO LEAKAGE OCCURRING DURING DRAINING, SEE TABLE FOR DRAIN

TIME,

- .

(
s

Amend. 36

(. I.

March 1977
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‘Question 040.5 (15.6.1)

e. 'Prov1de the resu]ts of an ana1y51s of the pressure bu1]dup behind
- the hot and cold Viners as the result of sodium spills considering

air-gap heat up and the poss1b1]1ty of gaseous releases from the
concrete or other sources

Resgonse. )

5The cell 11ner des1qn 1nc1udes vent1ng space beh1nd the steel’ 11ner jThe:'

vent 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: wh1chl”3

allows the excess gas to travel to a non-critical area. This venting .=~ -
system will be designed to limit the max imum pressure buildup behind the L

~ Tiners to 1es§ than 5 ps1

R . Amendi'31
- Q040.5-1 Nov. 1976
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,ﬁQuest1on 040 6

“Figures 12. -4 through 1.2-9 indicate that hot ce]] ]1ners are pro- '

vided for portions of the Reactor Cavity, Primary Heat Transport
(PHTS) compartments, and sodium storage tank cell. Justify the partial
hot Tiner coverage provided in these cells and the exclusion of hot
liners from other cells containing sodium systems.

‘Response:

The current cell liner design concept is that of a fixed or "cold
liner;" i.e., there will be no- d1fferent1at1on made between "hot“
and "cold" liners.

Under the fixed liner concept, the'liner-isvfully restrained and

‘thermal stresses will be accommodated by inelastic strains in the
‘liner material. The design calls for prefabricated cell wall 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 Tiner will be

vented by prov1d1ng an air gap suff1c1ent to allow venting.

' ~ Amend. 24
Q040.6-1 o July 1976



@ S Q@stmn 040.7 (15 6)

The 1ntroduct1on to Sect1on 15 6, "Sodium spills at potential locations
other than those discussed in th1s 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.
- _Ident1fy these other spells and provide justification that the cell nressure.'
o "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
Tocations in the PHTS within the inner-cell system. Provide justification.
- for the exclus1on or e]im1nat1on of these ]eaks R

'_Resnonse.
‘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,
ana]yses of worst-case sodium sp1lls will be performed to evaluate the de51qn
margin, A _ :

The criteria for determ1n1ng the sever1ty 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 des1qn

- conservatively assumes that sodium/concrete reactions may occur. The cell "

. design thus considers additional pressure buildup because of the sodium/

~concrete reaction.and de1eter1ous effects of the: sod1um/concrete reactlon on
“the cell structure . .

_ : . Amend. 30
Q040.7-1 . . Nov. JQ?Gv



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.

Resggnse:

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

Amend. 64"
Jan. 1982
Q040.8-1 . ’



‘_Quest1on 040 9

For each sodium leak analyzed for conta1nment/ce11 response prov1de ‘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 - acc1dents 1n wh1ch fluid system character1st1cs

. affect the re]ease

'ﬁ.vResponse f“"

The sod1um 1eaks analyzed for conta1nment/ce11 response 1nc1uded in the

_PSAR were based 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 pr1mary
sodium system which has as its basis both the:leak 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 des1gn basis crack wh1ch is derived from the

fo]low1ng 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 theevent 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 pipe .wall prior to the accumulation of s1gn1f1-_c

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 s]1ght]y

" deeper than the Targest credible initial flaw did indeed exist in the pipe

a1though the construction and quality assurance requirements prescribed for
primary piping render such a possibility 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:cycle. The .

extended crack was then assumed to. penetrate the pipe wa]] 1nstantaneous1y,

' o . Amend. 30
a0 941 Nov. 1976
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over a.major portion of the ektended:]ength;.the,design.basis,crapk was -
conservatively estimated, on the basis of the penetrated crack, to have a. = = .
total length of 4 ‘inches. - = o S , R
"Having established the 4.0 inch crack as the source of the design basis.
leak, the leak rate was calculated as a function of the system temperature,
pressure and pipe size using the following equation for laminar flow through

‘the crack.

G a3 (20)% /g ESEE

where: rj =:inside pipe radius

3
o
1

r
o
0o

= craék;length = 4.0 inches-

I}

"modUTQs of elasticity for the pipe |

o+
i

'pibe-thickneSS'

P = internal pressure

s’odium_viscosi'-t'y._ S e L o ‘
This expression for laminar flow was applied-because-calculated leak rates- - R
~ were higher than would be obtained using the turbulent :flow:expression pre- . -
sented in recent cell liner meetings with NRC ‘and ACRS. For each spill -
‘postulated, the temperatire 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). . . L

and

. : - Amend. 30 - R
- Q040.9 -2. . . : ' Nov. 1976



Question 040.10 (6.2.4)

: For the RAPS surge tank cell, provide a 1eakage test program which 15 in
compliance with Appendix J of 10 CFR 50 or Just1fy the exc]us1on of th1s
cell from these requ1rements

Response:

The RAPS surge tank' has been re]oéated.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 requ1rements for the RAPS Cold Box Cell are 1dent1f1ed -
in PSAR Section 16.4.8. , - 86

v . Amend. 36
Q040.10-1 March 1977



@ Questwn 040.11 | | o N
o The fol1ow1ng tabu]ar 1nformat1on 1s requ1red for the 1solat1on system

~a. Type of valve used and 1ocat10n (1ns1de/out51de containment),

' b.  Indication of which valves will meet Type C test requ1rements ;.371,3i-

(and Just1f1cat1on for not requiring Type C tests on the -
others); . .

C. Line s1zes,

d. Qua]1ty group (safety class) and seismic c]ass1f1cation for
all piping, valves, or other components wh1ch form the is0-~ -
lation system boundary; _ _ .

'e. Actuat1on s1gna1(s) for each line;

f.  Valve pos1t1on with loss of actuation- power and for acc1dent
cond1t1ons

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
{i - indicated in Table 3.2-5, all theisolation valves, and ‘the piping between
‘the valves and the attachment to the conta1nment vesse] w111 be no less than
- ASME Code C]ass 2 (Quality Group B)

" Amend. 27
Oct. 1976

1Q040.11-1



’Quest1on 040. 12 (Table 6 2= 5A)

include isolation system valves. Cr1ter1on 57 spec1f1ca11y 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: Just1fy 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 des1gn

~achieves greater plant safety w1thout 1solat1on ‘valves.
., p'ResEonse. |

v»PSAR Sections 3. 1 3.5 and 6.2.4.1 have been expanded to prov1de the CRBRP
- Just1f1cat1on for us1ng the IHTS as an 1so1at1on boundary

. T " Amend. 30
M0z | Anend. 30

,It is not acceptab]e basis to merely state (Item 3) that the IHTS l1nes meet ,,b B
‘the requirements of .GDC 57 for the CRBRP, and therefore, are not required to



: 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 1n the question now
corresponds to CRBRP Design Cr1ter1on 46. _

The ass1gnment of the Nitrogen Supply Line (Item 11 in Table 6.2-5) 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 Samp11ng Line" to

be automatlc

P Arend. 37
Q040.16-1 March 1977



Question 040 17 (6.2. I 4)

_ Except1ons to Appendix J of 10 CFR 50 for Sect1ons III. A I III B.3,

111.C.3, and III.D.2 as given in Section 6.2.71.4 which const1tutes a

dev1at1on from the testing and acceptance criteria of this regulation, ’
are not acceptable. Provide a test program in Section 6.2.1.4 which complies -
Wwith the requirements of" Append1x 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. th1s type of measurement ~

Response:
AVSéCtion 6.2.1.4 has been revised to:
\

a) - withdraw the except1ons to IOCFRSO Append1x J, Sect1ons I1I. A 1,
III B.3, and III. C 3 _

b). Just1fy the except1on 'to Section III.D. 2

c) discuss the test<program for the containment vessel.

' o S Amend.'22-
Q040.17-1 : : June 1976



Question 040.18 (16. 4 3) .

Section 16.4. 3 dea11ng w1th Containment Tests, requ1res add1t1ona1 '
information: : -

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; .

c. Identify and justify any containment penetration
or iso]atidn‘valve which will not be ‘Teak 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 resu1t1ng from an
extreme]y un11ke1y event (sodium sp111 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 16.4.3.2 has been expanded to respond to items b,c, and d
of the quest1on

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 operab111ty and leakage of
the containment isolation valves (Section 6.2.4.1.).

Response:

'Seven 1nert gas process pipes penetrate the conta1nment bu11d1ng Two
“isolation valves are prov1ded 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 Tine 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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QUe§tion 040.20

There is no descr1pt10n of the conta1nment/conf1nement systems. This system
should be described in detail, e.g., plant areas served by the system should
be described, system diagrams prov1ded,,design bases described, fan capacities
and actuation times should be stated and justified.

_ResEOnse' o ‘ “

A deta11ed descr1pt1on of the conta1nment conf1nement bu11d1ngs was prov1ded '-34
in response to Question 130.74. : 1

The -annulus filtration system is described in cect1on 6.2.5, the Reactor Contaln-
ment Building -HVAC ‘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 o
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 capac1ty of ‘the
pressure maintenance fan is provided in revised Section 6. 2 5.

Amend. 49
April 1979

. Q040.20-1



Question 040.21

- Identify all potential containment bypass leakage paths and provide an S
evaluation of the allowable leakage 1imit. Discuss the tests which will be

- performed to assure that the design bypass leakage limit will not be L

- exceeded. Attached is Branch Technical CSB 6-3, "Determination of Bypass:
“Leakage in-Dual Containment Plants", which has been developed for the
review of 1ight water reactors. However, many of the positions.are-: . . ~ .1 -
-applicable to the CRBRP. Describe how the plant desgin meets this.position...

- Response:

- This résponse addresses- compliance with BTP‘CSB'G-B, "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 sgt4)‘_'
rounds all portions of the primary containment with the exception of =

- the base mat which is embedded in soil. Therefore leak rates‘less\thaﬁ

“the design basis leak rate of containment can be used. o
(2) The use of a pressure maintenance fan which maintains the confinement:
= v - 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.wi]l'not.Causé_a,f;

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 Hp0 during a containment isolation sequence will
be verified by preoperational testing. ' ‘

(4) The 1leakage 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
15 ;equired. The infiltration rate will be verified during preoperational

ests. _ : R

(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.

‘ , “Amend. 30
- Q040.21-1 © MNov. 1976



‘For each’ 1eakage path, a leakage rate has’ been determ1ned in a rea11st1c

“manner and the total leakage has thus ‘been calculated. The total 1eakage

from the containment is 0.1% per day and the allowable: bypass 1eakage

~is 1.0 of the tota1 ]eakage of 0.001 % per day _
‘S1nce at. ]east 40% of the Teakage paths are d1rect1y to’ the f11tered

~ reactor service bu11d1ng, a bypass -leakage value of .0006:wt % per 24 -

1)

(8)

(9)

hours will be used in calculating offsite radiological consequences.
(e.g. in respond1ng to Question 310 43) and sett1ng techn1ca] spec1f1cat1on

"11m1ts

AN of the bypass 1eakage paths 1dent1f1ed in PSAR Tab]e 6. 2 6 w111 o
be subjected to either Type Bor Type C tests in accordance with 10CFR50,

“Appendix J. Therefore the value of bypass Teakage will be tabulated
from data obta1ned from regular containment vessel 1eakage tests.

At the present time no air or water sea]lng systems or other 1eakage
control -systems are provided. . . . o -

The only systems for whlch cred1t is taken for belng c]osed to the
containment atmosphere to preclude bypass leakage are the sodium systems
which penetrate containment and which are designed to. Qua11ty 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
des1gn 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 evaluating: the. qua11f1catibn

of certain systems which are designed to Quality-Group C-standards. as-
closed systems. These systems will be identified when the comp]ete
listing of bypass paths is subm1tted on. 1/7/77 ' ,

Amend. 30 -

- Nov. 1976
Q040.21-2 ‘



' ‘Quest1on 040. 22 (RSP)

In response to 040.17 it is stated that the air locks w11] 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 monitor1ng system be provided Just1fy1ng
except1on to Appendix J's requ1rement for testing after each open1ng :

S
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-Tine 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 requ1rements specified for the design of the seals and
testing systems are as follows. :

@ -~ The seal at each door shaH 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 a1r space between it and its companion sea]

Further details of the on line test1ng system will ‘be provided as they
become ava11ab1e

- Amend. 30
Nov. 1976

Q040.22-1



Question 040. 23'

The spec1f1cat1on of containment ]eakage should be in terms of
we1ght 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 w1th
‘the requirements- of Appende Jd to 1OCFR50

- Response:

As can be seen from the following, a we1ght percentage leak rate

"has the same numer1c value as a volume percentage 1eak rate.

Pty = Test pressure
PAIRgpy = Density of air at test pressure

Weight of air leaked at test pressure .
Weight of air in entire vessel at test pressure

Weight Percent

(Volume percent) (Containment vessel volume) (palRept)
~ (Containment vessel volume) (pprpept) \ -

n

weight Percent = Volume Fercent

Sections 16.4.3.2 and 6.2.1.5 have been rev1sed to specify the conta1nment’r e

leakage rate in weight percent.

Amend;f30

Q040.23-1 | ~ Nov.

1976



 gyestion.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 '
acc1dents, extreme environmental conditions and natural phenomena". Therefore,
-in accordance with Criterion 48, justify the acceptability - and des1rab111ty

~ of using the IHTS as an isolation boundary as or1g1na]1y requested in 1tem
040.12. v ,

Resgonse ‘

PSAR Sections 3.1.3.5 and 6.2.4.1 have been expanded to prov1de the CRBRP justi- '
fication for using the IHTS as an isolation boundary. The previous response to

- Question 040.12 has been mod1f1ed to reference the sections describing this Just—
1f1cat1on _

\.

Amend. 29
Oct. 1976 -

Q040. 25-1



Question 040.26

1*Referénce the system design which shows the isolation arrangement fo}'each

line penetrating containment or alternatively provide an isolation valve
arrangement diagram for each penetration.

Response

Revised Table 6.2-5 and F1gure 6.2-10 show the isolation arrangemenf for
each line penetrating containment.

Amend. 31

‘ Nov. 1976
Q040.26-1



Quest1on 040 27

Provide Just1f1cat1on 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 th1s question is provided in rev1sed PSAR o
Sect1on 6.2.1.2,

B | " Amend.” 30
Q040.27-1 - Nov. 1976



Question 040.28

Provide the basis which Just1fies the assumpt1on that the conta1nment
isolation system (valves, operators, 1nstkumentat1on and .control
components) will be capable of performing its intended function in the
containment environment associated with. ybur 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 env1ronmenta] tests planned to
verify the performance of this equipment identifying the key parameters,
such as pressure, temperature, chemical composition, and any other wh1ch
may affect system funct1onab111ty L

AN

Response:

The assumption that the containment isolation system will be capabie of
performing its intended function in the containment environment assoc1ated
with the TMBDB (TLTM) scenario 1s 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 10b, PSAR Section 1.6)). Environmental qualification
requirements of the Containment Isolation System for design basis
accident env1ronments are d1scussed 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 qua11f-
ication for the containment isolation va]ves will envelope ‘the expected
TMBDB cond1t1ons

2a_ ‘ ' Amend. 60
Q040.28-1 Feb. 1981



Question 3

Since the CRBRP fuel will be of relatively low density, the subject
of fuel densification must be addressed. Emphasis should be placed
on experimental data that relates directly to pe]]et dimensions rather
than just microstructural appearance

Response:

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

R

1 Amend. 40
e-r ' July 1977 -



Quest1on 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. Regu]atory Guide 1.46 will be met by ana]yz1ng
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 wh1ch is app11cab]e to 1ight water reactors.

Response:

The'information'requested is incorporated in the revised Section'3}6,

e

Q110.1-1  Amend. 1
. July 1975



 Question 110.2 (3.6.2)

" The pipe break criteria in Sect1on 3.6.2 may not be comp]ete]y acceptab]e.,,_'e
-~ 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,
c]ar1fy 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.

Resgonse

The 1nformat1on requested is 1ncorporated in the changed PSAR page 3 6 2.

Q110.2-1 " Amend. 1
| July 1975




- Question 110.3 (3.6.4):

Section 3.6.4 is not completely acceptable. Prov1de the basis for the ;

~ statement that a single degree-of-freedom model is conservative for a pipe:

- whip ana1ys1s Specify your criteria and formulate a. dynamic ‘mode for both

the pipe and pipe restraints. State system conditions, pipe:and pipe . o
. restraint boundary conditions, forcing function time histories and, 1f appl1cab1e,
-"any impact and rebound. State if the analysis will be elastic or inelastic. - '
~If inelastic, ver1fy deformation compatibility. An acceptable guide for the
'dynam1c ana]ys1s is given in NRC Standard Rev1ew P]an, section 3.6.2.

. Response:

. Revised Section 3.6. 4 1 provides a descr1pt1on of methods and cr1ter1a to
be used in pipe whip analysis.

by

Q110.3-1

- Amend. 13 .

Feb. 1976 .



Quest1on 110 4 (3 6 5. 1)

- Clarify the des1gn cr1ter1a for the design *pjpe wh1p restralnts

" 'which -is discussed in Section’ 3.6.5:1 (3? of the PSAR. To be:

" acceptable, the design strain Timits for restraints should not
exceed .5 of the u1t1mate uniform strain of the mater1als of the

“" restraints.

ResgonSe:

_ This information can be found in revised Section 3.6.5.1. . {i@57[ o

Q110.4-1 | o Amend. 25

Aug. 1976 S



e ‘Quest1on 110.5 (3.9.1.6)

~ With respect to Section 3.9.1. 6(2), 1dent1fy and prov1de the bas1s for:

any dev1at1ons from Code Case 1592.

Resgonse.

The information requested'is incorporated in the changed PSAR bage 3.9-3;

Q110.5-1 | © Amend. 1
| July 1975



' Quest1on 110.6 (3 9. 2 2)

" The de51gn loading comb1nat1ons for ASME C]ass 2 and 3 components 11sted in

-Tab]e 3.9-2 are not comp]ete]y acceptable. Acceptab]e 1oad1ng comb1nat1ons
are: : , _

Upset Cond1t1on - Pressure + Dead. Nelght * OBE + Trans1ents Assoc1ated .f_
~ With the Upset Condition =

i Fau]ted Condition - Pressure + Dead Weight + SSE + Trans1ents Assoc1ated

- With the Faulted Condition. .
Response: v o , - B .‘ : 5 “VL -
.

Revised Secxion 3.9.2.2. contains the reqqired information.

’ Amend. 25
Q110.6-1 B Aug. 1976



;Quest1on 110 7 (3 9. 2 4)

Ver1fy that the 1nformat1on presented in Sect1on 5 3.2.1.2 —-Des1gn of

- Active Pumps and Valves, app]y to ASME Class 2 and 3 ‘active pumps and va]Ves |
:as well as Class 1 ' _

Resgonse _
The 1nformat1on prov1ded in Section 5.3.2.1.2 app11es only to ASME Class 1

~ “active pumps and valves.  For ASME Class 2 and 3 active pumps and va]ves
- the. 1nformat10n given in Section 3.9.2.4 and Table 3.9-3 w111 apply.

Q110.7-1  Amend. 1
- July 1975



N questwn 110 8 (3 10): g o
' © IEEE-344-1971, “Seismic Qua11f1cat1on of’ C]ass 1. E]ectr1ca1 Equipment
for Nuclear Power Generating Stations" which is referenced in Section

-3.10 of the PSAR is . not completely acceptable. ' Acceptable cr1ter1a
is conta1ned in IEEE-344- 1975 w1th ‘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 coeff1c1ent :
-analysis to account for multi-frequency excitation and multifmode o
- response should not be construed as. being acceptable in the )
. .absence of justification, since these provis1ons are inconsistent ,
with the general requirements as stated in Section 6. 6 1 requ1r1ng -
- that the RRS envelope the TRS. . L

~(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.

ResgonSe: A _ ,
£ ' IEEE 344-1975, "IEEE Recommended Practices for Seismic Qua11f1cat1on of
Class IE Equipment for Nuclear Power Generatmg Stations" will be used . -

as described in Section 3.10.1 for’ se1sm1c qua11f1cat1on by testing
:‘of Class 1 electr1cal equlpment _

In response to 1tem (a) and (b) above, Section 3.10.1 has been rev1sed 25;

Q110.8-1 o Amend. 25
» : o Aug. 1976



‘ eQuest1on 110.9 (6.3.2.1.2)

The 1nformat1on presented in Section 5. 3 2. 1 2 of the PSAR is not comp]ete]y
acceptable for the design of active pumps and valves within the Primary

Heat Transport System. Acceptable criteria are contained in NRC Standardv
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 quest1on has been added- to
Section 5.3.2.1.2.

1Q110.9-1 | Amend.. 1
' ~July 1975



C o Questmn 10,10 (5.0)

Prov1de the. cr1ter1a utilized to ensure that all supports for Category

I ASME Class 1, 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 spec1f1cat1on of maximum allowable
support deformation Timit for the most adverse 1oad1ng cond1t1ons in the
design specification for each act1ve component.

Response:

The criteria for stress limits for ASME Class 1, 2 & Q active components
and their supports to assure operability are conta1ned in WARD-D-0174
“CRBRP Act1ve Pump and Valve Operability Ver1f1cat10n Plan"

441

Q110.10-1
' Amend. 44
April 1978



Questlon 110. 11 (5 0)

Provide a list of 1oad1ng comb1nat1ons which w111 be used in the
des1gn of all ASME Class 1 systems, components,‘equ1pment and supports

in the Heat Transport and connected Systems.

Response

The information requested is conta1ned in rev1sed Section 5. 3 ] 1 of the
PSAR. -

Q110.11-1 Amend. 1 .
o Ju]y 1975



Q_est1on 110. 12 j__;)_

To be acceptab]e, the PSAR should present the spec1f1c criteria
which will be used to postulate pipe break location outside
containment and for those portions of piping which penetrate
conta1nment Acceptable criteria are contained in Attachment A.

Resgonse.

The specific criteria which will be used to postulate pipe break
location outside containment and for those portions of piping which
penetrate containment is provided in revised section 3.6 (see
response to quest1on 110.1).

Q110.12-1
Amend. 1

July 1975



Question 110.13 (3.9.1. 1)

_To be acceptab]e, the . PSAR shou]d present a descr1pt1on of ‘the pre= =~ .
“operational piping vibrational and dynamic effects tests: wh1ch will be -
»:conducted on all ASME Class 1, 2 and 3 safety-related piping. Acceptab]e
- criteria are contained in NRC Standard .Review Plan, Section-3.9.2, :

Dynamic Testing and Ana1ys1s of Systems Components and Equ1pment L

‘ Resgonse

- Regulatory Gu1de 1. 70 requested that. th1s 1nformat1on be: prov1ded in the.. >
_FSAR, and it is.presently planned to supply this information in the FSAR o
‘However, PSAR Section 3.9.1.1 has been expanded to prov1de 1nformat1on

"~ on the: preoperat1ona] tests.

RN

‘ o : - Amend



Question 110.14 (3.9.1.2)

To be écceptable, 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.
'Resgonse:

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.

bY

110.14-1 . Amend .
¢ Aug.

25

1976

125



Question 110.15 (3.9.1.3)

To be acceptab1e the PSAR shou]d present the dynamic system: ana1y515
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 conta1ned in NRC Standard Review Plan, Sect1on 3.9. 2

Response

The requested descr1pt1on of analysis methods and procedures are prov1ded :
in revised Sect1on 3.9.1.3. : ‘5

Q110.15-1 . " 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_Mechanica] Components.

Response:

- The information requested is 1ncorporated in the changed PSAR page 3.9- 3
~and 3.9-3a.

b

Q110.16-1 ‘ Amend.1
: July 1975



Question 110.17 (3.9.2.5)

Provide.in the PSAR,.the information‘reqUestedin Section. 3.9.2.5, ;‘
"Design and Installation Criteria, Pressure-Relieving Devices" of the
Standard Format and Content, LMFBR Edition. ..~
'-_Bésgonse: j» | | -
' Section 3.9.2.5 has been modified in response to"this_guestioh._.

N

o oQnoiz-r " Amend. 2
g . o - August 1975



.guest1on 110.18 (5 2.1. 2@

Provide in the PSAR, the 1nformat10n requested in sections 3. 9 2.7 and S
5.2.1.22, "Field Run P1p1ng" of the Standard Format and Content LMFBR o

- Edition.
'.nResponse _ 4
fvThere is no field run piping in the PHTS nor IHTS as 1nd1cated in Sect1ons
.5.3.2.3.4 and 5.4.2.3.3, respectively. E
| Revised Sections 5.5.2.3.3 and 5.6.1.2.3.4 prov1de the requested 1nforma—

tion for the SGS and SGAHRS, respectively.

a | | I Arend.. 1
S . _ July 1975

Q110.18-1



Question 110.19 (3.6, 3.6.1, 3.6:2)

Your intent to use the J.F. 0'Leary Letter of Ju]y 12 1973 for p1pe _
break locations, break sizes and orientations for systems 1ns1de and out-
side containment is not comp]etely acceptab]e State your intent to’ comp]y
with the latest criteria as specified in NRC Standard Review Plan (SRP) -
3.6.2 "Determination of Break Locations and Dynamic Effects: Assoc1ated
with the Postulated Rupture of Piping" for all systems in which breaks

are postulated. With réspect to SRP 3.6.2, include the: fo]10w1ng and

_prov1de 111ustraf1nns as applicable:

1) Provide the details to be used for piping penetrat1ons of conta1nment

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

fWithi“ 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 combinatidns.

4) Provide the design criteria to be used for flued heads and -bellows
expans1on joints.

5). Prov1de the. des1gn criteria app11cab1e to any guard pipe which is

ut111zed with the assembly.

~ Response:

CRBRP compliance with the J. F. O'Leary letter was discussed with NRC

as documented in Reference Q110.19-1. The response to question 020.4
will further document the CRBRP compliance w1th the intent of the NRC -
pos1t1on _

In response to the spec1f1c concerns 1dent1f1ed there are no. h1gh energy

piping penetrations in the RCB; however, the fo]]ow1ng discussion is

-provided for the IHTS containment penetrations:

_1) -F1gures Q110.19-1 shows the typical arrangement of the pipe penetra-

§1on The boundary of the containment shell is evident from the
igure.

A2)' There are no pipe rupture restraints for the intermediate bay side

of the penetrat1on

: ‘ Amend. 26
Quo.19-1 . | Aug. 1976



3) Design loading for the penetrat1on provides for the maximum fonces _
- -and moments which could be- 1mposed by the pipe. The- intermediate" p1pe _
is 316 SS in . hot leg and 304 S$S. in the.cold. Ieg. “There will be'a- o . .*\
transition weld between the carhon steel containment penetration: and " &
the 316 or 304 SS adaptor. The integrity of the assembly will be.
‘demonstrated against sodium spray by analysis demonstrat1ng confor- -
mance to the ASME Sect1on I1I Timits. , B -

A) The des1gn cr1ter1a for the qued head 1s A$ME Sect1on III CIaSSIIIT

5)"There is no guard p1pe 1n the copceptua] des1gn (as ev1dent from the
-.'attached f1gure) _ . :

" The fo]Iow1ng d1scuss1on IS provided for the compressed gas ch111ed
water and drain system p1p1ng penetrat1ons

() F1gures QIIO‘IQ 2 shows the typ1ca] arrangement of the pipe pene-
_*trathons which serve to provwde an extens1on of the conta1nment ‘

(2)‘These piping systems are con$1dered moderate energy systems and moment
limiting restraints for pipe rypture ]oad1ngs are not required.
- However, pipe stops/guides are prqvided within the penetration as- .
~sembly to 1imit moment Yoadings on the closure due to other norma]
design conditions.

(3)'Process pipe with1n the penetratjon assemin w1II meet the aIIowabIe '
'_ stress IeveIs and loading comhinations as required by ASME Sect1on III

(4) Bellows expansion joints and cIosure plates (or qued heads) will
vmeet the des1gn criteria of "ASME Section III Subsect1on NC. .

(5) Guard pipes will not be used.

The deta11ed configurations of other penetrat1ons have not yet been
determ1ned but will be similar in concept tq the IHTS penetrations .
~in that (I) a cylinder is welded to the containment vessel; (2) the
_process piping passes through the cylinder without guard pipes or piping-
rupture.restraints; (3) the design criterja for the penetration will be
-at. least as conservative as the criteria of ASME Section III, Class 2;
~ (4) np ‘expansion joints (beIIows) W1II be used except as necessary for
' test1ng purposes _

' Reference QIIO 19-1:

Letter S:L:653, P. S. Van Nort to R. S. Boyd, "Summary of QRBRP/NRC
_Meet1ng on P1pe Breaks Out51de of Conta1nment " March 3 1976.

- | ‘ Amend. 62 -
Q110.19-2 ~ 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 po1nt 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:

ZSect1on 3.6.4.1 prev1ous]y revised in response to Quest1on 110.3 has been

further revised in response to this question.

Q110.20-1 . o 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. : . ' o :

- Response:

Asymmetricai 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
Q110.21-1 - 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'v

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

kY

@

i | ~ Amend. 20
Q110.22-1 | May 1976



Quest1on 110 23 (3 9.1. 3)

The response ‘to Question 110.15 in the PSAR presents 1nformat1on 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 Regu]atory Gu1de 1.70) that this information is required

" in the PSAR.

(1) In. Sect1on 3.9.1. 3 prov1de a. d1scuss10n of the program planned for

the Clinch River Breeder Reactor Plant (CRBRP) which will verify

the structural integrity of the reactor internals due to flow- 1nducedA

"~ vibrations prior to commerc1a1 operatxon of the p]ant

NRC Standard Review Plan, Section 3.9. 2 "Dynam1c Testing
~ Analysis of Systems, Components and Equ1pment" outlines
"~ acceptable criteria in Paragraphs 1.3, I1.3 and III.3 of
that document. .

(2) In Tab]e I of Section 1.1.3 of the PSAR, the statement is made that
the intent of NRC Regu]atory Guide 1.20 is applicable to the CRBRP,
but the test1ng 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 Gu1de 1.20 and which will
be app11cab1e to the CRBRP. -

ResEonse

" In response to. thlS quest1on a d1scuss1on of the test1ng program planned

for the CRBRP has been prov1ded in the expanded PSAR Section 3.9.1.3.
Q110.23-1 o Amend, 25
_ o Aug.

25 .

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 seismic.Category 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 ls provided in reviséd Section 3.9.1.5.

Q110.25-1 Amend. 35

Feb. 1977




, N _Question 110.26 (3.9.2.4,.5.3.2.1, 5. 4.2.1, 5.5.2.1, 5.6.2.2)

(1) The response to Question 110 9 and the 1nformat1on in Sect1ons

L 3.9.2.4, 5.3.2.1.2, 5.4.2.1.2, 5.5.2.1.2, and 5.6.2.2.1.2 is
-unacceptab1e Provide add1t1ona1 1nformat1on 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 des1gn limits discussed in Sections 5.3.1.2, 5. 4 1. 2 ‘and -

- 5.5.132 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 requ1rements 1mposed on. Class ]
2 and 3 dctive components are discussed in WARD-D-0174, “CRBRP;

O Active Pump and Valve Operability Verification Plan".

Amend. 44
Q110.26-1 April 1978



' Question 110.27 (3.9,4.1.7,5.2):

Provide a 1ist 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, equ1pment 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 va11d1ty 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 d1s- :
cussed in revised Appendix A to the PSAR:

ANSYS
ASHSD2
CHERN
~ CREEP-PLAST
4 | 44
DRIPS -
DUNHAM's
DYNAPLAS .
» | 44
ELTEMP -
E0984A
E1682A -
FBRDSAP -
FESAP
GASP
GSAP4
HAPIT
 HYTRAN
Co KALNINS
- MARC
NASTRAN
NONSAP
SAPIV
SAPAGE
SPECEQ/SPECUQ -
SUPERPIPE
WECAN
WESTDYN -

44 -

Amend. 44
Q110.27-1 April 1978



Quest1on 110. 28 (449 2. 2)

" Section 3.9.2.2 in the PSAR references. the ASME Sect1on III Code and Code .
~Case 1606 for design requirements for p1p1ng These references ‘do-not - S
~ define the loading combinations for the various COmponent~operating‘condi-j_ .
“tions. Provide the loading combinations for all ASME Class 2 and 3 piping -
subjected to the normal, upset, emergency and faulted -component operat1ng g
 conditions (Reference the ‘Regulatory. Position on-Code Case 1606 in NRC :
- Regulatory Guide 1.84, "Code Case Acceptability, ASME Section III Design
"~ and Fabrication"). Lo - S _— : ‘

'”’”-Response

- Tables 3.9-2A and 3.9- 5 have been added and Sect1ons 3 9 2 2 and 3. 9 2. 3
have been revised in response to th1s quest1on .

BN

SR Amend. 17
Q110.28-1 o Apr.igze



Quest1on 110 29 (3.9.2. 3)

The des1gn limits for Code C]ass 2 & 3 (non- act1ve) va]ves given in Table

3,9-3 are not acceptable. Provide stress and pressure: ratlng limits which

are consistent with or no less conservat1ve than those given in ASME Code.
~ Case 1635.

Response:

- The response to Question 110.10 includes a revised Table 3;9-3. -Tab]é’3.9-4 ~
_ has been added and Section 3.9.2.3 has been revised to indicate pressure limits.

Q10.29-1 | . Amend. 17
: _ Apr. 1976




Question 110.30 (3.9.2.4)

Provide a sketch and a description of the design concepf.df 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.

g - Q110.30-1 | | |
O ' 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 concern1ng
design and installation of overpressure protection devices is not complete.
Acceptab]e 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 re11ev1ng devices which is cons1stent~

with Regu]atory Guide 1.67.

Resgonse

Sections 3 9.2.5 and 5.5.2.4 have been modified in response to this
question. The steam generat1on system has no ASME-III, Class 1 pressure -
relieving valves.

b

Q110.31-1 ' 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. o

- Response :

For -the desi?n of the reactor ihternal structures, seismic loads (Mecﬁan—

ical-. Loads) are considered {n 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-
Q110.32-1 . Feb. 1977



| Question 110, 33 (4.2.2. 2)

Provide a statement that the de51gn crlteria for ‘the core support
structure under all operating conditions are no less conservative than
those in Subsection NG-and Append1x F (F-1380) of the Code. Include
criteria for items in compression where the instability load may be a -

. s1gn1f1cant factor. State the type of analysis from which the component
' stresses will be’ der1ved o

. Provide assurance that the deformation 1imits applied to the design of
the reactor internals are sufficiently conservative to prevent inter-.
~ference with the funct1on1ng 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 requesteo 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 m1sa11gnment sources for the reactor refueling and operatlng _
conditions are shown in Figures 4.2-95A and B. : , |44 48

" Criteria for compress1ve_1oads and the type of.analysis'emp]oyed is
discussed in PSAR Section 4.2:2.4.1.1.

~ Final evaluation of each of the reactor internals components wil]xinc1ude'
- displacement calculations for all operating conditions in the stress
reports, and will be shown to satlsfy design ]1m1ts

Q110.33-1 o Amend. 48
' Feb. 1979 -



dest1on 110 35 {5.1.2)

Figure 5.1.3 1nd1cates 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. _

Resgonse° C o

The 1nformat1on requested for the PHTS bellows is prov1ded in the response —
to Question Q110.75. | | - | ‘315

| Ihs ;nzogmat1on requested for the IHx.bellows is provided in revieede§ection:

DY

Q110.35-1 - . Amend. 33
- Jan. 1977



Question 110.36 (5. 2.4.3)

In Sect1on 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 structura]
concept that may be substituted for the crush tubing.

ResEonse

Revised Section 5.2.4.3 prdvides the information requested. : ' 25

Amehd. 25
Q110.36-1 , Augf 1976



' Question 110.37 (5.3.1. 1)

The 10ad1ng comb1nat1ons for . C]ass 1 systems and components given 1n
the seismic loads paragraph of Section 5.3.1.1 in response to
Question 110.11 are not consistent with current NRC acceptab]e

. loading combinations.

Acceptable ]oad1ng comb1nat1ons for all ASME C]ass 1, 2 and 3 systems,

' -components, equipment and supports (including reactor 1nternals) are:

1. For the component upset condition:

Sustained Loads* + Transient Dynam1c Loads associated with
the upset cond1t1on + OBE.

2. For the component emergency cond1t1on
~ Sustained Loads* + Transient Dynam1c Loads assoc1ated with
the E mergency condition. :

3. For the component faulted condition:

Sustained Loads* + Transient Dynamic Loads associated with
the Faulted cond1t1on + SSE.

*Sustained Loads are loads such as pressure (for the app11cab1e
component operating condition), dead-weight, live loads and
thermal loads.

Revise Section 5.3.1.1 to be consistent with the above 1oading

» combinations. Identify the events included in the transient dynamic

loads associated with the applicable component operating condition.
Response: |

The requested information has been included in the amended PSAR Sect1on
5.3.1.1 and revised PSAR Section 3.9. :

. o . Amend. 35
Q110.37-1 _ _ Feb. . 1977



 Question 110 38 (5 3.1. 1)

In the se1sm1c part of Section 5. 3 1 1, 1t is stated that the OBE w111
be included in the Design Mechanical Loads for low temperature Section
III 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

Sectlon 5.3.1.1 to be consistent with this cr1ter1a

A.Resgonse

The use of NRE loadinqs in elevated tnmrarﬂfurp degion is dfscussed in

' L revised PSAR Section 5. 3 1. 1

hY

Qi10.38-1 ~ Amend. 35

Feb.

1977



Question 110.39 (5.3;2;3)d

It is stated in Section 5.3.2.3.1 that it will be demonstrated ana]y— : o
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. ana]ys1s, prov1de the

analytical methods to be used..

Response:

The response to this question ié provided in revised Setfibn 5.3.2;3.1;

Amend. 143”

oQ10.39-1 . 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 ahaiysfs'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 analys1s was prov1ded in

,Append1x A.

-Assurance of ver1f1cat10n of each code used 1n analys1s 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 approva] of the purchasing
organ1zat1on :

Q110.40-1

Amend. 23
June 1976



_ ~ 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 800°F, and is not 1identi-
fied as a camponent requiring creep-fatigue analysis. For those
upset, emergency, or faulted events leading to some time of the
check valve above 8000F, Code Case 1592 will be applied. The code
case is clear in its application, but the detailed anai:yses depend
upon the actually encountered conditions, and cannot be predefined.

' , Anend. 26
Q110.41-1 . Aug. 197



®

Quest1on 110. 42415 3.3. l) Pg 5 3 34

In d1scuss1ng screen1ng analys1s in Sect1on 5 3 3.1.1 of the PSAR, 1t 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- d1mens1ona1 ,
geometr1es Other simplified inelastic methods, such as the Bree or.
0'Donnel1-Porowski Techniques (Reference RDT Standard F9-5T), are
pseudo-elastic in that elastic ana]ys1s resu]ts are used to pred1ct
inelastic structura] behav1or

S1mp]1f1ea 1ne1ast1c ana1y51s 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 genera] supporting evidence apart from the spec1f1c
applications.

110.42-1 “Amend. 9
Q 4 _ _ Dec. 1975



Question 110.43 (5.3.3.1)

Section 5.3.3.1.2 is not compTetely satisfactbry. Identify the mechani -
cal components and equipmgnt requiring detailed creep analysis.

‘Response:

" Analysis of any component which has an operating temperature above 8000F
" must account for the time dependent materials properties. Components
in the primary heat transport system which operate above 8000F are the

hot leg piping, pump, and IHX.

PSAR Section 5.3.3.1 has been revised to so indicate.

b

Q110.43-1 Amend. 20

May 1976



.]Quest1on 110 44 (5.3.3.1)

‘In the dlscuss1on of -pumps in Section 5.3. 3 1. 5 1t is stated
that some computer programs have inelastic .capabilities.
Identify the programs having creep (v1sco e]ast1c) capab11—
ities which you 1ntend to use. A _

Resgonse ,
~ More spec1f1c 1nformat1on on the codes to be used for pump ana]ys1s.3” o
s prov1ded in revised Section 5.3.3.1.5. : BRER
Q10.44-1 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, v1brat1on and
- temperature fluctuation effects will be assessed along with the usual
load effects. State under which component operating condition (upset
emergency, or fau]ted) the pressure surge cond1t1on w111 be 1nc1uded

- Response:.

- The only 1dent1f1ed cause for a pressure surge in the. pr1mary system wou]d
_ be a check valve closure, following a pump mechanical failure. For des1gn

- purposes, the pump mechanical failure event is treated as an emergency eventfff5 :

In the- p]ant duty cycle (See Appendix B).

pY

Q110.45-1 | . Amend 12
‘Feb 1976



o -_.Questwn 110.46 (5.3.3. 6)

ﬂ;"In th1s section, it is stated that stresses due to the spec1f1ed temperature
-grad1ents are defined by

o ‘fE&ATj |

.. The resu]tant stresses will exist only in fu]ly restra1ned elements and
- do not account for thermal distortions. Provide the technical bas1s for
3u51ng this equation in v1ew of possible thermal d1stort1on. ‘

' Response N

”s~Rev1sed Sect1on 5.3.3.6.1,1 prOV1des the 1nformat1on requested. o f_,ﬂjZS' iA;

Q110.46-1 ' 7 Amend, 25
. "Aug. 1976



C ~ Question 110. 47 (5.0.2. 3) | | | e
In Sect1on 5. 4 2.3. ] 1t is stated that the peak pressure load in, con-f.
Jjunction with the ‘possible dynamic response will be treated as a static e
primary load set. Provide:the technical basis for making this statement. S
| - Response:

- - Section 5.4.2.3.1. has been modified to c1ar1fy that the use of a stat1c
‘analysis is for scoplng purposes only

Amend. 19

Qri0.47-1 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'tfansfer tube Teaks is'provided in
previously revised Section 5.5.3.6.

BN

Q110.48-1
. Amend. 14
Mar. 1976



Question 110.49 (5.5.2.4)

Prov1de assurance that dynam1c 1oads in the d1scharge lines from the -
. safety/power relief valves in the steam generation system include the
- effects of possible water s]ugs arls1ng from the 1oop seals, where
~app11cab1e

Resgonse: .
Since water seals are not used in connection with the steam/genérator

system safety/power relief valves, the discharge 11nes will not be sub-
- jected to water slug f]ow

AN

Q10.49-1  Mar. 1976

Amend. ::]4, R



Question 110 50 (5. 5.3. 6)

:In Sect1on 5 5.3.6 it is stated that the sod1um/water react1on 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. R

.~ bubble will proceed on]y through the 'SWRPRS p1p1ng and not through the main sod1um, 5
line. N A | E

L Resgonse

o The paragraph t1t1ed'Resu1ts‘1n Section 5.5.3.6. 2 has been rev1sed 1n response o
to th1s question. A A

qQuie.s0-1 - Amend. 14
» Mar. 1976



'Question 110.51 (3.9, 5.3, 5.4, 5.6)

Prov1de a statement or tab]e 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 cond1t1ons 1dent1-
f1ed 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. A1l ASME component supports.
constructed to the rules of Section III, Class 1, 2 or 3 will be
designed to satisfy the requirements of Subsect1on NF, Class 1, 2,
or 3, respectively. For Class 2 and 3 component supports exp]1c1t
criter1a for all conditions are spec1f1ed 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 requ1red
statement for PHTS components.

Q110.51-1 Amend. 17
B . Apr. 1976



Questlon 110 52 (3. 9 5.3, 5.4, 5 5, 5. 6)

Ident1fy and prov1de the techn1ca1 basis for the var1ations in your
program for the inservice testing of Code Class 1, 2 and safety- re]ated

. 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 Rev1ew P1an. Sect1on 3.9.6, "Inservice Testing of Pumps and
Valves". o :

Response:

‘Inservice Testipg»of'Pdmps - 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 P]ants is presently - '

being prepared and will define test requirements. It is expected that
Inservice Testing for'CRBRP will reflect the intent of this code.

_ Inserv1ce Test1ng of Va]ves - An Inservice Test1ng program for valves

will be 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 Test1ng

Amend. 23 -

Q110.52-1 . | ' June 1926'



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
ITI 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:

Ry

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 1Qb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
w1thdrawn in Amendments 24 and 60 respectively. Since an HCDA is not a
Design Basis Accident (Reference 0110.53-1), CRBRP need not meet the
Faulted Condition requirements of the ASME Code during the HCDA loading.

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.

Amend. 60

Q110,531 Feb. 1981

60

60



Question 110.54 (5.2.4.4 ye]]ow)‘ ‘

Q \ ' - Section 5.2.4.4 (Amendment 5) is not entirely acceptable. A
-»v description and function of a margin seal must be provided.

Response

- The additional description, function and details of the marain
seal are provided in Amended Section 5.2.4.4 and Figure 5.2-7. - |60

32

® | ©Q110.54-1 Amend. 60

' Feh. 1981



19}

- all considerations given Hypothetical Core Disruptiye Accidents into-
report CRBRP-3 (References 10a and 10b, PSAR Section 1. 6) and its asso-

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 determ1ned Indicate these locations in

_Figure F6.3-4.

Response:

This question requests c]ar1f1cat1on of information wh1ch is no longer
a part of the current documentation. The Project has since consolidated

ciated references; consequently, PSAR Appendices D and F have been
withdravn in Amendments 24 and 60 respectively. 60

Amend. 60
Q110.55-1 - ' Feb. 1981



‘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
1nc]ude system components such as pumps and valves.

Resgonse: N

The CRBRP Project has consolidated all considerations given Hypothetical
Core Disruptive Accidents into report CRBRP-3.(References 10a and 10b,

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 quest1on is now found in Section 6.1.2.2 of Reference
10a, PSAR Section 1.6. _ _ 60

, Amend. 60
Q110.56-1 Feb. 1981



Question 110.57 (6.2.7.3.2 Ye1104)

The External Cooling System (ECS) must be described in greater detail: than

that described in Appendix F. The description should contain the funct1onal v;:ty :

details of the system, loading and operating design criteria, operational
testing methods, and the explicit codes and standards to be ad;pted

Response:

With the deletion of the Parallel Design in Ahendmeﬁfbé4 this question
is no longer applicable as the features upon which the question is based
are no longer a part of the design.

Nov. 1981

é‘ o S Q110.57-1 ' Amend. 62



@ 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 components and 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

1 Ident1fy the failure modes which are expected to dominate the component
design and the 10ad1ng conditions associated therewith

2. Indicate the degree to which elastic, s1mp1 fied inelastic, detailed .
inelastic, and creep methods of analysis will be used in design
iterations. Also, summarize the time-dependent and cyclic structural
analysis that wi]] be performed. Describe the basic details of these
methods and state the primary assumptions associated with each

-analysis. Indicate how component degradation over the 1ife of the
* component will be treated in the analytical methods.

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

4. Ident1fy and br1ef1y describe the major computer proqrams which may be
used in the various analyses. (Ref Quest1on 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 11sted in response to NRC question
110.27 and Appendix A of the PSAR.

110.58-1 '
Q Amend. 26

Aug. 1976



 Question 110.59 (3.6.1.1) |
Section 3.6.1.1 needs to be clarified. Ind1cate the p1pe ‘break criteria

Pump to the AFW isolation valves and from the turb1ne drlve steam supp]y
1solat1on valve to the turb1ne dr1ve

Resgonse

Section 3 6.1.2.1.1 was mod1f1ed in Amendment 27 to. spec1fy ‘the cr1ter1a

~used. for the subJect p1p1nq runs w1th regard to- p1pe breaks

" to be used in the design of the piping runs from the Auxiliary Feedwater

Amend. 31

- Q110.59-1 L  MNov.

1976

N



{ggestion no 60 (3 6. 4)

JIA'The response to item. 110 3 is not complete Sect1on 3 6 4 1 only describes
-the methods used to calculate the jet 1mp1ngement loads " Provide a complete
vesponse to item 110. 3 ' _

 ‘Response:

A rev1sed sectlon 3:6.2 is 1nc1uded to show the latest p1pe break cr1ter1a.
‘for the steam/water piping. Section 3.6.4 has been: ex tensively updated to
- include a:discussion of the Pipe Dynamic Analysis (PDA) computer program

~ including forcing functions, calculational modes, and problem modeling.

Coadet implngement geometry for quillotine breaks -has been revised to follow
‘Moody's expansion model. Section A.69a has been added to Appendix A to

' 1nc1ude a. .description of the PDA computer program

L)
N

Qo.60-1 | ' Amend. 34

. Feb.

1977




Quest1on 110 61

The responses to 1tems 110.6 and 110.11 are not acceptable ‘It is

the staffs' posxt1on that the acceptable loading combinations which .
were ocutlined in item 110.6 are applicable to all ASME Class 1, 2

and ‘3 components in the CRBRP regardless of whether they are h1qh 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
Toads. 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.

Q110.61-1 " Amend. 35
- Feb. 1977



With respect to the response to Question 110.13, the staff will kequfhé>f S
- that the preoperational vibrational and dynamic effects test program -

be conducted on all high energy piping systems which are not classified_és"

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

“be’ 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
Q110.62-1 | » - Nov. 1976



Quest1on 110 63

~Justify the 1/3 increase in stress limits for emergency cond1t1ons as’

1nd1cated in Note 3 of Tab]e 3. 9 3.

ResgonseI

The design of'class_Z and'3 linean type supports by-ané]ysis is gbvefnedn.

detailed in Appendix XVII of subsection NA. In paragraph NF3231.1 for .
elastic analysis, it is specifically stated that a 1/3 increase over the
design, normal and upset stress allowables is permitted for emergency -
cond1t10ns » Table 3.9-3 has been modified to so note.

5ﬂhby sub-paragraphs NF3330, NF3230 and NF3400 of the ASME Code. The rules
‘so defined are essentIally identical to the AISC requirements and are

- Amend. 29

©0110.63-1 | Oct.

1976



'_Quest1on 110 64 =17>

" The response’ to 1tem 110 10 is not adequate. The response references'théf':_~“
‘stress criteria spec1f1ed in-Sections 3.9.1.6 and 3.9.2.3. Indicate how j

these stress criteria:can be 1nterpreted to insure that Category 1 ASME . _
Class 1, 2 and 3 active. components will be designed so that they will not>'

deform to the extent that would 1mpa1r the requ1red operability of the
~active components. Provide'a comparison of maximum allowable support

- deformations . for act1ve components with calculated support deformat1ons

Response

A discussion of the ca]cu]ated deformations and deformation criteria for
-active component supports and the adequacy of the criteria to ensure B

| operability of .the components is provided in WARD-D- 0]74 "CRBRP Act1ve:
"Pump and Valve Operablllty Verification Plan".

44

Amend. ‘44

Q110‘6441' Apr11 1978



','Quest1on 110 65

The. responses ‘to. 1tems 110. 7 110.9, and 110 26 (part 1), are: not- comp]e-
tely acceptabTe. -~ The staff does not:concur-that the information. presented
~in the' PSAR: meets.. the ‘intent of NRC .Standard Review Plan, Section 3.9.3

V “with respect to-active pump and valve operability. .In: add1t1on to the

~information in Sections 3.9, 5.3, 5.4, 5.5 and 5.6 of the PSAR, the
staff requ1res, as-a minimum, the fo]]ow1ng

1. A program to demonstrate the operab111ty of all ASME Class 1, 2 and

3 active pumps and valves in the CRBRP which is at least equ1va1ent
to that presented in the Catawba Nuclear Station PSAR, Amendment
15, pages QP -4A 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 cr1ter1a out11ned in NRC Standard
ﬁRev1ew Plan, Section 3.9.3, Paragraph II. 2 c,."Des1gn Spec1f1cat1ons

Rev1se Sections 3.9.2. 4, 5,3.2.1,2, 5 5 2. 1.2 and 5.6.2.2.1.2 to 1nc1ude
the above commitments.

Resgonse:

1. The CRBRP orogram to ver1fy the operability of active componénts
- is provided in WARD-D- 0174 "CRBRP; Active Pump and Valve Operability.
'Ver1f1cat10n Plan".’ . ST S '

| g

2.  The intent of Sect1on 11.2.c of SRP 3.9.3 will be comp11ed
w1th _

:Q]]0.65-1 T - Amend. 44
- ' ‘ “April 1978



Quest1on 110. 66 (3 9.1. 3)

It is stated in Sect1on 3.9.1.3.1 that a spec1f1c v1brat1on test of an

__»appr0x1mate 0.248 scale model will be conducted. Table 3.9- 7 compares. i
~'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 R

' and the prototype C]ar1fy the s1gn1f1cance of Table 3. 9-6

Response:

Sectioh;3;9.1,3.1,hds;beén modified in response .to this~qdestiong -

: ' L Amend 30
Q110.66-1 - o | - | 1976



@ - Question no 69 (3 9, 1 6)

f7The response to Item 110. 16 is TnsufchTent In Section 3.9.1. 6, it is stated ,,:'155

.that sufficiently low 1imits for normal, upset and emergency condftions are
“used to assure that the dynamic elastic system analysis is-not 1nva11dated

It is also stated that inelastic and 1imit analysis methods may be used. C1af?fff;;5

~ify this statement. A]so, prov1de the ba51s for spec1f1ed deformat1on 11m1ts

ffResEonse

- The 1nformation reduested is providediin'revised-Section,3,9;}.6'ef the PSARr;;i*::77

Q110.69-1 S Nov. 1976



Question 110. 70 (3 9.1.6)

Provide a summary table of des1gn 11m1ts for a]l C]ass 1 act1ve pumps and
valves. . _ _

: VResEonSe

Section 3.9.1.6 has been mod1f1ed and Table 3.9-9 has been- added to prov1de
the des1gn Timits for Class I active components L v

: : Amend.'29
- Quo.70-1 . Qct. 1976



Question 110.71 (5.3.3.5)

It is indicated in Section 5.3.3.5 that the 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

- oyer the range of plant operation (0% to 100% power). " Based on a ‘survey
o the \ over the entire operating range, the Timitina point in the IHYX

15 at the top tube sheet and at 100% power. o ' :

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 Toop 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 ana1ys1sx

of this conditfon s 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 will be. .=

evaluated and the cover gas pressure requirement can be lowered if the systemij.f
characteristics warrant it. R o

" The 10 psi differential at the top tube sheet assures that there will be

a positive pressure differential at all points in the IHX, taking into_
account the pressure tolerances and flow characteristics in the IHX. The
10 psi requirement is adequate because primary sideIVe19cit1es are sma]].'
‘and the overall pressure drop of the IHX on both the.pr1mary ang inter-
mediate sides is approximately the same as the 10 psi differential. ‘

Amend. 35
: Feb., 1977
Q110.71-1 o



. Question 110.72 (5.3.3.6)

The responsé to Ttem 110.46 is not adequate. It is true that the in-
duced thermal stress in a long cylinder with linear tempera;ure through
the wall will be ' ' : =

' _E:a.(AT)

al = ]

A o e

| Hoﬁever,’it is stated in Section 5.3.3.6 that this stress is applicable -

to elbows. Verify your justification of this thermal stress equatiqn"_:v 1£_; "'

for elbows.
fResgdnse:N

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

(1ess 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 NB-3653.1, Section III at tne ASME
Code) allows use at the above equation for most piping products, including
elhows.  A11 applications at the above equation to the CRBRP primary. and

intermediate piping, including elbows, are well within the above
restrictions. , - : '

Amend. 30



-Quest1on 110.73 (5 5 3 6)

- Section 5. 5 3.6.2 states that it is expected that the sodlum flow in the pump

suction line will reverse before the gas bubble. reaches the pump.  Discuss
the ‘consequences and potential 1nduced 1oad1ng on the pump and motor if the ;

- gas bubble does reach the pump

Response:

: Sect1on 5.5.3.6.2 has been updated to d1scuss the consequences of a gas v
bubble reach1ng the pump L S .

i - Amend, 31
Q110.73-1 | . Nov. 1976



"Resgonse’

: The dlscuss1on is Section 5. 5 3.6. was 1ntended to provide support for thei

Question 110.74 (5.5.1.1)

The response to.item 110.48 is- ndt adequate. - Indicate the'feaéon1ng why .- |

. the assumptlon was made that a guillotined tube will cause the. .equivalent. S
. of six additional guilloting tubes ruptures. The discussion in section .= ' . . "
5.5.3.6. can lead one to believe that more than six tubes cou]d fa11 from :

overheat1ng in a few seconds.

RN

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

sys;em pressure 51nce they will be vented to the atmosphere through thé
SWRPRS

© Section 5.5.3.6. has been expanded to clarify this position.

| ‘ Amend. 30
Q110.74-1

Nov. 1976



9uest1on 110 75

The response ‘to Item 110.35 1nd1cates the ana]yt1ca1 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: prov1ded and reviewed to support the PHTS integrity argument Prov1de1"-~“
this cr1ter1a in the PSAR ' g

Response

~Except for the bellows separat1ng the PHTS sodium from the IHTS sod1um -

in the IHX (discussed in PSAR Section 5.3.2.3.2), there are no.bellows in tne

. PHTS coolant boundary There are no bellows in the PHTS piping runs, thus no
E be]]ows impact the p1p1ng 1ntegr1ty argument. _

‘The be]lows (other than the. IHX beIlows) 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 th1s be]lows

S - Amend. 30
R Nov. 1976



f:Quest1on 110.77 (5. 5. 3, 10 3)

.;'W1th respect to the main steam isolation and stop va]ves d1scussed in -

Section 5.5.3.1.6 of the PSAR, demonstrate the design adequacy of these BRI

-~ valves .to perform their functlon during a postulated pipe rupture. D1scuss:
‘the analytical methods -and procedures used to calculate the impact energy i

and the resulting stresses and strains in the disc and any other parts

- of the valves which are subject to closure impact fo]low1ng a postu]ated

e»rupture or a spurious c]osure of the 1solat1on valve.

‘.Resgonse

' The method of determ1n1ng the design adequacy of 1solat1on va]ves wh1ch
must close under normal or pipe rupture fluid conditions, . has been added

. to Section 5.5.3.1.5. No response is provided for Sect1on 10.3.1, since

- -reference to the main steam isolation valves was removed from the main-

| fdsteam supp]y system by Amendment 14.

- Amend. 30
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-The response *o Quesflon 110, 58 Is. unsaflsfacfory.. The sfaff musT be assured

that“the methods to be .used -In:dynamlc-and-static: analysis-to. determine’ ‘the
structural -and functional. Integrity of Selsmlc Category - 1--components: and
supports.are adequate, - ‘Of principal concern-is theiassurance ‘that the:

| -analytical models will adequately represent-ithe :physical sltuatlons: of.”_
 concern, l.e,, proper fallure modes (static and creep-fatigue rupture;

vibrational distortlons, stability and deformations), adequate consflfuaflve
relaflonshlps (elastlic, ‘inelastic, viscoelastic, degradation with +ime);,.
compaflble boundary condiflons, reallsflc componenf maferlal properfles.

Also of concern to the staff Is the adequacy of fhe compufer programs +o
produce  sound-quantitative results, ' Some:recognlzed computer -programs ‘are
capable of producing .excel lent:-results for one.class of component-models -and
posslbly ‘not .provide accurate results for others;. Convincing evldence mus+ be

'apresenfed fo dehonsfrafe fhaf the compufer programs used really are adequafe.

Supporflng fesfs are. generally requlred fo directly verlfy +he sfrucfural
capabl | [tles of components, and to conflirm the analytical methods used. Such
tests can be elther component model or prototype tests, - The staff musf be
assured that such fesfs Indeed accompllsh thelr purpose.

in¢lude the lnformaflon In lfems 1 fhrough 5 below for fhe followlng HTS

~ components: -

. Reactor Vessel
Pipling Systems
PHTS 'Pum’p -
WX
IHTS Pump‘
Superhea+er-
Evapora+or'
Line Values_
Pressure Rellef Valves | ‘
1. ldentify the speciflc fallure modes which are expecfed-fo gomlnafe'fhe
~ component design and the loading conditions associated therewith. For

larger and more compl Icated components several critical areas will arlse.
Idenflfy the fallure modes for each of these areas.

o © Amend. 76
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2. ‘Indlca+e the degree +o whlch elasflc, slmpl!fled lnelasflc, defatled _
~ Inelastlic, and visco elastic (creep) methods of analysis will be used in-
- ~deslgn- I'nteractions, Also, summarize- the time: dependenf and: cycllc: - .-
~structural ranalysl's that wlll be ‘performed, -f.e.; vibration,: sfablllfy,.»
and creep=fatigue analysis. ‘Describe the basic detalls-of these: methods.

. State:the primary assumptions.assoclated with-each analysis. .Indlcate: hou
. component ‘degriadation over - llfe of fhe componen+ wlll ‘be - freafed ln the .
analyflcal mefhods.,.m»::\ SO _ . R PR SR

3. ldenTIfy and summarlze +hose s+ruc+ura| fesfs fhaf w!ll be.performed ln
support of the analysis.methods or the: actual verlflcaflon of the: -
»componenf sfruc*ure In lleu of analysls. o '

4, -Indlcafe how analys!s or fesflng ‘of - componenfs from ofher prograns, such
-as the FFTF; will be adapted Into the overall-: procedure ‘to:verlfy. the.:
--adequacy. of CRBR:component deslgn, Summar!ze ‘or:reference the. methods

used, assumpflons made, and the results of such'analysis or.tests, If fhe
‘analysls or test has not been performed, summarlzed fhe approach to be
used In fhese prograns. v . E Lo _

5. Idenflfy and brIefly descrlbe fhe maJor compufer programs whlch wlll be
- used Tn the varlous. analyses (Ref; :Question:110:27)., -The adequacy of .
these programs for specific appllcaf[on must be provided.

The following material In this response deals with satisfactlion of ASME :Code
Requlrements. These components also have been analyzed for Structural Margin
Beyond the Design Base (SMBDB) condltlons as discussed In Reference 10a of
PSAR Secflon 1.6. _

) ‘ _ . Amend. 76
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‘The RV is a fop rlng-supporfed cyllnd_lcal structure. \7:1‘”{ff\_
bottom head.. It is roughly 57 feet long with a dlameferxof,abouf

The.. vessel walls and ouflef makeup, and overflow nozzle penefraflons are

loadlng: .condlttons from: the assembled reactor.. vessel and- closure head to, the.

The mefhods used '" *thSfa* ,n,_dynamlc analees of fhe Reacfﬂbfa

summarlzed In +hls response.

r.1.sph

The- sodlum-con?alnlng ;portion: is.all. sfalnreSSgsfeer~de gned-
ouflef plenum reglon and 775°F ln fhe Inle* p num: regfon. . - Tt

low-alloy forglngs.- .There-1s an Inconel 600 *ranslflon S
low—al loy - forglngs at. +he_;op and fhe sfalnless sfeeﬁm,u.
vessel. : - A

cooled by primary .sodl.um:coolant: bypass-flow - to. keep the. steady-state.. metal -
1empera+ure below. or equal o 900°F during normal operaflon .and .to.reduce. fhel-
rafe of vessel wall fempera+ure change durlng operaflon franslen?s._;3v~ S
The RV Is supporfed from lfs upper end., The vessel supporf sys+em o '
accommodates- dead welght, selsmic: Ioads, and.forces. hypothesized: under margln

reactor cavity wall *hrough the suppor+ ledge.

The RV 1s.designed and analyzed: to the Class 1 requirements of the ASME. Code,
Section |11, and Code Case 1592.  In addlflon, simplified Inelastic.and =
detalied Inelastic methods that:are:used.conform:to. the: requlremen'l's 0
Standard- F9-4T and fhe guldellne jof RDT Sfandard,Fg 5T ' '
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| :“ .

Analyses of fhe RV reflecl bofh flme-lndependenf and flme-dependenf maferlals
properties and structural behavlor (elasllc and lnelasflc) by conslderlng +he
fol lowing-fallure modesz c ST _ _ v

Ducflle rupfure from shorl—flme loadlngs
Creep-rupture from long-ferm loadlngs
-Creep-fatigue fallure- .
Gross distortion due fo lncremenfal collapse and rafchefflng
”Buckllng due +o shorf—ferm loadlng ' _ :

Speciflc fallure modes ‘eritiéal +o the varlous reglons of fhe vessel are
addressed lafer In fhe descrlpflon of the correspondlng analyses. 7 :

: _ : ,

The loadlng condlflons whlch mosfly confrol fhe deslgn of +he RV are: the
selsmlc loadlngs -and ‘the thermal*- loadlngs (transtent and steady-state - “
condltions). The seismic loads primarily affect the -slzing of the upper '
assembly and the core support cone. . The thermal loading Is critical for the

elevated temperature parts; the vessel:-thermal |iner, makeup ‘nozzle brldge
_ Flner, and the outlet nozzle: assembly. - These parts wlll experlence’

through=thickness and -axlal +emperafure gradlenfs bofh durlng sfeady-sfafe and

transient condlflons.

Analysls of fhe RV has been subdlvlded ‘I'nto overall syslem analyses and.
analyses of several dlfferent reglons- or components ‘of the RVi. In: addlflon,
analyses have been sequenced as slizlng or conceptual design verlflcation,
prel iminary detalled, and flinal. analyses. The princlpal features and . :
anticipated critical fallure modes assoclated with each of ‘these analyses ls
discussed in detall: below. ' - :

D_e_algn_cg.ndj:t_l_ens

This analysis covers the basic sizing for all the parts.of the RV. The »
loading conditions to be considered for thls analysis are the design and test
condltlons of Subsection NB:AND Code Case 1592 of the ASME Code.. ' Paragraph.
NB-3112 defInes the design condltions for the low temperature parts of the
assembly -as design pressure, design +empera+ure, and design mechanlcal [oads -
(e.g., design pipe loads). The design conditions for the elevated temperature
parts are def ined In Paragraph 1592-3113.1 as the design parameters for normal
conditions. The effects of earthquake .are not consldered as a design
conditlon load for elevated femperafure parts. Test conditions are deflined in
NB-3114 and 1592-3113 7. ' ’

0110, 78RV~ - Amend. 76
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The analysls consists of dividing the vessel Into simple shell, plate, and. -
‘beam segments and calculating the prlmary membrane and bending stresses uslng
convenflonal; elasflc, hand* +echnlques. “Nozzle- relnforclng calculaflons are
Included. The"effects of plpe loads on the nozzle and shell are considered
The stress |imits are the al lowable stresses defined In NB=3221 and - S
'1592-3222 l of fhe Code. Approprlafe envlronmenfal effecfs are consldered. o

Highest: sfressed areas are’ fhe nozzles (plpe affachmenf area) and fhe
nozzle~to~-shell Juncfures. Deslgn plplng loads are. fhe slgnlflcanf sfress ,
confrlbu‘rors. R , 3 R e St

Thls analysls conslders The defalled selsmlc and sfress analysls for fhe 'ofali
RV assembly. I+ is analyzed with the response spectra developed from. +hew@@m '
.response motion at the location of the. support ring. The reactlions: Imposed’
upon. the RV nozzles by the plping are determined: by using: the stiffness: s o
matrices due to the piping system. A mathematical mode! of The lower reactor
Is used to generate loads for all selsmic conditions., . The deslgn criteria-are
esfabllshed in accordance wlfh +haf sfafed in Appendlx A fo Secflon 3. 7 of fhe
PSAR. : : : _ e e

PR

The RV assembly Is. analyzed by a defalled dynamlc analysls uslng fhe response
spectra loading., The 3=D fInlte element method is used to establish a- -~ s
mathematical model of the RV assembly. The structure is divided Into a‘finite
number of appropriate elements, such as beam and plate elemenfs, which are
Interconnected at a finite number of: Joints or ‘nodal ‘points; These indlvidual
finlte elements are then assembled Into a’ simpllifled mathematical model :under
“the variational prlnclple preservlng +he shock energy absorp+lon capaclfy of
fhe fofal sysfem.-' SRR e . i =

The selsmlc analysls ls performed conslderlng +he selsmtc moflon +o be acflng
In the vertical direction and In two orthogonal horizontal axes. The: analysls
s performed lndependenfly In each: of the. two horizontal-directions:and::. .
vertical directions. Finally, the combined modal: responses obtalned for" each
of the vertical and horizontal slesmic loads are comblned individual ly-by:the
square rooT of fhe sum of the squares. '

.Fluld-lnduced vlbraflon Is lnvesflgafed at fhls s+age for +he Ilner, ouflef
nozzle sleeve, makeup nozzle sleeve, and Inlet nozzle flow deflecfor +o e
de‘l'ermlne fhe pofenﬂal for vlbraﬂon due 1'0 fluld flow.». e

The adequacy of fhe deslgn ls derermlned ln accordance wlfh Secflon III of +he
Code.” The RV assembly. Is-designed to' Insure a safe-shutdown during and after

an SSE. To meet this condltion, the RV shall nof exceed +he llmifs of Secflon
i of fhe Code for faulfed condlflons.

nghesf selsmlc sTresses are found In the upper sfalnless sfeel shell courses
and fhe Incone| franslflon secflon. L I i :
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Thermal Analysls .-

This analjsls conststs of'aji¥D axIsymmefrlc finf%é elemen+'fnernaiianalyefs’
to determine the baslc thermal - gradlenfs in fhe varlous aras. where pofenflal
high fhermal sfresses can exlsf. : : : R

The analysls lncludes fhe evaluaflon of aIl fhe normal, upsef, and sfeady
state conditions identified in: the equipment specification., . The:translents. -
are"conservatlvety;comblnedaconsiderlng:COOLanf-flow,imaxlmum temperature.
ranges, temperature ramp rates, and number. From the resulting bounding
transients, film coefficlents are calculated and temperature proflles obtalned
using finlte element techniques. This data Is subsequentiy used to:determine
“the time and location of significant thermal stresses. Thls analysis also
‘determines’ +he mefal femperafures from which fhe allowable sfress ‘can.; be ‘
de+ermlned : : : : i : S

"Thls analysls conslders fhe cover gas lnlef and ouflef nozzles. =

The loading condlflons consldered are The normal , upse+ emergency and faulfed
operating condition thermal and flow transients to determine the maximum.
primary plus secondary stress range. ~In addition, loads due to deadwelghf
seismic and fhermal expansion are evaluafed. Pressure sfresses were. found fo
-be small. . s T

A '2=D finite elemenf mefhod (FEM) analysls uslng consfanf sfraln +rlangu|ar
ring element is performed.- A single mesh Is generated.for both:the.thermal.
and stress analyses. . The thermal -analysls ylelds temperature distributions:in
‘the nozzles based on gas flow and assoclated shell temperatures.. A speclal
purpose . program is used to evaluate the asymmetric plpe Ioads. The sfresses
are’ calculafed on-a complefely elasflc basls.- S S . :

The analysls Is: performed per NB-3000 para. 3228 3 of the dee. Tne
critical areas: are fhe nozzle-*o-shell Juncfure and fhe nozzle-fo—plpe
“Juncture. s o o

This analysis of the tower head, shell, and core :support assembly - conslders.'
the thermal-mechanical loads: for operating condltions, normal, upset;,
emergency, and faulted. The analysls includes evaluation of franslenf and

- steady state temperature distributions for all signiflcant transients, . Also
included are the mechanical stresses due to pressure, selsmic, deadwelghf
(weight of the core) and core support plafe Thermal moflons.

The analyslis presents an evaluation of franslenfs for fhe lnlef plenum and
determines how the translents are combined for analytical consideration, The
combining of transients Into a lumped translent: 1s -based on.coolant: flow,
maximum temperature changes, rate of change and number of cycles. Based on
the |umped 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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solutions. - Asymmefrlc stress’ oondlflons are: determined- uslng a 2-D’ asymm tri

FEM vl*h Fourler serles +herma| dlsfrlbullons abou* clrcumference.=-~

Buckllng Is lnvesflgafed ln +he areas of fhe ‘core supporl cone&and
torispherlcal head uslng: analy?lcal procedures based on conservaflve current::
sfafe-of—+he—ar+ pracflce. Coa : S g

High stressed areas are the Juncfure of fhe core supporl conhe +o fhe shell
knuckle region In the- forlspherlcal head:and: the: forlspherlcal head-fo-shell
Juncfure.} ‘

Thls analysls covers fhe upper assembly, lncludlng +he sfalnless, lnconelu-“
“shells, the ferritic flange, the radiological shield, and the ~support rlng and
“the ‘dlp: seal access ports. < The-loadings of normal, upse+ emergency, and
faulfed condlflons lncludlng selsmlc are oonsldered. S R

The heaf fransfer analyses lnclude The defermlnaflon of +ranslen+ and sfeady
state thermal distributions. Thermal stresses considered include those due to
radlal and longltudinal gradients and thermal- ‘discontinuity -at the juncture of
the- flange and the tapered shell. Superimposed on these:thermal- |oads: are:-
pressure | oads, deadwelght acting on +he flange, selsmlc loads, and all ofher
exfernally applled loads.‘i’ _ , o

The evaluatlion of the deslgn Is made In accordance wlfh Secflon i of the
Code and Code Case 1592. Envlronmenfal effecfs are consldered. d

The: hlghesf sfressed areas are’ the" sfalnless ‘tor: Inconel shell Juncfure and +he
upper-shel.l (stainless) urses' which are: subJecfed +to- ‘large- longlfudln' gy -
‘thermal” gradlenfs.*fThe femperafures n. fhe ‘carbon- steel: parfs are below -
800°F, therefore the acceptance ¢riteria s’ NB-3000._ ‘In"the . lower', i
this" assembly (stalnless shél'ls)" +empera+ures -are-above: 800°F, ‘hence Code Case
1592 ‘Is used‘for ‘evaluation of the stresses.'lInelastic analysis ls_ o formed
to demonstrate adequacy In fhe reglon where +he axlal gradlenf ln fhe shell
beglns. '

Buckling  due to selsmic loadlng was lnvesﬂga‘l‘ed ln the . upper shell courses.
The. analysls was’ based ‘on. conservaflve analytical methods. - - : :

‘The analys[s consldered fhe baslc stzing and design of the dip-seal:
mal ntenance port, - The loading ‘condltions- considered include lnferal and
external pressure, deadweight,: selsmlc and +empera+ure ef fects, -

The analysis -determines or:val Idates tube wal:l thickness,. gap slze between: the
tube and bore, weld size and type of weld at the vessel flange, flange size

. and the design of any:additional - supporting system. - Hand calculations. are
used to perform the analysls. - The hlghesf sfressed area ls fhe weld af fhe
“vessel flange—fo-plpe Juncfure.v "
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The analysls considered the deslgn of . fhe radlologlcal shleld, Ats affachmenf oy
and Its Interaction with the vessel: flange. ‘The_ loading- -conditions .are . ' i
deadwelght, seismic, thermal conditions ‘and natural frequency calculaflons.

The selsmic analysis Is based on a static selsmlc loading: of.1.5 “times. the.

maximum OBE response. The analysls uses hand -calcul ations for. selsmic

analysls and a comblnation of compuferlzed lnferacflon analysls and hand

calculaﬂons for the thermal evalua‘l*lon. : v

This analysis conslders the Inlet nozzle assembly. The Ioadlng'condlflons‘
consldered In this analysls are all the thermal and flow-translents for: -
normal, upset, and emergency condlflons, and fhe fhermal and slesmlc plpe

A 2-D FEM analysls Is performed. The grld from fhe lnlefgnozzle analysls
prevlously descrlbed Is utilized In. this analysls. The thermal analysls
ylelds temperature distributions throughout the assembly. for steady~state and
transient conditions., The stresses-are determined for most areas usling an .
elastic or Inelastic material model. In addition to the thermal stresses,
stresses due to pressure are Included In the axisymmetric analysis. Plpe:
loads and the flow deflector loads are also analyzed by FEM using a-. speclal
program for asymmetric loads. -Supporting.this analysis. is:a IImited.3-D-
elastic FEM analysis of the assembly to valldate the 2-D. assumptions. used.
This model Is also utilized In evaluaflng the effecfs of fhe_lower ‘head on the
nozzles. . : ' . , .

In uslng a 2-D technique 1'0 analyze the Juncfure be‘lween a cyl lnder and a C
nozzle, the cylinder. 1s assumed to.act as.elther -a sphere.or :a. flat plate, -
both -of - which can..be modeled .as. symmefrlc abouf fhe nozzle: cenferlln ‘whlle a

cy | I'nder .cannot: be. so. represenfed When a. small dlamefer nozzle 18: lnserfed

Into .a relallvely large diameter: cyllnder, the,. approxlmaflons used in:2-D:

analysls are. obv lously..close 1o the true. geomefry; however, .when, the. nozzle

dlameter. Is large relative to the cyllinder a-check on the accuracy. of sfress
distribution at thelr juncture Is approprlafe. For the-lnlet 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 s

less. than 2. S(Rf)‘/ from the Inlet nozzle; this effect Is not consldered in

the axlsymmetric analysls, but Is checked by the 3-D test case, - -

The critical. area occurs at the nozzle-fo-shell Juncture.and the plpe-fo- :
nozzle Juncture. The adequacy of the.assembly Is:determined with respecf To
-Subsection NB. The env.ironmental effects are considered:

This analysis conslders fhe ou?lef nozzle assembly. The loadlng condlflons
considered In this analysis are the thermal .and flow transients for normal,
upset, and emergency conditions, and the thermal and seismlc. pipe loads. The
majority of thls nozzle wlll be at temperatures near 8009F; however, outboard
- of the thermal sleeve.and In the sleeve Itself, temperatures wlll exceed
800°F. Therefore, +lme—dependen+ ef fects are consldered.
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A 2-D axlsymmefrlc ‘FEM :analysis using consfanf straln frlangular ring-elements
s perﬁormed. A slngle mesh Is generated for both the thermal .and s+ress i
analyses for each of the major subassembl [es. The thermal analysls ylelds
detal |l ed temperature dlsfrlbuflons through the nozzle and. sleeve, based on -
‘fluld temperature .and fiow through the outlet and behind the I|iner and sleeve.
Both two and three loop flow conditions are evaluated thermal Iy and, based on
results, the declsion Is. made -whether to ‘make slress evaluaflons for ‘one or -
both condlflons. : : :

~ Thermal dlslrlbuflons are- obfalned for +he franslenfs and sfresses are
determined using an elastic and/or .Inelastic material model of the assembly.
In addition.to the thermal - slresses, pipe:loads and- +the effects. of the .. .
relative motion of the vessel thermal Iiner are factored Into.the analysls. ,
Stresses due to these loads are determined using a FEM program for asymmetric
loading. . Supporting this analysis Is.a lImited 3-D elasflc FEM analysls of
the: assembly fo valldafe fhe 2-D assumpflons used. N SR

The' crl+lcal sfress areas are, ln fhe nozzle 1iner,. the nozzle-+o-shel|
Juncfure, sleeve-to-vessel - llner Juncfure, and the sealing dlscs. .The v
stresses are compared to the 1imits of Subsecflon NB and Code Case 1592. The
envlronmenfal effecfs are consldered. : '

’Thls analysls conslders +he sodlum makeup and overflow nozzles. The loadlng
conditions considered are the thermal and flow transients for operallng '
conditions transient events, flow rates, and outlet plenum conditions, and
thermal -and selsmic pipe loads. -The overflow nozzle Is exposed only to bypass
flow. The makeup.nozzle has a thermal |iner to conslder and Is affected by
outlet:plenum:temperatures, Analysis of +he makeup nozzle llner Includes the
local. :region. of fhe vessel- llner.,« e : .

The geomefrles “for, bofh fhese nozzles are modeled axlsymmefrlcally for FEM

analysls. For both. nozzles, thermal dlsfrlbuflons as wel |- as stress . .

~ distributions are considered axlsymmefrlcally. Asymmetric . plpe loads -are
evaluated and superimposed at. critical . ‘locations. The stresses are compufed

on a complefely elastic basis.

'The accepfance crlferla ls Code Case 1592 for +hose areas where slgnlflcanf
_femperafures above 800°F. occur, . Envlronmenfal effecls are consldered '

The crlflcal stress areas are lhe nozzle-fo—plplng Juncfures and the shell +o~
nozzle junctures.

Thls analysls conslders the makeup nozzle llner. The loadlng condlflon Is the
same as .described. for the. makeup nozzle. The 2-D flinite element model for the
bridge |iner Is evaluafed for convergency capablllfy for +he lnelasflc/creep
behavlor. -

The accepfance crlferla ls ASME Code Case 1592.v Envlronmenlal effeofsfare.
consldered. ' o |
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- The- crlllcal area ls fhe Juncfure of fhe makeup nozzle llner fo vesse 'fhermal
llner. : : _ : ;

A sleeve of 718 maferlal ls lnslalled on- fhe makeup nozzle
: assembly fo wlfhsfand fhe sfrlplng caused by lncomlng cooler*sodlum

This analysis considers the thermal mechanical loadlng .on fhe fhermal llner
forging lncludlng the- adJacenl shel'}"and the. baffle support - ledge. ‘Thew . =
foading condltidns ‘considered In this analysis are the thermal -and flow-":' -
~ translents fornormal, upsef and emergency condlflons, and fheiselsmlc loads
on fhe affachmenf plns. l}%w ‘ , S : .

The analysls lncludes a heat +ransfer evaluallon of bofh sfeady sfafe andu.~
transient conditions., Due to the ‘complexity of the design, thermal- ‘stresses
‘are consldered’for both radial and longltudinal gradients as well as the -
thermal' discontinulty which ‘exists at the thermal  liner: forglng.. Superlmposed
on these sfresses are the mechanlcal Ioad sfresses due fo pressure and selsmlc
events, -

The attachment reglon adjacent to the shell complles wlfh fhe NB-SOOO rules
for material below 8000F, The vessel: thermal -I'lner‘portion adjacent to:the:
vessel thermal |iner support forging reaches a temperature above 800°F ‘and Is
analyzed to the criterla of Code Case 1592 The sfresses and sfralns ln fhls
area are nol crlflcal.

“This- analysls conslder fhe lhermal mechanlcal loadlng _ 3l
Iiner, The flrst phase 1ncludes a total evaluation of“the: radl,kﬁgradlen~wf
through the |lner to identify operating Temperafure [imits,  No' ’
discontinuities are ‘considered In this: phase.”* The second phase:|s an
evaluation of the | lher sflffenlng ring, fhe- T'Iner: and- ‘the:bypass. f
'penelrallons. The" | oading ‘conditions considered-are thé: normal, ups
emergency condlitions, Selsmic' stresses are also- consldered.- U

The analysis lncludes ‘a heat fransfer evaluaflon of sfeady sfafe and franslenf
conditions. The maxlmum fhermal stresses ‘are“caused by the ‘radlal- gradient’
which wil'l exist-in the thermal | Iner. The effect of longitudinal ‘gradient Is
al'so eval uated, Thls locaflon also requlres sfresses calculafed for fhermal
’»dlscon?lnully o : : : .

Thls assembly operates normally at elevated +empera+ures. Therefore, lf
requires a time-dependent-analysis. - The.major-potential -fallure -mechanlsmls
creep—faflgue Interaction. The method of analysls Is 2-D FEM. . The’ sfrucfural
program has inelastic and creep capabl I'1ty, - The adequacy ‘of “the’ deslgn ls

- evaluated according to’ Secflon lll and Code Case 1592. The envlronmenfal
effects are conslidered. ’ :

The critical areas are +he vessel thermal |lner shell in the. vlclnlfy of fhe
sodium level and- the sfrlplng pofenflal I'n“the bypass flow - penefraflon area.
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The envlronmenfal condlflons of fhe RV also Influence fhe deslgn. Sodlmn :
exposure Is the only effect of.significance and .is applicable for the high -
temperature stalnless steel regions, speclflcally, the. vessel: | iner, outiet .
nozzle |1ners, nozzle stub ends,. and makeup nozzler liner. - There:are no
-envlronmental effects on material properties-for the carbon steel and lnconel
600 - low +emperafure porflons of The reacfor vessel. : :

The: elasflc maferlal properfles used ln +he s+ruc+ura| evaluaflon of fhe RV
are specifled. In the ASME Code documents:. The Nuclear Systems Materlals (NSM)
Handbook TID-26666 Is used as. the. authoritative source for material- propertles
not specifled in the appllcable Code documents. . All materlial properties. used
In the design and analyses of the- RV are speclfled in fhe Code documenfs or
the NSM Handbook. S . A i :

A collection of computer files contalning material.property data, routines for
Interpolation and routines for material models, which are based on the
matertial data given In the NSM Handbook and the ASME. Code, were used for the
analysls of the RV, . : IR :

Where materlial properties are slgnlflcanfly uncer+aln, conslderaflon Is given
to the use .of .minimum, average or maximum properties .as.appropriate to obtaln
a conservative.result. This selecflon of approprlafe properfles Is. gulded by
RDT Standard .F9-5T.

Most of fhe data used to deflne fhe allowable des[gn s+resses In the ASME Code
were obtained from tests conducted in alir. . No. .attempt 1s made :In the.. dee to
account for the effects of other service enviromment. The LMFBR developmenf
program. has focused attentlon on:the mechanical:- behavlor: of reactor materials
when exposed to hlgh-temperature :liquid sodium,. in -addition. to fast .neutron.:
irradiation and to long time aging .at elevated temperatures, . A. brief -
discusslon of the- environmental effects is given In the. followlng paragraphs.

Ihermal Aging Effects on Mechanical Propertles

Types 304 and 316 stainless steels are non-age hardenable alloys. Thus, ho
significant changes In strength.or hardness of annealed materfal would accrue
from long-term aging at temperatures up to 1200°F, unl Tke the preclplfaflon—
hardened stalnless steels. . Some slight increases . in strength and decreases In
ductll ity may occur. due to carblde -formation, fogefher with a reduction.in the
room temperature Impact strength. Of more signiflcance, Is the fact that -

these alloys will sensitize durlng long-ferm service In the temperature range
from 800°F to 1500°F, : :

110.78-RV=-9 ‘Amend. 76
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In this phenomenon, carbide precipitation occurs at the graln boundarles, fhe R
adjacent matrix becomes depleted In chromium and the grain boundary ‘reglons _ -
become. susceptible to-attack by:corrosive media. -Such attack Is: notilkely to ‘
occur: in sodium, which, If pure, ls a: relaflvely Anert- envlronmenf., However,

cracking may . Initlate during fabrication and the other pre-operation perlods

when the ‘component [s not exposed to:sodlim: due to the: environmental’
condlflons (presence: of - water ‘and- halldes).. Because of +hls, precauflon',musf
be taken during such: perlods:to ensure-that:contact.-between. 'sensltlized
materlal and potentlally corroslve media Is mlnlmlzed, 1f not enflrely
.avolded. Hence, noal lowances have beén made for: the' ef fects: of thermal- aglng
on the propérties to. types 304 ‘and 316 stalnless: steels: - Thls dld, ‘however, -
“"demand  that control ‘be specifled and exercised during the fabrlcaflon process
+o prevenf sfress corroslon and lnfergranular affack.;nv : S IR A ;

:The ef fect. of ‘neutron” Irradlaflon on’ fhe mechanlcal properfles of a maferlal
are generally to Increase the tenslle and yleld strengths, and to- decrease fhe
ductility. The actual - ‘magnitude of ‘the effect 1s"dependent on several:

- parameters, such as the temperature of Irradiation, the test Temperature, fhe
neufron energy specfra and fhe neu?ron fluence.

Two al ternate procedures have been used fo acooun'r for 'rhe effecrs of neufron

Irradlation on the structural Integrity of components, The comprehenslve

approach characterizes the effects of neutron Irradiation upon: each- maferlal

response and fallure mode considered by the ASME Code. When necessary,

addltional fallure modes are consldered. The alternate approach:lnvolves -

finding the threshold where Irradlation effects flrst become measurable (ln . ‘
- terms of structural response integrity). The: Irradlaflon Ievels are fhen held 0

below +hese Threshold Ievels by shleldlng.»v T R e

For ausfenlflc sfalnless sfeels (Types 304 and 316), measurable loss of
duc*lllfy (total elongation) can. first be detected at about 1021 ‘nvtitotal:i:

fluence for temperatures In the range of’ 6009F: 10" 1100°F, The' reactor: vessel
. end=of-11fe fluence Is less than 6 x 1020 ‘nyt+ and hence no fluence effects are
expecfed.

The selection of niltrogen gas as the atmosphere:for the reactor .cavity was:
based on the desire to prevent chemlcal reactlons: should molten sodium leak
Into the cavity from any ' source. ‘However, the-exposure of austenitic - "
stalnless steel to pure nitrogen for extended perlods 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 mlnimize
the formation of such a layer, a small percentage of oxygen (2%) will- be
Introduced Into the nl trogen.
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Q110.78-RV-10 March 1983



rgonr UMm=Vg
afmosphere on. The mechanlcal properfies of a maferlal. 1t Is posslb{e +h
If the sodium vapor Is conflnually condenslng on ‘the. maferlal surface. and ..
rejoining the main reactor coolant, there could be some Interstitial Transfer.
However, because of the scarcity of da+a, it is not possible to provide:
quant!tative assessments of such effects at thls time. Practically," the
‘potential for signlficant mass transfer via condensation is. lnslgnlflcanf.r,lf_
Is judged that exposure to the.cover gas: shoul d- be. consldered the - same as:. ‘
exposure to liquid sodlum ‘wlithout Ioss of In+ers+lflals.

" Eftacts of l"lquld s;zdlu_m on Mechanical E[ »-

Compared wlfh alr +es+lng, Ilquld sodlum may cause cerfaln mefalllc elemen?s
to be transferred from the hotter to the cooler regions of the sysfem. In
addition, surface oxidation in Iiquld sodlum is greatly reduced when compared
to alr testing. It Is bellieved that these surface effects are Inslgnlflcanf
In their Influence on short-term tensile properfles. :

For time-dependent deformation, . such as sfress—rupfure and faflgue, the ,
effects of a |iquid sodlum environment.are complex and need to be considered
In detall. In the case of stress-rupture,. It has been shown that for a glven
temperature and stress, rupfure times In alr are longer than those in Ilquld
sodlum. A sodium environment correction factor Is applied to the rupfure
strength data specifled in.ASME Code Case 1592: for. Types. 304 and 316
austenitic stainless steel. This effect Is used In. all. evaluaflons where
stress +o rupture Is Involved.

Fatigue properties of materials can be greatly affected by:the environment ‘in
which the propertlies are measured. The avolidance of excesslve surface _
oxldation by testing In sodlum (or Inert gas) instead of In air Increases the
cycles-to-fallure for a given straln range. No increase In the design fa+lgue
I'imits due to exclusion of oxygen effects Is permitted.

Anterstitial Transfer Effects on Material Propertles-

In the reactor system, Interstitial carbon and nitrogen are transferred from
the hotter to the cooler regions. This |eads to weakenlng in the decarburized
and denitrided regions and to strengthening in the carburized and nlirided
-areas.  In the case of fatigue behavior, however, the effects of Interstitial
absorption at the surface are compl icated because of two concurrent
mechanisms., On the one hand carburization can lead to enhanced crack
nucleation at carblde particles and, on the other, surface strengthening
during straln-control led fatigue will 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 will be decarburized.
Procedures have been established by which the extent of interstitlial.transfer
for Types,304 and 316 stalnless steel can be determined and from this the
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effects on mechanical behavior Is-calculated. - The: procedures:include =
calculations of surface and average Interstitlal concentrations and. .
Interstitial gradients under decarburizing and dent+riding condltions.
Because of the shortage of data on nitrogen:diffusion, ‘the rates: of nlfrogen
fransfer are asflmafed from avallable carbon fransfer dafa. P e

IESTS

No sfrucfural tests, ofher fhan fhose requlred by ?he ASME Code, have been
performed In support of the RV analysls mefhods.__" B

COMPUTER PROGRAMS

The fol lowing compufer programs were used ln fhe analysls of +he RV. Thaéa:
codes are’ all proprlefary to Babcock and WIIcox.“ o
b

ABSA AxlIsymmetric Body Stress Analysls
ABTA Axisymmetric Body Thermal Analysis
ALAS Axisymmetric Load, Axisymmeiric Body S'I-ress Analysls
FESAP See PSAR Appendix A
- FETAP-. - Genéral Conflguration Thermal Analysis
CREEPABSA Elastic Plastic Creep, Axisymmetric Body Sfress Analysls o
BIJLARRD - Bljlarrd Shell Stress Analysls

'INTERACTION - General Interaction Analysis for Shells of Revoluflon wlfh
Axlsymmefrlc Loading _ :

: Amend. 76
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Rebii for TS Em "

The mefhods used n +he sfallc and dynamlc analyses of +he prlmary and L
lnfermedlafe HTS. plplng 1o defermlne sfrucfural and funcflonal lnfegrlfy are ,
summarlzed ln fhls response.,ﬁiﬁ , EE R

The Heat Transpor+ Sysfem (HTS) conslsfs of plplng and. componenfs req
transport reactor heat to the steam generators. The sysfem Is. comprlsed‘of
three approximately ldentical cooling clrcuits, each of which Includes‘a -
Primary Heat Transport System (PHTS) loop and an Intermediate Heat" Transpor+
System. ( IHTS) loop. thermal ly coupled by ‘an Intermediate Heat Exchanger (IHX).
The 'PHTS and ‘IHTS piping within contal nment: ‘are loca+ed within shlelded and
inerted cells (nitrogen afmosphere with ‘a maximum of 2 percent. oxygen).» :
~ detalled description of fhe PHTS and, IHTS plplng ls provlded In Chap+er 5’of
' fhe PSAR. ' > - . ,

The HTS Plping shall be deslgned constructed and sfamped In accordance with
the rules for Class 1 (ANS Safety Class 1) Nuclear Components I'n the ASME
Boller and Pressure Vessel Code, Secflon 111, 1974 Edition with Addenda
+hrough Summer 1975 and’ -Code Case lnferprefaflons 1592-7, 1593 1, 1594-1,
1595-1 and 1596-1 supplemenled by RDT Standards F9-4T (dafed January 1976) and
' E15-2NB-T (dated Novetiber 1974, Amendments 1, 2 and 3). The piping will be
designed to assure that the stresses, stralns and: deformations are within the
appl Icable Code criteria, and to meet the system functional requlremenfs. In
addition, simplified Inelastic and detalled Inelastic methods that are to be
used wlll conform to the requirements of RDT Sfandard F9—4T and +he guldellnes
of RDT Sfandard F9-5T (dafed Seplember 1974). - :

' Analyses wlll be performed on fhe plplng fo reflecf bo#h flme—lndependenf and
flme—dependenf maferlal properties and structural behavior" (elastlc.
lnelasflc) by considering all the modes of fallure |lsted below' -

-lf Ducfllevrupfure from.shorffferm loadings

2. Creep-rdpfureyfromvIbhgfferm loedlngs.;;;x

3;:’Creep-fa+lgue fallure | B
4. Gross dlsforflon due fo lncremenfal collapse -and rafchefflng o
5. Loss of funcflon due to excesslve,defprmaflon

6. Bucklldg due to short-term loadings

7. Creep buckling due to long-term loadings

o Amend. 76
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LOADS - - i }-»_ ‘-, _ D ..,f,;tr.,_v; o ‘: By 'I'h

It Is convenlent In the confex* of the sfrucfural analysis and stress

eval uation of the HTS piping to separafe the loadtngs Into fwo cafegorles;
System Loads and Piping Component (Local) Loads. Requlremenfs regarding’ ‘the
comblnation and appllcation of loadings are specified 1n the appl icable ASME
Code, RDT Standard documents, NRC Regulafory Guldes and CRBRP crlferla
documenfs. (See PSAR Secflon 3. 9) o o v

iﬂuﬁBMLLsids

System deslgn toads are comprlsed of lnfernal pressure, deadwelghf, earthuake
loads, thermal expansion,. ‘Sodlum/Water Reaction (SWR)  loads and system thermal
transients. . The ‘combination or treatment of the system loadlngs inthe
analysls process for the HTS plping and support systems Is shown on Flgure

Q110. 78-P—1. These loads are described in detall In the followlngx
I o ‘ _f‘”'pf. , o

Sysfem pressures Include fhe plping lnfernal pressures for Design,
Normal, Upset, Emergency ‘and Faulted Conditlons. Local. membrane ‘and
bending stresses resul*lng from sysfem pressures In the piping are
- determined by standard pracflces and are comblned with cother
~calculated stresses. : B :

2. andugldﬁi.{

The deadwelght loadlng lmposed by *he plplng on. Ifself and on the
supports consists of the dry welght of the HTS plpling and the welght
of the sodium contalned In piping during the operating conditions: "
. The. total welght of the Insulation and trace heaters around the .plping
.provldes an addi+lona| deadwe!ghf Ioadlng as do_fhe welgh+ ‘of valves,
clamps and por+lons of fhe resfralnlng devlces such ‘as snubbers._.]*

The Intensity and character of the earthquake motion which produces
forced vibration of the equipment mounted within the contal nment
bullding are specifled in terms of the floor response spectrum curves
or: time-histories at various elevations within the contalnment
bullding., These response spectra or time-histories are developed fraom
a three-dimensional multi-mass elastic dynhamlc model of the reactor
contalnment and steam. generator bulldings. The forcing functlon
appllfed to this model Is the site selsmlc ground motion.,
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S The subsequenf moflon fhroughouf fhe bulldlngs af var!of”zelev il
1s.the basls for the Operational Basl's Earthquake (OBE) and’ Safe
‘Shufdown Earthuake (SSE) floor response spec+rum curves.'” R

vThe ver+lca| and Iaferal growTh of plplng -and. fhe ma!n HTS componenfs
as femperafure rises above The amblen+ femperafure 1mpose Ioads In fhe_;

plplng.:

A posslble evenf consldered is fhe Deslgn Basls Leak (DBL) w!fhln fhe
Steam Generafor.» Large pressure peaks reverberate fhrough “the IHTS
plpin when sodlum and water: react. in the sfeam generafor under the" f'
postulated rupture of steam/water fubes., As pressure Increases the
rupture disks fail and sectlions of the IHTS piping are rapidly .
evacuated, Both the pressure transients and lnertial joading of
evacuation produce responses in the IHTS piping. :

6. System Thermal Translent loads
System operaflng franslen+s such as plan+ heafup, cooldown, reactor
_ scram,. etc. cause.changes In thermal expansion loading as described ,
‘above and In addition may cause large through wal | +herma| gradlenfs g
which must be considered in the evaluation. From heat conducflon S
analyses, system thermal transients are analyzed. to defermlne focal

thermal stresses in the piping system whlch In +urn are comblned wlfh
'fhe o+her Iocal calculafed sfresses. o :

The. p'pellne flexlblllfy analyses under sysfem loadlngs generafe da+a on’

displacements, forces.and moments at selecfed points along the plplng

resulting from deadwelghf, thermal expansion, selsmlc conditions and- ofher |

dynamic condltions such as for sodium/water reaction (SWR) Ioadlngs. Local
membrane and bending stresses resulting from system pressures in the piplng
are determined by standard practices. = From heat conduction. analyses, system
thermal transients are analyzed to de?ermlne Iocal Thermal sfresses In the

:plplng sysfem._,_

The flexlblllfy Ioads are comblned In an appropriafe manner and applled In +he ‘
stress analysls of a local region of the piping system to defermlne the
Induced stresses and. strains at the piping component level, These- are added
to the pressure and thermal - sfresses to obfaln the +ofal sfresses for '
comparlson wlfh crlferla.
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Maxlmum al lowable Interface loads between the HTS piping and cerfaln affached
components such as the reactor vessel and the’ 1HX are speclfled at ‘the
component nozzles.. The nozzle loads defermlned ‘from the flexibllity analyses
in terms of weight, thermal expanslon, selsmic, etc. (or comblnations thereof)
must be within these maximum allowables or redeslgn of fhe plplng becomes '
‘necessary. . : o _ .

In the deslgn of the plping, fhe lnferface lnferacflon ‘between componenfs and
piping Is conslidered In one of two ways, Elther the dlsplacemenfs of the
component nozzles are Imposed upon the plping or the component ‘Is Included In
the analysis model of the piping. When components are included in flexibillty -
models It Is necessary to consider the loads [ntrodiced by the’ relative motion
of component support locations., For example, under seismlc conditions It may
be.found that supporting floors have movement relative to each’ ofher..
Loadlngs caused by such Interface conditions shall be ldenflfled and
consldered ln‘*he sfruc+ural evaluaflon. ‘

ANALYSES

The evaluation of the HTS piping design 1s made In accordance wlith the methods
outlined in recognized nuclear industry codes and standards, namely the ASME
B&PV Code and RDT Standards. The governing Code and Standards for the piping
are ldenflfled ln the lnfroducfory paragraphs of fhls response. .

‘The evaluaflon of the HTS plplng Includes flexlblllfy analyses, ‘heat transfer
analyses, and stress analyses; these types of analyses are descrlbed ln the
followlng subparagraphs.

The objecflves of the flexlblllfy analyses are to defermlne momenfs, forces
and deformations Induced in a plping system due ‘to the types of’ ‘I'cadlngs
discussed prevlously. To a large extent the flexlblllfy analyses consider
elastic formulations; the plplng Is deslgned, wherever practical, such’ fhaf _
the stresses are sufficiently low to ensure elastic behavior. {n reglons
where lnelasflc behavlor s expecfed, non—llnear flexlblllfy analyses are
made.

-VProcedures for consfrucflng elastic flexibll Ity models are ‘based on flnlfe -
element techniques, using matrix dlsplacemenf methods. The speclflc computer
- finite element model or flexibility model for each pipling system is composed
of a serles of pipe elements of the appropriate flexibllity character with an
approprlate lumping of mass at the Intersectlon of each elemernt (node polnf).
The nodes are selected at changes of sections, at locations of equlpmen+
support, at equlpmenf centers of - gravity, at polnts of restralint, at. speclal
locations where résponse Is desired and at intermediate locaflons to |Imit the
length of the elements so that the mode! will adequately represenf the actual
system. The number of |umped masses or degrees of freedom shall be such as to
Insure compllance with requirements of PSAR Section 3.7,2.3. Other
assumptlions common to this type of analysis Include:
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’j;re small n proporflon to fhe slze ‘of +he;oonflgur“§J
' ¥ ' ia member are Ignored lnvfhelr

~effect on flexIbllity of th

o effects of ‘direct axlal fon ¢ tension, “or’ of shear :
deflecflon, are negllg[ble ln comparlson wlfh‘bendlng and forslona o
_;effecfs. 1”%‘ . L Sl -

The !nfluence of Iocaltzed effecfs on deflecf!ons and rofaflons Is provlded by
the Incluslon of flexiblility factors In the formul atfons. - Guidel Ines for the
cajculaflon of. the flexibllity. facfors are glven In Subparagraph NB-3687 of
0. ASME B&PYV dee, Section - s noted tha formul Tlons tend: fo
overestlmafe the ‘stiffness, and therefore are conse a}lve; )
guldellne Is employed In oonsfrucflng the flexlblllfy indlce: uch -
as nozzles and anchors. for which no ASME Code procedures are. speclfled. B

To the maxlmum prac+lcal exfen#, the HTS plping flexlblllfy analysls models
are defined so as to Include the connecting component, pipe or auxiliary
equipment. This minimlzes the number of points at which selsmlic inputs must
be determined. This also avolds over conservaflsm at lnferfaces”befween ‘I tems
when the stiffness of one 1s not negliglible relative to the ofheq ‘ i
this approach mlnlmlzes the number of flexibllity analysls ‘model's an _
a consistency among the models used for the several fypes of sfaflc andl'
dynamic loadings. . _ , . o

Represenfaflons which are Included in the plplng sysfem models to represenf
the connected componenfs (e.g., Reacfor Vessel) are checked agalnsf'more'e

masses ‘are lncluded. Models also lnclude modellng of shellnﬁ!f":”

flexibil Ity. _ . T R
Elasflc flexlblllfy analysls for the PHTS and IHTS ln—confalnmenf pIplng are’
made with the WECAN or WESTDYN computer programs. For deadwelght and thermal -
expansion analyses, |lnear elastic models of the piping from thé component
nozzle anchors are used. For selsmic 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 SMBDB
conditlons, the response of the IHTS and PHTS piping, respectively, Is
determined by Integrated time-hlstory analysls, using forcing functions that
are prescribed as force-time historles af change-in-direction and flow _
restriction iocations in the plping system.
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reactor vessel, the outlet downcomer and the pump, . The PHTS 24" Hot" Leg ‘model

~ Includes the pump and IHX.” ‘The PHTS 24" Cold Leg model- ‘Includes. the " IHX, S
check valve, reactor vessel and Inlet downcomer. The In-contalnment IHTS 24%

‘Hot and Cold Leg models. include the IHX and models of the.RCB pene'l-raﬂon

seals, For the SWR. analysls ‘of the ln-con-l'alm\en'l' HTS plplng,
the ex-con'l-alnmenf piping 1S also added to models, - The. selsmlc’ model,s for the
smal |-dlameter: PHTS plping (IHX vent, pump bubbler, and pump. draln 1Tnesy
Include the oonnecﬂng componen'l' models (IHX and Pump) as well as ‘rhe guard
vessels when.the" plplng Is supporl'ed off a guard vessel. _

The plplng selsmic flexlblll'l'y analysls for e PHTS 36" Hol' Leg lncludes the ‘

The elasﬂc flexlblll'l'y analyses for the- IHTS ex-oon‘l‘alﬂnen'l' plplng are.made_\
with the SAP. oompul'er program, Post prooesslng programs are used to
stress calculations In accordance with the ASME Code. The models for #
flexiblllty analyses of fhe IHTS ex-confalm\enl' plplng are brlefly descrlbed
as fol lous' >

‘ Hof Leg

The Hot Leg model Includes the superheater Inlet and outlet, the '
evaporator Inlet and an anchor at the penetration of the HTS cell of the
-Reactor Contal nment Bulldlng. Normally 3 to:5 thermal expanslon cases are
performed. These expansion cases wll| envelope al| of the thermal
operating conditions. The displacement of the equipment nozzle depends on
the particular thermal éxpanslon case being analyzed.

" The. superheater inlet nozzle ‘Is treated as an equivalent pipe that Is
carried to the superheater shel l; at the. shell the equlvalent plpe ls
rofa'l'lonal ly flxed.

At the’ superhea'l'er ou*l-le'ls, 'rhe superheafer nozzles (hvo) and fhe o
superheater shel| are treated as equlvalent plpes, - The ‘shel { equlvalenf
pipes (one for each side of the shell) are carried to the vertical T
center| ine of the superhea'l'er. At 'l'hls point, the equivalent plpes are
rofa'l'lonally fIxed. , .

. The nozzle equlval'en'l' pl'_pe Is r_ofaﬂonal ly flxed a‘l'fhe'_sh'el le
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“ vertical center!ine of the evaporator. - ‘sal vt
pipe is rotationally. flxed._ The nozzle equlva!ehf plpells roTaflonaIJy’”
.”ftxed af fhe shell._,

;Confalnmenf Bulldlng. :

At fhe ou#lefs of fhe evaporafors, fhe evaporafor nozzle and shei]iare g
treated anequlvalenf ‘plpes. The. shel't’ ‘equivalent: plpe Ts carrled to- +he

At the evaporafor lnlef fhe‘evaporafor nozz(e and fhe evaporafor shell are
treated as ralent pipes;: e g g . o

At “this’ polnf

At fhe anchor of the RCB penefra+lon, fhe p[plng ls geomefrlcally flxed
‘both with respecf to rofaflonal and - 1 tnear displacemenfs. ’ o

: Cbld Leg

The cold leg model Includes +he evapora+ors (ouflefs), *he pump (lnlef andv
outlet) and an anchor - af fhe penefraflon of fhe HTS cell of fhe Reacforw;

vertical centerline of the evaporator. At this point the same: equivalent
pipe Is rotationally fixed and the thermal displacement Imposed. Also,f

. the nozzle equlvalenf plpe Is ro*a*lonally flxed at fhe shell.

-The pump inlet is freafed Ina slmllar manner. At the 1niet, the pump

nozzle and shell are treated as équivalent plpe.  The shell equlvalenf

‘plpe -Is carrled to the vertical centeriine of the pump, At thls polnf The.
—equivalent plpe Is rofaflonally flxed and +he fhermal d!splacemen+
" tmposeéd. , -

At fhe pump oufle*, fhe pump nozzle ls treated as an- equlvalen+ pipe._

This. equlvalenf pipe Is rofaflonally flxed af +he pump: shell. ;; N
At the anchor at the penetration of the Reacfor Confalnmenf Bu!ldlng, fhe

~cold leg Is geomefr!cally flIxed = both wtfh respecf to: rofaflon ‘and-

dlsplacemenf._-
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Nonl inear flexlblllfy analysls ls requlred for EAE D and drain_ loadlng ,
conditions: for the PHTS large: plplng. This ne d-arlses from fhe use.of . .
- constant .|oad hangers to. support the . plplng. T ihanger load values arezsef
as approprlate for the fllled condlflon. “When empty these.forces |ead.te
excessive stress and deformation. Devices to |Imit the travel of the. hangers
are required and the determination of appropriate I Imiting values lnvolves a
flexibil ity analysis which is‘nonlinear due to the changlng free/flxed
condlflons of the. hangers durlng £ and draln.vu

An [nelastic flexiblllty analysis Is requlred for the PHTS '24=1Inch hot. |eg
where the calculation of induced forces on an elastic .basis Is excessively
conservative because stress.relaxation Is not accounted for, . The use of ‘an
tnelastic flexibll ity analysls to calculate the forces: applied.to local..
regions Is not consldered to Invalldate the use of elastic analysis: rules In
evaluatlion of the local region for compllance with applicable structural
integrity. requirements. .The inelastic flexibll Ity analysls Is performed with
the MARC computer program uslng the .curved: pipe. flnlfe elemenf model
speclflcally developed for such analyses. C ~

“No slgnlflcanf deslgn analyses for short-term prlmary or: long-ferm creep

buckl ing of the in-containment piping Is required. Load-controllied forces
that.can lead to buckling due:to short-term: loadings are kept small| by ‘the
plping: support arrangements.. The predominant. operating stresses on.:the plping
are due to thermal expansion and thermal transients (or deformation-control led
loading). Buckling In stralght plpeisections under deformatlon-control led
loadings does not pose a problem because of the low axlal load levels and the
| Imited deformations that could result. Also, the buckling or plastic

col lapse of the elbows In the HTS large-diameter plping Is: not a practical
mode of fallure because rofaflons of the elbows are llmlfed by the. plplng ,
suppor+ sysfem. : : , S

Thermal transients are the source of some of the larges+ varlaflons of s?ress o

In the HTS plping. Thermal analysis of piping temperature distributlons
during such occurrences are therefore an Important part of the structural
Integrity assessment for the piping. .In this sectlon, the procedure and
principles employed for HTS plping temperature. dlsfrlbuflon analyses are
described.
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. The. transient events used as the basis for plping. deslgn/analysls are . S
~ specifled In the plping design speclflcaflon for. each sectlon of plplng oop:

In the plping system, . Thermal - hydraullc:data, iIn.the form.of. femperafu g%
‘flow and-pressure time: plofs, are. glven for each fhermal franslenf In.the .
speclflcaflon.,~ . L )

The heaf 1ransfer analysls of fhe plplng componenfs ls carrled ouf wlfh fln fe"'
element programs: because: 1'hese analyses can: become: oomplex. Some examples of
-when: a detalled: analysls are necessary lnclude: ‘ L

(1) When axial heat’ flow as well as fhrough fhe-wall flow Is’ slgnlflcanf
-such-as-in a: branch connecflon.-- - : : S

.‘2) when fhe speclfled sodlum +ranslenf ls cemplex.‘aﬁf;;tﬁ,.;_;n_

. (3) When the radiatlion mode: of heaf lransfer ls slgnlflcan+ along wlfh;fi
- convecllon and conduction, . e l , i

ANSYS, WECAN and TFEATS are The baslc compufer prograns used fo solve .
temperature distribution problems for the HTS In-contalnment piping system.
Geometry generators are-internal to these programs which are used to. prepare:
models: and Input for: bofh one-dlmenslonal -and: fwo—dlmenslonal heaf +ransfer
problems. . _

The compufer programs have fhe capaclly to delermlne +hrough-wall +emperafure
gradlents [n the plping as a function of time for. time~dependent:input.:
functlions of mass flow rate and bulk fluid temperature. : They have the .
capabllity of decomposing the +hrough-wall temperature. dlsfrlbuflon Into three
components ‘as described in: sub-paragraph NB-3653 of the ASME.B&PV.. Code,§~tf».
Section 111, These three components are the wall average ‘temperature (Tg),
.;The ‘moment generaflng ‘equivalent I-tnear-distribution  ( T1).-andthe: nonllnear
“:portion wlth: zero average ‘value and zero flrst moment with respecf to:the -
mid=thickness (- T2). = These quanflfles are used with ASME code - formulas: +o
‘determlne:'secondary. and peak sfresses for .use ln fhe raTchefflng and faflgue
evaluaflon of fhe plplng ' R . - .

'Several locaflons ln the plplng syslem requlred speclal Thermal analysls 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.periods during
the varlous thermal transients and then’ calculating:the average- temperature
(T and Tp as defined in the ASME Code) as a function of time for ‘each region.
The maximum temperature difference (T5 - Tp) between these two quantitles
during each transient Is used to determine peak thermal discontinulty stresses
at the interface in accord with the ASME Code formulas.
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The +echnlcal approach ’raken ln analyzlng and evaluaﬂng plplng componenfs 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:

wlth . the through-wal | temperature results ( Ty T and To-Tp) obtained from

the ‘heat transfer analysis as discussed prevlously ‘and. as shownin Block" 1.;

elastic flexibility analysls loads" (forces,’ moments and - displacements) are-

then ob*alned for all the plplng sysfem load condlflons as Indicated by Blocks

2 and 3. - x

In all cases the analysls and evaluaflon of The plplng componenfs proceeds on
an elastic basls as shown in Block 4. The ELTEMP computer code Is used to-
analyze and evaluate piplng components: on an‘elastic: basls In accord with Code -
Case 1592 .and: RDT Sfandard F9-4T. : : :

The ELTEMP compu+er program Is operaflonal and fhe calculaflons performed by
ELTEMP have been verified. Thls computer program Is considered to be’
saflsfacfory for use. ln elasflc evaluaflon of HTS plplng. h

The ELTEMP compufer program wil | be documenfed, revlsed and malnfalned as-a

part of the structural evaluation program for the HTS piping and wil| be. used

In the preparation of final stress reports for CRBRP Class 1 pliping. At

present, the applicable ASME Codes and RDT Standards do not provide speclflc

rules for piping at elevated +emperafure; only general rules I'n accord-with

NB-3200 of the code are provided, To assure conslistency, the: preparaflon of

the ELTEMP computer program Is coordinated with other efforts. to prepare-

speclal rules. for elevated temperafure plplng for lncluslon In the appllcable @
Codes and; Sfandards. : o o _ RN

A number o,l,allback approaches are . used +o assess plplng componenfs whlch are,
not. shown to be: satisfactory on an elastic basis using Blocks 3:and 4. lf fhe
reason for noncompl.lance. |s Jjudged to result from high thermal: franslenf
stresses,. the procedure is modifled to use. an. ‘elastic. flexibllity- analysls and
an Inelastic analysls of the piping componen+ (Blocks 3 and :6). |f the
reasons for noncompllance Is Judged to result. from excessive flexibillty
analysis forces, the procedure. Is modifled to 'use an inelastic flexibillty
analysis and an elastic piping component analysls (Blocks 5 and 4). In some
cases both the flexlblllfy and componenf analyses need to be. lnelasflc (Blocks
5 and- 6).=u :

1t Is anflclpafed that the foregolng foUr alfernaflves will be adequa?esfor
the design/analysis of most of the HTS plplng componenfs. However, the
applicabll ity of the CHERN compufer progran must be verified for use under
nonaxlsymmefrlc condlflons.;

f{ll'
N
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Eekpansion and fhermal franslen+ sfresses such as fhe PHTS“

'ASME_Code, are used for analysis of +he HTS p)p!ng (and othe ‘CRBRP’

between the pump. and JHX.. Block 8 .is’ tncluded :n_Figure Q110:78~P=2 to = .
Ind] cate that some - Individual dlsconftnulfy reglons may require de?a!led

mul ti-dImensional fnelfastic analysls. In additlon, Ilimited: Indlrecf use.. of}
these types of analyses Is anflclpafed in +he verlficaflon of s!mpler deslgn
analysls procedures. O R s

. The -scope. of analysis as descrlbed above does not.. Include considera*lon of -
: Ibraflon. The .potential. for excitation of. vibration 1s considered In. fhe

structural. evaluation program.. . The. effecrs of vibraﬂon Induced by. fhe pump, :
Impellor are consldered for fhe PHTS hof !eg plplng connecfed To fhe ump.:ﬂ

An analysls checkllsf for fhe plplng ls lncluded In Flgure 0110 78eP-3 t
checklist wlll be expanded In slze and detall as +he analyses progress.ajg-f
\. .. - PR o Yo . . . o

P 'f;_;‘n‘d:_':f,i

The elastic material properties used In the structural evaluation of the HTS
plping are specifled in the ASME .Code Documents. - The Nuclear Systems .
Materials (NSM) Handbook (TID-26666) is used as the authorltative source for |
material properties. not speclfled Ln the appllcable Code. Documents. Where.
material properties are requlred which are not avallable In the Nuclear =
Systems Materlals: ‘Handbook or the. ASME Code, actlion will be faken usfng
procedures approved. by the CRBRP ProJec+ Offlce to. obfain fhe requtred .
material properties. R _

A col lection of:. compu+er flles confalnlng maTerlal properfy dafa, rouflnes foru

lnferpolaflon and routines_ for material deforma?lon models, -which are. basedton
the materlals data glven In_the Nuclear ‘Systems.Materlals. Handbo krandhf 3

componenfs).;

‘Thermal and mechanical properfies are considered ln The selec*ion of ma+erials

for_use In the HTS piping. . Further, consldera+lon 1s glven to. material..
- properties .in connectlon with. fabrication procedures., For example,. the need

and -procedure for accounting for the ef fects of cold work.in the design
analysis Is examined. A-thickness allowance :is provided, in the.manner
described In the ASME Code Section I11 Subsecflon NB~3600, to accounf for ‘the
effecfs of corrosion and eroslon.
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For maferlal properfles critical fo fhe deslgn/analysls process, conslderaflon
I's glven to the use of minimum, average or maxlmum properties as approprlafe
to obtain a reasonably conservative resulf ‘For ‘example, ‘In’ cerfaln crit cal
'slfuaflons the evaluaflon of deformaflon Iimlts Is based" upon ‘mTntmum
sfress—sfraln curves, The selecflon of approprlafe properfles ls gulded by
ROT F9-5T, ‘

Mosf ‘of the data used to’ deflne the al'lowable deslgn stresses 1n the ASME Code
were obtalned from tests conducted in alr. No attempt Is made In the Code to
accounf for the effects of other servlce enviroment, The. LMFBR developmenf
program has focused attention on the mechanical behavior of reactor materlals
when exposed to high=- femperafure llquld sodium, In addition to fast neutron
irradiation.and to l'ong flme ‘aging at elevafed Temperafures. Guldance for e
establ Ishing #he effects of the service environment upon the response and -
fallure characteristics of the structural materials Is summarized In Table-
Q110.78-P-1. A brief discussion of the envlronmenfal ef fects Is" glven 1In fhe
following paragraphs. :
J1EﬁIEU_£wdﬂQ_EiiQQI§;Qn_Mﬁghﬁleal;EEQRQEIJQSL'. o
Types 304 and 316 sfalnless steels are non-age hardenable al loys. Thus,
signiflicant changes In strength or hardness of annealed material would accrue
from long term aging at temperatures up to’ 12000F, uniTke ‘the" e
preciplitation~hardened stalnless steels. Some sllghf lncreases Iln: sfrengfh
and decreases In ductility may occur due to carblde -formation, together with a
reduction In the room temperature Impact strength. Of more signiflcance, ls
the fact that these alloys will- senslflze during: ‘long term"service Tn" 1he _
temperature: range from:800°-to 15009F, *“ In this" phenomenon, ‘carbide’ S
'preclplfaf!on OCCUFS af the" graln boundarles, +he adJacenf matrix beé es . -
depleted in'chromfum- and the grain boundary regions ‘become “susceptible to
attack by corrosive media. Such attack Is not |lkely to occur In sodium, ¢
which, If pure, is a relatively Inert environment. However, cracklng may
initiate during fabrication and the other pre-operation periods-when the -
component Is not exposed to sodium, due to envirommental conditions (presence
of water and halldes). Because of thls, precautions must be taken during such
perlods to ‘ensure that contact between:sensitized material and pofenflally
corrosive medla Is avolded. Hence, no allowances have been made for the
effects of thermal aglng on the properties of types 304 and 316 stainless .
steeis used In the HTS piping. This did, however, demand that control be
specified and exercised during the fabrlcation process to preven+ stress
corroslon and lnfergranular attack.

The effect of neutron Irradiation.on the mechanical properties of a material
are general ly to Increase the tensile and yleld strengths, and to decrease the
ductility. The actual magnitude of the effect Is dependent on several
paramefers, such as the temperature of Irradlation, the fesf femperafure, fhe
neutron energy spectra and the neutron fluence,
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'approach ‘Invol ves flndlng +he fhreshol," ! , rst.,

measurable (In terms of structural response ‘and’ lnfegrl?y). lf lrradlafl o
levels are held below. +hese fhreshold levels, no_ fluence effecfs wlll fake o
place. -

"ducfll]fy (+o+al elongaflon) can flrsf be?defecfed a+ gbouf'TOZT”
* 100 Fool

1x 10 0 nvf aqp hence no fluence effecfs are expected. )

'cellfWas based on the deslre fo prevent chemlcal ‘reactions’ should molfen L,f_
Sodlum Ieak lnfo the cavlfy and HTS cell from any source. However, The ,_'

+ime at elevafed femperafures may Ie_‘ +
layer. This Is consldered undeslrable. “ecaUSe of fhe brl++l ness - e
layers.: To minimize the formation of such a Iayer, a small percenfage oo
oxygen (<2$) Is Infroduced lnfo the nH'rogen. AR

posslble fhaf,_lf fhe sodlum ‘vapor . Is’ conflnually condenslng %'hafef1alk'

surface and rejoinlhg the malin’ reacfor cool ant, thére could be s ne .
Interstitial transfer. However; because of the scarclfy of dafa. I+ I's not

. possible to provide quantitative assessments of such effects at this time. . .
Pracflcally, ‘the potential for slgnlflcanf mass fransfer via condensation Is
lnslgnlf!canf. It 1s Judged that exposure to fhe cover gas. ‘should be
consldered the same as exposure to. Ilquld sodlum wlfhouf Ioss of =~
lnfersflflals. . - . :

The' lnferacflons of the ‘sodium envlronmen+ wlfh fhe maferlal, excludlng
Interstitial transfer effects, may be defined as surface effects. Compared
wlth alr testing, llquid sodium may cause certain metallic elements to be
transferred from the hotter to the cooler regions of HTS systems. “In
addltion, surface oxldation In liquid sodium Is greatly reduced when: compared
to alr testing. It Is belleved that these surface effects are Inslgniflcanf
in thelr Influence on shorf-ferm +ensl|e properfles. ,
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For flme—dependenf deformaflon, such as sfress—rupfure and faflgue,ﬁth '
ef fects of . -a 11quld sodium envlronmenf are complex and” need to'be ‘consl«
In defall. In the case of sfress-rupfure, 1t has
femperafure and s?ress, rupfure times In alr a ger

sodlum. Flgure Q110.78-P-4 glves a’ sodlum-envlronmenf correcf on"factor w ch
appl led. to the rupture strength data speclfled In ASME Code Case 15
Types 304 and ‘316 austenitic stalnless steel, Th" of fect. Is_used’ T
evaluaflons where sfress-fo-rupfure s tnvolved,” = ju_jf‘njx<

Faﬂgue properﬂes of ma'rerlals can be greaﬂy affecfed by the envlroune‘,___
which the properties are measured. The avoldance of excessive surface
oxidation by testing In sodium (or inert gas) Instead of In alr increases fhe
cycles-to~-fallure for a glven sfraln range, These Increased cycles—?o—f“ ‘ure
values observed when testing in, .sodium are beling: lndependenfly verifle o
increase in fhe deslgn faflgue llm[fs due fo excluslon of oxygen effe_,
permlffed. . . -

bY

In the HTS plplng, Interstitial carbon and nlfrogen are transferred from the .
hotter to the cooler reglons. This leads to weakening In the ‘decarburized. and
denitrided reglions and to sfrengfhenlng in the carburlized and " nitrided areas.
In the case of fatigue behavlor, however, fhe effecfs of Int rsflfial R
absorption af the surface are complicated because of two ‘conc '
mechanlsms. On fhe one hand, carbur!zafton can lead;f’”en '

s+ralnlng which Is less damaglng +han plasilc deformaflon. Sfudle :
that, In general, the austenitic materials will be carburlzed, However,\wvr:
crossover from carburlzaflon to. decarburlzaflon 18" sysfem dependenf and“tt-Is
‘ !c materlal will

be" decarburlzed..
whlch +the extent of " lnters+l+|a| +ransfer for Types 304 d 3
steel can be defermlned and from fhls fhe ef\eCTs of meck‘nlcal bel
be . calculafed...f : '

ASME Code Case. 1592 requlres a mlnlmum carbon oon‘l'enf of 0. 04 peroen'l‘ for
austenltic stalnjess steels., .To compensate for any Interstitial fransfers, _
the material Is being ordered with a minimum carbon content of 0.055 percent:
for the primary hot-leg piping. This addi+ional carbon percenfage Is
consldered sufficient to account for carbon depletion in the high femperafure
reglions of fhe primary |oop._- . -

| Although some carbon. depleflon 1s expecfed In the Intermediate HTS plplng, fhe
specif!ed minimum carbon confenf of 0.04 percenf Is consldered adequafe. '
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The' planned technical approach for the deslgn/analysls of fhe HTS plplng S
Inciudes the use of some methods, procedures, deslgns,-efc. that are not fully
developed, substantlated.or verlfled. . To account.for this, appropriate.: -
testing and verification will be carrled out ‘as_part of .the HTS piping:
design/analysls effort and/or LMFBR base . +echnology programs which-are . .=
considered relevant to the structural evaluation of the HTS plplng. Table
Q110.78-P-2 provides a |Ist of completed and. ongolng base programs:which will
contribute to veriflcation of design mefhods and, hence’ verlflcaflon of *he
adequacy of the HTS. plplng. - :

of speclflc Importance Is the quallflcaflon +es+ing of the CRBRP HTS plplng
support system ldentifled as items 3 and 12 on Table Q110.78-P-2, These -

programs will qualify the: load icarry.lng- capabl.lity . of the: ver*lcal and .

horizontal- plpe\clamp deslgns. ‘They wlll also-evaluate: and ‘assess.the - . ..
mechanical ‘snubbers and:constant load hangers when used. In. comblnaTlon wlfh

the. plpe clamps as a complefe pipe support and-restraint system. ‘Under . fhese
programs, models also will be developed and verifled for .piplng restralnts for

use In the design/analysis of LMFBR plping systems.

To determine the performance capabilities of the plpe clamps, testing has been
done at various temperatures up to 10159F and under various static and dynamic
loadings. The test articles were Instrumented with thermocouples, straln
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 carrylng capablllfy

‘during selsmlc-fype shocks and vlbraflons.

Testing was performed on. 24-Inch plpe clamps. Shock loadlngs at for+y
different frequencies from 5.64 Hz to 62.98 Hz ‘and ‘with corresponding forces
between 2 Ibs. and 19635 Ilbs. 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 structural ly adequate and analysis calculations reasonable In the
certified ASME stress report and FSAR.

COMPUTER PROGRAMS

Responses to the NRC quesflons 110.27 and 110,58 provlde lnformaflon relating
to the computer programs used for the static, heat *ransfer, and dynamic :
analysls of Seismic Category | structures. Of these, the fol lowing computer
programs wil| be used for the analyses of HTS piping within containment:
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1. WECAN,

2. WESTON =

3. MARC

4. ELTEMP‘

5. GHERN

6. ANSYS

7. TFEATS , R
.All the above programs- have been - descrlbed ln Appendlx A of +he PSAR and hence
are not repeated ‘In ‘this response. - Appendix A also provides Information
relating to the: adequacy of these codes and verlflcations that have :been -

completed or planned. Where verlflcaflon sfudles -are In progress, -the resulfs
will be provided In the FSAR._ ’ ' v
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TABLE Q110.78-P-1

Stress Intensity

Primary Limits

Primary & Secondary .

(and Bucki ing)

Peak

Y

ENVIRONMENTAL EFFECTS UPON ANNEALED TYPE 304 AND 316 SST

¥No slgnlflcanf effec‘t expecfed B
*%DN| ~ Deslgn i nformation not lncluded
*¥%Polnt - Instantaneous value or peak, not. -

average values,

- DN1

confent 1s used as the

SUMMARY :
- Loss of Interstitials
Sodium S .
Specific [tem Expasure Effect Baslst+
v

Sr Degrading Degrading Ave
Sy =% Degrading Ave
.o Sy ) . - . - ... . Degrading Ave
) ’»Creep Eqn : S - ' DN Ave
s I,Onsef Terﬂary creep. - DNI - . . " Ave
BRI A . .‘Degrading: - _ Degrading . Ave.
Sy - o Degrading - " Ave
s Su - Degrading Ave
: Creep Eqn - “DNI Ave
".:-Onset Tertlary Creep . ... ° - DN Ave
Creep Hardening ) - DN ) o Ave
Stress-Straln Eqn_ - Modlflcaflon_; Ave
 Cyclle Hardenlng - - DNI. T ‘Ave

- Etotal - o : . Improvement Ave

Sr. : Degradlng ‘Degrading -
o S"y;. - - . e Degrading Polnt
Sy - " Degradlng Polnt

\'Creep Eqn Don e - DNI . Polnt
Onset Terﬂary Creep - DN Polnt

. Creep Hardéning -~ - - DNI ... ... Polnt

. .Stress~Straln Eqn_ : - Modlflcaﬂon“" o Polnt

.- Oyclic Hardenlng 7. . . L= DNI ‘ Polnt
_Fatlgue-Curve =~ DN | ## DN! DNl -

. Creep~Fatigue I
Interaction - *DNA DNI

. Stress Rupfure -

- Notch Effect .-, .0 = .. - DNt DNI
Fatigue Notch Effecf' - "~ DN1 DN
Saturation-of.Hold o
Time Effects DN1

Pol ntsss

+ Basls - Denofes wheﬂ\er polnf (C+N) con'renf or average

basls fo esfabl Ish the offecf
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TABLE Q110.78-P-2

BASE. TECHNOLOGY PROGRAMS IN. SUPPORT OF THE HTS PIPING DESIGN EFFORT

9/ "pusuy

: Thermal Translenf Faclllfy (Analysls and test to verlfy inelastic pre-

dictions of ratchetting of plplng - welded plpe and Croloy-to~304/316
$S joints) :

Transtﬂon Weld Develogmenf

.Plplng Supporfs (Esfabllsh deslgn of plping supports using load bearlng

lnsulaﬂon - FFTF 'type)

‘Mixing Tee s_*hadles

a. Hydraulle Tests of SPTE Mixing Tee Model (Water Tests)

b. Mixing Tee Conslderations for FFTF (Water and Sodlum Tests)

c. CRBRP IHTS Mixer Thermal-Hydraul Ic Model Tests |
Fracture Man'les‘ Sfu‘dles (To prove Iea’k—befora-br'eak assumption)
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" The Information presented below Is based on that currently avallable In the
pump structural evaluation plan. . In general, these plans provide for the
overal | philosophy and analytical approach to be fol lowed In the structural

analysis and Identify fhe condlflons under which certaln supplemenfal analysls
may be required. :

Components operating above 800°F are consldered "elevafed temperature
components" and have sfraln Ilml+s and’ creep—fa?lgue damage: Ilmlfs esfabllshed
by Code Case 1592, S

1.0 Eau_uLe_Mg.d.es_and_J.g_adl.ng._mmj_tans

For the purposes of loads and analysis fhe pump (see Figure Q110,78-PU~1) is
divided into four subcomponents: Subcomponent 1 = the pump tank; Subcomponenf T
2 - upper Inner structure Including the pressure bulkhead; Subcomponent 3 -

the rotating machinery; Subcomponent 4 - the static hydraul Ics sectlon, The
predominant fallure modes and assoclated [oading condlflons for each
subcomponenf are addressed In Section 2.0,

2.0 .Sir_us;tuLaJ_EmJ_u.aian_ﬁLLienLa ,

The pump tank Is designed to the ASME Boller and Pressure Vessel Code .Section . .
111, Subsection NB Class 1 and Code Case 1592,: where: appl lcable. -The cone and .

cyllnder are designed malnly by dynamic stiffness requlremenfs.' These lnclude
selsmic loads and the necessity of keeping.the.-natural frequency of the’

" structure above the operating speed of the Impeller to avoid crltical -

resonance during operation. STARDYNE and. ANSYS compufer codes are used for
this analysis.

The lower end of the pump tank will operate above 800°F on the prlmary pump,
whereas al | portions.of the Intermediate sodium pump normal ly operate below
8009F. 'Creep effects for the Intermedlate pump will-be shown to be
insignificant. The evaluation of that portion of the primary pump above 800°F
will utllize methods of finite element coarse model Inelastic analysls. These
methods have been used on the FFTF Intéermediate heat exchanger as well as the
intermediate heat exchanger of CRBRP, ' :

The pump tank Is divided into two groups for analyflcal purposes; namely,
nozzles and the pump tank assembly.

: o Amend. 76 = %
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For structural Integrity of the pressure: boundary, axlsymmefrlc ANSYS models
of the various nozzles wlll ‘be used. Detalled t+ime. dependent femperafure Vi
distributions will be determined with:these:models:  Elastic plplng: loads wl |
be evaluated using Fourter Serles -and: axlsymmefrlc ‘ANSYS -model.s. . ‘Because of
the:proximity of ‘the discharge -and:suction:nozzles In:the pump tank.sphere; ‘a"

coarse three dimenslonal model will be used to-assess thelr:lnteraction:for . L

both mechanical and thermal loads. This work will be used to develop and

Justify a conservative set of. boundary.conditions for the:axisymmetric ...... -
analysis.. -The suction, discharge, and.IHX-vent relurn -nozzles-and: franslflon
ring of +the. prlmary pump are creep-faflgue and sfraln Ilmlf crlTlcal.-"' :

The- creep damage problem ls magnlfled due fo maferlal decarburlzaflon whlch :
reduces the time-dependerit-allowable:stress for-a .glven.time:at 10159F . iby:: 11%
Strain:limit:problems occur In the weld between:the- nozzle forglngs and the:-
pump -tank :sphere,. These -nozzles-:cannot ‘pass the simplifled elastic rules of
Code Case 1592-1. Coarse model Inelastic analysls ‘using axlsymmetric MARC:
models with axlsymmetric loads wii| be used to demonstrate compliance wlfh +he.
design criterla.of Code Case 1592=1., The.unit histogram to be used-wlll- _
include six:subcycles and wil-l be run for.six unit cycles, -lt:is anflclpafed
that the histogram will be composed of -two .normal .cool.down- condlflons, dwo .

. U=-ta transients, and one:-U~1b -transient -on one (-8 and E-5 franslenf (see PSAR

Appendlx B for deflnlflon of +ranslen+s).

An addlflonal funcflonal requlremenf of fhe dlscharge nozzles lnvolves fhe
slip fit with the discharge duct. -This silp fit must be shown- to remaln. open;
during the design:iife:and:not to enlarge to the polnt:where: leakage degradesn
pump. performance to an unaccepfable level., -The: problem w.ill-beiévaluatedis: ..
uslng an. axlsymmefrlc model of fhe nozzle. : :

The slandplpe bubbler nozzle of fhe prlmary pump ls no? subjec+ fo franslenfsz
and signiflcant pressure. Simplifled methods will: ‘be-used. to:demonstrate: Its:
structural ~adequacy. . The drain nozzle:wll | be: ‘shown -acceptable-by: comparlng
1+ to the suction and -discharge- nozzles. .- The cover gas vent nozzle -1s:not
subject to transients and signiflicant pressure. . Slmpllfled elas?lc mefhods
witl be used fo demonsfrafe l+s sfrucfural adequacy.v.

As nofed earller, ?he lnfermedlafe pump does no+ lnvolve creep deslgn yﬁ

_conslderations.  .Except for: U-11a.and E—4a* -the- transients. of - the-:

Intermediate :pump nozzles are very-mlld. :The elastic. shakedown. llmlfs‘and
fatigue damage will be evaluated using +wlce the stress range from the E-4a-
transient. The severity of transients U-i1a and E-4a, are such that plasflc

. design evaluation procedures (Paragraph NB 3228.-of Section [11) must be. used.-

to assess distortion and total strain range (for faflgue ‘damage). The MARC
models developed to evaluate the primary: puip-suction-and discharge nozzles -
will be used. - The hlsfogram wlll conslsf of franslenf E-4a and wlll ‘be: run..
for four cycles.. . Lo SR .

* E-4a was subsequently delefed as a.planf franSIenf Cbut 1t has been ‘retalned
as .a pump design requirement since it umbrellas other emergency transients
ln Its severlity. :

o i : Amend. 76
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The pump tank assembly conslsts of the remalning parts of “the tank(sphere, -
seal Ing cone' support attachment Juncflon, sphere~to~cone transitlion: plece,
cone, c¢ylInder, and mounting flange).  These :parts-:can-have an effecton the .
system requirement related to peak-to-peak: nozzle vibrations.- In addition,: -
deformations:of the sphere~to-cone franslflon plece are dlrecfly relafed fo
?he pump +ank lmpedance requlremenf. =: Lo Do

A fhree dlmenslonal (180°) fhermal and elasflc ANSYS flnlfe elemenf model of
the tank will be used to assess the ‘three-dimenslonal effects for-mechanical -
and thermal loads on the sphere-to-cone :transition plece. The:-results of: fhls
three dimensional analysis will be used to develop and Jusflfy axisymmetric
model's of “thé transition plece: which will be used to evaluate the:pressure
boundary for safety requirements.:: This work wlll Involve detalled fhermal
analysis for two thermal- transients and eight mechanical load:runs. -Also fhe

- model “wil'| be used to develop the foundation sflffness of fhe frunnlon fype
supporfs for fhe seallng cone assembly. :

The- axlsymmefrlc analyses and sfruc?ural evaluaflon of fhe sphere—fo—cone _
transition ‘plece and the seal ing cone support attachment junction.witl follow

the same general procedure-described for the: nozzles;: The: number of - :
translents- constdered, -the unlt histogram, and the number of.unlt 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 franslenfs.

Thelr destgn Is based upon load control led conslderations. (pressure and. -

selsmic) and thepeak-to-peak nozzle motions. In the sphere the areas- whlch O
are: far-fromlocal. discontinuities will be shoun accepfable uslng one AP i
dlmenslon CHERN tnelastic analyses. o Lo R

The analysls and evaluation of the closure and supporf flange complex wlll
Involve an equivalent:axlsymmetric Interaction model: - The:;mode! will-use- fhe
gap element :capabl| Ity ‘of ANSYS to-asséss the-changlng-configuration: -ef focts: -
due to surfaces moving In and-out of contact. Sliding with:friction will be*
considered. The bolts will be modeled with beams and- |ocal -flexibility at fhe
nut face and threaded areas will be considered. Non-ax| symmetr[c over-turnlng
loads (selsmic and rocking vibration) will be evaluated using the model with..
Fourier Series. In this Instance, the gap element will not be used to
simulate the clrcumferential ring JoInt.  The stiffnesses defermlned will be.
avallable for inclusion In the selsmic and pump dynamics modéls. In addl*lon,
the dynamic’ pressure pulse for the - SMBDB and sodlum-wa+er reac+lon wlll be
evaluafed _ : : SREE

,22£ub_eqnp_on.enL2_UppeL_Lnn.eL_SiLus:LuLe

The ‘upper lnner sfruc+ure will: conform to +he same - code: requlremenfs as the
pump-tank.’ The:design of the upper closure plate and radiation shleid is
control led by the design pressure and temperature requlremenfs.. Elastic
failure Is the predominant mode. The thermal shield will have steady state
thermal gradients which will be determined by a 2D ANSYS axIsymmetric model.
The motor stand will be deslgned by the sﬂffness requIremen‘l's of. ‘l'he mofor ‘

;

i -
N
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and. selsmic loads, The prlnclple fallure mode will be buckllng under SSE o
selsmic:loads Parts of the: primary pump:upper ‘lnner structure witl: operafe
above 800°F; none of the Intermediate pump upper lnner sfruc+ure opera*es
above fhls +empera+ure. ‘ S _ . _

2 3

The rofaflng machlnery can: be removed and lnspecfed affer an: emergency or: -

faulted event and repaired before the plant Is placed In service agaln,
Therefore, this equipment will be: designed and analyzed to the ASME: Boller. and
Pressure=Vessel ‘Code, Sectlon I, Subsection: NB-for: Class.1- Componenfs and.
Code: Case 1592 where- appllcable.: ‘However, for - ‘emergency -events when:Code- Case
1592 Is’ used, the’ deslgn rules for load controlled: stresses (Section 3227): -

Wil apply. “Straln-deformation and fatlgue-analysis need only be’ performed up

to the emergency event:and the | Imi+s will apply ionly to-the pumps' abllity to

»operafe at pony motor speed after the event. The shaft will be designed by
‘critical frequency requirements, lnertial- loads;, torque- and" thermal

transients. Fallure modes will be fatigue, shear fallure and creep fa?lgue In
the shaft. The upper jJournal has a local area which will be-analyzed "
Inelastically with:-a 2D ANSYS® axlsymmetric-model.: Loads caused by bearing:
misal-ignment wil| be-accounted for. - Portions of the rotating machinery.in: the

_ primary pumps operate above 800°F; all rofa*lng machlnery of fhe InfermediaTe

pumps normally operafe below 800°F.

2.4 .S

The hydraulic section consists of the lower removable. rengn of the pump Inner
structure and the mating sealing cone mounting In the pump tank. . It wili be"

‘analyzed to same ‘code rules as Subcomponent. 3. (rotating machinery). The . -

prlnclple loads wil'l:be: thermal: transients,: hydraullc ‘pressure, confainmenf of
a falled. impel ler, reaction loads- agalnst ‘the hydraul ic machinery due: +o
deformation of the sphere durlng the thermal +ranslen+s and bearing 1oads due

to-axlsymmetrical -heating. " Creep and- creep-faflgue are:the predominant.

fallure modes. Portlons of the static hydraulics:-section in the: ‘primary pumps
operate above 800°F; all of the static hydraullcs secflon of ?he Infermediafe

.pumps -normal ly -operate below 800°F.

For purposes of analyses, fhe sfaflc hydraullcs section has been dlvlded Into
two parts, the sealing:cone: assembly - and the . pump case. assembly. ‘

» .

In order to satisfy the functional requlrements (operab!lIfy’and‘performanée)

‘and to supply structural characterization. (stiffnesses) for establishing
‘adequacy with respect to system requlremenfs (peak-to-peak nozzle motions),

extensive three dimensional: analysls of -the assembly's. support on.the pump
tank Is required. -With respect to the: functional requlremenfs, the: followlng
gross dlsforfions musf be consldered..

a) Tlme dependenf (sfeady sfafe loads and resldual sfress from plasflc
actlon during thermal transient and/or selsmic DBE events).

b) Time Independent (plasflc actlon during steady state and transient
condlflons).

Q110.78-PU-4 Amend. 76
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c) Time lndependen‘l' (elasﬂc acﬂon durlng sfeady s*l'a'l'e and franslenf .
condlflons). il e L SRR R v.

With: respecf to system requtremenfs and +he pump selsmlc analysls, fhe load
path and stiffness characteristics between the Inner structure .and pump tank:
are needed. The Interaction of the seallng cone assembly wlfn lfs supporf on
the pump +ank and the pump .case: wl(l be esfabllshed.A _

A full +hree dimensional (3600) mode! of the ‘seal Ing cone wlll be used .
(elastic ANSYS). The gudgeon sleeve and supports will be: substructured.and

- Included. Gross thermal distributions including clrcumferenflal varlafions
due 10 low flow rate conditions will be-determined. The detalied three .. .
dimensional ‘analysls will.be used to Justify two dimenslonal models: which: wlll
In:-turn be used to. esfabl!sh time dependenf dlsforf!on and sfresses.

Two elasflc-plasTlc-creep MARC analyses wlll be used. The flrst 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 (zation 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 unlt histogram:of three. subcycles wifl..be-run
for six unit cycles for each of the three models.. For the-lntermediate.pump,
the potential plastic ratcheting from the severe U-11a transient will be
assessed uslng the same models with plastic action only. -An.objective of thls
analysis is to show that the seal Ing cone/hydraul Ic assembly radial gap does
" not increase In a manner which would degrade pump performance wH'h respec‘l' to ,
functional requlremenfs. S . - S I v 4

-The sfrucfural adequacy (code-fype evaluaflon) wlll be evaluafed for +he
fol lowing: : R S Do .

- a) The dlscharge ducf-fo—seallng -cohe Junc?lon (modeled -as an equlvalenf
axisymmefrlc problem). . : :

b) The suppor+ assembly Is baslcally fhe same as fhe dlscharge nozzle and
: fherefore can be shown adequafe by comparison. -

¢) The cone = the 2D and 3D elasflc models wlll be used for reglons far
from discontinulties.

Extensive three dimensional analysls of the pump case assembly Is requlired In
order to satisfy the functional requlremenfs (operabl| 1ty and performance) and
to supply structural-characterization (stiffness) for establ ishing adequacy
with respect to system requirements (peak-fcrpeak nozzle. moflons).

With respect to functional requlremenfs, fhe followlng gross-fype dlsforflons
must be considered:

' Amend. 76
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i?a;T?Tlme dependent events (sleady state ‘loads and: resldual sfreSSffrom
_ plastic action during thermal transients ‘and/or . selsmlc DBE nt
- Mlsallgnmenf of bearlng houslng due To dlsforflon of’ fhe volv,_

b)

selsmic evenfs). ;fffwiﬁh”

_ ¢)?}Tlme lndependenf evenfs (elas+lc acflon durlng sfeady sfa?e and
. T_+ranslen+ oondlflons). S L _ .

With respecf +o sysfem requlremen+s and the pump selsmlc analysls, fhe load
path. and stiffness characteristics between the inner structure and pump fank

.. are needed. The ln+erac+lon of the pump case ‘(volute, bearing housings, and

"1cyllndrlcal attachment) with the seal ing cone assembly and Inner structure .
wiil be established.. The load transfer across the lugs which connec? the

affachmenf cyllnder and volufe casflng Is- lmporfanl because plasflc ac+lon
woul d change "the as—manufacfured allgnmenf of - fhe two houslngs.w__i

The sfruc+ural adequacy (code-fype analysls and. evaluaflon) will be evaluafed ‘
for the. following I1tems. The' general approach for fhe lfems fo be analyzed ls
as given for the nozzles: : _

a) Lower. bearlng housing .lugs -and volule—axlsymmefrlc approxlma+lon i
- 'dérlved from. the above fhree dlmenslonal analysL
Justify this approach. s

’”b)QTUpper Iugs, cyllnder and volufe—axlsymmefrlc a [roxlmaflon wlll be
. .used In the fhree dlmenslonal analysls resulfs above. o

~¢) - Attachment cyllnder, baffle ‘and bolted Joln+ ~ the axlsymmefrlc
.. approximation will also be used to defermlne baffle moflons for
" bubbler 1mpedance.

_d)"Upper bearlng houslng affachmenf cyllnder, baffle and bolfed Juncflon.
©) Lower bearlng housing.
MARC Inelastic analyses wil| be performed to evaluate creep_damage and the
effecfs of ratcheting strains on bearing operability. This Inelastic '

evaluation will Include- ax| symmetric 2D models of the upper bearlng complex
and of fhe upper “case houslng._ v

| | Amend. 76
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2.5 jEﬂ:mUJLluEU¥§l§_QI_Ih§_EnmE

be performed for evaluation of ‘more crit!cal reglons and of " lnferacflon
effects such as journal/bearlng lmpacf durlng selsmic evenfs. Also. . . S
interactions occur through the pump case and seal ing cone( semblles ‘which are
critical with respect to.functional and system requlremenfs. “The Interaction
Is nonl Inear. due to the gaps which will open and close during the selsmic
event. The local Impacts which result when the' gaps. cL ltl be consl dered.
The model wllil be developed using the dynamic opflons'of the “ANSYS and -
STARDYNE. .computer. programs, . ANSYS. will ‘employ. xlsymmefrlc conlcal shell ‘and
contlnuum elements with non-axlsymmefrlc loads. = - mode 8
3 dimensional . beam represenfaflon. The steps which’ ulll be carrled ouf are as
follows.- o v

| a) Local sflffnesses will be developed at polnfs of ln+ernal supporf.,
- This wlll be done by means of small sfaflc compufer models or by hand.

'fb)d'The remalnder of fhe | tnear dynamlcs model wlll fhen be developed..
This lncludes the addition of any fluid masses and exfernal mechanlcal
masses such as fhe motor and/or piping.

<€) The flme—hlsfory lnpu+ loadlngs will be developed on t -on ‘the
~ support foundation time-history acceleration for the DBE and’ SSE .,
even'l‘s. Lo s <‘

;éd):{The slze of fhe above model wlll be. reduced by, subsfrucf T
fechnlques In order to- lower soluflon run flmes.;»-' _

..e) ‘The STARDYNE ‘model will be run slmulfaneously In all fhree dlrecflons.
The ANSYS.model will be run in each of three directions . and the
results stored on tape. The results will be scanned to defermlne the
maxlmum .response . polnts at varlous crlflcal polnts,

f) lnfernal forces and/or sfresses will be derlved for use - ln subsequenf
stress evaluaflon.

'9) Final results will be developed and tabulated for the entire unit.
The results of the analysis along with the detalls of the model will
be summarized In a flnal report..

26Q3Le.LaLL_Eump_an.d_E9.undaiLQn_sttem_D.\mamLLAnaJms

For +he overall sysfem analyses of the pump and the- drlve motor sysfem, fhe
model will iInclude the coupling effects of the foundation and [nterconnecting
piping. The system Is analyzed with the finite element HASTRAN, .  ANSYS and
STARDYNE codes. A detalled model of both the drive motor and pump that
includes the foundation elements and main plping spring mass elemenfs will be
used.

.’A
{
Lo
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30§Ir;u.ci:uLaLles:l'_to_Sumr:LAna.lxs_Ls

At present It Is planned to deslgn by analysls.} However, hal f scale .and full

" scale water tests have been run to.determine and ‘adjust the pump performance
characteristics. A dynamlic analysls of the .pump operating In the water test:

. -setup was made and the:water test: resulfs conflrmed the analysis in al | cases.
~The ‘pump. shaf*'s mid-span deflecflon was. measured and conflrmed the maximum ;

T. l.R: of 0.017" as-predlcted .In the dynamlc analyses._ The ‘test results
indlcated hydrostatic bearing I'tff=off at all opera*lng conditions as :
predicted by the dynamlc analysls. and- conflrmed the: hydros?af[c”bearlng load
capabli ity of the pump. = A prototype pump will be tested In's lum for fhe'-
upset thermal translents Idenflfled ITn-the pump~ speclflcaf!on~= p ,
facility capabllLlity (temperature Tncrease of 400°F: up. to 1000°F" and decreases

~of approximately 5000F). ‘Full scale water ‘tests will be run -on +he plant
-uupumps fo determine and. adJusf fhelr performance characferls*lcs.-

4OBeLelanI_BcQg|:ams__f.mm_cher_E_as_Lu_tLe_s

'Experlence galned from the FFTF sodlum pump +es+s has been appl led to the

design of the CRBRP pumps where appl icable. In particular;- ‘bearing clearances
in the CRBRP pump are being adJusfed to" compensate - for Type 304 stalnless

"sfeel shrlnkage as observed In +he FFTF tests.

sonomp.uier_ﬂmgr.ams

Ounpufer codes used In fhe pump dynamlcs analysls are. 'ANSYS, HASTRAN and
STARDYNE. ’ L . - S -

'The compufer codes used In fhe pump s+ruc+ural analysls ‘ares: ANSYS, HAFMAT
LPGEN, MARC, N-1045, N—1050, N-2050 N-2060 PRINCP- AND SINDA. '

.ANSYS, HAFMAT and MARC codes are descrlbed In Appendlx A of fhe PSAR. The

remalnlng .codes wlll be added In an upcomlng PSAR amendmenf. SR

o _ : Amend. 76
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E . :—.u«r«;t III}{:

The methods used.in the static and: dynamlc analysis of-the. Infermedlafe Heaf
Exchanger (IHX) to -determine- sfrucfural* nd funcflonal Infegrlfy Aares e
summarlzed 1In-thls response.: i o g e S e

~ .The -IHX provides the thermal Ilnk be?ween the- pnlmary ‘and-: lnfermedlafe heaf

transport piping. The IHX Is a stralght tube flexible downcomer deslgn uslng'

- an essentlal ly counterflow arrangement :of “heated and:cooled:sodium:: -Flgure.

110.78-1HX~1 -deplcts the sallent features of the IHX design. The main support
for the IHX Is the hanging support cylinder which Is fabricated:from-.type 304
stalnless steel at-the top and type 316 stalnless steel at the bottom. it
conslists of a: cyllndrlcal ‘shell-that is welded to: fhe AHX:shell:and tube = :
bundle through a "Z" shape junction forging at- the {ower edge and-has an upper -
flange which I's anchored to the:operating floor. The:shéll s fabricated from
type 304 stalnless steel In the bottom portions and fype 316 stalnless steel
in the top areas where It Is welded directly to'the lower:edge of the o
cylindrical hanging support through the "Z" junction, The bottom porflon of
the shel| assembly consists of a: lateral support ring with. spacer.guides to
restrain the tube bundle, the lower tubesheet, the hemlspherlcal head, and fhe
primary outlet nozzle.. The tube bundle:ls comprlsed of -two major: - -
sub-assembi les: (1) the bundle, consisting of tubesheets; .tubes, suppor+ .
plates, tlerods and spacers, outer shroud, hemi-head, downcomer, sfrongback

‘and by-pass seal, and (2) the channel| assembly conslsflng of ‘replaceable-.-

bel lows, upper head, Intermediate outlet nozzle, Intermediate vent, Inner and

. outer channel cylinders, upper downcomer pipes and.the: "Z".forging. ’The -
_uppermost: portlon.of -the:channel-contal:ns a: removable IH

-bel Lows: assembly.'
The bellows permits the differentlal: axial: fhermal growfh;beTween ithe:;

downcomer and stralght tubes and also serves as:.a.. porflon‘of the. pressure o
boundary between the primary and |ntermediate sys*ems. A de+alled descrlp*lon
of fhe IHX Is lncluded In Chapfer 5 of The PSAR..

'The IHX was deslgned and consfrucfed fo fhe Class 1 requlremenfs of fhe ASME

Code,  Section Il and the supplementary requirements of:RDT- E15=2NB-T. :Design
and construction.of parts and:.components. for- design:temperatures: exceedlng

- 800°F were :in’ accordance wlfh Code Case 1592 and fhe supplemenfal requiremenfs
of :ROT F9—4T. L TR g A L

Two maJor fypes of general Ioadlng were consldered mechanical and thermal.,
Mechanical loads conslst of internal pressure, nozzle loads (due to pliping
welght, thermal expansion and seismic effects), dead weight of the component
and its content, seismic dynamlc 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

‘ sodlum of varying degrees of severlty, dura+lon, -and temperature change

direction, as well as steady state high fempera*ure ef fects. 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 boundarles and
internal parts. - \ : : ‘
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Analyses were performed on the IHX to. ref lect bofh flme-lndependenf -and..
‘t+ime-dependent materlal .properties:.and: ‘structural ‘behav lor-:telastic :and:;
Inelastic) by conslderlng all the modes. of fallure Ils+ed belowfa L
1. Ductlle: rup+ure from shorf-?erm Ioadings
"2; .Creep-rupfure from Iong-ferm loadlngs
3,'tCreep-fa+lgue fallure | -
4, -Gross dls+orflon due to Incremenfal collapse and rafchefflng;'_ybv L
.de Loss of fUncflon due to excesslve deformaflon
d;d:Buckllng due fo shorf-ferm loadlngs -
7;. Creep buckllng due fo Iong-ferm loadlngs ;

Crlflcal fallure modes for speclflc areas of fhe IHX are. ldenilfled -In- fhe
: dlscusston of - analysls methods. -

'The foilo&lng pafagraphs provldeve brief :summary of fhe eohsldere;ione».
Involved-in the ldentlfication of highly .loaded-areas: and fhe anal s%Swmefhods
applled +o show compllance wlfh appllcable crlferla. S '

The Intermediate channel, upper tubesheets, lower portlon of the hanger, lower .
tubesheet :complex and the' upper: portion ‘of: the primary-shell were:included In
©a. slngle fInite element thermal and stress:model.; The thermal translent

~ analysls: wasconducted on two separate sub~model:s. composed of -the lower
tubesheet: complex and the intermediate channel complex.: :The stress: anaiysls
was conducted on the comblned model through the use of substructuring methods.

The stress analysls mefhods used for the different areas of the [HX are
described below: _ L PR I
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'channel, upper fubesheef, lower porflon;of;fhe hanger ‘and - upper porflon;

“Complex:  For +hls reg
fatigue. Creep straln and“stress ru
area- opera?es ‘8bove B0OOF for - less +
life.:~“While- +he rules ‘of - RD -
s+raln Ilmlfs, can be used

lnelasflc analysls based on ‘the appr““

. agr: :
111 was performed to'show that the amount of ‘a “u[afed sfraln was w!fhln

acceptable bounds. The: remalnlng +ranslenf cycles'were freafed uslng elas+lc
rules. ' . o :

This areals. conposed of the [ntermediate

primary shell,>" Creep-faflgue was“the- major fal'lure mode with strain

_ accumulation-onty a secondary concern.- ‘The: creep damage ‘was evaluafed wlfh c

material -properties being modlfled to acéount ‘for' decarburlzaflon which™ =
reduces the stress rupture: s+rengfh of the* maferlal. “Gross ‘deformations due :
to.¢reep were -fiot of particular concern’as:the normal operaflng femperafure Is
9759F. A ¢reep buckling: analysls of the lnner cyllnder was performed fo N
conf(rm fhaf If had adequa*e fhickness. T‘ , : '

Several Iumped fhermal franslen*s were used for, creep—faflgue evaluaflons, e

as’ fhe foTal number of acfual T inslenf

In addlflon fo elasflc analysls exfenslv simplified- lnelasflc analysls o
employed on the ‘upper “tubesheet ‘and ‘oute RAL ‘and “Tnner "Wye" Juncttons” f fhe
Intermediate channel complex to optimize the" deslgn priorto performing a -
detalled Inelastic analysis to conflrm the design. Detalled inelastic
analysls was performed using two dimensional’ axlsymmefrlc models of fhese
three ‘areas. “This‘general fechnlque of - proceedlng ‘from- an ‘elastic to a .
simpl ified- lnelasflc to a defalled Inelasflc analysls was employed In’ ofher'i_

'areas where necessary.

The defalled lnelasflc analysls of fhe upper +ubesheef lnvolyesvfhe evaluaflon
and down +hermal ‘shocks. - An: equ]valenf -s6t of - maferlal proper+les was
developed and both plastic:-and creep corrélations were made for -the solld -
region used In the model In place of-the actual perforated region. The model
used contalns the tubesheet and the affached cyllnders..: '

For the Inelastic analysls of the outer "z® Juncflon, 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 analysls of the Inner "Wye" junction.

o , . Amend. 76
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Hangﬁ:z The. lower portion of the. hanger, whlch operafes,above 800°F;dur|ng,5
normal operaflon, ls consldered an; lnfegral affachmenf : -
Class 1. IHX: pressure boundary and henc “subjecf to.the, sameud : ,
the. IHX . The .upper. portion of .the. hanger lncludlng the. anchor bolfs was
deslgned +o the . rules of Subsection NF:.of ' the ASME . Code, Secflon lll.; Ao
jurlsdlcflonal boundary befween the. fwo areas was, esfabllshed, based -upon. the
temperature. level. ‘The major conslderaflon lnvolved the., adequacy to.wlthstand
primary . stresses, .the, Important. confrlbuforsif hese . sfresses belng. ‘selsmlc .
loading and. deadwelght.. The_ affect of the axlalﬁfemperalure gradlenf from the.
[HX shell to the. supporl flange was Taken lnfo accounf. T - RIS

: The primary shell Is dlvlded Into three reglons. The upper
reglon involves the primary shell forglng and . is. consldered» 1th The
lnfermedlafe channel complex. . The middle. reglon lnvolve e-high. 1empera+ure
primary Inlet. area. .. Here the. crlflcal fallure, mode ‘Was: creep-faflgue.; .The -
creep.. damage was evaluafed with- maferlal properties. being mod! fled. to account
for decarburization.  Strain {imits were not.a: -problem. as- large . fhermal
dlsconflnulfy stresses were not. presenf .This region.was evaluated. with
simplifled. Inelastic. analysls using.an Infinitely long. thlck wal led cyllnder
model. The lower reglon conslsts. of the .seal rlng,. lateral: support ring, -head
and primary outlet nozzle. Here, the critical . fallure mode .was - fatigue and...
fhe evaluation was handled In the same manner as the. lover fubesheef complex.

S S

Addlllonal conslderallons ln fhe analysls of fhe : ..She l lncluded .
worsf-case weld. conflguraflons and thelr effect on creep-faflgue evaluaflons.
This lnvolved conslidering the Increase .In seoondary stresses. due.to maximum ,
mismatch between. sections that were. Joitned,  .In. addlflon,efhegpeak sfresses 4
due +0'+he_local .dl.scontinulty In a.weld. were con’lderedf r Yo
conslderallon was-dry._and-wet hea+ ‘up and. ‘cooldown:of the- rlmary shell ln +he
area of the primary closure. These cycles control the design-of the. prlmary
closure seal, and hence reasonable heating rates were esfabllshed and the.

ef fect. of .local. loss -of heaters was .consldered..: Also,: evaluation of the::
“non-axlsymmefrlc temperature. dlsfrlbuflons .due -to maldlsfrlbuflon of flow,
such as at the primary vent elevaflon, .was done. - :

Ngzzj_e_s The prlmary Inle-r nozzle,. 'rhe lnl'ermedlal'e ou'l-lef nozzle, +he venl'
nozzles and the hand hole nozzle including fts cap were. evaluafed in. delall.;
Three vent nozzles were evaluated. The primary. shell vent has sodium flowing
through It during operation while the other vent nozzles do .not.. The critlical
fallure modes for the primary Inlet, Intermediate outlet and hand.-hole nozzles
were creep-fatigue and straln accumulation.  The .creep. damage was evaluated

~ with material properties being modifled to -account for. decarburlzations
Several lumped thermal transients were analyzed using axlsymmetrlc model
approximations. The. nozzle |oads were evaluated using axlsymmetric
approximations as subjecfed Fo non—axlsymmefrlc Ioads..
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In addlflon to elasflc analysls, slmpllfled lnelasflc analysls was:: use'

optimize the nozzle configuration so that a minimum of detalled Inelastic =

‘analysls was-required-to ‘conf lrm” the deslgn. ‘The detalled lnelasflc analsl5m?

~ I'nvolved. the eval uation of :several lumped +ranslen+s composed of'severe and-ic
moderate" up-down +herma| shocks..=~ - Jied S

1nigcn91§: The supporf plafes, shroud, +le rods, nuls, spacers, prlmary
by-pass -seal complex, -primary:inlet. plenum.baffie, top:baffle.plate and: -~ -
strong-back- are included i thls: category. The: mandatory rul es:of:Code" Case
1592 were applied even though these components are not part of the pressure R
boundary. These rules cover the IImits on primary stress. Dynamic loadlngs ’

‘due to fluld~borne pressure franslenfs and flow-lnduced vlbraflons wer: et
vconsldered..

Tube and-* =% 5 ‘Weld: The crlflcal fallure mode was: creep-faflgue
for bofh the lube and the lube—fo—fubesheef weld. ' In addition;, :al.l |loadlings"
on the tube were considered to evaluate the potential for column buckllng.. As
in the: case of the Intermediate channe! complex and: the lower tubesheet - '
complex, 'several’ thermal transients were evaluated. The tube: was' modeled
‘us’ng- an’ lnflnlfely ‘long cylinder:and simplified Inelastic methods were fhen
appl led. “An elastic analysis of the tube-to~tubesheet junction was: ‘per:formed
using an axlsymmefrlc model. - As both- the-tube and tube-to-tubesheet- juncflon
are subject to ‘decarburization, ‘creep damage was ‘evaluated with. modlfled A
material properfles. However, excesslve straln accumulatlon:was not ‘of:
concern.

Addlflonal conslderaflons lnclude fhe buckllng of +he slralghf lubes due +o _
radlal varlation In bulk tube’ temperature ‘during dry-heatup:and cooldown of f

the: tube bundle.” Thls consideration ‘Includes the stress-strain e
characteristics of- the tubes ‘due: to*loss of ‘carbon -and: nlfrogen andst
. contributes to fatigue damage tn: the -tubes and- Imposes:.deflection requlr
on: fhe expanslon Jotnt. - Also, -flLow :mal distribution I's of: lmporfanceﬁf

area of the tube- and lower “tubesheet to. downcomer: - Juncflon.”“A”nonaxlsymmefrlc
bulk temperature distribution :In the tubes caused signlficant fatique damage
In the Junction between the downcomer and tubesheet. In addition, compresslve
axial thrusts on the fubes were accounted for in the tube buckllng pofenflal
assessmenf. '

i lex: Thls area ls composed of +he expanslon Joln+
(bellows), affachmenfs, Intermediate: Inlet: nozzle, ‘hand hole- and ‘outer:. _
cylinder.: -The critical  fallure mode is fatigue for: all of these: componen+s. >
The Intermediate inlet nozzle, hand hole -and outer cylinder operate :below: "
800°F for a considerable fraction of the design life.  Thus, +heﬁrure5”of‘RDTv
F9-4T providing an exemption from: the strain limits were used. -Several lumped
thermal fransients were evaluated. For the expansion Joint: -and ‘attachment
region, varlous loading conditions for detailed inelastic analysis were:
developed. -Even though the expansion Jolnt operates below the creep-range-for
most of ‘Its design life, the Inabllity to demonstrate ‘elastic-shakedown ‘
necessitated the use of Inelastic analysis, ‘Many cycles of: varlous axial:-
deflections were analyzed. The plastic straln ranges obtalned from the =
Inelastic analysls were used to establIsh the fatigue |ife of the expanslon
Joint.
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Selsmlc analysls of ‘rhe IHX was performed by fhe response specl'rum mefhod,
uslng the ANSYS-dynamic-selsmic:capabllity. -The-hanglng support:. flange was
-modeled using continuum type finlte elements. This:accounted for: some.: Lot
additional flexibility of this region. Both SSE and OBE vertical and
horlizontal cases were:analyzed. Non-!1inear -ef fects-were: factored: Into; the:
analysis.where applicable. ' The results of the:selsmic analysls: provlded !npuf
to-the sfruc+ura| evalua*lons descrlbed ln fhe prevlous secflon of fh(s R
reSponse. : : ‘ : : , e :

Other dynamlc and vlbraflon conslderafions which were evaluafed lnvolve |
sodl um=water reaction, check valve. slam, fluld and sfrucfural borne vlbraflons
and flow lnduced vlbraflons.v. = v_ . e

The expanslon Joln+ was analyzed under 1he acflon of the pressure franslenf
enterlng the Intermediate Inlet nozzle due to'a sodium water reaction. The
effect of thls-pressure transient was also consldered for the tubes; as:. fhey
have:low flexlbility. The: approach was to.use a static analysis:wlth an-
ampliflication factor, which was determined by comparing the-natural. ... -
frequencles of the bellows and tubes: in. +he approprlafe modes +o fhe flme rafe
of change -of ‘the. pressure.. o i o

The +ranslenf pressure resulflng from check valve slam was analyzed de lfs |
ef fect on the shroud, tubes: and expansion jolnt: uslng an analysls procedure
simllar: fo fhaf for +he sodlum—wafer reacflon. : . ; TR

Calculaflons for fluld and sfrucfural borne vlbraflons were: made as well as-
assessments: for.:flow:/induced: vibrations.- It was - found that fluid borne: and
structural - borne.vibrations (e.g. from the pump through the.cross:over: plplng
to-the- IHX. primary inlet.nozzle) were Insignlficant,  The -effect: of flow S
Induced vlbra*lon was verlfled by +esfs -as dlscussed Iafer. i

.’?,;'_ff' R

The elastic material properfles used in the structural evaluafion -of fhe IHX
are specifled in the ASME-Code documents. The Nuclear Systems Materials - (NSM)
Handbook: (T 1D=26666). was ‘used as ' the -author It+ative. source for: material::
properties. not -specifled in the applicable Code Documents. All materlal.
properties used In the design and analyses of the: IHX are speclfled In +he
Code Documenfs or the NSM Handbook

Thermal and mechanlcal proper+|es were consldered In +he selec+lon of
materlals 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. aglng effects. - A thickness al lowance was .provided, In fhe
manner described In the ASME Code, Section lil, Subsection NB-3120, fo acoounf
for the effects of corrosion and. eroslon. e
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Where maferlal properfles are slgnlflcanfly uncerfaln, mInImUm, average, o -
maximum properties were used as appropriate to obtain a reasonably:
conservative result. For example, ‘In certain crlflcal ‘sltuations the
evaluations of" ‘deformation | Imits were based upon mEnimum- sfress—sfraln
curves. The selecflon of approprlafe properfles was gulded by RDT F9-5T

Most of the dafa used to deflne The allowable deslgn sfresses ln +he ASME Code
were obtalned from tests conducted In air. No attempt is made in the Code ‘to
account for the effects of other service enviromment. The LMFBR development
program has focused attention onithe ‘mechanical” ‘behavior of ‘reactor: maferlals
when exposed to high-temperature |lquid sodium, In addition to fast neutron:
‘irradlation. and to long time aglng at elevaled fempera+ures. ‘The ‘of fects of -
the’ servlce ‘env | ronment upon the” response and fallure characferlsflcs of fher
sfruclural maferlals are summarlzed n +he followlng paragraphs. ' ‘

Types 304 and 316 sfalnless steels are non-age hardenable alloys. “Thus, no
slgniflcant changes in strength or hardness of annealed material accrue from
long term aging at temperatures up to 1200°F, unl tke the :
preclpltation-hardened stalnless steels. Some ‘slight Increases:in sfrengfh
and decreases In ductil ity may occur due to carbide formation; together with a
reduction in the room temperature impact strength. Of more slgwlflcance is
the fact these alloys will sensitize during tong term’ service 1n the -
femperafure range from 800° to 1500°F., ln +his phenomenon, carblde
deplefed ln chromlum and +he graln boundary reglons become suscepflble to ;“
attack: by corroslve medla,  Such ‘attack Is ‘not* llkely to occur fn- sodlum,
which, If pure, Is a relatively ‘Inért enviromment. - However, ‘cracking ‘may
lnlflafe 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 hal ides). Because of this, precautions must be ‘taken
during such perlods 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 ef fects of thermal aging on the properties
~ of types 304 and 316 stainless steels used In the IHX. This did, however, .
‘demand that control be specifled and exercised during the fabrlcaflon process
to prevenf sfress corrosion and - lnfergranular attack,. '

Neutron shlelding Is provlded between the reactor: cavlfy and the HTS cells
containing the 'IHX. Neutron fluences In the vicinity of the IHX are +herefore
negliglble and no fluence effecfs on mechanlcal properfles of IHX maferlals :
are expecfed. B : L S
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The selection of nlfrogen gas as. fhe afmosphere for the reacfor cavlfy and HTS
cel |s was based on the desire. to prevenf chemlcal -reactlons. should molfen o
sodium leak -into the cavlfy and. HTS. cell. from any. -source.. However, the . . .
exposure of austenltic stalnless steel to pure nltrogen for extended perlods
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 percenfage of ..
.oxygen (<2%) will. be Infroduced In+o the. nlfrogen. o , ,

Very |lmlfed Informaflon Is. avallable on fhe effecfs of exposure *o an :
argon—plus-sodlum-vapor atmosphere on fhe mechanical properties. of a maferlal.
I+ Is possible that, If the sodium vapor is conflnually condenslng on the
material surface and rejolning the maln 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 ef fects at this time. .
Practically, the potentlial for significant mass transfer via condensation ls
insigniflcant. It was Judged that exposure to-the cover gas should be
considered the same as exposure to'liquld sodium without |oss of '
interstitials. Loss of Interstitials due to Ilquld -sodlum exposure In other
~clrcumstances Is dlscussed below. o

Compared. wlfh alr fesflng, llquld sodlum may cause cerfaln mefalllc elemenfs

to be fransferred from the hotter to the cooler reglons of. LMFBR sysfem . In
addlflon, surface oxldation . In |iquid sodlum Is.greatly reduced ‘when. compared
to alr testing. It Is bel leved that these. surface ‘ef fects are lnslgnlflcan?

In fhelr influence on shorf-ferm Tenslle properfles. v S

For Tlme—dependenf deforma+lon, such as. sfress-rupfure and faflgue, fhe
effects of a |lquld sodlum enviromment are complex and need to be consl dered
in detail. In the case. of sfress—rupfure, 1t has been shown that for a given
temperature and stress, rupture times in alr are-longer than those In |Iquld
~ sodlum. A sodlum-envlronment correction factor was applied to the rupture
strength data speclfled in ASME Code Case 1592 for type 304 and 316 austfenltic
stainless steel., This effect was. used- in all evaluatlons where sfress rupfure
~was Involved.

Fatique properf!es of maferlals can be greafly affec+ed by fhe envlronmenf in
which the properties are measured.. The.avoldance of excessive surface
oxidation by testing In sodium (or -Inert gas) Instead of In alr Increases the
cycles-to-failure for a .glven straln range. No- lncrease In the design fatique
IImlts due to exclusion of oxygen effecfs was employed in the analyses as a.
conservative approach.

. . Amend. 76
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tn the Heat Transpor+ System, lnfersflflal carbon and nlfrogen ‘are- franferred
from the hotter to the cooler:reglons. 'This l'éads to weakening 1n:the: " "
decarburized and denitrided regions and to- sfrengfhenlng in. the carburlzed and.-
nltrided areas. -In thé case of" fa*lgue behavlor, houever, the effects of '
Interstitial absorption at:the surface are-complicated: ‘becaiuse of ‘two ..
concurrent mechantsms. On the one hand carburization:can: lead to enhanced
crack nucleation at carbide’ parficlésand, on'the ‘other, ‘surface" sfrengfhenlng
during ‘straln-control ledfatigue will Increase: the’ proporfion of ‘elastic '
straining .which Is less damaging than plastic deformation. ~ In:general, fhe .
-austenitic materials will be:carburized and the ferritic materials wil'l.lose. . -
Interstitials. . However, the'crossover: from carburization to: decarburtzaflon

is system dependent and I+ Is:'Ilkely ‘that In certaln: sys+ems at least some of
the austeniticimaterial will be decarburized. 'Procedures have been
establIshed for the CRBRP by which fhe extent-of Interstitial: ‘fransfer for
types 304 ‘and 316 stalnless steel can be determined and from thls the effect
on mechanical behavior was calculated. The procedures Include calculations of
surface and average Intérstitial concentrations and. interstitial gradients
. under. decarburlizing and denltriding conditlons,  Because of the shortage: of
data on nitrogen:dlffusion, the:rates-of nitrogen transfer were: esflmafed“-rom
avallable carbon transfer data. Thus, the effects of Interstitial- transferon
the mechanical behavior of structural materials used were taken into account
In the analysis or shown to be Insignificant in effect at the reglon : lnvolved
mainly due to thickness considerations. For example, the effects of = .
decarburlzation of the thin walled tubes was consldered because of fhe fhln
secflon of mefal lnvolved., . : S P

The sfralghf tube deslgn of fhe THX: required that a flexlble Joln? be«. provlded~
In the Intermediate Inlet: reglon to accommodate differential:thermal -
~.expansion.- The bellows 1s thermally ‘Isolated from-the :primary: sodium by
virtue of 1ts {ocation ‘and: because the stagnant primary sodium.on Its exterlor
1s cooled by the Intermediate sodium 1In.the downcomer: This keeps the
_‘operaflng femperafure below fhe creep range, af abou+ 635°F. .

A developmenf +es+ program was conduc+ed to. verlfy +he sfrucfural
calculations, design parameters and fatigue |ife of the IHX expansion bellows.
- The testing consisted of three parts: a squirm test, a strain gage test and a
fatique test. The squlrm test was performed in- acoordance with NC-3649.4. of
the ASME Code, Section (Il and- fhe fatligue .test was: performed in accordance. :
“with Appendix |l of Section -Il'l. .The fatigue test consisted:of cycllng the. -
bel lows: through a prototypical plant histogram: in-a:100-PSi nitrogen.: _
atmosphere at 6350F, - The tests conf irmed. the: adequacy of +he bellows for fhe
IHX service requlrements., , T L

B ' Amend. 76
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IHX “' | VI EI:.H' Induced Vibration VIQ.'_S,I Ec;m,r:-,a_mv,_l-; R R T ‘ ‘

A model flow test of: the [HX +ube ‘bundl e ‘was- eonducfed fo determine. fhe fube
vlbraflon characferisfics. The objecflves ‘weres .
:Hi; To defermlne +he ampl!fude and frequency of flow Induced fubeV" C
vibrations af .various’ elevaf!ons of .the.. IHX tubes. . v P

. Z;n;Tb ascertain fhaf fhe maxImum ampllfude of tube: vlbraflon does nof
‘ exceed 25§ of -the nominal. dlsfance be+ween the ou+er surfaces of
-adjacenf tubes.. . o : ,

3. To- ascerfaln +haf peak fube deflecflon sfress levels do nof exceed.fhe

. allowable fube maferlal endurance Ilmlfs. o S .

. ‘ AY

4, ‘To ascerfaln +ha+ unsuppor+ed fube span nafural frequencies are: a+
leasf 50% - hlgher than the calculafed vortex shedding frequencles.

A full scale repllca of a 30° secfor of . fhe fube bundle was used to. esfabllsh
geometric similarity. The test results.verified.analytical predictions and.
confirmed that the tube bundle would nof experlence flow Induced- vlbraflon
problems In service. SR

Responses to NRC Questions 110.27 and 110.58 provided information relating to

the computer programs used for the static and dynamlic analyses: of selsmic.

Category | structures. Of those, the fol lowing compufer programs were used ‘
for fhe analyses of the [HX: o . L STt

1. ANSYS =~ For thermal, stress and selsmic:analyses:in all areas of the .IHX.

2. CHERN- - For simplified inelastic analysis-to optimize design of: +hose
areas where elastic analysls was: not-adequate and detalled:
Inelastic analysis was eventual ly necessary, and for use In fhose
areas where the program was applicable: and adequafe by lfself
(malnly Tubular conflguraflons). - :

3; 'MARC - For detalled. Inelastic analysls of fhose areas where requlred
) (primary inlet nozzle, Wye Junc*lon, "Z" juncflon, upper G
fubesheef, efc.). _

A descrlpflon of each of these programs is lncluded Appendlx 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 verifled for use on fhe FFTF-IHX with a
high level of confidence., -

S Amend. 76
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-and compufer programs (e.g., *he CHER_
analysls was developed for use‘in'the F yslis.

Analytical techniques’for evaluaflng the e ecfs.of fhermal ‘transients by
lumping and for approprlafe appllcaf!on of slmpl!fled ‘and detatled Inelastic
analysis were forthcoming. = The use: of- ‘compliex thermal: and ° ‘structural finite
el ement models to represen+ the physical sl+ua+l9ns ted geomefrles
was also developed. “The Information and expertisegain the .FFTF IHX
design and -analysls‘was’ used- ‘and: expanded for. appl lcation to the CRBRP IHX
fdeslgn and analysls. Stnce. the fype of, ‘serv.lce" requlrgd for both of these - lHX
conponents was very slmllar, The carry-over ‘and use” of lques established .
for FFTF was a nafural conseQUence for CRBRP -f R o -

T pnend. 76
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vivmlné,

 The methods used"in the static and dynamic analyses: of the S_'l'eam .'Genera'ror
(SG) Modules to defermlne sfrucfural and:fu'cflonal d -
In this response.

The SG system In each. of the three: IHTS loops lncludes two evaporafor modules
(EV) connected in-paral lel and one superheater module (SH). The 'SG. modules
transfer the reactor generated heat from the Intermediate ‘sodium’ Yo :the
water/steam. The maln components of a SG module (the EV and SH a _tdentical
In almost all respects) are shown in Figure Q110:78-S6-1." rThe“SG*' dule -
comprises & tube bundle assembly and water/steam heads. The:tube bundle
assembly conslsts of the maln shell assembly, tube<tubssheet: ‘assembly,
nozzles, SG Internals, and SG exfernals.: The -main shel | ~assembly. provldes
‘contalnment for the sodlum, suppor? for “the 'S6 internals ‘and ‘mounting: polnfs

' for the tubesheets, nozzles, and SG externals. The components suppor* used
for mounting the SG module Is an Integral “part of the maln shell, ' The tube-
tubesheet assembly provides the prlmary sodlum-water barrier and conslists of
the steam tubes and tubesheets. ' One sodium inlet and two'sodium outlet
nozzles are welded to the maln shell assembly. A vent: nozzle Is: provided In
the upper 'stagnant region for venting the module during ifnitlal-sodium fillling
and for detecting any tube leak. One sodium draln nozzle Is attached fo +he
lower part of the shell. The 'SG lnfernals conslsf malnly of the shroud;
fhermal Ilner, fube—spacer plafes, vibration damper and tube suporf bars._ “The
SG exfernal affachmen*s -are used.as l'1fting" devlces and- lnsulaflon supporls.
A lower restralnt fle” “to- the SG bullding at the’ “lower - +ubeshee+ level. is”
used: to - provide later ”»fablllty for fhe SG: module. The sfeam/wafer heads - -
provlde Translflon : : ! ¥ G
".System. A ’bolted ma n : 5

of tubes and tube plugglng. More defalled descrlp+lon of the . SG modules s
lncluded in Secflon 5.5 of the’ PSAR. _

The SG- modules. are- deslgned and analyzed in accordance wlfh The rules of Class-
1 Nuclear Componenfs in ASME Sec*lon 1 (1974 Editlon with* Addenda +hrough
Winter 1974) as-supplemented by 'ROT ‘Standard E15-2NB~T (1974 EdItion with-
Amendmenfs 1°and 2) and In ASME Code Case 1592-4 (with changes In Supplemen+s
8 and 9) ‘as’ supplemenfed by RDT ‘Standard F9-4T (1976 Edition). - The SG~~
analysls ‘al'soconforms to the guldellnes and procedures ‘tn"RDT'.Standard
'F9-5T(1981 Edlition). = The ‘aforementioned codes and" sfandards -are: dlrecfly
appllcable to'the 'SG° pressure: boundarles.~ The:SG :Internals:are not” under the
Jurisdiction of the ASME Code, they are however: analyzed-using the. guldellnes
of ASME Secflon 1 and ‘Code Case::1592. - The SG: component: -support and- lower:
restraint are analyzed as Class 1 componen+ supports In . accordance with
Subsection NF. The parts of the components supports that experlence elevafed
~temperature conform ‘to the: deslgn criteria’ of Code Case 1592, -

L : Amend. 76
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Analyses .are performed on the SG modules to reflect. bofh flme-l op! dent and -
flme-dependenf mater|al properfles and structural behavlor- 'w‘ﬂ S
Inelastic) by conslderlng all the modes of fallure llsfed belﬁhh

I)e Ductile rupture from shorf-ferm Ioadlngs, i

‘2)'_Creep-rup+ure from long~term loadlngs, |

3) 1Creep-fa+lgue fallure,- | ' | |

4) Gross dlstorflon due to- Incremenfal collapse and’ rafcheflngglif'i
-.5)AoLoss of - funcflon due fo excesslve deformaflon, |

6) Buckiing due to short-term loadings,

75 _Creep buckllng,due.fo Iong-ferm,loadJngs, and

8 Ndn-ddc*r-n«é"’f?é':-l ure. |

Critical fallure modes for speclflc areas of the SG modul es are Idenflfled ln -
the discussion of. ‘analyses. = The nonductile fallure mode Is of | .
Importance In +he SG analysls because the SG pressure boundarle
Its ofher componenfs are made of 2 1/4 Cr=1Mo low=al loy ferrlf!

demonsfrafed by applylng fhe | Inear elasflc fracfure mechanles'
Appendlx G -of. ASME Sectlon 111, . takling Into: account. fhe sfresses
appl led foads as well as any resldual sfresses. L

LQADlNQS

The principal loadlngs fhaf are consldered in the analysls of fhe SG :
componenfs are: a) s+eam/wafer and sodium pressures, b) deadwelght and

to- femperafure dlfference between varlous parfs, g) loads generafed by +herma!
'franslenfs, h) sodlum-wafer reaction loads (DBL and DBR). ln the_event of
steam/water tube rupture, . 1) loads resulting from rupture of sfeam/wafer or
sodium piping (PB), J) thermal . fatigue due to mixing of Inferfaclng steams of
flulds at different temperatures (sfrlplng), and. k) thermal. faflgue n the -
evaporator tubes due to deparfure from nucleafe bolllng (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.

Amend. 76 .
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fhe boundarles are deflned and th 3SSL \
fhermal loads are speclfled. TabJ 0110.78556
-SG.va lous componen

'hydraullc assembly analyses, c) lnferface loa s wlfh ofher CRBRP sysfems;ﬁAC o
- d). sfrucfural fesfs.‘ R L

The purpose of these analyses Is to simulate the Interactlons between the
components and to provide the loads required for subsequent analyses of the
Indlvidual components. The main structurai assembly analyses performed are
the selsmic and misal ignment analyses. The SG is classifled as Seismic =
;Cafegory | componenf +that must wllhsfand flve. Operaflng Basis ' EarThquakes

K{ E) and one Safe Shufdown Earthuake (SSE) durlng fheﬁllfeflmé.of fheiplanf

_ spec+rum analysls ls o provlde conservaflye selsmic Ioads for all. +he'Sgtv_
Q components. . The time’ history analysls is to provlde more preclsely 'l'he o
selsmic loads fo_r 'lhe,sfeam 'l'ubes., Analyses are ‘p f

. R could’ v ernal mechanlcal loads 1f
it ts mlsallgned wlfh the numerous’supporfs along lfs,lengfh., Afinite .
element analysls I's ‘performed using the WECAN Compufe “Code to defermlne +hese
infernal loads with the worst posslble misal Ignment permlffed ‘by “the
tolerances. Spring-gap elements are used to represenf the lnferacflon befween
the Tube-spacer plate, spacer plafe-shroud and shroud-shell.  The same finite
element model Is used to calculate the internal ioads resulflng from the
deadwelghf and dlfferenllal fhermal expanslon belween fhe fube bundle and “the
main. shell. . o . :

‘The fluld condlflons ln fhe SG modules durlng sfeady sfafe and’ +herma|
‘translents must be known to conduct ‘stress evaluations for “the S6 componenfs.
‘The water/steam and sodium pressures are part of the mechanical loads and the
fluld flow rate and temperature determine the boundary condlflons for +he
thermal analyses of the individual componenfs.

e - _ Amend. 76
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Fluld conditions in the EV and SH are- calcula'l'ed by uslng the SETS, TRUMP and ’
TRANSQ Computer Codes. Flow dlsfrlbuflons wl+hln the modules are determined e
by uslng TEMPEST Computer Code or scale mo el fesflng.“ The posfulafed evenf

of an equlvalenf double-ended gullloflne (EDEC ‘a sl ibe -

"Sysfem. ' These conditlons are analyzed with ‘the’ TRANSWRAP ll Cbm gfer Code.,
The analytical model for this Code Include defalled represenfaflon of . the two .
evaporafors, super-heafer and ofher componenfs of fhe lHT Sysfem,‘such as .

'+he ‘talled ‘tubes, The. program oufpuf provldes “the’ pressure:and veloolfyfofﬁ
the sodium throughout the faulted and emergency modules.. '(See PSAR Sectlon”
5. 5 3.6.2 for.detalls on TRANSWRAP) : : o S o

A brlef‘summary“of fhe‘major'analyses“folldws;

§Ig§m;1uhe§z The fubes are subjecfed fo severe and numerous fypes of loadlng'
v ‘ . :Com

'flucfuaflon. Only elasflc sfress analyses
_except:for the femperafure gradlenf ‘through : VE
thermal . +ranslenfs where slmpllfled lnelasf[c‘analysls ls used.,_@,

Mﬁln.ﬁhell The prlmary sfresses In the main shell are eval uated wlfh the
shel | subJecfed to the run and nozzle loads.. These loadIngs Include sodl um
pressure for steady state and fhermal transient events, selsmic, ‘loads for OBE
and SSE and the loads generated during DBL, DBR and PB. The nozzle loadlngs
Include the thermal expanslon loads. Conservative loading combinations are
adopted to bound all loading categorles. The stresses due.to the run loads
are determined by using common pressure vessel methods  for the’ cyllndrlcal

~ portlons and by using the stress Indlces method glven in NB-3685 for the elbow
portion. The stresses due to to the’ nozzle loads are calculafed by using
BiJlaard method. The structural evaluation also addresses the shel | buckl Ing
and potentlal fhermal sfrlplng in fhe elbow and lower porflon of the shell.,

) c Amend. 76
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elasflc, and Inelastic’ analyses and three-dimensio al1180 ‘degree i.”,~v.{w E

.- analysis. ‘The three-dimensional analysis Is used to determine’

local stresses arising from. the Interactions between the* +ubesheef'
manway hole, .and wafer/

' fhe results of fhese analyses a leadlng hlslogram forha subsequ
analysis Is conservaflvely constructed. '

durlng full powe ’ :

emergency . thermal franslenfs . - S.
plauslble fallure mode., Inelastic. analyses are performe“.for +hese nozzlﬂ .

demonstrate that the, creep-faflgue damage - Is sultably Iimited by meeting: fhe A
criteria In Appendlx jof Code Case 1592 The femperalure dlsfrlbuflons ln

. translents that show Iarge and fast sod|um femperalure ‘change. Based on. fhe
results of these analyses, the critical zones are |dentif.led and- lnelasflc
analyses are performed for each critical zone separately. The loading
histogram for these Inelastic analyses. is. conservatively. chosen.based on the
results. of .the ful l nozzle.elastic analysis and the.results i l
-dlmenslonal lnelasflc analysls for the. mosf crlflcal cross,secf on.

0110.78-56-5 S ‘March 1983



The mechan!cal maferlal properf!es used in fhe sfrucfural
modules are speclfled In the ASME Code. Documents. The N
Material's Handbook (NSMH), Reference Q1IO 78-5G=1.. ls as th
, aufhorlfaflve source for material properfles not speC,fledf] ;

'Code Documenfs. Where material’ ‘propertlies are requlred but are nof ava
In the ASME Code or NSNH, the properfles wlll be speclfled and fhe sourcesland :
procedures for obfalnlng +hem explalned. : _ o

The fabrlcaflon and envlronmenfal effecfs on fhe pr”“" } ,-’1/4 -

1Mo S+eel and Alloy 718 used In the SG deslgn are. adi essed ln fhe esponse fo
NRC quesflons\CSZSO 4 and CSZSO 9, Reference Q110. 78-SG-2. Only fhe o
‘propertles of 2 1/4 Cr-lMo Steel are found to be lnfluenced. The SG servlce

env Ironment affects the 2°1/4 Cr-1Mo Steel In two ways- physlcally removlng
the, maferlal and degradlng fhe maferlal ‘strength. The removlng of the 4"

are speclfled +o compensafe for corrosion, cleanlng and wear befween fhe fubes
and spacer plates. The material ~strength degradation by post wel ’heaf o
treatment (PWHT), +hermal aglng, and. decarburlzaflon s accounfed for ln fhe
deslgn evaluation, : :

,creep—faflgue envelope, however, are-nof“provlded‘f n
2 1/4 Cr=1Mo" Sfeel.f Exfenslve developmenf prograns ha
prov ide thesé data, a:
procedure for the creep—faflgue evaluaflon has 'been. developed.‘ The procedure
flrst reduces the experimentally. .determIned fatigue curves in the NSM{ to
'deslgn curves by applyling the common fwcrand-fwenfy factors. The deslgn
curves arethen reduced further by applylng a factor that depends on the
service environment and loading conditions, The stress to rupture 'values
provlded in the Code ‘Case .are reduced fo accounf for PWHT, fhermal aglng and
decarburlzaflon In addlflon to. applylng the ‘Safety Factor K' = 0.9.to the

appl fed stresses, The creep damage plus faflgue damage is fhen llmlfed fo fhe
value of 1. '

The SG deslgn is based on a very exfenslve fesflng program fhaf encompassed
the material mechanical properties tests and structural and thermal-hydraulic
_performance tests. A comprehensive descrlp*lon and evaluation of this testing

program Is presented In Section 5.5.3.1.5.1 of the PSAR."
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‘o Modular Sfeam Generafor (MSG).

'A st of The +es+s (complefed, ln-progress, and planned) Is glven: In The

followlng

nesfs, (1972-1974) A

1969-1976)A

o ,Hydraullc Tesf Model (HTM),u :
¢f Sodlum to Water Boundary Leak Tesfs, (1974-presen+) |
6 Few Tube Tests (FTT), (1978) |

o Deparfure from Nucleafe Bolllng (DNB) Tesfs, (1975-1976)

o Friction and Wear Tests, (1973-1979)
N

o Slngle—Tube Performance, Sfablllfy and In+erac+lon Tesfs, (1976-1977)

o Tube ?o Tubesheet Welds Tesfs, (1976-1980)

o Mechanlcal Propertles Tests, (1968-1981)

o ' Scale Hydraul Ic Mode| Feature Tests, (1980~present)

- 6 Flow Induced Vibration (FIV) Tests, (to begin in 1983)

o‘.Profofype Steam Generator Tests, (to begin In 1982)

‘o‘.InJSlfu!Eyaporafor‘PerformanceaTesfsr

The compufer programs (ANSYS, SETS, TRANSQ¥, TRANSWRAP I, TRUMP, TEMPEST and
WECAN) used In thermal-hydraul I¢ and s*ruc+ural analyses’ of the S6 modules are
descrlbed 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 verlflcaflons that have been complefed or planned

f*An amendmen* to PSAR Appendlx A addresslng valldaflon of the "TRANSQ"

_Computer Code will be provided by November 30, 1982.

_ N o ' g Amend. 76.
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Qr10. 78-SG-1.‘ TID-26666, Nuclear Sysfems Maferlals Handbook. :_f

Q110. 78-SG-2. CRBRP Maferlal Dafa Base - CRBRP Englneerlng Sfudy Reporf,
ES~-LPD-82-008, Wesflnghouse Advanced Reactors:Dlvislion..

. Amend. 76
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‘The only large-dlameter Seismic Class 1 valves In the PHTS and lHTS are fhe
cold leg check valves In the PHTS., The design |imlts and rules for these -

valves are glven In PSAR paragraph 543, 2 3 3 .and the analyflcal mefhods are ;
glven ln PSAR paragraph 3.9. 1.6.

Amend. 76
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“Quest:on 120 1 (4 2. 21

A list of the mater1als used for. the reactor vessel 1nterna]s should be

: prov1ded -
Resgonse | |
A list of the mater1als used for the reactor vessel. 1nternals has been
o prov1ded 1n rev1sed ‘Section 4.2.2.2.1.
Ql20.1-1 Amend:. 1

July 1975



: Quest1on 120 2 (4 2. 2)

The compat1b1]1ty of the materials with the. coo]ant 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-oxvgen
sodium.

Response:

The response to this quest1on has been 1ncorporated in . rev1sed Sect1on_4.2.2.3.3 2 1
and 4.2.2.3.3.3 and additional F1gures 4,2-48A and 4.2-48B.

Amend. 1
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Question 120, 3 (4.2.2)

The welding and seizing of rotat1ng or mov1ng parts of the reactor 1nter- o
:na]s shou]d also be dlscussed v '

Resgonse - ',' o -
-The design considerations for - we]dIng and . se1z1ng of rotat1ng or mov1ng

~ _parts for reactor 1nternals are presented in new. Sect1on 4 2.2. 5 and new |
~ Table 4.2-64. RS R , . 25

Q120.3-1 " |  Amend. 25
v . Aug. 1976



Quest1on 120 4 (4 2. 2)

" Environmental Effects - Prov1de references and data on the effects of o
sodium on mechanical propert1es of the. mater1als, 1nc1ud1ng the ro]es
of carbon and nitrogen.

' Resgonse _
- Refer to rev1sed Section 4.2.2.3.3.2, "Env1ronmenta] Effects on Mater1a1 ‘
ngpert1es References for this material are provided in Reference Sect1on I

Q120.4-1

Amend 25 .
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’Quest1on 120 5 (4. 2. 31

Prov1de information on the se]f—we1d1ng phenomena associated w1th
bcoup11ngs and the safety consequences of fa11ure to decoup]e

ResEonse

Primary Control Rod System

The response to this part of the question is conta1ned 1n rev1sed
Sect1on 4.2,

Secondany Contro] Rod System

‘_The response to this part of the question is conta1ned in revised pages
-.-4 2-168, 204 and 204a.

Q120.5-1

 Amend. 25
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o

"Question 120.6 (4.2.3)

“The PSAR indicates that the pr1mary contro] a,

“A discussion of comm1tted B4C 1rrad1at1on tests is. prov1ded in rev1sed
~PSAR Section 4.2?3.3.].5. : :

emb]y uses B,C Prov1de
assurance that the confirmatory. 1rrad1at10n test1ng descr1bgd in the -

- PSAK will actua]ly be. performed

Resgonse

s

S Amend. 15 = -
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_ Quest1on 120 7 (4.2. 3)

, The PSAR indicates’ that 17-4 PH materials are used in h1gh1y 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 prov1de assurance that ‘the
material will not embrittle from long term reaging phenomenon

Resgonse

The requested 1nformat1on is prov1ded in rev1sed Section 4.2.3.1.7. | }':25“

Q120.7-1 - Amend. 25

Aug. 1976,
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Quest1on 120 8 (4 2. 3)

In the contro] assembly ana]ys1s, reference is made to the peak .
absorber temperature of 2870°F for the.B4C hot spot. Provide
1nformat1on on-the acceptab111ty of th1s temperature :

‘Resgonse N

The response to th1s question is conta1ned 1n rev1sed pages 4. 2 200
and 200a _ _ o

Q120.8-1 " Amend. 2
S ' August 1975



| Quest10n 120 3414 2 3)

-Infonnat1on 1s needed to provide assurance that condensat1on of sodium
vapor in ‘the reactor head area will not adversely affect ease of - '
movement or ope'ation of the react1v1ty control system.

' Resgonse" _ _ v
The requested 1nformat1on is in revised: Sect1on 4.2.3.1.6. Additional - L -

1nformat1on has been 1ncorporated in Sect1on 4.2.3.2.1.2.

Q120.9-1 U
. Amend. 25
- ~Aug. 1976 .



guestion 120. 10'(5 1.1)

The sect1on on the primary heat transport system descr1bes a therma]
liner for by-pass coolant flow to keep the vessel below 9000F.
Provide information on the thermal stress analysis of this liner :
~and how thermal fat1gue will be avoided where the by- pass and reactor
. coo]ant streams remix.

" Response: ..

’ :Tﬁé,ihformation'requested is contained in revised Section 5.2#T.f”"' .

e

Q120.10-1 - - Amend. 25
Aug. 1976 .



Question 120.11 (5.2)

Special welding techniques and processes are specified for welding -
the reactor vessel and the core structures. . There is ‘no referénce cited -
except that they were developed for FFTF. Details- of these procedures

and .processes should. be provided. S o o '

Resgonse:

Section 5,2.3.2 has been revised to discuss the‘details of this we]ding _
technfque. = : : . o ’ S 7

- Amend. 17
Q120,11-1 | Apr. 1976



‘Question 120.12 (5.2)

‘The reactor vessel cover seal is an Omega seal and is the main seal S
between the reactor vessel and its support system. The details provided
are inadequate for evaluation. ' o

Response:

Thé‘Omega seal feature has been de]éted from the reactor vessélfdesign»
since preparation of the PSAR. The related portion of PSAR, Section 5.2
has been modified to reflect this change. ' o

Q120.12-1 | " Amend. 1
| July 1975



Question 120.13 (Table 5.2-3)

The material used for the guard vessel should be clearly 1nd1cated in
Table 5.2-3.

Resgonse'

The material to be used is SA 240, Type 304 and is indicated in revised
Tab]e 5 2-3 and Sect1on 5. 2 2.3.

@ : Q120.13-1 " 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.

Q120.14-1

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
‘Response:

Clarification is provided in revised Section 5.2.6. _.' o ".1125'~“°

e ' . Amend. 25
Q120.76-1 | Aug. 1976




Question 120.16 (5.0)

The acce551b111ty for in= serv1ce 1nspect1on of p1p1ng components inside |
~ guard p1pes shou]d be d1scussed :

ResEonse

A discussion of in-service 1nspect1on of piping w1th1n guard pipes 1s prov1ded '}3,{'
in Revised Section 5.2.4.5. _ £

Q120.16-1 : E Amend. 25
S Aug. 1976



;Q~est1on 120.17 (5 3. 2 1 :3)

The consequences of fa11ure of a weld is cons1dered a more va11d 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 bas1s for listing these 1tems in the PSAR as
priorities for we]d 1nspect1on

- Response:

The 1nser&1ce 1nspect1on will be R]anned and conducted as appropriate,
according to the requirements of ASME Code Section XI, Division 3

(under preparat1on) .as shown in PSAR Section 5.3.2.1.3.

Q120.17-1 . Amend. 8 -
- o 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- generator tubes.- 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.

Q120.18-1 | 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. 'Explain

‘what exceptions to Section XI Code will be taken as a.result of using '

liquid metal coolant for. the intermediate heat transport system. - ’

 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 -

o fg11y,agcommodate the NRC position. The plan _and any necessary supporting
- discussion haye heen proyided. in response to Question 120.66. , .

33

| | Amend. 33 .
> : - dan. 1977 -
Q120.19-1 | |



19

' Question 120.20 (5.2.4.6)

_ Provide details of the contemp]atéd surveillance program."

Response: -

Detatls of the surveillance program are provided in response to .-
~ Question 120.30. ' ' : _

Q120.20-1

Amen&; 19
May 1976



.Quest1on 120.21 (5 34_1

' Under description. of des1gn in 5 3.2, reference is made to protect1on

against accelerated corrosion and mater1a] degradation. In connection

with this effort provide a statement describing what materials are
" discussed. Also furnish more details or commitments to future deta1]ed

discussion of av01dance of potentially corrosive environments.

"_”Resgonse

The information requested is discussed in revwsed Sectlon 5.3. 2 1. 4 of

~ the PSAR.

Q120.21-1 ~ Amend. 1
: July 1975



‘Question 120.22 (5:1)

Statements are needed dn'thé'need,for rapid cdo1ihg rates to avoid
sensitization. Indicate which components cannot be cooled at a rapid-

Responses

At this point it is not possible .to:specify detailedghéat:tréatment L

~schedules. Each component will be evaluated independently to determine - - N

‘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 v
requested is further discussed in revised Section 5.3.2.1.4 of the PSAR.

Q120.22-1 Amend. 1
July 1975



Questlon ]20 23 (5.1)

‘Provide ‘assurance that field compounded thermal 1nsulat1on w111 ma1nta1n
'1ow leachable chlorides. ,

ResEonse

Design features and procedures to assure compat1b111ty of the p1p1ng

~ (and. components) and.external insulation are - discussed in rev1sed
~ Section 5.3. 3 10 4 of the PSAR.

Q120.23-1 ~ Amend. 1 .
July 1975



Question 120. 24'15 5)

The steam generator design descr1pt1on does not have enough supportlng '
reference material for evaluation. Details on the Atomics Internat1ona1
Modular Steam Generator (AI-MSG) should be provided.

Response:

Further descr1pt1on of the AI unit is prov1ded in revised Sect1on 5.56.2.3.4.

-and a reference is provided for further 1nfonnat1on

Q120,241 ‘ | Amend. 1
July 1975



Question 120.25 (5.3.2.1.3, 5. 4.2.1. 3’:5.5;2,1i3)

The ent1re subject of 1nserv1ce 1nspect1on of pr1mary heat transport systems v
(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.

Resgonseﬂ

The NRC - ‘position with respect to preserv1ce and inservice inspection for
CRBRP has been provided in Round -2 Quest1on (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 pos1t1on The plan and any necessary support1ng

d1scuss1on have been provided in response to Question 120 66. _-34

Amehd. 34
Feb. 1977

10120.25-1



.discuss1on havd Been proyided’in. response- to;Questton 120 66.

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
ana1y51s -and prov1de access for future vo]umetr1c 1nserv1ce 1nspect10n

- Resgonse

The NRC pos1t1on with respect to preserv1ce and 1nserv1ce 1nspect1on for
CRBRP has been provided in Round 2 Quest1on (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 Inspect1on Plan to more

fully accommodate the NRC Rosition. - The p]an and any necessary support1hg

S S Amend. 33
Q120,261 ~  dan. 1977

.'33 o



: Quest1on 120. 27 (5 3 2 1. 3)

]'Prov1de the fol]ow1ng add1t1ona1 1nformat1on d1scussed 1n 5 3 2; 1 3

Surve111ance and Inserv1ce Inspect1on

-(1). Descr1be the metau]urg1ca1 1nspect1ons that w111 be conducted

(2) Inspect1ons shou]d be performed on the ba51s of consequences of
failure rather than on the convenient access prov1s1ons ‘Describe
spec1f1c areas to be inspected. ,

(3). What are "pump bearlngs of IHX tube to tube support p]ate 1nterface7"'

;Response

_'The NRC position with respect to preservice and inservice 1nspect1on for

CRBRP. has' been provided in Round 2 Quest1on (RSP) 120.66. The Project
d1scussed 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 position. The plan and any necessary support1ng_:5”'

discussion have been prov1ded in response. to Quest1on 120. 66

pmend. 33

120.27-1 Jan. 1977



Question 120.28 (5.2.3.4)

Describe methods that will be used to ver1fy the 1ntegr1ty of the core
‘support structure of the vesse] during service life..

Response'

The integrity of the core support structure during service life will be
‘verified by mater1a1 surve111ance

The CRBRP material surveillance program: prov1des for core support
Structure-material specimens and will include tensile specimens.
~These specimens will be p]aced 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, w111 Tead
the actual component neutron exposure

The core support structure tensile specimens are selected on the basis

of a minimum total residual 2longation of ten percent. The first measurable
loss of ductility in austenitic stainless steel occurs at 1 x 1021 n/cml
0.1 MeV with increasina loss of ductility at higher fluence levels. Thus,
~ tensile specimens are selected for all reg1ons of the core support
.structure where the end of 1ife fluence is equal to or greater than

1 x 1021 n/cm2 Notch ductility degradation, as well as strength Bropert¥
changes, are also progressive with increasing fluence above 1 x 10 1 n/cme.

Amend. 62
0120.28-1. Nov. 1981



Provide assurance that’ the mob111ty of the transporter is adequate
~ to permit observation of all welds in the vessel. Provide greater deta11
‘1on the sens1t1v1ty of a TV camera (i.e. , s1ze ‘of f1ssure)

“':Resgonse

V Rev1sed Section 5.2.4.5 prov1des more detailed information regarding trans- _ s.~
porter mobility and v camera sensitivity. '

Q20.29-1  Amend. 28
A _,Au_g 1976



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 orievaluater_,

the mechanical properties of the materials in question.

-Response:

PSAR Section 5.2.4.5 has been expanded to di ' i1,

program in more detail. P fSCUSS the coupon surveillance
Q120.30-1 ‘Ameh'd ]9

May 1976



Question 120. 31 (5.1.7.e.2)

Provide supporting evidence that a sodium leak in aﬁ'éustén1t1c stainless

steel welded system can only originate as a sma]l or weep1ng type leak,
and that it will propagate very slowly. .

iResponse. ' ) .

This question is answered in detail in the "CRBRP Primary 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 k  Amend. N
- Jan. 1976



-',“guestwn 120.32 (5.5.1.1 & 7.5.5.3)

In the second "b" of 5.5.1.1, the des1gn ba51s leak for a steam generator _

module is addressed, but sma]l leaks are not. However, in 7.5.5.3 the
“subject of small ]eaks is addressed and it is stated that the Operath
will take corrective action to prevent the leak rate from increasing.
Describe this corrective action in sufficient detail to explain how 1t
. functions to control the 1eak 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 addition, depressurization limits the quantity
of water/steam available at the leak site.

. Amend..

g3 e



Questlon 120.33 (5. 5 3 7)

_ Prov1de en91neer1ng ver1f1cat10n for the statement "The ex1stence of " un1-'
dentified leaks are not anticipated . . . ™Provide leakage history for~

~ other liquid metal reactor systems that substantiate th1s statement or
provide other Just1f1cat1on for this statement

Response:

Section 5;5.3;7_has been revised in reéponseftbfthjs:quéstion. o s

120.33-1 - o
0120.33 L - Amend. 25
- Aug. 1976



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, describe
what criteria for the above variables will be used to ensure that a s
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 R
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 gﬁtectors, 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 - -
effectAon the detecyors. sensitivity. -In addition, guard vessg]s 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 menitored by aerosol detectors.

Test data to date indicate that the effect of atmosphere composition
~or leak detection sensitivity is small when compared-go the effect of L
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). ' : S

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



Quest10n 120 35 (7.5.5.3.1)

The thin walled n1cke1 membrane used in the hydrogen detectogs to pass “_'
hydrogen will be subject to Na corrosion, given as 3.9 x 1079/in/yr per:
Table 9.2.1.2-1 of Vol 2 of BNWL 1901. Just1fy the th1ckness of the Ni -
membrane, and/or plans and schedules for replacement.

- Response:

The 3.9 x 10-3 1n/yr nickel corrosion rate indicated in BNWL 1901 is based
on -exposure to 6500C (1200°F) 1iquid sodium flowing at 30-40 ft/sec. The -
cond1t1ons are not comparable to the hydrogen detector operating. conditions
of 950°F 1dquid sodium flowing at less than 1 ft/sec. F1gure 9.2.1.2-1 of
BNWL 1901 shows the effect of temperature on the corrosion rate of nickel
in sodium and Reference Q]ZO 35-1 includes data indicating the effects of
sodium veloc1ty on corrosion rate.

Based on the lower liquid SOd]UE temperature and velo¢ity, the corrosion
rate is predicted to be 8 x 107° 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 Prog?qm, GEAP-10394, August; 197],‘

Q120.35-1 . Amend. 16
' Apr. 1976.




.Quest1on 120.36 (5.3.3.6.1.1) (5.4.3.6.1.1)

Ident1fy ‘the cr1t1ca] loop . and 10cat1ons w1th1n the pr1mary and secondary
system pipings based on stress analysis. Descr1be what measure(s) will

be taken to ensure the 1ntegr1ty of those p1p1ng systems during the serv1ce
11f°t1me of the p]ant _ .

Resgonse : o _
‘Rev1sed Sect1ons 5.3.3.6.].1 and 5.4.3.6.1.1 1dent1fy critical loop and
locations within the primary and secondary system piping based on stress g
analysis. Revised Section 5.4.3.6.1.1 describes the measures taken to R N
- insure piping integrity. , S _ : 25

R - Q120.36-1 A Amend, 25
{‘ | o -_ | Aug. 1976



‘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 env1ronment, etc., on crack growth at serv1ce con-
ditions. _

Response: . _
THe_"CRBRP Primary Pipe Integrity Status Report" submitted to NRC on De-

cember 19, 1975, gives a detdiled 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 (£3.1.4)

Since’it is stated'fhat a doub]e-ehded hof—1ég 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

Resgonse:

_be taken to ensure the structural integrity of these portions of piping
‘to preclude a double-ended hot-leg rupture.

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 integri

ty 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
piping rupture.

the HTS piping to prec]ude’g double-ended

Q1‘20 81 " Amend. 33

] an. 1977

33



Questlon 120 39 (4 2, 4 3, 5. 3)

It is necessary to assure operab111ty of reacclv1ty eontrol 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 reacter internals. The references
include data obtained at lower than the LMFBR operating temperature.
Provide test data to _ensure operab111ty of mechanisms under all reactor
0perat1ng cond1t1ons T ,

: Resgonse' ,

‘The information requested is prov1ded in rev1sed PSAR Sect1ons 4.2.2.3.3.3 and
4.2.3.].3._A

o . Amend..15 .
CooQ039-1 o April 1976



€. . Question 120.40

"The duct111ty 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.

_ ResEonse.

: The exper1menta] data is prov1ded in rev1sed Sect1on 4.2. 2 2. ] of
- the PSAR.

; | Amend. 19
Q120.40-1 AT




‘Question 120 41 (4.2, 4.3, 5. 2 5. q)

Types 304 and 316 stalnless stee]s are used extens1ve1y for fabr1cat1ng

the reactor vessel, major system components and p1p1ng The suscept1-1:
bility . to hot crack1ng of welds in-these materials is" decreased by .
adjusting the composition of the welds to contain delta ferrite in =
conformance to the requirements of Section III, ASME Boiler and Pressure .
Vessel Code, 1974 Edition. When exposed for. extended times at e]evated
temperatures, delta ferrite may convert to.the Sigma phase. Provide
experimental verification to show that the fatigue and ‘creep- fat1gue R
properties of welded austenitic stainless steel components are not reduced_‘_’

below safe values at EOL, by the presence of Sigma phase in the m1cro—
structure.

Response:

~ There are no data that would directly re]ate the effect of sigma phase on:
either fatigue or creep-fatigue properties of Type 308 or-16/8/2 sta1n1ess .
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 phase 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 transformat1on
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 III, 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 w1th Type 316 material (provided 16-8-2 f111er meta]
is used).

It is expected that some of the delta ferrite in the 304 and 316 we]dments
may convert to sigma when exposed to high temperatures over the operating -
1ife of the CRBRP. Ratz (Reference Q120.41-1) observed a small amount: of"
“sigma - (approximately 2 percent) in a weldment made in Type 304 pipe. The
weldment had been exposed as part of a sodium Toop to temperatures between
1200° and 14709F for 20,000 hours. Baker and Soldan (Reference Q120:41-2)
have observed approx1mate]y 1.5 percent sigma in 16-8-2 weld metal after
60,000 hours of laboratory exposure at 11500F. 10,000 hour, 900°F aging
of 308 CRE (controlled residual e]ement) weld meta] containing 5 to 7 per-
cent delta ferrite did not result in.sigma formation (Reference 0120.41-3).
S1m11ar]y, ag1ng of Type 308 weld metal for 1000 hours at 1100°F 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, 1100°F aging on the fatigue life of Tyge,
304 weldments made with Type 308 filler metal. Similarly, 5923 hour, 900°F

Q120.41-1 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 10009F while Type 304 weldments:-aging . ‘
~at 11000F .for 800 hours observed to have a beneficial.effect:on fatigue crack S y.
 propagation rates.’ o o _ ' S

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) Teads to the conclusion that sigma.effects on fatigue and creep-fati-
.que 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. : ‘
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"Quest1on 120.42 (4.2, 5441

The transport of a port1on of the rad1oact1ve structural materlals 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 rad1oact1v1ty will not -
interfere with the in-service inspection procedures. - Provide suff1c1ent“3__
_evidence that deposits of mass transported material will not reduce the e
 heat transfer capability of the IHX to an unacceptable degree, including
_ the results of the study c1ted (but not referenced) on page 5.3-70.

ResEonse

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 1nspectlon Capabilities are be1ng developed to perm1t 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 1nspect1on will result in
minimal radiation exposures. Further discussion of in-service 1nspect1on4'
radiation exposures can. -be found in revised Section 12. ] 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 1nc1ud1ng allowances for
- sodium corrosion product deposition are provided in Section 5. 3 3 5

"Intermed1ate Heat Exchanger Character1st1cs"' : :

Q120.42-1 | .. Amend. 25
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Question 120.43 (4. 2.3.1 4)-

Describe the test program(s) performed on the Inconel 718 .CRDM be]]ows
to ensure that adequate margins of strength will be maintained in the h1gh
temperature sodium and 1rrad1at1on environment.

Resgonse

The 1nf0rmat1on requested is found in amended PSAR Sect1on 4.2.3.].7.

Q120.43-1 ' Amend. 14
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| (‘ © Question 120.44 (5.2.2.1)

'Descr1be the effect of 1nterna] 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.].

Q120.44-1 | Amend. 11
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Quest1on 120, 45 (5 2)

~ The reply ‘to-Question 120 1N referred to a “b]ock we]dwng techn1que“

~ "In using this technique, discuss how the sensitization of welds is pre-
"vented. Discuss how weld defects are prevented at the we]d "b]ock“ '
overlaps-or start-stops. -

Response:

The term "block welding" used in the response to Quest1on 120 11 is a
mi snomer. Sect1on 5.2,3.2 has been rev1sed to clarify this.

Q120.45-1 _
Amend. 17
“Apr. 1976




: Quest1on 120. 46 (5. 3)

Pub11shed data (NRL Memorandum Report 2752) suggests that notch
ductility of Type 316 stdinless steel submerged arc weldments may

be quite Tow (56 ft-1b upper shelf value) and that it may be '
significantly further degraded by neutron irradiation. Prov1de 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 structures to w1thstand therma]
transients during the plant design life.

' Response:

A discussion of the components’ capab{1fty to withstand thermal N
is prov1ded in new PSAR Section 5.3 = 3.3.10. ] 5 tran51e"tsh

- Ql20.46-1 Amend. 24
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;Quest1on 120. 47 (5 3)

. The present programs for tests to ver1fy h1gh temperature des1gn 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 we]d rod purchased to the RDT M1-1T and M1-2T Standards

”'J'Resgonse '

The de]ta ferrite content of stainless steel we]ds will be contro]]ed .
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 v
ferrite limits are specified. More information is provided in rev1sed S
Section 5.3.3.10.2.3. ;”ji':25‘

Q120.47-1
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Quest1on 120.48 (5‘A)

Information presented in the PSAR 1nd1cates-t 't the fat1gue 11fe of '

austenitic stainless steel is reduced by the presence of a carbide

phase in the microstructure. Provide experimental 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
: des1gn requ1rements ‘ :

'_Resgonse.-i'

”Section 5.3.2.2.3 has been expanded to provide the information'requested.

25

- Q120.48-1 ' | Amend, 25
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- 5.3.3. ]O 2.3.

- Quest1on 120.49 (5.3, 5.5)

The rep]y 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 compar1ng the compos1t1on of the filler we1d1ng'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.

' ResEonse“

The information on delta ferr1te content is prov1ded in rev1sed Section

Q120.49-1

o fed
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’.“Quest1on 120. 50

L The pr1mary pump shaft is supported at the 1mpe]1er end by a sod1um
bearing. Provide data to show that during start-up and shut- down. e o
~self. we1d1ng of ‘bearing and journal surfaces will not occur:. Describe
“the mock-up tests conducted to-show the conditions under wh1ch self
we1d1ng, ga111ng or hard—surface deter1orat1on do not occur :

‘ Response

Self- -welding is a phenomenon wh1ch demmdsupon the s1mu1taneous 1nter-,
, act1on of a number of parameters such as: : :
Surface C]ean11ness

‘Metal Diffusion Rate

Surface Temperature

Contact Pressure

Contact Time

‘Material Couple

Surface Finish

Sodium Purity

In general, se]f—we1d1ng requires that the above parameters have the
fo]]ow1ng characteristics:

) “surfaces be atom1ca11_y ciean.

| 2) High metal diffusion rate. Metal" temperature above 800 F Thev~'
: higher theftemperature,‘the h1gher the metal d1ffus1on rate.

| 3)inContact pressure between the 1nterfac1ng surfaces approach1ng the
' y1e]d strength of the mateiral. _ : :

4)'»Long contact time. (stat1c contact).

- 5) Material coup]es of s1m11ar materlal wh1ch are. re]at1ve1y soft, of
low yield strength and prone to ga111ng

6) A rough surface wh1ch provides many points of very h1gh contact :
stress (small true area of contact). The effect of surface f1n1sh
is not we]] understood. _ : :

.,.7) Sodium of very h1gh pur1ty, 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 se]f—we1d1ng as fo]]ows

" Amend. 33
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1)
B 2)
.
4)

5)

At 600°F (more 1ikely 400°F) temperature is too low for metal |
“diffusion, - - I R R
Contactfng pressure (hertzian stréés);is'ver&;ldw bécauSe‘ﬁeéfiﬁéal-?‘~, :
contact loads during start-up and coastdown are very low (stress:

well below the yield strength of the hardfacing material).

Static contact time during périOds of pUmpjshuiédown could be 10ng; 5
- but contact stress is very low (less than 1000 psi). S

Hardfaced surfaces (Stellite, Colmonoy) in gehera1'arevnon-galling,_‘

high strength surfaces.

‘Surface finish of 16 microinches AA provides.a uniform smooth . o &
surface and a relatively large area of true‘contaqtl(1ow stress). - |-

" In addition, there is. the following test experience Whichfprovidés'

o

confidence that”se1f4We1ding of the pump bearing'wili-notioccur:.

The continuing Sodium Technology Program on Friction Weér'and Self-
‘Welding at Westinghouse ARD reports that a review of the self-’

welding tests conducted on various mater1a1-Couples;linc1uding,hand4

" facing materials for bearings, showed that for all materials tested: 1

no self-welding occurs at temperatures of 8500F or lower for static

| - contact times up to 6 months., At temperatures of 6000F 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 operatingv_'"
~in'sodiumat representative contact stresses (500-800 psi) and :
- temperatures from 400 to 1200°F showed no' evidence of self-welding

- of various .hardfacing materials tested. .Coefficients of sliding . .

. friction averaged in the range from 0.3 to 0.6 with relatively Tow - |
L wear. S : : o R o

Westinghouse ARD FFTF.pump bearing mock-up tests in sodium to

“investigate the effect of 100 start and coastdown cycles of th_eb'vFF-TF:» 1

- pump, represented a total of 10,000 revolutions-of rubbing under

typica3 load. . Bearing rotation with contact was at a temperature

- of 400°F (typical coastdown temperature from pony motor speed),

"~fndicatedv0n1y’slight abrasion in a narrow band and no evidence qf'3 fi o

Inspection of the bearing surfaces (Stellite 6B vs Stellite 6B)

- . 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 considerab]e_-

¢+ surface damage. -

" Amend. 33

| Q120.50-2 Jan. 1977

t33



-4) Forthcom1ng FFTF pump tests in sod1um in the SPTF. at LMEC will:
provide additional valuable information on the performance of a -
~typical -bearing hardfacing material couple, Stellite 68 VS,
Ste111te GB under actual operat1ng cond1t1ons _

The s1gn1f1cant amount of exper1menta1 and actua] operat1ng ev1dence ’
cited above leads to the firm conclusion that the CRBRP pump hydrostat1c
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 deter1orat1on or .galling, if’ any, .-
C..on bear1ng performance. : -

‘No add1t1ona1 mock-up tests are contemp]ated at this t1me for the CRBRP _5
. pump. bearing pending review of the FFTF pump SPTF- sodium test data -
”_:relat1ng to bear1ng surface cond1t1ons and performance ' :

a

| | Amend. 33
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» Quest1on 120 51 (5.2. 1)

The closure head has an average temperature of 4000F under both normal
operation and refueling conditions. It is stated that because the
‘closure head is at 4000F the elastomer seals .can be kept at 1500F for
adequate life. Provide information to justify the use of 1500F as the

operat1ng temperature at the region of the e]astomer seals at the top of
the risers.

Response:

‘Revised Sections 5.2.2.2 and 5.2.4.5 provides the information_kequested. 25

Q120.51-1 Aug
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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 pr1many,
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 resu1t1ng from the failure of
- one or more of the strip-heaters.

_Resgonse.

Sectidn 9.4, Piping and Equipment Electrical Heat1ng'discusses thé _
des1gn 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 provided in'revised PSAR Section 9.4.3, "Safety
Evaluation”. : SR SR S £

Q120.52-1 ‘ Amend.
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@ Question 120.53 - o o

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 mechanical properties.of these weldments will be re-
tained throughout their anticipated service 1life.

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.

Y

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'potentia]_fdf

piping degradation due to caustic corrosion caused by a postulated leak |

has been investigated experimentally. Experiments have been perforined
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 Sectioh 5.4.

A

Q120.54-1 Amend. 11
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Quest1on 120 55 (5.3.2.2.1.5L

Long term exposure of heat transport system structural mater1a]s in sodium
will result in a loss of interstitial 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 va11d1ty of the- extrapo]at1on to end of Tife.

Response:

“Section 5.3.2.2.5 has been ret1t1ed "Mass Transfer Properties" and the .

last paragraph deleted. New Section 5.3.2.2.€, “Interstitial Transfsr
Propert1es," has - been added in response to the question.

Extrapo]atlon of the equations, partlcularly to Tow temperatures, contains
some uncertainty. 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 Cg, to be anticipated in the reactor,

now appear to be overly conservat1ve and a value of Cg of not less than

50, is anticipated rather than C; = 30. This will effectively raise the
carburization/decarburization crossover temperatures for T 304 SS and T 316
SS to about 975 and 9009F 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. -

9 - Amend. 17
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<“ -~ Question 120.56- (5..4;2.1) a

The PSAR references ASME Code, including Code Case 1592 and RDT standards
in dlscuss1ng materials for IHTS pressure-containing components. A state-
ment is made that "the use of additional or a]ternat1ve material propert1es.
'shall require the approval of the purchaser." Provide additional discus-
sion regarding the intent of this statement and define the term "a]terna-
tive material properties" in relation to the ASME code design basis.

Response:

This statement is clarified ih'revised PSAR Section 5.4.1.2. _ | : ?_”

;Y

5
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-:Quest1on 120 57 (5 5.3. 1117

The statement in Section 5.5.3.11 that the “compat1b111ty 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 documentat1on _Provide

'exper1menta1 data to Just1fy the ‘above statement.

Provide 11m1ts for "excess1ve moisture in 1nsu1at1on mater1als,“ and describe.
details of the "qua11ty 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 requ1r1ng 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 cert1f1cat1on
of results of chemical analyses and corrosion tests.

~Most thermal insulation materials do not in themselves cause stress corrosjon

cracking of austenitic stainless steels. However, the presence of leachable
chlorides and moisture can cause the chloride ion concentration at a stress
pofnt 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 austenit1c stainless steel and 2-% Cr-1Mo
components and pipes.

A se1ect10n program will demonstrate that the insulation selected meets "
the required criteria. Specifically the tests will determine the following
for selected candidate insulations.

moisture content

compressive strength

thermal conductivity

sodium compatibility

compatibility with materials of construction
leachable chlorides

chemical off-gases during heat-up

Q—HD OO0 T

The above tests will be performed on 3" x 3" x 3" test specimens . The
following insulation types have been gelected for initial eva1uat1on

" a. Babcock and W1]cox - ‘Kaowool. (Alumini-silica)
b. Owens Corning - Kaylo - 10 (Calcium s111cate)
c. Pittsburgh Corning Foam Glass ( Steam Generator App11cat1on)

Amend; 23
Jun
Q120.57-1 - une 1976



@ Question 120.58: _ v

3 The material presently specified for the Steam Generator Auxiliary Heat
Removal System (SGAHRS) 1is 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
Tow operating temperatures preclude methanation. Caustic gouging is not a
problem since the SGAHRS contains no caustic. SGAHRS water will contain
C 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 o .. 200

Turbine Exhaust 500

Superheater and Steam Drum Vent 500

The mihimum 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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’ Quest1on 120.59 (4.2, 5.2 & 5.5.3. 1)

Thermodynamic stab111ty of structural materials used in the pr1mary, 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-

1 Mo steel at 965°F 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% dur1ng 30
year des1gn life of the tubes

Response:
‘Section 5 5.3.11.4 has been rev1sed in response to this quest1on

N
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.Questlon 120 60 (5 3.2. 2)

The statement is. made in. 5 3 2 2 that, “11m1ts w111 be p]aced on the carbon,-;k v
level, ranging from:0.04% to.0.055% to ensure that.the steel: ‘does- ot fa]] RS
- below the ASME Code requirement of 0.04% for high temperature service - o
at end of life." Provide the exper1menta1 data to justify these 11m1ts, IR
and to verify that the strength requirements of the Code will be met:
'throughout the mater1a1 Ccross- sect1on at. the end of the des1gn 11fe

Resgonse

. - Clarification of the ASME Code requ1rement regard1ng m1n1mum carbon content‘
- for Types 304 and 316 stainless steels ‘to be used in Code Case 1592 " °
. applications; is warranted.. Table I-14.1 of Code Case 1592 lists™ perm1ss1b1e
‘material specifications for structures, other than bolting, and Note .1 of '
this table specifies a m1n1mum .carbon content of 0.04 percent. for Types N
304 and 316 stainless.steel.  This is interpreted to be a "start-of-life"
requirement, since the Code does not provide specific guidance on deter1orat1on

of materials. in service. Paragraph NA-1130 of Sect1on III, subsect1on NA
states:

"(a) The ru]es of this Section provide requ1rements for. new conStruc-
- tion, and include consideration of mechanical and thermal
stresses due to cyclic operat1on 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 viewof rea]1z1ng
. the des1gn or the specified life of the components"-

Paragraph NB-2160 of Section III, subsect1on NB for class 1 components B
states further

"Cons1derat1on of deter1orat1on of mater1als caused by serv1ce,
is generally outside the scope of this Section. It is the :

. responsibility of the Owner to select materials. su1tab1e'for S
the conditions stated in -the Design Specifications. (NA-3250), .

- with specific attention being given to the effects of" serv1ce
cond1t1ons upon.. the properties of the materials”.

“Any special requirements shall. be spec1f1ed in the.Design
Specification (NA-352 and NB- 3124) When so specified, the
- check analysis. sha]] be made in accordance with- the base metal
- specifications..

Section 5.3. 2 2 of the PSAR was.thus m1s]ead1ng in referr1ng 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 spec1f1es a ‘minimum carbon content of 0.04% to ensure
the material properties g1ven in the Code Case 1592

Q120.60-1
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"~ The Code requ1rement for a "start-of- 11fe" mi nimum carbon content of 0 04% '

- for Types -304-and 316 stainless steels in applications. ‘governed-by ‘Code:”

‘Case ‘1592, s being met by specifvina a ‘carbon content of 0. 04% - 0 08% vj .

1n the Equ1pment Design Spec1f1cat1ons

As noted in the excerpts quoted above, the Cede requ1res the des1gner:to

~ evaluate the effects of the service environment on material properties.

~ Guidance for performing this evaluat1on is prov1ded in an Appendix: to: the
Equ1pment Spec1f1cat10ns

: hBr1ef1y, for 1nterst1t1a1 transfer effects 1n sod1um, the: analys1s cons1sts

"of the following:

_ ].- Determ1ne the carbon + n1trogen (C+N) concentrationnfor”the
~~ component material in question at the end-of -1ife. Equations:
are provided for determining the. actual interstitial gradient .
through the material cross- sect1on 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 been derived in
Reference Q120.60-1. The basis for ca1cu1at1nq stress-~ rupture properties
can be found in Reference Q120.60-2. , ,

In the majority of cases, cross-sectional th1cknesses are large, and
operating temperatures are such that interstitial losses are-small, thus
: resu1t1ng in a neg]1g1b1e impact on:design. 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 propert1es which must be considered in

design (Reference Q120.60-3). To minimize the impact of these reductions
on design, higher "start-of-1ife" minimum carbon contents (e.g., 0.055%
for the primary piping) are or will be specified in the P1p1ng Des1qn ;
Spec1f1cat1on for the primary p1p1ng components.

Q120.60-2
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_ Quest10n ]20 61 (5 5. 3 ]1 3)

Describe the rust protect1ng methods that will be used for 2 1/4 CR- 1 Mo

and carbon steel. Provide evidence that the material(s) used for rust = .~
protection and-solvents required for their subsequent remova] dur1ng or. -

after erect1on will not produce de]eter1ous effects

_ Resgonse.

Section 5.5.3.11.3 hes-been;reyisedeto discuss the.method 6f:rds£_preventibn;:ff

L

-Q120.61-1
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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. o

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-
jfied for CRBRP. : o : ‘

* Response: (Intérim)

Qualitative assessment of the 1imited 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 1ikelihood 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
praogram. 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 1ife 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
~ & tensile properties

® creep properties

Q120.62-1 =~ pmend. 62
' ' . Nov. 1981



crack propagation

‘toughness as determined by the J-Tntegra] method

The schedule for the experimental- program will be dependent -upon the fabr1-
cation schedules of a number of related components, for some of which . vendors
are yet to be selected (such as the PHTS piping). A detailed-schedule for this.
experimental program therefore cannot be defined at this t1me However NRC
will be 1nformed when such a schedule is ava11ab]e '

: ~ Amend. 30
Q120.62-2" . Nov. 1976



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 Tisting:and
. technical basis for preservice nondestructive examination requirements
that you are specifying for ASME Section ITI, 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 g1ven in
Sect1on I11. -

Response:

The Aux111ary Liquid Metal System and the Impurity Mon1t0r1ng and

Analysis Sys¢em have components designated as ASME Section III, Classes
-2 and 3, in which metal temperatures exceed those for which a]]owab]e

stress values are given in Section IIT. 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 exchanqers

Na$ piping from overf]ow ‘heat exchangers to the EVST ABHX 1nc1ud1nq
valves

(. -  Primary Na cold trap economizers

| Piping between primarera cold traps and the first isolation valve
Primary Plugging temperature indicator ("PTI) and associated piping & valves
Primary sodiuh 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 compagnents of the Steam Generator System

(SGS) and Steam Generator Auxiliary Heat Removal System (SFAHRS) wh1ch o
w1]1 see elevated temperature service are as follows: - e

' Superheater Outlet Steam P1p1nq

Superheater Out]et Iso1at1on Va1ve .

'Superheater Outlet Check Valve

SUperheater Relief Valve Inlet/Outlet Pipiﬁg'
Superheater Relief Valve

Reactlon Products Separator Tank

. Sod1um Rupture D1scs to Reaction Products Separator Tank:
, P1p1ng _

Reaction Products Separator Tanks\Equalizer Piping
Superheater Steam Vent Inlet/Qutlet Pipirg
Superheater Steam Vent Valve

Superheater Steam Vent Iso]ation Valve

Preservice inspection for all ASME coded p]ant components 1s addressed
in response to NRC Question 120.66. _ :

Q120.63-2

Amend. 62
Nov.

1981
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'Qdesti"oh 120, 6’4 (RSP)(S 6)

Your response to Quest1on 120 18 is not comp]ete A genera] descr1pt1on
and technical basis for your program for: per1od1c 1nserv1ce 1nspect1on )
: of steam generator tub1nq was not addressed :

It is our position that per1od1c vo]umetr1c inservice exam1nat1on of a’
representat1ve sample of the steam generator tibes is required. This,
requirement is intended to assure the cont1nu1ng structural integrity
- of the sodium-water boundary, to mitigate the consequences of the un11ke1y
event of a significant sodium-water reaction and to-identify potential -
Tong term degradation mechanisms that may result from plant operating .
cond1t1ons The initial sampling program and examination frequency shou]d
--be-based on results from- your steam generator- development program subject
to modification depend1ng on results from per1od1c vo]umetr1c 1nserv1ce
inspection: exper1ence .

Resgonse'

Access. for future 1nserv1ce 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 denendent
on results of ongo1ng 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 deve]opment programs are complete,

E .  Amend. 31
Q120.64-1 Nov. 1976




Question 120 65 (5 5 15 3)

In your response “to Quest1on 120 ]8 you state in Sect1on 5 5.2.3. 4 that
the inner diameter-of the :steam- generator-heat transfer tube is read11y
“available for inspection by ultrasonics, ‘eddy. current, and/or other sui=

table means which.will be. determ1ned at the conc]us1on of-a. deve]opment 8
program now in progress :

Identify any inaccessible reglons in the bend radlus of the U-tube to
internal probe inspections by eddy. current or u]trason1c methods due to
probe 1nterference or potential loss. of coupllng

Conventional inside diameter eddy current probe techniques are not nor-
mally used to examine ferromagnetic tubing, such as 2% CR-1 Mo material,
‘with wall thicknesses as great as 0.109-in. to detect tube wastage or
through watl 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 15.3.3.3~1. 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 p]ugg1ng) criteria in terms of percentage of tube
wall wastage and minimum crack size. Provide the technical basis for

~ your conclus1ons : ’ '

Discuss the scope of your deve]opment program for steam’ generator tube
leakage 1ocat1on us1ng acoustic em1ss1on techn1ques

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
techn1ques to be adequate w1thout re11ance on eddy-current techniques.

The ultrasonic method us1ng commercially available probes has demon-
strated the ab111ty 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

s +0.005 inches. The measurement of tube deformation greater than

0.005 inches has been demonstrated using ultrasonic methods. The tube-
to-tubesheet butt welds are examined by a separate ultrasonic techn1que
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 sens1t1v1ty is- thought to be about ten percent of

the tube wa]] based on prototypical welds determined to date.

‘Q1_20.55-1 R Amend. 31
' : Nov. 1976 ..



. Acoustic emission leak 1ocat1on has been demonstrated in. stat1c steam o ‘f;
- generator modules, but is not current]y pract1ca1 in operatl ng. steam S
generators or in full scale steam generators. Deve]opment at: the

National Laboratories as well as commercial deve1opments are being

closely followed. A decision to use ‘this approach for leak location is

not warranted at this time..' If development is successful th1s method

can be apphed to the steam generator modu]es

 Q120.65-2 © o Amend. 31
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O Question 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 relafed +o fhe Inservice
lnspecflon program have not been answered.

. I+ 1s our poslfion 1haf as a mlnlmum, a preservice: nondestructive examlnaflon
and inservice inspection (ISI) program including the examination categories,
inspection methods, and governing documents or acceptable alternative methods
Is required. These me+hods are summarized below:

Preservice Nondestructive Examination

Examination : ‘ ' Reference
Categories .. Inspection Metho Documents
- Primary heat Volumetric examination of 100% of the ~ ASME Code
transport sys-  welds and adjacent base metal with Case 1594
tem Including methods capable of characterizing

reactor the throughwall dimension of

and closure Indications.

head, con-

nected piping

System, pri- To assure the Initial structural
: mary pump - infegrity of the primary heat trans-
", E tank, check port system and reactor vessel core
4 valve and internals, we will require the fol-
Intermedlate lowing Information about all flaws
heat exchan- over 5% in throughwall dimension
ger -shell. retained after the preservice
Al so reactor examination: :
vessel core
internals.

1. Location of accepfabie flaw.

2. Definition of the throughwal |
: dimension as a percentage of
wal |l thickness.

3. Characterization of the flaw
in terms of nature, enclosed
volume, and actual orientation.

4. Complete documentation suitable
for fracture mechanics evaluation.

Bal ance of ' Volumetric examination of 100% of ‘ ‘ASME Code :

Class 1 - welds and adjacent base metal - Case 1594
~components, :
Amend., 32
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Ekamlnaflon
Categorles

'Lnfermedtafé
" heat exchan-
ger tubing.

Guard vessels:

- Intermediate.
heat trans-
port system
including
Intermediate
heat exchan-
ger connected
piping system,

pump, expansion

tank, dump
val ves and
flowmeter

Bal ance of
Class 2
components

Steam .
generator
tubing

_Inspection Method

Eddy current method for preservice
basel ine.

Volumetric examination of 100% of the
welds and adjacent base metal.

sVolumetric examination of 1004 of the
‘'welds and adjacent base metal. -

Volumetrlc_examination of welds and
ad jacent base metal.

Volumetric mefhodifbf-preséﬁvjce |
basel ine. ' ' :

Q120.66-2

Documents =~ -
Tobe . .
estab- -
‘I'tshed by

- CRBR

develop- -
ment

~ program .

ASME Code
Case 1594

ASME Code
Case 1594

ASME Code

Secf{on.lll?:f,
We will .,
require the.. ..

Identifi- . .
cation of:
governing =
codes In
cases where.
metal tem-
peratures
exceed - .
those. for
which -

al lowable
stress
values are
given In .
Section 11

To -be

establ ished .- - -

by CRBR

"~ development - .
. program

Amend. 32

Dec.:

1976
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Examination - ‘ ’ . h vvRéferénce,:

- Categories - Inspection Method o ' - Documents

Class 3 Examination of welds and adJacenf ' ASME Code :
components base metal. = . _ Section 111.
' S : ' We will:
require the
fdentifica-
tion of a
"~ governing
codes In
cases where
metal tem-
"~ peratures
> : ' _ exceed
: ' those for
which v
al lowable
- stress
_ values are -
. . : - given in .

' ' ‘ "Section 11
or when
Section 111
is not ‘
appl icable

' 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 detafled 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 safety 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 fhe

©IHT sysfem.

We will require that for those welds selected for the representative
volumetric sampling program, the design and arrangement of the system

. Amend. 32

0120.66-3 Dec. 1976



components Include allowance for adeqUafe clearances to cohduchIOO%

 volumetric éxamination of the selected welds and adjacent base metal. Since f
potential degradation mechanlsms and unique operating conditions are sftll fo

be firmly defined during dzvelopmenf programs, - examination accesslbillfy

should be an .important consideration In all

that sufficlient accessibility be provided for visual
the reactor vessel nozzle to plpe weld for each inlef downcomer.

After the preservice examination is complefed, accepfable refalned flaws wifh

component designs.

We require

inservice examination of

the greatest percentage throughwal! 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.

Response: >

NRC question 120.66 requested that information be submitted reléfed to ,
‘inservice Inspection of CRBRP including detalls 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.
-details of the inservice inspection described below.

‘General roach

The plan Includes

.The general approach of inservice inspection of CRBRP is based on ensurlhg,
~ through continuous monitoring and perfodic Inspections, the Integrity. of ..
systems and components whose fallure could adversely affect core reacfivify
_control, or core cool ing, 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
.are considered to provide the level of monltoring necessary for the safety of -
- the plant to detect any significant breach in the structural

inspection_ programs

integrity of fhe :

.pressure boundary. However, -periodic volumefrlc examinations will be
performed on intermediate system dissimilar metal welds and adjoining base
metal to determine if (1) flaws are propagating or (2) other degradaflon Is
integrity of. the system.

-ocecurring such as to Impair the structural

0120.66-4
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The design and: arrangemenf of piping and componenfs wlll be such as to allow B
access for the speclfied: lnspecflons. " iy S
We conslder that the requirements specified hereln pfovlde the requlstfé
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 fallure mechanisms well In advance of the time that
‘a serlous-breach of the coolanf boundary could occur.¥

‘S+eam/wa+er componenfs of ASME Class 2 or 3 will be- Inspecfed in accordance
with the requlremen?s of ASME Section XI, Division 1.

aBeg uirements

Requlremenfs for examlnaflons to be performed during the construction and
erection phase are fncluded in Table QT20.66-1. Principal features of the

. CRBRP program are as follows:

1. Construction Phase - Examinations and Tests

Welds and adJoInIng base maferial in the coolant boundary of componenfs 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 radiographical ly 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. parf!cle
method. Inspection of the reactor ‘Internals will also Include _

" radlographic examinations as well as |iquid penetrant examinations. In
addition, all welds will be ulfrasonically examined to the extent -
practical by use of techniques that ylelds results similar to those that -
would be expected should such examinations be required after the planf_ls

- placed In service.** 1t Is planned to perform these ultrasonic
examinations elther in the fabrication shop where the component {s made or
at the construction site shortly after erection. The purpose of these
ultrasonic examinations is to ,

¥For complete discussiod~of degradation processes, stress levels, and

I ikel Thood 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
stainless steel welds Is highly developmental, particularly at high

‘temperature, the techniques used at a later date are likely to be

significantly different. A meaningful comparlson between the Initial and
later Inspections will require an extrapolation factor to account for son!c
attenuation differences In the metal if the temperature of the later
examination differs from the basel ine examinations.. :

Amend. 32
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obfa!n records for cémparlson should future Inserv!ce ‘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
unaccepfable by the governlng code will be repalred SR

Other flaws that are de+ec+ed and defermlned +o be nongeomeTrIc witl be
characterized to the extent determinable by the- ‘reference technique, -
sufficlent to enable appropriate evaluations by use of fracture mechanics
methods. Welds in. components of other systems will be examined in
accordance with requiremenfs of the governing (ASME) construction code.

All coolant boundary welds will be examined visually at room Temperafure.,~~

The coolant boundary welds will also be inspected at 400 OF with. techniques

that are the same as those fo be used In the Inservice tnspection -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 +echnlques
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 examlnation will include the clrcumferential welds (heat
affected:zone) plus the adjoining one-foot section of longitudinal pipe
welds. :

- ,Sys+em Ieak +es+s will also be performed prlor to sysfem fill iﬁ.‘
accordance with ASME Section Xi, Division 3, article IMA-5210.  The
pressurizing medium will lnclude hel'lum as-a constitfuent. ‘

" The prlmary hea+ +ranspor+ sysfem and the portion of the intermediate heat
transport system that Is. inslde the contalnment building will be monitored
continuously for leakage of sodium. Diverse redundant leak detection -
capabil ity will be provided by aerosol-type leak detectors, radiation
monitors, smoke detectors, continuity-type detectors, and level sensors.

_The detection capability of The leak defecfors Is described In Secflon

7.5.5 of the PSAR.

Leak defecflon devices will also be provided for all ASME Code Class 2 -and.
3 liquid metal systems. Perlodic inspections include visual examlnafions- g
of welds throughout the primary heat transport system, the Intermediate-
heat +ranspor+ system, and other ASME Code Class 2 and 3 sysfems.

A volumefrlc examlnafion will be performed on the dlsslmllar me+al welds

In the Intermediate heat transport system. Other welds will be vlsually
Inspected In accordance with the ASME Code Section X!, Division.3. B
The frequency of examination of these welds will be In accordance

with ASME Code Section XI, Division 3.

Amend. 65
Feb. 1982
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CRBRP SUMMARY OF NONDESTRUCT IVE EXAMINATIONS OF WELDS

TABLE Q120.66-1

CONSTRUCTION, PRESERVICE, AND INSERVICE PROGRAMS

.Examlnaflon

Categories

Reactor Vessel and
Nozzle Welds .

(Similar Metal Welds)

Reactor Vessel
(Dissimilar Metal
Weld) '

Reactor Internals

Closure Head

ReaCTof Cool ant
Piping Outside of
Guard Vessels

'Reactor Coolant
Piping. Inside Guard
Vessels

Construction*

(A1l Welds)

VT+2Directional RT+
PT Per ASME-111
Class 1 + ASME"
Code Case 1594;
Also UT (2) .and

VT+2Directional RT+

PT Per ASME-I1]
.Class 1 + ASME
- Code Case 1594;

Also UT (2) and

s VT+2Directional RT+

PT; Also UT (2)

VT+RT+PT/MT per
ASME- 111 Class
1; Also UT

VT+ZD Irectional RT+
PT Per ASME-III
Class 1 + ASME
Code Case 1594;
Also UT

VT+2D1rectional RT+.

PT Per ASME-III
Class 1 + ASME
Code Case 1594;
Also UT

0120.66-7

Pcesecyige

LT

LT

(Al Coolan+ Boundary (Essential ly
Welds) All Coolant
Boundary
Welds)
Remote Visual, Room Remote
Temperafure and also. Visual €
e 400 F 400°F;
‘Continuous .
Monitoring -
Remote Visual, Room Remote (4)
Temperafure and also Visual
@ 400°F @ 400°F;
Continuous
Monitoring
CRBRP is. In the course Division 3 -~
of evaluating the ASME -requlremenfs
Secflon XI . and .wili:
develop
CRBRP -re~
quiremenfs
‘based upon
the results
of this
evaluation.
Contlinuous Monitoring Conflnuous
Monitoring
Remote or Direct Visual Direct or
Room Tempera+ure and Remote Vis-
al'so. @ 400°F; and LT . ual 400°F;
Continuous
Monitoring
Remote or Direct Visual Remote or -
Room: Temperature and Direct’
also @ 400°F; and LT Visual
- ‘@ 400°F +
ContInuous
Monitoring
Amend. - 65
Feb. 1982
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- TABLE 0120.66-1 (Conttd.).

CRBRP SUMMARY OF NONDESTRUCTIVE EXAMINATIONS OF WELDS . -
CONSTRUCT ION, PRESERVICE, AND - INSERVICE PROGRAMS

Examination
_'Cgfegocles ’

Primary Pump Tank» -

Check Valve

iBaiéﬁceicftCIass 1
Components

IHX Shell

IHX Tubing & Tube-

to Tubesheef-Welds ,

Class 2
Guard Vessels -

Construction*

(ALl Welds)

VT+2Directional RT+
PT Per ASME-111
Class 1 + ASME .
Code Case 1594;
Also UT (2)

VT+2Directional RT+
PT Per ASME-111
Class 1: Also
uT (2)

VT+2Directional RT+
PT Per ASME-111
Class 1: Also
ut

VT+2Directional RT+
PT Per ASME-I1I
Class 1 + ASME
Code Case 1594;
Also UT (2)

UT+ECT Per ASME-111
Class 1

VT+RT Per ASME-111
A Class 2 :

0120.66-8

' E[esery[ce

(ALl Coolanf Boundary
Welds) '

.Inservice

(Essentially
All Coolant
Boundary
Welds) '

Remote or- Direcf Visual Remofe or

Room Temperafure and
also @ 400°F; and LT

Direct -

Visual A
@.400°F, +
Conf!nuous
Monlfoflng

Remofe or Direct Visual, Remote or

Room . Temperafure and

also @ 400 F; and LT

‘ Conflnuous

Direcf
Visual »
@ .400°F, +: _

Monlforlng-‘

®

Remo+e or Direct Visual Remote or -

Room Temperafure and

_also e 400 F; and LT

Direct.
Visual +
Continuous
Moni toring.

Remote or Direct Visual,Remote or

Room Témperafure and
also @ 400°F; and LT

LT:per'lMC-21OO (3)

Direct

Vlsual L
e 400 F, +
Confinuous

~ Monitoring

Continuous
Montfortng’»
(3) per.

IMB- 5300

Remote or Direct Visual,Remote qr

Room Temperafure and . Direct
PHTS ‘@" 400 'F Visual PHTS '
@ 400° F
Amend. 65
Feb.. 1982



CRBRP SUMMARY OF NONDESTRUCT IVE' EXAMINATIONS OF WELDS
CONSTRUCT ION, PRESERVICE, AND INSERVICE:PROGRAMS

Examination

Categorles

Intermediate Heat
Transport System

Piping, Except

Dissimilar Metal
Welds

Intermediate Heat
Transport System

Piping Dissimilar

Metal Welds

'IHTS Pump Tank

IHTS Expansion

- Tank

JHTS Valves, Flow-

TABLE Q120.66-1 (Cont'd.) "

- Construction*.

(All Welds)

VT+2Directional RT+

- PT Per ASME-111
Class 1 + ASME
Code Case 1594;
Also UT

VT+2Directional RT+
PT Per ASME-111
Class 1 + ASME
‘Code . Case 1594;
Also UT

VT+2Directional RT+

PT Per ASME-111
Class 1 + ASME
Code Case 1594;
Also UT

VT+2Directional RT+

PT Per ASME-I11
Class 1 + ASME
Code Case 1594;
Also UT

VT+2Directional RT+

P eservice

(Al Coolan+ Boundary

Welds)

inser 'ce

(Essenflally
All Coolant
Boundary .

" Welds)

Remote or Direct Visual,Remote or -

Room Témperafure and
also @ 400° F; and LT

Direct Visual and UT
€ Room- Temperature;

Direct Visual € 400°F;

and LT .

Direct
Visual

@ 400°F +

Continuous
Monitoring

Direct

Visual - and
Contlnuous
Moniforlng

@ 400°Ft; UT
at Room ,
Température

Remote or Direct Visual,Remote or

Room Tempera?ure and
also @ 400° F; and LT

Direct -
Visual

@ 400°F +
Contlnuous .
Monitoring

Remote or Direct Visual,Reméfe or

Room Temperafure and
also @ 400° F, and LT

Direct

Visual

@ 400°F +
Continuous
Monitoring -

hemofe or Direct Visual,Remote or

‘meter, Etc. PT Per ASME-1i1 Room Temperature and Direct
' ' " Class 1 + ASME aalso @ 400°F, and LT Visual -
Code Case 1594; @ 400°F +
“Also UT Continuous.
- Monitoring -
Amend. 65
Feb. 1982
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CRBRP SUMMARY oF NONDESTRUCTIVE EXAMINATIONS OF WELDS

TABLE 0120 66— 1 (Conf'd )

CONSTRUCTION, PRESERVICE AND INSERVICE PROGRAMS:

Exani nation . o
(ALl Welds) (Al Coolant Boundary (Essénfla[ly-
: _ Welds).. All Coolant
‘ . Boundary

;

o ) N
Balance of Class 2

VT+RT Per ASME-111

Welds)

'Remote or Direct Visual,Remote or

Liquid Metal Com- Class 2 ~ Room Temperafure and Direct

ﬁonenfs ' . also @ 400 F .and LT Vlsual o
* @ 400°F +
A Continuous
! Monitoring

. Steam Generator-

" 'Evaporator and

iClaSSﬁ3
"Mefal

“Superheafers

Componenfs

VI+2Directional RT+
PT Per ASME=11I
Class 1 + Code
Case 1594; Also

‘UT or ECT tubing

VT+RT, MT, or PT per Visual € 400°F; and LT

. ASME-111l Class 3

Remote. or Direct Visu3!7WaTer§ﬁde;a

Room Temperafure and.

also @.400 F and LT

and Volumetric per
IMC-2100

:Visuan
Contintc

MOhIfohingN:”

Vlsual
@ 400°F
+ Continuous

‘Moni toring

ecf'VisuaI Examination Eddy'Currenbexaminafloh

T

' v = ECT =
_'RT'=_RadIographic Examlnation "UT = Ultrasonic Examinatlion
PT = Penefranf Examination MT = Magnetic Particle Examination
LT = Leak Tesf (Per IMA-SOOO ASME Secflon Xt, Division 3)
'(1)fCircumferen+lal weld Jolnfs Includlng fhe adJoInIng one  foot secflons of

longlfudlnal welds. ' _ S -

Bage' material prior to construction. : S
‘Reference Response to NRC Question 120.67

‘Exceptlon to ASME Code - See Appendix G- - '
Nondestructive examinations durlng consfrucflon wlll be done at room
temperature. S

(2)-
(3)
(4)
(5)

Q120.66-10



. Quest1on 120 67 (5 3 2.3, 2)

-Question 120 19 assoc1ated with the 1n serv1ce 1nspect1on program for thehf‘
_1ntermed1ate heat transfer ststem, was not answered

It is our pos1tion that suff1c1ent des1gn access1b1l1ty should be prov1dedi-}'
in at least one intermediate heat exchanger ‘(IHX) ‘to conduct per1od1c in- 0
service examination of the IHX tubing. The intermediate heat exchanger S -
an essentially prototypical design that will be subjected: to unique plant-
operating conditions and transients. In=service examination of a. represen-
*tat1ve sample of “the intermediate heat -exchanger tubingis. necessary to as- -

" sure .the cont1nu1ng structural integrity of ‘the radioactive sodium-interme- .
diate sodium boundary to preclude’the possibility.of gradual tube degrada- -
tion proceed1ng undetected 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

'mod1f1cat1on dependlng on results from accumulated in- serv1ce exam1nat1on

: exper1ence

Response- ; o
I. Background

’The CRBRP - IHX design has benefitted from both the successes exper1enced 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 design and a lack
of vibration testing. The tube failure was due to flow-inducedvibration: 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 o
rather rapid and probably would not have" ‘been avoided by ‘a periodic 1nspec-
tion program.  The failure may have been-avoided if elther vibration analy—
sis or vibration testing of the-unit had been performed. Even in “this -

‘-1nstance the event wh1ch revealed the des1gn def1c1ency was local and
d:not massive. = :

, The CRBRP plant operat1on is des1gned S0 that the pressure on the 1nterme-
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 a decrease in intermediate sod1um
“1nventory Rad1oact1ve sodium escape is," thereby, precluded

1. CRBRP - IHX i

.Bu1ld1ng upon 1ndustry exper1ence in des1gn1ng sod1um—to sod1um IHXs, the .
CRBRP-unit and specifically the tubing is not expected to suffer from mater-

~ .ial degradation to unacceptable levels by reason of the follow1ng deSIgn
g,cons1derat1ons o . :

120.67-1

‘Amend.,30
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V1brat1on Testlng

'_'A qu scale: mode] of a 30° sector of the IHX unit: has been tested ; L ‘
from.zero- to 120% of full flow- in water at elevated temperature.
‘The -mode1 inc1udes all-distribution dev1ces, tie rods,. baffle - -

plates, etc., Results of this ‘test:demonstrate ‘that: the v1brat1oh

... of \IHX: tub1ng will not be a mechanism: for- fa1lure or gradua] -de=
,.;gradat1on through frett1ng, 1mpact etc : .

e.V1brat1on Ana]ys1s

; A v1brat1on ana]y51s was app11ed ‘to. the. IHX bund]e 1nc]ud1ng tub1ng.; .
- The'results of this analysis concur with and support the f1nd1ng of -

. the-vibration test in that tube v1brat10n wi]] not be a prob]em 1n

: the CRBRP - IHX SR , Lo

;;;Flow Des1gn

-i'F10w dlstr1but1on dev1ces have been: des1gned and scale mode]s tested

to ensure an even flow distribution throughout the' tube bundle.

. A]though 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 h1gh Cross- flow
« wh1ch caused a tube fa1]ure in the Ha]]am IHX _ _

.'rStress Ana]ys1s

"’."The THX tubing has been ana'lyzed 1n accordance with the fo]lowmg ) | ‘

criter1a

| ASME Code- Sect1on 111

S R R
2 Code Cases 1592, 1593, 1594 1595 & 1595 o
3. » R

~-RDT -Standard. E15-2NBT -

4. ROT Standard F9-4T

Stresses due to all p]ant cond1t1ons, trans1ents, ete. , 5 are be]ow
the 1imits set by the above criteria. Potential buckling problems:

:have been eliminated by employing a floating lower tubesheet and

expansion bellows to allow differential thermal expansion between
the shell downcomer, etc., and the: tubes. The stress analysis:of

- the: tubes has shown no mechanism for. gradua] degradat1on of" the

tubes to an. unacceptab]e ]eve]

Corros1on'“

Curves defhn1ng corros1on rates in m1ls/year/PPM OE versus temperature for -
e

'f,;304 & 316:stainless $teels have been -supplied: to t o
These rates are for sodium flowing at velocities. encompass1ng CRBRP f]ow

IHX des1gner

rates. The corrosion allowance was 1nc1uded in-sizing the IHX tublng
- -to-ensure. acceptable wa11 th1ckness at- end of ]1fe ' - .

Q2.67-2 o e
Q123.6 . : ~ Amend. 30 f‘

Nov. 1976



111,

Rad1at10n

Material degradation due to radiation has been 1nvestlgated for the;

“IHX. The total fluence expected over the plant life at the IHX s K
~ below the. level.which would affect the material. Therefore, no de-‘: o
g gradation of the IHX tub1ng is expected due to rad1at1on '

: G,'5Mater1a1 v _ . T N
'.aThe mater1a] used for the IHX tubes is 304 sta1n1ess steel ~ This
~ 'material has been used in several other sodi.um-to-sodium heat ‘ex-
:changers :and-: has been found acceptable. The . tub1ng used in the
CRBRP - IHX conforms to requ1rements of . the fo]10w1ng cr1ter1a
1. ASME Code Section 111
2. ASME Code Section II SA213
~3.. RDT E15-2NBT
,‘4. RDT M3 2T _ _ _
In. add1t1on to these material requ1rements supp]ementa] requ1re- ‘
ments have been included in the material order, : :
‘These incTude additional chemica] -content Timitations and clean-
Tiness requirements. Due to long 1ndustry experience and the.
quality of the material purchased, it is not expected that degra-
'dat1on of the tubing will occur.
Poss1b]e Tube Surve111ance

Access to the. tubesheets and inside of the tubes will be prov1ded for

IHX tube leak location and p1ugg1ng ‘Tools will be des1gned which
will enable 1nstruments to be 1nserted into an 1nd1v1dua1 tube

~ during THX maintenance in the event a leak occurs. Access to the'

0.D. of: the tubes is c]ear]y 1mposs1b1e since the bundle is sur- .
rounded by the shell and shroud and since the tube spac1ng den1es o
,access to an interior tube, S

If the IHX must be opened for tube p]ugg1ng, 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-

Afaces will remain sodium wetted. Contact of a contaminant with’ sodium
‘may lead to caustics or ‘corrosion products which could ‘be detr1menta"
*to the IHX : _ . :

The poss1b111ty of this contamination occur1ng w111 be kept
to an absolute minimum by employing inert gas purging, temporary
seals, cleaning, strict maintenance procedures, etc. Nevertheless,

it is fe]t that the opening of the IHX unit, for any reason, N
~ -should be kept to an absolute minimum in order to avoid poss1b1e -

contamination.” This risk is acceptable only to a leaking or

defective unit. Expos1ng a sound unit to this risk to search =
- for unknown mechanisms is unacceptable to the prOJect as det—
: }r1mental to max1m121ng overa11 safety.- '

: : Amend. - 30
| 0120.67-3 ‘Nov. 1976



. .:Conc'lusion o T S e L SR ‘

IV

It s strongly asserted that the IHX tubmg has been procur:ed des1gned
_:analyzed,:and tésted to :such ‘a degree-that: we ‘feel certain- ‘that “there
-will be mo.material /degradatwn 0f ‘the tubing-to: unacceptable levels

.-, -over :the "Tife-of ‘the CRBRP ‘Plant. It is.also believed that un- :
. ‘mecessary--opening of the “IHX -for “tube - mspectwn :may:introduce ‘the .
—... ‘harmful “contaminants “into-the "IHX unit. “This-risk of: degradmg ‘the

- THX ‘s Judged ‘to “far - outwelgh ‘the benefits 0f - 1nserv1ce tube 1n-

".".:_spect'ion of &n' operat1ng non]eakmq umt

, . Amend. 30
0120.6_7.-_4 o heendigzs

. o
.v
’
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Question 120 68

" The description of your materials surveiilance program 1s 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 1ower g?d uppgr internal structure receiving irradiation fluence from

7.t0 10 In addition to_your proposal of only sub-size tensile- B
specimens withdrawn at one-quarter plant life igﬁervals (plus one contingency
capsule) from areas receiving a fluence » 1 x.1 n/cm we require additional -
specimens withdrawn at the same interval to monitor other degradation processes
that may occur in the primary 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. . Spectmens from bimetallic welds should also-
be included in your proposed survei]iance Krogram._ Provide the description of
a revised materials surveillance program W ich refiects the requ1rements of -
th1s position oL

Response

A comprehensive mater1a1 surveiilance program for the CRBRP Reactor and. Primary

_ Heat Transport Piping matertals ts betng developed and detatled documentation.on

this. program will be provided to NRC as it is developed. The program witl 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 ]aboratory test programs on base metal-weld metal combinations to monitor}_-
~ thermal aging effects at prototyptc plant temperature and: steady state stress -

conditions.. These and other spectfic ‘concerns raised in the above: question are o
»addressed in the fo]]ow1ng paragraphs . ‘

Neutron Irradiation Effects- End-of—life residua] ductiiity concepts are

- used in designing the CRBRP Reactor and Primary Heat Transport System componenisil

Available fast neutron irradiation data provided in References Q120.68-1, -2

and -3 show that no significan Tobs 4% temside ductility in austenitic stain-
less- stee]s and nickel base Alloy 718 eccurs until total neutron fluences
exceed 1021 n/cm2 (E>0.0 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 1ower reactor internals rece1v1ng neutron -
- fluences less than 1021 n/cm2 are not considered necessary. Simiiarly,_in-

reactor surveillance of the Primary Heat Transport piping and components is-

_not necessary as the neutroE f]uenge corresponding to plant lifetime is sign-
- ificantly Tower than 1 x. 10 1

- vessel midband ?se metag and weidments w1]1 be done even though the f]uence o
- is less than 10 v '

n/cm However, surveillance of the reactor

n/cm

,In reactor surveillance of CRBRP ferritic stee]s is not considered to be:

necessary since these steels_are located in regions of the plant where the tota]
fluence is less than 1 x 1017 n/cm? which is the threshold Tlimit given in

a 1OCFR50 Appendix H for ferritic steels in the reactor belt-line region.

Q120.68-1 , : Amend. 32
- ) Dec. 1976




Fracture Toughness: Fracture toughness Surve111ance of the ferritic steels
in the CRBRP heat transport system is not included in the surveillance 7;17-’
program because of the low fluence levels. - The fluence levels ‘at. both: the
head and the vessel transition section weld regions are: below 1017 n/cm2
(Epay>l MeV), ‘and thére-are. no ferritic materials in the reactor vessel:

- . below the transition section. Therefore no fracture toughness surve111anc
o is requ1red by lOCFRSO Append1x H o , -

Fracture toughness surveillance- spec1mens of the austen1t1c sta1n1ess steels
-and nickel base.alloys ‘have not- been included in the program. A ‘test '
- program s being .developed with the goal of demonstrating.acceptable -
fracture ‘toughness behavior of 1rrad1ated austenitic stainless steel ‘base "
metals, weldments and nickel base structural materials. “Depending on the .
resu]ts obtained from this program, :CRBRP ‘surveillance of fracture: toughness ‘
will be done . for those components which: are exposed to fluence 1evels ié*f'. T
caus1ng s1gn1f1cant degradat1on S : ; R

RN

Therma] Ag1ng Effects: Assessment of the available data regarding microstruc-
ture and property changes ac related to service temperature, time and stress
indicates that the CRBRP primary coolant boundary materials have a high like-
1ihood 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 LMFBR materials. To augment and
broaden- the base:of the existing technology efforts, typical materials. and
weldments utilized in the CRBRP or1mary heat. transport system ‘will be pro-.
vided for 1nc1us1on in th1s on- going effort. - _ .

Included in the program will be hot Teg and cold 1eg p1p1nq we]ds toqether ‘

" with- the1r respective base metals and the reactor:vessel bi-metallic. weld. . I '
" (SAZ508°Class 2 to SB 168, ‘Inconel 600). Mechanical properties and: m1cro-

_structural examinations will be performed on both base metals and weld L

metals after Tong-term exposure to temperature and steady-state stresses. .

- which simulate operating conditions. Test specimens will-be- fabr1cated

by vendors prov1d1ng CRBRP' component hardware. Thermal aging ‘will 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 in the as-fabricated condition and

after each period of thermal aging, i.e., after 1, 2, 3, 6,...etc., years.

The properties to be evaluated will.be selected after a comorehen51ve

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 Svaluatlon will

also be. performed at the plant refueling temperature of 400°F. . -

Q120.68-2 . ' | - Amend. 33 | A (‘
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“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. elsewhere to examine the facts of -
mass transport on mechanical properties of LMFBR: materials will be utilized to '
assess potential 1mpact on CRBRP p]ant performance B

@_ - Mass Transport Related Effects: Anowances for mass transport related changes

In plant surveil]ance of mass transport re]ated changes wil] be performed on

~ selected components, with the IVTM 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 vesse1 and: Primary Heat Transport System com- -
ponents. .

The IVTM port plug is avai]able for examination when it i1s 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. ,

é’ Mass transport effects on Alloy 718 will be obtained from the control rod
3 drivelines:which are scheduled for removal after 10 years. Examinations of °
these components will be included in the material surveiliance program.

_ Microstructure: The survei]lance program will inc]ude 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 HEDL iOZ—HEDL 1.

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.. » :

>0120.68-3 A. L. Ward, Austenitic Stainless Steel weld Materials-A Data -
o Compilation and Review, HEDL-TME 74- 25 May 1974, pp. 22-36.

' Amend. 32
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’Questlon 120.69 (5 5)

- The PSAR descr1ption of the steam generator is not comp]ete WeareqUifeaa IR

detailed description for evaluation. The description should include:  design ':f-
requirements; material specification; descr1pt1on of welding and heat treating
procedures; methods used to ensure preservice material -intégrity; mechanical

_ properties df basic materials; mechanical properties of welds, including bi-

metallic welds; mechanical properties of ant1c1pated back-up materials, .
mechanical properties anticipated after projected inservice degradation, such
as mass transfer of interstitial e]ements from the nonstab1]1zed 2- 1/4 Cr-]
Mo steel to minimum levels. L :

‘Response:

Section 5.5.2.3.4 has been modified in response to thiquuéstiOn.

, Amend. 30 -
: Nov. 1976
Q120.69-1



‘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 in-service in-
spection program requirements for detailed visual examinat]on 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. ~

AY

Response:

The design accessibility and transporter(s) mobility héébbeen described in-
the previous response to question 120.29.

The remote visual inspection system as roposed 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 ig 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. . S -

Amend. 29
Q120.70-1 Oct. 1976



Quest1on 120 71

-The responses ‘to' Quest1ons 120 31 and 120 34 are not suff1c1ent to
conclude- that -an’adequate: and re11ab]e sod1um to.gas: eakage detect1on
- system will be ‘incorporated in the (CRBRP. ~Further test work will: ‘be. -
required to verify-that theleakage detection thresholds and s1gna1
response times of these systems are reproduc1b1e and pred1ctab1e We
required design verification tests conducted in a’ representat1ve mock- =up
~ that simulates portions of the primary and- 1ntermed1ate heat: transport
"systems Mock-up design verification tests of leakage detection
capability in guard vessels: will also-be required. The simulation shou]d
include- sn1ff1ng tubes for aerosol detectors. that have- “the ‘same 1ength
comp]ex1ty and therma] grad1ents of those proposed for CRBRP ' S

- The staff requ1res that the fo]]ow1ng areas be addressed 1n the deve]opment
program: N . . L _

(I):lAdequacy of coverage, redundancy, d1ver51ty and ‘range of . thei-:'
" sensor units.

(2) In-situ calibration and operab1]1ty tests Deve]opﬁafsensor'}"l"'
. qua11f1cat1on program. o . g Ty

(3) "P]ate out" of . aeroso] 1n 1ong sn1ffer tubes w1th therma]
grad1ents - A

(4) Diversity, redundancy, and sen51t1v1ty of sensors over the -
temperature range of 400 F to 1100 F and 1n 1nerted and/or o
amb1ent atmospheres e . , _

.(5)' Sens1t1v1ty, d1vers1ty, and redundancy of sensors mon1tor1ng
the THTS within the RCB. '

We requ1re that the leak detect1on system 1nsta1]ed in. CRBRP be capab]e
of in-place operational verification and calibration. We also require
that leak detection system diversity and redundancy be ma1nta1ned at’
all plant conditions. Multiple sensors at. the end of one sn1ffer tube
are not cons1dered d1verse and redundant :

: Response

"The Proaect and the NRC staff attended ar meet1ng, June 18, 19765 “to -
discuss the summary of design and deve1opment status of the Liquid"
Metal to Gas Leak Detection System for CRBRP. -At-that meet1ng, the
Project provided NRC a complete d1scu551on of the Liquid- Meta1 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 for ‘their- eva]uat1on
The pertinent information has been 1ncorporated in PSAR Sect1ons

1.5 and 7.5. - A brief summary is provided. be]ow :

' Amend. 23
Q120.71-1 : Oct. 1976



An .adequate and reliable Sodium to Gas Leak . Detection Systnm ,
prov1dedrfor'the_CRBRP The system utilizes very sensifive leak de= -
-loca at strateglc Tocations in the plant. and.these -are

'backed up by “other. types of - detectors wh1ch are also very- sens1t1 e
-to 11qu1d metal leaks Co o

Further test ork is p]anned ‘in the form of Verificatf'n,Tests (at :
_ rm Environmental Performance Test (: BR: o
These tests'w ver1fy that leak detectors’ ‘performance and response
times are reproducible, predictable, and within sensitivity require-
ments. The te LS w111 ‘be ‘conducted on realistic representative '
mock-ups of both primary and 1ntermed1ate 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 rev1sed PSAR Sections 1.5'and 7. 5.5.) Q
-

(1) Adequacy of coverage, redundancy, d1vers1ty and range of
‘sensors are addressed in. the test program to be conducted
.at LMEC -and-EBRLI during FY 1977. : ,

(2)8 In situ ca11brat1on and operab1]1ty tests will be deve]oped to
meet the intent of app]1cab1e sections of Regu]atory Gu1de
1.45.

(3) The “p]ate—out“ of aerosols in long sn1ff1ng tubes,, hav1ng ‘
typical LMFBR Thermal gradients, has been negligible in 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
'1nerted environments over the temperature range of 400°F-
. 1000%F. Revised, PSAR Section 7.5.5 gives details of the
diversity prov1ded in the reactor ‘cavity.-area which-was
_1dent1f1ed by NRC staff as an area of spec1a1 ‘concern.

Qf (5) The sensors mon1tor1ng the. IHTS w1th1n the RCB are s1m11ar
" with respect to sensitivity, diversity and redundancy to that
provided for the Reactor. Vesse] and- PHTS

@

- : " Amend. 28
Qi20.71-2 - ~ Oct. 1976



he system for CRBRP w111 be designed to provide redundancy/dl- '

“versity for all required plant conditions. It will also be de-
"signed to allow for in-place- operat1ona1 verification and. ca11—

”brat1on

'Mu1t1p1e sensors at the end of cne sniffer tube are neither con-
sidered diverse nor redundant, and the leak detection system does

not.plan to take credit for diversity/redundancy should this
approach be used. At this time, the Project has no plans to put
multiple sensors at the end of one sniffer tube, each sensor will

have its own sn1ffer tube

q120.71-3

Amend. 28

Oct. 1976



Quest1on 120 72 .

" The PSAR d1scusses the detect1on of gross 1eakage through the 1ntermed1ate

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 1eakage from the pr1mary to the
1ntermed1ate coolant system.

‘Response

"Sect1on 7. 5 5.2 has been expanded to address the concerns expressed w1th

—

the potential for a reverse pressure differential and the need for a pr1mary
to intermediate leak detect1on method.

KN

Q120.72-1 © Amend. 30
| | | Nov. 1976
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~ steam leak with size increase from 4x-10-

Question 120.73 (7.5-30; 15.3.3.3.1)

" Page 7.5-30 indicates that a water to sodium leak of 10-4 1b/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 gostu]ates the development of 'a
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 1b/sec during the first 2000 seconds. The above data- f_

- is inconsistent for conclusive leak detection evaluation.. .

'Provideian‘hnalysié to.show that a 10-4 1b/sec steam to sodium leak will bei_‘
. detected and distinguished from background level in the IHTS. In your

analysis consider the normal background level plus an increased level due 1

 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 indiéated on page 7.5-30, the range of leak sizes detectable by the rate
of pise method is from 10-5 to 10-4 Tb/sec. Figure 7.5-5 indicates that a
1072 1b/sec leak will be detected in approximately 1/2 hour. Figure '

_:15.3.3.2-1 addresses the development of a steam leak with size increase from.
-4 x 10"

. (4) and (5) of the figure. -Therefore, the leak would be ‘detected with

. sufficient time remaining to allow for operator~ corrective actions.

to 3 x 10-2 1b/sec in approximately 2 hours as indicated in steps

- As shown in Figure 7.5-4 leak rates on the order of 10-4 1b/sec will 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
Teak 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-sodfﬁm hydrogen dﬁteétor,_3 ppb.jn a
background of 100 ppb, corresponds to a leak rate of 10~ 1b/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 still allow a v
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 nbt occur during normal operafion

- 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 .
. QOct. 1976
Q120.73-1 ' .



: Quest1on 120 74 -

"Report WARD-D-0127 (Primary Pipe Integrity Status Report-December ]975)
- discusses lower bound critical crack lengths determined in -model elbow

tests and states that additional tests are planned to investigate the
potent1a1 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-
Cimum ant1c1pated rupture areas (leak sizes) which can be developed in the

primary and intermediate heat transport systems cons1der1ng the system
environment and design conditions.

Resgonse

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.

o ~ Amend. 29
Q120.74-1 = - Oct.

1976



