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Question 130.1 (3.3.2.2)

Provide a description of the method used to éombine'torhado missile, wind
and vacuum pressure structural effects..

Response:

The response to this question is contained in PSAR Sections 3.3 and 3.5.4.5. . |25
i:lf
Ty B I ' Q130.1-1 ' Amend. 25

Aug.-1976:_ -



| Q_est1on 130 2 (3 5.4)

{ . .

(P '

. C Descm be the procedures by wh1ch m1ssﬂe effective structural lodds are
determlned .

Response:

In providing an answer to the above quest1on, Section 3.5.4 has been o
amended by add1ng a new Section 3.5.4.5.

Amend. 1
Q 130.2-1 _ July, 1975




Question 130.3 (3.7.2.1)

1n'3.7;2.], describe the method used to determine the Significant
hdynamic response modes for seismic system analysis.

- Response:

' The‘response-tb question 130.3 is provided in the revised PSAR page -
3.7-8. ‘ ' o

‘ | o o Q130.3-1 - | Amend. 2

August 1975"_v,



© Question 130.4 (3.7.2.3)

In Section 3.7.2.3, describe the procedure used to select the number of
masses for lumped mass :Seismic system analysis. ' :

Response:
A description of this procedure can be found in revised Section 3.7.2.3. 25

Q130.4-1

Amend. 25
Aug. 1976
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| ‘ © Question 130.5 (3.7.3)

In 3.7.3, descfibe the procedure used to select the numberbof'masses '
for lumped mass seismic subsystem analysis.

Response:

The procedure used to select the number of masses for lumped mass seismic
subsystem analysis is the same as that given in revised Section 3.7.2.3
on seismic system analysis. ‘ {25

/“‘*\,\

130.5-] R Amend. 25
¢ , Aug. 1976



Question 130.6 (3.7.3)

In 3.7.3, describe the procedure for detekmining démping of seismic
~subsystems. - :

Response:

The damping values and procedure to be used in the analysis of seismic

 subsystems are similar to those given for seismic systems in the
revised Section 3.7.2.14 utilizing Table 3.7-2 "Damping Values" of the
PSAR. This table is applicable to both systems and subsystems.

130.6-1

Amend 12
Feb 1976



£

. Question 130.7 (3.7.3.9)

'In 3.7.3.9, describe ‘the criteria used to assure that”the fundamental

frequency of subsystems is outs1de the range of the dom1nant frequency
of the support system

'Response

The response to quest1on 130. 7 is prov1ded in the rev1sed PSAR page

- 3.7- 13

Q130.7-1 - - Amend. 2
L August 1975



(. * Question 130.8 (3.7.3.14)

‘ In 3.7.3.14, describe the procedure used to analyze multiply supported
subsystems. : _

Response:

The response to question 130.8 is proVided in the revised Section 3,7.3;14.

Q130.8-1 Amend. 12
= Feb. 1976
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Question 130.9 (3.8.2.4)
Provide a description of the steel containment design and analysis
procedures.

Response:

The information requested is incorporated in the changed PSAR - page 3.8-7
and added pages 3.8-7a and 3.8- 7b.

130.9-1 " Amend. 1
July 1975
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Question 130.10 (3.8.2)

In 3.8.2, identify the materials, quality control procedures and special
construction techniques (if any) for the steel containment.

Response:

The information requested has been inéorporated in the changed PSAR
pages 3.8-1, 3.8-2 and 3.8-3.

Q130.10-1 Amend. 1
July 1975



‘ Question 130.11 (5.3.3.1.4)

In PSAR Section 5.3.3.1.4, 5.6.1.3.1.2 and 5.6.2.3.1.4, provide diagrams
showing the Timits of Category 1 components for the Primary Heat Transport
System, the Steam Generator Auxiliary Heat Removal System and the Overflow
Heat Removal Service.

Response:

As indicated on Figure 5.1-2, all components of the Primary Heat Transport
System shown on the figure are Seismic Category 1. As explained in

revised Section 5.6.1.3.1.2 of the PSAR, all Steam Generator Auxiliary

Heat Removal System components are Category 1. Revised Section 5.6.2.3.1.4
and revised Figure 5.1-7 clarify the extent of Category 1 design for

the Overflow Heat Removal Service.

Amend. 14

' Mar. 1976
Q130.11-1




nQuest1on 130,12 (5.6.1.3.1[41

In PSAR Sect1ons 5.6.1.3.1.2 and 5.6.2.3.1.4 provide 1ists of components
and supporting structures required to comply with Category I requirements
for the Steam Generator Auxiliary Heat Removal System, and the Overflow
Heat Removal System.

~ Response:

PSAR Sections 5.6.1.3.1.2 and 5.6.2.3.1.4 have been revised to include
references to pertinent PSAR'sections providing thevrequested Tists.

Q130.72-1 Amend. 1
July 1975



~ Question 130.13 (5.5.3.1. 4)

In PSAR sectﬂons 5.5.3. 1 4, 5.6.1.3.1.3 and 5.6.2.3.1.4 prov1de

diagrams of .the seismic mode]s, indicating points of large changes in
flexibility, for components of the Primary Heat Transport System, the
Steam Generation System, the Steam Generator Auxiliary Heat Removal System,
and the Overflow Heat Removal System.

Resgonse.

The diagrams for the Steam Generator System preliminary se1sm1c models
are provxded in the fo]]ow1ng new figures:

Steam generator ----------- SR -Fig.

5.5-6
Sodium dump tank - - - - - - - - - e - Fig. 5,5-7
Water dump tank - - - - - - - - - - - - - - - - -Fig. 5,5-8
Reaction products storage tank - - - = = - - - - Fig. 5.5-9

Seismic models for the remaining components of the heat transport systems

- components are currently being developed and are not available at this .
!time. Seismic models for all major components will be provided in the FSAR.

, _ _ : Amend. 17
.0130.13 1 _ . Apr- 1976



() Question 130.14 (3.3.2.2)

‘ In 3.3.2.2, describe the procedure by which venting, if considered, is
: used to reduce the tornado differential pressure loading.

Resgonse:

In the design of all Seismic Category I structures, venting is not con-
sidered. Therefore, the full effect of tornado differential pressure
of 3 psi will be taken into account in the structural design in accor-
dance with Regulatory Guide 1.76.

. - Amend. 1
- Q 130.14-1 July, 1975




' Question 130.15 (3.4.2)

In 3.4.2,describe the procedure by which s11d1ng and- overturn1ng effects
due to dynam1c water forces are considered.

Resgonse:

In ansWering the above question, Section 3.4.2 has been amended.

_ | v - Amend. 1
Q130.15-1 : » _ | July, 1975



Question 130.16 (3.5.4)

'In'3Q5.4; describe the procedure for predicting local damage in.composité '

sections (if utilized).
Response:

Multiple barrier missile shields are not utilized in the design of Seismic
Category I structures. Wherever missile barriers are required for pro-
tecting safety related equipment or components which are vulnerable to
damage, protective measures will be included in the design in accordance
with procedures described in Section 3.5.4.3.

Composite sections, utilized for the economic design of structural §teg]
beams for supporting concrete floor or rogf slabs in some of the Seismic
Category I buildings, are not considered in the assessment of local damag
due to either external or internal missiles. -

' Amend. 1
Q 130.16-1 July, 1975
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Question 130.17 (3.7.1.1)

In'3.7.1.1 indicaté the elevation at which the seismic design response
spectra are applied. ' .

Response:

‘In the lTumped-mass type of analysis to be used in the seismic calculations
for CRBRP, the seismic design response spectra will be applied at the
foundation level as indicated in the revised Section 3.7.1.1.

)

Q130.17 -1

Amend. 7
Noy. 1975
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* Question 130.18 (3.7.1.1)

CIn 3.7.1.1 describe'the deconVo]utibn analysis procedures and provide the
‘response spectra at the foundation Tevel as compared to the finished grade

design response spectra.

Response: | |
The design response spectra are applied directly ét-fhe fGUndatioh-1ével;

therefore, there is no deconvolution from the finished grade to the foundation
level. —— I .

' :?f§ _1Q130;18_f1_” ' @ 131;;?jgﬁvr:f]£i1"': - Amend. 7

- Nov. 1975



Question 130.19 (3.7.2)

L In 3.7.2, specify which Category I structures are designated as seismic
’ systems. ' :
Response: -

Section 3.2.1 defines the Category I structures, systems and components of
“the Clinch River Breeder Reactor Plant. Table 3.2-1 lists the Category I
" structures. No Category I structure is designated as a seismic system.

Amend. 1 _
July, 1975

Q 130.19-1



‘Question 130 20 (3.7. 31

In3.7.3, spec1fy wh1ch Category I components are des1gnated as se1sm1c
subsystems. _ ‘ .

Response:

For the purpose of seismic analysis, the procedures given in the'PSAR are

- applicable, as appropriate,to all Category I components. -In accordance
~with the SFAC, the procedures in Section 3.7.2, "Seismic System Analysis,"

of the CRBRP Safety Analysis Reports app]y to-a large extent to- Category I
buildings and structures; while those in 3.7.3 "Seismic Subsystem Analysis"

- mostly relate to Category I systems (such as piping) and components (such

as valves and reactor 1nternals)

Due to the reasons stated above, no spec1f1c d1fferent1at1on between L
seismic systems. and subsystems is to be attempted for Category I components.

Q130.20-1 .~ Amend. 2
e - ' August 1975



Question 130.21 (3.8.3.1)

In 3.8.3.1, provide a detailed description with appropriate diagrams of
the reactor cavity cell liner and other cell liners. Furthermore, pro-
vide a discussion of the design and design criteria of the following:
sacrificial layers ii-the steel liner and backup concrete; strength and
stiffness considerations for the sacrificial layers; stiffness reduction
due to possible sodium corrosion; protection of dampers and snubbers

from sodium spills; design variations for the cell liners of the primary
sodium loops, compared with the cell liners of the secondary sodium
loops; thermal buckling of the cell liner, thermal shears in the concrete;

post thermal cracking dynamic resistance; and, liner anchorage in sacrificial
or thermal cracked concrete. ‘

Response:

The appropriate diagrams of the reactor cavity cell liner and other cell
liners are provided in Figures 3A.8-4, 3A.8-5, and 3A.8-6. Design
variations for the cell liners of the primary sodium loops ,  compared

with the cell liners of the secondarv sodium 1cops will not be considered
since there are no lined cells in the Heat Transport System outside contaipment.

cell liner design criteria are discussed in the PSAR Appendix 3.8-B. A
discussion of strength and stiffness considerations for the sacrificial
corcrete layers are discussed in a new PSAR Section 3A.8.2. Also dis-
cussed in PSAR Section 3A.8.2 are stiffness reductions due to possible
sodium corrosion and liner anchorage in sacrificial or thermally cracked
concrete. For a discussion of snubbers, dampers and other components

in relation to sodium spills, see PSAR Section 3.8.3.7. Paragraph 3.3

of the PSAR Appendix 3.8-B lists the Loading Combinations C and D and
thermal effects are factored into these two cases, -

o . Amend. 37
Q0211 © March 1977




For the extreme accident condition .of the sod1um spill,. preliminary
analyses indicate that the effective Von Mises strain will be below 6%
which is Tess than the specified 1imit of 75% of the ultimate strain of
the material, approximately 22%. This maximum strain level is based on-
analysis performed to date of liner panels and bi-planar corners.
Analysis of a tri-planar corner is presently in progress

For a discussion of protection of dampers, snubbers and other components
from sodium sp1115, see Section 3.8.3.7.

Q130.21-3

24
Amend. 24
July 1976
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Question 130.22 (3.8.3.3.10.1)

In 3.8.3.3.10.1A.1b, describe the basis for specifying a 1oad factor of
1.4 on "To", the norma] operation thermal effects.

Response:

A load factor of 1.4 on "To" is considered appropr1ate on the basis of the

following:

(1)

(2)

- (3)

(4)

The proposed ACI Standard, "“Code Requirements for Nuclear Safety Re-
lated Concrete Structures" (Report by ACI Committee 349), as pub-
Tished in February 1975 "Journal of the American Concrete Institute"
recommends a load factor of 1.4 on "To". See Paragraph 9.3.1 of this
Code for load combinations 9, 10 and 11.

Paragraph 9.3.7 of ACI-318 states that where effects of temperature

change may be significant, they shall be included with the dead load
D. Since a load factor of 1.4 on D is approved by ACI-318, the same
factor should be applied on "To".

Table CC-3230-1 of ASME Code, Section III, Division 2, recommends a
load factor of 1.0 on "To" for "service" and "factored" load combi-
nations in contrast to loads 1like "Pa", "Eo", "L", etc. wherein
appropriate load factors in excess of 1.0 are applied. This implies
that Division 2 considers "To" the same as "D" in which a factor of
1.0 is also applied.

Some effects of "To" - e.g. temperature gradient through structural
sections - unlike "L", are self-limiting and self-equilibrating in
plant structures. Since significant stresses are induced in struc-
tures due to such effects, a load factor of 1.4 on "To" in view of
above is not considered unreasonable.

‘ Amend. 1
Q130.22-1 July, 1975



Question }30.23 (3.8.3.7)

In 3.8.3.7, justify the lack of necessity for testing requirements or in-
service surveillance programs for the internal structures, particularly
those components with potential contact with sodium, such as cell liners,
equipment supports, anchors and anchor bolts, dampers and snubbers, etc.

Response:

The informationsrequested has been inéorporated in revised Section 3.8.3.7.

‘Amend. 1
July, 1975

Q 130.23-1
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QuestIOn 130.24 (3.8.5. 3)

In 3.8.5.3, specify the load combinations and safety factors for con51d-
erat1on of sliding, overturning and floatation.

Resgonse'

In providing answer to the above quest1on, Sect1on 3.8.5.3 has been amended
by adding a new Section 3.8.5.3.4.

Q130.24-1 ' Amend. 1
July, 1975



Question 130.25 (3.5.4)

In the design of missile barriers, or other structures which resist impulsive

or impactive loads, specify whether or not a dynamic increase in strength of

the resisting elements will be utilized. If so, provide the bases for such an
increase, and the corresponding dynamic ductility ratios.

Response:
The response to this question is contained in revised section 3.5.4.5. ‘25-

Q130.25- | mend, 25
Aug. 1976



Question 130.26 (3.5.4.4)

In determ1n1ng the overall structural response due to missile impact load,
spec1fy the ductility ratios which are cons1dered to be acceptable for the
various structural components

Response:

The response to this question is contained in revised Section 3.5.4.6. '3”7‘25

L . , |  Amend. 25
: - Q130.26-1 Aug. 1976 -



Quest1on 130.27 (3.7.1. 6)

Your procedure for soil-structure 1nteract1on 1s not comp]ete Provide
justification for utilizing a static analysis to determine the soil

'spring constants and the damping coefficients, i.e., show that this

yields conservative results when compared with frequency dependent foundat1on
material properties. In addition, describe your méthod of modeling :
the dynamic behavior and lateral res1stance of the backfill material

and surrounding soil adjacent to your deeply embedded foundation walls.

Response:

~The response to this question is contained in revised Section 3.7.1.6. =-f’25

S o ' Amend. 25 -
Q130.27-1 ~ Auc. 1976



Question 130.28 (RSP) (3.7.2, 3.7.3)

Your responses to Questions 130.4 and 130.5 are not adequate. An
acceptable criterion to determine an adequate number of masses for
lumped mass seismic system is that the number of masses should be such
that additional masses, and thus degrees of freedom, do not result in
more than a 10% increase in responses. Alternately, the number of
masses or degrees of freedom may be taken equal to twice the number of
modes with frequencies less than 33 cps. ' :

Response :

The response to Question 130.4 has been revised to incorporate the
requested criterion.

Q130.28-1 Amend. 11

Jan. 1976
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Question 130.29 (RSP) (3.7.2.1)

Your response to Question 130.3 is not complete. An acceptable criterion
to determine a sufficient number of modes to assure participation of

all. significant modes is that the number of modes should be such that
inclusion of additional modes does not result in more than a 10% increase
in responses. '

Response:

This criterion is discussed in the revised Section 3.7.2.3.

Q130.29-1 Amend. 62

Nov. 1981



Question 130.30 (RSP) (3.7.3.9)

Your response to Question 130.7 is not complete. To avoid resonance, the
fundamental frequencies of components and equipment should preferably be
selected to be Tess than 1/2 or more than twice the dominant frequencies

of the support structure. Alternately, use of equipment frequencies o
within this range is acceptable if the equipment is adequately designed for
the applicable loads including the effects of dynamic amplification.

Response:

Question 130.7 dealt with Section 3.7.3.9 of the PSAR on the "Use of
Simplified Dynamjc Analysis". As explained in Sections 3.7.3.5,
3.7.3.9, and revised Section 3.7.2.1.2,, the simplified analysis assumes

that the ffequency of the subsystem is within the range of, or in resonance with
Ehe predomrqant frequency of the supporting system. The applicable equipment woufd
hus be designed for the highest dynamic amplification - that given by the maximum
peak response on the response spectrum. '

Q130.30-1 Amend. 11
: Jan. 1976



Question 130.31 (3.8.1)

Provide the criteria which will be employed in the design, fabri-
cation, and nondestructive eamination of containment penetra-
tion be]]ows expansion joints, and specify the code (or code
case interpretations), the design Toading combinations, the as-
sociated operating condition categories that apply (i.e., normal,

upset, and emergency), and the correspondlng design stress limits

that are to be specified.

Response:
The 1nformat1on requested is prov1ded in revised PSAR Section

3.8.2.2.2.

Q130.31-1

Amend.

Apr.

17
1976



Question 130.32 (3.8.2.2) ~  {

. Discuss the corrosion potential and protective and/or inspection .
measures to be taken for that portion of the steel containment
that is sandwiched between the foundation concrete and the in-
terior concrete. _ .

Response:
Corrosion potential with respect to the containment vessel is
discussed in revised PSAR Section 3.8.2.2.2. '

Amend. 16
April 1976

Q130.32-1



Question 130.33 (3.8.2.3, 3.8.2.4)

Indicate the non-axisymmetric pressure and temperature distributions which
could arise and generate the most unfavorable stress and strain distribution
in the containment. Describe the analysis procedures for such loads.

Response:

The response to this question is included in revised PSAR Section 3.8.2.4.

Q130.33-1 Amend. 16
Apr. 1976




Question 130.34 (3.8.2.4)

Descr1be the analysis procedures and the des1gn features that account for
the interaction of the containment shell and the supporting concrete at
the level of the operat1ng floor, and for compos1te act1on, if any, be1ow

" that floor.

Response:

Because of the stiffness of the concrete structure at and below the operating
floor, the containment shell will be analyzed as fixed at the embedment.
(Elevation 816 ft.). If the thermal stresses resulting from this condition
are excessive, alternate design solutions will be implemented to reduce the
stresses to the desired level. For example, it is feasible to include a-
transition section, consisting of a compressible material between the

steel shell and the concrete from the top of the operating floor to the

‘depth necessary to achieve the desired stress levels. If this option

were adopted, the flexibility of the transition section would be 1nc1uded
in the analysis of the shell.

The reactions obtained from“the shell analysis will be applied to the
supporting concrete structure. The supporting concrete walls will be
analyzed as a composite concrete and steel structure considering the
interaction of the steel plate between the exterior and interior walls;
where shear transfer is required, shear connectors will be welded to the
embedded steel plate.

Amend. 9
Q130.34-1 ' Dec. 1975



Question 130.35 (3.8.3)

State whether any heavy aggregate concrete will be used, and if so,
where it will be placed, and describe any characteristics and physical
constants that will be significantly different from the rest of the
concrete, and how compatibility of the different concrete mixes will be -
assured. '

Resgonse:

A very Timited amount of heavy-aggregate concrete will be used for
mainly shielding purposes on the west side wall of the fuel handling
cell. This side wall is located below the operating floor and facing
the operating gallery (See Figure 9.1-7 of the PSAR). This location is
identified in the revised Section 3.8.4.1.1.

Information pertaining to the characteristics and physical constants ofvf
such high-density concrete are described in revised Section 3.8.4.6.1.

To assure the compatibility of the different concrete mixes, the ACI
-Standard - Recommended Practice for Selecting Proportions for Nermal and -
Heavyweight Concrete (ACI 211.1-74) will be followed in the selection of
coarse and fine aggregates, proportioning of materials for mix design,
and quality control over production and placement. Particular attention
will be directed to the details of Appendix 4 - Heavy Weight Concrete

Mix Proportioning, attached to the above referenced ACI Standard.

: : Amend. 33
Q130.35-1 Jan. 1977
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Question 130.36 (RSP) (3.8.3.3)

Your response to Question 130.22 is not acceptable. The operating
temperature, To, is a much more significant load on nuclear safety
related structures than on conventional structures. In addition, in
structures which are constructed with a complex geometry and subjected to
thermal gradients, due to heat convection and radiation, the accurate
prediction of thermal loads is much more difficult than the prediction

of dead loads. The NRC staff position is that for the strength design’
method, a factor of 1.7 should be applied to "To". '

Response:

A load factor of 1.7 will be applied to "T," in lieu of 1.4 in the load
combinations for concrete structures. Sec%ion 3.8.3.3.10.1 has been revised
to reflect this change. ' '

Amend. 9
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Question 130.37 (3;,8.3,.1')'

Additional information is requested in support of- your response to
Question 130.21 regarding reactor cavity and equipment cell Tiner
response to sodium spills.  Provide information regarding your research
effort, research schedules or alternate technical basis in lieu of
research on this subject. Include a description of the mechanism or
scenario for the occurrence of sodium spills and the related quantities,
velocities, pressures and temperatures of postulated design bases spills.

Also provide the technical bases for establishment of design criteria,

design methods, failure modes, failure criteria, consequences of failure,
and proof-of-concept or test1ng requirements for cell liners. When
providing this 1nformat1on ‘consideration should be given to the following
items:

- A, Temperature Considerations - physical properties of concrete as a

function of temperature, short term concrete strength as a function
of temperature, degradation of concrete due to temperature, methods
of modeling and measuring heat transport in heavily reinforced
concrete, design temperature limits on concrete, temperature criteria
for estab11sh1ng boundaries between hot and co]d liners,

B. Failure Cons1derat10ns - potential for and consequences of sodium
concrete reactions following liner failure, performance due to a
combined sodium spill and seismic event, sodium sprays and jets,
rupture criteria for a multiaxial state of stress, brittle failure
potential of the liner in irradiated areas.

C. Design Considerations - acceptable strain limits or ductility
ratios for normal and accident conditions especially at discon-
tinuities and welds, temperature stress reversals at high and low
strain, axial and shear force interaction at embedments, effects of
concrete shrinkage, creep and resulting prestressing upon the
Tiner, three dimensional analysis techniques in the corner regions,
and pipes and penetrations in the hot liner areas.

Response:

" A description of the cell Tiner design criteria is contained in the new PSAR »

Appendix 3.8-B. Discussions of liner failure and the research and testing

programs are included in the new PSAR Sections 3A.8.3 and 3A.8.4 respectively.

Amend. 37
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Consequences of Liner Failure

The consequence of a liner failure is a sodium-cencrete reaction and/or

the release of radioactivity.  Planned testing will verify the extent of
the!sodium-concrete reaction, however, it is expected that the reaction will
be self-limiting and the structurs will be able to withstand this reaction.

- Any radioactive releases will not exceed 10CFR100 Timits. -

Temperature Considerations

The Tiner will have insulating material between thé Tiner and fhe_structural.
concrete where necessary to protect the structure from the heat effects of -
a sodium spill. S v ' -

Performance due to combined sodium spill and Seismic event

Stresses during a combined sodium spill and seismic event will be used
as the bas1§ for liner design. Stresses for the OBE and SSE will be
computed using the response spectrum method. Natural frequencies for
the conditions with and without sodium pool will be calculated; it is
expected that for both conditians the fundamental frequencies will be

very high and that there will be no am 1ifications of t ' i
floor accelerations. ' ' prTTee ' he appropriate

Sodium spray and jets

Sodium sprays and jets will be considered as a desi ition. Thi
. o > Wl , gn condition. This
localized condition will be accounted for in the liner design.

Rupture Criteria for a multi-axial state of stress

At embedments where axial, bending and shear stresses are interacting,
the criteria for multi-axial state of stress will be applied.

Brittle fai1ure’potentia1 of the liner in irradiated aréas

The increase in ductile-brittle transitjon temperature due.to neutron
damage is estimated to be less than 10°F for the reactor cavity liner.
This is based on damage function analysis, which indicates that the
damage level for the neutron spectrum in the reactor cavity will be
approximately 100 times lower than that for LWR reactor vessels.

The animum neutron fluence on the reactor cavity liner of 7.3 x 1018
n/cm- has a neutron spectrum which is predomonately neutrons of less
than 0.1 MeV. It is estimated that only 1.2% of fhe neutrons have
energies * which exceed 0.1 MeV and only 7.8 x 10 % are above 1.0 MeV.
This spectrum is significantly "softer" than the typical neutron fluence
at LWR ferritic reactor vessels. This difference accounts for the small
change in transition temperature in the cavity liner.

Any potential liner brittle fracture will be further minimized by controlling

-the.initial NOT and the concentration of key trace elements in the liner

steel.

Q130.37-3 ~ Amend. 24
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. Design considérations. -

The‘fOIIbWiﬁQcDésiﬁh'Crfteria will be used for cell liners:

811 be designed so that the accumu1ated celT average
11 ot exceed 1% volume per day under a 2.5 inch HZO
pressure d1fferent1al to minimize: n1trogen usage.

2. The Tiner shall be des1gned for max1mum Iong term operat1ng
conditions of 180°F . , , F

3. The duty cycIe for the 11ners shaII be ten t1mes from 70°F to
1400F ; 100 times from 1000F to 1400F and IOO times from: 1400F
to I80°F for the 30 year p]ant life.

4. The Tiner shaII ‘be de31gned to w1thstand rad1at1on quence
commensuraté with its location within the plant, without
-rad1at1on degradation which would impair its function.

5{ ‘The I1ner shall bé designed for corrosion allowances commensurate
with environmental conditions for a 30 year plant design life.

6. Floor Viner shaII bé designéd to withstand the ant1c1pated floor
loads during plant operation and maintenance.

7. The liner shall be designed to insure an essentially eIast1c response
| under the normal operat1ng conditions.

8. Material surface condition shall be selected to facilitate : ‘
decontamihation after a sodium spill. -

9. The liner shall be deS1gned to contain Iarge sodium sp1lls
' (faulted condition) with Na spill temperatures up to IOISOF
consistent with the1r appI1cat1on

10. The external pressure (behlnd the 11ner) shall be 11m1ted by
- venting, during a sodium spill.

11.  The cell liner shall be constructed, and inspected in- accordance

‘with the requirements of Section VIII of this response "Cell ) .
Liner Materials, We1d1ng, and Non-Descructive Examination Requirements".

12. Cell Viners shail be designed in accordance W1th Section YII of th1s
response.

II. Liner Ahthors'

1. The liner anchorage system Shall be des1gned to accommodate tangential
shear-and normal loads or deformations exerted by the liner. The
anchorage system shall be so designed that progressive failure of the
entire anchorage system is precluded in the event of a defective

anchor.
130.37-4 | " Amend. 24 ‘
o July 1976 o
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2. The liner and its anchor system sha]l be des1gned to re51st the -
pressure spec1f1ed in accordance w1th I-10 above . :

ITI. Penetrat1on Assemb11es

Penetration assemblies, 1nc1uding nozzles, reinforcing7p1ates; and

penetration anchors shall be designed to accommodate.all design loads and
deformation without loss of structural integrity.in accordance w1th the
leakage reqjirements specified in I-1. o .

IV. Brackets and Attachments

drackets and attachments shall be designed to resist all imposed

loads without subsequent loss of the liner integrity due to excessive
deformation caused by the bracket or attachment loads. The design of
bracket and attachment assemblies shall be such that the liner plate is
not loaded in the through-thickness direction. Brackets and attachments
shall, wherever possible, be placed so that they are backed by an anchor
or group of anchors. :

V. Seismic Equ1pment Support

Seismic Category I equipment will not be d1rect1v attached to the liners.
Structural supports shall be used for this purpose.

VI. Structural Supports

© Structural supports penetrating the liner shall be designed to

accommodate all design loads and deformations without loss of structural
integrity or leakage requirements spec1f1ed in I-1. Structural supports

shall be such that the liner plate is not loaded in the through -thickness
direction and that the load in the transverse direction is included in
the load combinations.

VII. Load Categories and Load Combinations

Load Categorles

The -Tiner shall -be designed for the cond1t1ons that are soec1f1ed
to occur during the service life of the liner.

These are:
a. Construction loads
b. Normal loads
c. Severe environmental loads
d. Extreme Environmental loads
e. Off normal loads (unlikely fau]t)
f.

Extremely unlikely fault

Construction Loads

Loads resulting from fabrieation, construction or preoperational

Amend. é4
130.37-5
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test1ng are des1gned as Construct1on Loads- "'Loads,toﬂbeJSpeCified
in th]s category are: - : R
jha,"Dead we1ght durlng construction
- .b. Construction equipment loads.

c. Hydrostatic pressure of wet: concrete if 11ner 1s used as a
form.

’NormaJ5Loads

Normal Toads include Toads resulting from system. startup, power
range operation, shatdown and serv1c1ng Loads: that are to be specified
in th1s category are: :

a. Dead. load, 1nc1ud1ng hydrostat1c and permanent equ1pment load. (D)
b. Live leads, including any movable equipment: Toads. (L) _ ‘
c. Pressure differential across cell wall. (Po). -~ .
d. Thermal effects due-to: fluctuations. in plant. power, loss. of

_ cell  cooling systems, startup from:ambient conditions. (To)
e. Static react1ons and 1oads from p1p1ng and support restraints.  (Ro)

Severe Env1ronmenta1 Loads

Seyere env1ronmenta1v1oads are those that. could infrequentiy be
encountered during the plant life. This is: :

a. Operating Basis Earthquake (E)

Extreme:EnvironmentaJ Loads

Extreme environmental loads are those that are credible but highly
1mprobab1e This. load is: :

a. Safe Shutdown Earthquake (E')
Off Normal Loads (Un]ike1y Fault)

These are 1oads which were determ1ned to be prudent to prov1de a
capability for accommodat1on These loads are:

a. Sodium or NaK ]eaks less than 25 kg
b. Sodium-or -NaK fires white: the plant is shutdown, the system
is drained and the cells deinerted.

The effects to be considered under off normal (unlikely- fau]t)
loads include: :

a. Differential pressures on cell walls due to the events w1th1n
this category. (Pa)
b. Thermal effects (Ta}-

Amend. 24
Q]30.37f6 July 1976



)
2
5
S

P1pe reactions frmm thermal conditions generated by the events
w1th1n this category (Ra')

'Load Comb1nat1ons

- The fo110w1ng load comb1nat1ons will be used for des1gn ana]ys1s

"Normal/Severe Env1ronmenta1

1. D+L+To+Ro+Po+E

- Extreme Environmental

2. D+ L +To+Ro+Po+E'
Of f Normal (Unlikely Faulted)

3. D+L+Ta+Ra+Pa+eE'
Extremely Unlikely Fault

4, D+ L + Ta' + Ra' + Pa' + E":

The load combinations given above are based on the'load'COm-

binations of the NRC Standard Review Plan, Section 3.8.4 for Category
I Concrete Structures and on the ASME Code Section III, Division 2,
(the latter specifies unit load factors for 11ners) '

Stress and Strain A]]owab]es

- See Table Q130.37-1

VIII. Cell L1ner Mater1a1s, Welding and Non- Destruct1ve Test1ng Requirements

Scoge

Th1s sect1on covers the mater1als welding. and non—destract1ve '
testing requirements for the cell liner materials.

Applicable Documents

When the. spec1f1cat1ons fon the liners are prepared they shall be
evaluated to determine the appropriate codes and standards to be
used ’

Applicable port1ons of ASME Code Sections II, TII, VIII, IX, the
FFTF welding specifications, and RDT Standards F6-5T, F3 6T and
F15-2T will be used as appropriate.

‘/ B Amend. 24
. - -~ 'Q130.37-7 _ July 1976



rMater1aIs Regu1rements

Mater1a]s to be used for the constructlon of cell 11ners .and weIded attach-
ments have been tentatively identified as those in Table Q130.37~2 or
equivalent. The material used shall conform to all of the requirements of
the code and %F ndards selected. The selected requ1rements shall be shown
to sat1sfy the fo]]ow1ng supplementa] requ1rements - ,

"Cert1f1ed materials test reports for liner and attachment materla]s, in~
c]ud1ng we1d1ng materials, shall be furnished to the Purghaser = for
rev'_w and approva] Mater1als Cert1f1cat1ons showing actual ‘mechanical
A 1ca] propert1es, shall be supplied directly from the original
'am _er\aIs manufacturer. - Results of all required tests and examinations,
and records of base metal repairs and heat treatments shall be included -
- in the Certified Mill Test Report. If any of the required tests or -
;processes are conducted by a. subsequent manufacturer, an add1t1ona1_
;mater1a1 cert1f1cat10n sha]l be issued and attached to the f1rst"

:Fabr1cat1on

'LJner and Attachments'

The seIected requ1rements for the liner fabr1cat1on shall .conform to
the foI]ow1ng subplemental requ1rements

A1l liner seam welds shall be full penetration welds. Where _
field weld joints cannot be welded from both sides of the liner .
plates,because of inaccessibility, backing strips are permitted.
The applicable weld joints shall conform to the requirements of
Section III D1v1s1on 2, Subart1cIe CC-3840.

»WeId1ng,Processes

The fo]10w1ng I1m1tat1ons regard1ng the we]d1ng methods perm1tted by
the ASME Code Sect1on III Division 2, may be selected:

a. Low hydrogen electrodes shall be used for sh1e1ded meta] arc
: .we1d1ng :

’b. IAlloy fortified fluxes may not be used for submerged-arc we1d1ng;

c. F111er metal addition must be made if the 1nert ~-gas tungsten arc
process is used.

d. Gas shJeIded arec we]d1ng by short- c1rcu1t1ng transfer may be
' used onIy to depos1t the root pass and additional weld passes
in the root region of butt joints; however, deposited weld metal
thickness produced by multiple pass techn1que cannot be more
than I/4 inch.

e. Fqu cored wire designed for operat1on without the use of ex-
» _ternaIIy supp11ed gas is not allowed.

o : Amend. 24
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Welding Protedures’andVPerfOrmahce'QualificationS':

A'written'welding procudure specification, containing information detaiiedb

“1in Form QW 482 of ASME, Section IX, and the qualification test data con-

taining the information detailed in Form QW483 of ASME Section IX shall be
submitted to the Purchaser for review and approva] four (4) weeks
before initiation ot contract work : E

A certificate of welder or welding operator performance qualification test
shall contain the information as detaiied in Form Qw484 of ASME Section IX.

A1l welding repairs shall be made in accordance with a written welding

~ procedures.

Back1qgﬁ$trips

Where Backing Strips are used they shall be flat machine type Backing
strips shall be analytically compatibie with the materials being joined.
Backing strips shall be tack welded in the joint groove of the weld pre-
paration. A1l -backing strips must fit closely to the underSide of the
weld preparation.

Studs and Anchors

The welding of the studs or anchors to the liner plates shall conform to
the requirements of the ASME Code Division 2, Subarticle CC-4543.5 and
ASME Section VIII Division 2, Subarticle AF-210.4C or 210.4D as appro-

priate.

Storage and Handling of Welding Materia]s

This shall be done in accordance with ASME Code Section III Div151on 1,
Subsection NF2440.

Nondestructive Examination Requirements

Butt Welds

The entire length of all Tiner seam welds shall be examined by the
vacuum-box method using either a bubble solution Or a gas detector tech-
nique. Corner welds shall be examined by magnetic particle or liquid
penetrant examination. :

Leak testing by the vacuum box method shall be performed in accordance
with Article 1 of Section V of the ASME Code. Leak testing by halogen
diode method shall be performed in accordance with Articles 1 and 10 of
Section V of the ASME Code.

Leak testing by the helium mass spectrometer method shall be performed in
accordance with Articles 1 and 10 of Section V of the ASME Code. Welds
showing through-thickness indications by leak testing shall be considered
unacceptable. Leaktested welds are acceptable if they meet the acceptance
standards of Article 10 of Section V of the ASME Code for the particular
Teak test method used. ,
Amend, 24
_ July 1976
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Magnet1c part1c1e exam1nat1on sha1] be performed in accordance w1th

" Articles 1 & 7 of Section V of the ASME Code. Welds examined by the
magnetic-particle method are acceptable if ‘they meet the acceptance stan-

dards of CC-5545 of the ASME Code Section ITI, Division 2, except that

,the fo]]ow1ng relevant 1nd1cat10ns shall be cons1dered unacceptab]e

'(1) Rounded defects w1th d1mens1on qreater tnan 3/16 inch.

{2) Four or more rounded defects jn any six square inches of surface
where thiss area is taken in: the most unfavorab]e 10cat1on re]at1ve

to the defects ‘being: eva]uated

(3) Ten or more rounded defects in- any six square inches of surface
: where this area: is taken- in.the most unfavorab]e lTocation relative

to the defects being eva]uated v

| L1qu1d penetrant exam1nat1on sha]] be performed in accordance wi th
Article T of Section V of the ASME Code. Welds examined by 1iquid-
‘penetrant method are acceptable if they meet the acceptance standards .of
CC 5544 of the ASME Code Section III, D1v1s1on 2. .

Non-butt welds shall be exam1ned by e1ther the magnet1c particle method
or the 11qu1d penetrant method

~Stud welds shall be visually exam1ned for lack of fus1on around the
.per1phery of the weld.

Amend. 24
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 Table 0130.37-1
Liher‘And Anchor Allowables.

Linef-Stress/Strain :

Anchors-Force/

Allowable  01591a¢ement}A]1owab1e
,fMembfgne . .Combined Mgmbrahe TR MechanicaT  Di$p1écement ,
Category : - ~plus Bending Loads ... - rLimited_Loads
‘Construction fst=fsc= f5t¥fsc=2/3-fpy' o S -
_ v - 2/3 fpy o _
Normal, Severe - - = S Lesser of: L RN
and Extreme €5c=0.002 €5c=0.004 inch/inch Fa=0.67Fy ..  0.25 & -
Envirenmental(2) = €st=0.001 -€st=0.002 inch/inch Fa=0.33Fu - :
Unlikely Fault Loads €sc=0.005 €sc=0.014 inch/inch Fa=0.9Fy = 0.50 &,
' €5t=0.003 Es5t=0.010 inch/inch Fa=0.5Fu |

Extreme Un]ike]y.Fau]tquads SEE NOTE 1

NOTES:

(1) For load combinations which include Extreme Unlikely Fault loads the Von Mises
effﬁctive strain shall not exceed 0.75&u for both, liner plates and
anchors.

(2) For local conditions like jet impingement or minor spills the limits giveh
for Extreme Unlikely Fault Loads shall apply.

where: _ _
fst = allowable 1iﬁer plate tensile stress
fsc = allowable Tiner plate compressive stress _
fpy = specified tensile yield strength of Tiner steel
€sc = allowable liner plate compressive strain
Est = allowable tiner plate tensile strain
Fa = allowable liner anchor force capacity
Fu = :]iner anchor ultimate force capacity
Fy = Tiner anchor yield force capacity
Su % ultimate displacement capacity for liner anchors
€u = ultimate strain of liner material under the environmental

conditions of interest. &u shall be separately evaluated
for weld metal and base metal; potential aging and hardening
- effects shall be considered.- - -

).

Amend. 24
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_ TABLE Q130 37= 2 _
Mater1als For Constructﬂon Of Ce11 Llners And Welded: Attachments e

'T;gijea Aér*Cav1ty Floor: and: Lower Cav1ty N AASME°SA;38¢13thT’°f’
C 0 Was n;lmer Plates. = : . . - ASME. SA-397" GR: 22

2. Liner Plates, Cell F]oors, Halls &  ASME SA-515.GR.55' or
o Ceilings | | ASME SA-516 GR.55

3. Studs . . . ASTM.A-108 GR. 1022 (a)
s AfStructural Shapes ASME SA-36.

_ Noteé:. (a),SiJicdn‘cohtentaqffO;]S to 0.30 percent is required.‘

5 , : , : Amend; 24
M30.37-12 . » - July: 1976
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Question 130.38 (E.3.1.4)

~ Pipe. ruptures could produce high velocity sodium streams on structural
- surfaces. Indicate whether or not such streams could.impact upon cold

cell liners. Describe your analysis and design procedures to account
for such jet forces on hot liners and, if applicable, on cold liners.
If structural or leaktightness damage is anticipated, indicate the
capability of the damaged liner to isolate subsequent sodium sprays or
spray fires from the concrete.

Response:

The response to this question is contained in a new PSAR Section 3A.8.3ﬂ

» Amend. 37
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9uest1on 130.39 (]5 6.1. 6)_(4reen)

The gas temperature trans1ent in the PHTS and RC ce]]s is est1mated to

remain abowe 400°F for approximately 15 minutes if no venting takes" p]ace

Due to this transient and due to a lesser transient if venting occurs, it
is stated that some spalling of the outer portion of the concrete may occur.
Indicate where such spalling is expected, and describe the analysis pro-
cedures and results which lead to such a conclusion and the effects which

such spalling may have upon safety-related systems.

Response:

Structural concrete will be protected via the use of 1nsu1at1ng concrete between.
the Tiner and the structural concrete as discussed in the response to ’
Question 130.37 and revised Appendix E Supplement section 15.6.1.6.2.

. Amend. 24
0130.39-1 July 1976



Question 130.40 (F6.3.4.2)

In Figures 6.3-22, 25 and 26 the loads on the concrete ledge and on the
anchor bolts do not return to zero. Indicate the significance of this observation
and whether or not there are sufficient additional loading cycles to cause low
cycle fatigue problems in either the reinforcement, or lTocalized portions of the

bolts, anchor plates, cover plates, etc.

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 respectively.

Q130.40-1
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Question 130.41 (F6.3.4.2)

In Figure F6.3-21, a schematic of the ANSYS Structura] model is .presented. It

is not clear from this figure how the concrete ledge and haunch are modelled.
Describe the structural model for the ledge and anchor bolt analyses. Include
in your description, a discussion of the non-linear geometric and material

~ capabilities to account for concrete cracking, elasto-plastic steel behavior,

gaps due to lift off of the head assembly, etc.

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 CRERP-3 (References 10a and 10b, PSAR Section 1.6) and its asso-
clated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively. An assessment of
Structural Margins Beyond the Design Base for the reactor vessel support
ledge is provided in Section 5 of Reference 10a, PSAR Section 1.6.

Amend. 60
Q130.41-1 | Feb. 1981
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Question 130.42 (F6.4.2.5 Yellow)

Figure F6.4-13 depicts the temperature for the cavity liner as well as

the coolant temperature. Indicate the corresponding concrete temperatures
behind the liner, the extent of structural damage expected, if any, and
provide the resulting margins of safety against loss of required function.

Response;

In Amendment 24 to the PSAR, the Project withdrew the Parallel Design from
further consideration by the NRC staff. This question, however, requests
analytical information pertinent to the TMBLB Design. ,

An assessment of ‘the concrete temperatures in and the structural
evalyation of the reactor cavity following reactor vessel penetration can

" be found in Section 3.2 of CRBRP-3, Volume 2 (Reference 10b of PSAR

Section 1.6).

Q130.42-1 . |
: Amend. 62
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Question 130.43 (F7.2.4)

In Table F7.2-2, EVALUATION OF THE INNER AND OUTER REACTOR VESSEL ‘SUPPORT BOLTS,
there is a footnote which states: "Key Assumption: 1. Thread shear area is
adequate to develop tensile strength." In Section 15.1.1.3.4.1 of the reference
design there is the following statement: "Where analysis has indicated

threaded fasteners inadequate, as in the case of the plug/riser assemblies,

a structural restrain is accomplished by a load resisting shear ring."

These statements infer that there may be some question regarding the adequacy
of threaded fasteners to resist the CDA loads. If other types of fasteners

are employed indicate their locations and provide a description of their
attachment. With CDA load rise times on the order of several milliseconds

and response rise times in tens of milliseconds- indicate the bases for concluding
that threaded fasteners can adequately resist such loads. Consider the

- effects of high strain rates upon material toughness, mobilization of

ductility (particularly in shear), notch sensitivity and material defects.
Provide a description of experimental programs, if any, to assess the adequacy
of such fasteners at load magnitudes and strain rates equivalent to the CDA.

Response:*
The'bolting thread shear area was not designed at the time of writing the
PSAR, thus the reason for "Key Assumption 1". Thread shear area is adequate

to develop tensile strength. This does not imply any question regarding the 60
-adequacy of these bolts as it has been established that the design of threaded
fasteners requires separate evaluations of the shank, thread, nut and head

to shank transition and that.the thread engagement is sufficient to fully
develop the strength of the shank.

lao'

Bolted plug risers were found to be inadequate in restraining SMBDB loads l
applied to the vessel closure. This resulted in a revision in the plug/riser 160
design incorporating a shear ring as a means or restraining the rotating

plugs of the vessel closure. There is no doubt that with the rotating plug
restraint requirement removed from the risers, that threaded fasteners could

be utilized with confidence.

The above statements do not imply that there is any question regarding the
adequacy of the design with threaded fasteners to resist the SMBDB loads. |60
There are no other types of fasteners (besides welds) employed on the

reactor vessel or head used to hold a major component in position.

*Note that Appendix F has been withdrawn. The text, upon which the question
was based, can now be found in Section 5 of Reference 10a, PSAR Section 1.6. [60

Q130.43-1 Amend. 60
Feb. 1981



‘The general adequacy of threaded fasteners in resisting SMBDB loads is imp,]icit,_ 60 .
-~ in combination with the relatively insignificant increase in yield stress ‘

of common hardened steel fastener materials with moderate dynamic strain '
rate effects. System analysisreflecting SMBDB loads and fastener bolt rise |60
times shows typical strain rate range in fastner bolts from 1 to 6 in/in/

sec. The concrete ledge bolts are 4140 steel while the plug riser bolts are

4340 steel. The relatively insensitive increase in yield stress of 4340

steel (representative of 4140) with strain rate over the range of strain

rate expected in the fastener boltsduring CDA is illustrated in Figures'
Q130.43-1 and 2 which are reprinted from References Q130.43-1 and 2°
‘respectively. The experimental data indicates fastener bolt material
characteristics including toughness, mobilization of ductility (strain

hardening propagation of failure from the bolt shank to thread areas), .

notch sensitivity, and material defects would be no more significant

during SMBDB loading than under static loading. Accordingly, ‘60
experimental test programs directed toward establishing the validity of

threaded fasteners formed from hardened steels in relation to the adequacy

of such fasterners at dynamic load magnitudes and SMBDR strain rates are not |60
considered to be required and none are planned based on the relative '
insensitivity of common hardened steel materials to moderate strain rates

(1 to 6 in/in/sec). : .

As indicated in PSAR Section 5.2, the vessel support design has been
modified to eliminate one row support bolts. -The analyses discussed above
were performed prior to that modification. However, the modi- -
fications are not such that they would alter the conclusions of the analyses
with respect to the integrity of the bolts and support ledge. WARD-D-0178 ‘
"Closure Head Capability for Structural Margin Beyond Design Base Loading",
(Reference 11, PSAR Section 1.6) presents a number of analysis and test
results which clearly show that the reactor enclosure has sufficient cap-
ability to withstand SMBDB loadings. 60

References:

Q130.43-1 Mechanical Properties Data Center, Structural Allays
Handbook, p. 128, MPDC Belfour Stulem, Inc., Traverse
City, Michigan, Vol. 1, 1975 Editfon. Includes
1974 Supplement. ‘ ' :

Q130.43-2 Air Force Materials Laboratory, Aerospace Structural .
Metals Handbook p. 8, Code 1206, MPDC Belfour Stulen, Inc.

: i Amend. 60 .
Q130.43-2 | Feb. 1981
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Question 130.44 (F7.2.7)

. Describe the considerations given to a pure shear failure mode (not to be
confused with diagonal tension) in the design of the reactor head concrete
Tedge in the plane of -the anchor bolts including an indication of the ex-
pected stresses and corresponding allowables.

Response *

The question relates specificaily to information that is no longer a part
of the current documentation and is not included in considerations for
accidents that are beyond the design base. An assessment of the structural
margin of the reactor vessel support system is provided in Section 5.2

~ of Reference 10a, PSAR Section 1.6. . ' 160

(9)]
[

“*Note that Appendix F has been withdrawn.

C | ©Q130.44-1 — Amend. 60

Feb. 1981



Question 130.45 (3.7.2.1.2 Yellow)

3 Provide the bases for the statement that the Structural Design Basis load-
‘ ing in combination with seismic loadings should not meet the requirements
of appropriate codes. Indicate what design requirements will be met and
‘the bases for these requirements. Also .indicate what loads will be com-
bined with the CDA loads. '

Response:

The probability of occurrence of a CDA is so small that CDA induced
loads should not be analyzed in conjunction with loads generated
by other low probability events such as an SSE.

" The design requirements on the components and systems resulting from
the CDA are discussed at length and in detail in Sect1on 5.0 of CRBRP-3,
Volume 1 (Ref. 10a, PSAR Section 1. 6) ‘ ,

60

- ' Amend. 60
Q130.45-1 Feb. 1981




Question 130.46 (6.2.7.2 Yellow)

Indicate the extent of the sacrificial concrete around the reactor cavity
circular steel shell. Describe the method of analysis used to determ1ne
the extent of the concrete degradation or cracking.

Response:

In Amendment 24 to the PSAR, the Project withdrew the Parallel Design
from further consideration by the NRC staff. This question, however,
requests additional information pertinent to the TMBDB Design with
its additional thermal margins as discussed in CRBRP-3, Volume 2
(Reference 10b of PSAR Section 1.6) and will be responded to in that
context.

There is no sacrificial concrete around the reactor cavity circular
steel shell, as discussed in CRBRP-3, Volume 2. However, a layer of
insulating (light weight) material is added between the cell Tliners and
the structural concrete as shown in Figure 3-34 of CRBRP-3, Volume 2.
The method of analysis used to determine concrete degradation is
discussed in Appendix C.3 of CRBRP-3, Volume 2,

Q130.46-1 , ‘Amend. 62
' Nov. 1981
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Question 130.47 (Appendices E & F).

 Question 130.37 requested additional information with regard to the reactor
cavity and equipment cell liner response to sodium spills. Expand the
response to this question to encompass the idiosyncrasies of the parallel
design, i.e., EVCC and sealed HAA enclosure cells, rapid pressure building
on the RC cell, restriction of hot liner expansion in the EVCC, steam
buildup behind the RC liner, etc.

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 applicable.

_ Amend. 62
Q130.47-1 | Nov. 1981



~ Question 310.48 (15.7.2)

‘ . We have performed an evaluation of the radiological consequences of the

S failure of a RAPS surge vessel assuming. credit. for the cell being a
controlled release environment and using a leak rate of 50% per day
(assum!ng a satisfactory leakage test program in compliance with
Appendix J of 10 CFR 50). We calculate that the two-hour dose at the
exclusion boundary would be well in excess of the 0.5 rem acceptance
‘criterion given in Standard Review Plan 15.7.1. Since we beljeve that
-the radiological consequences of a radioactive waste gas system failure
for the CRBRP should not be greater than that for an LWR, it is our
position that either the design leak rate of the.tank cell should be
‘reduced or else the activity placed in more than one tank such that a
failure of any one component will not result in a whole becdy dose at the
nearest exclusion boundary in excess of 0.5 rem. In this regard, ‘
indicate what action you plan to take. ' :

- Response:

Standard Review Plan Section 15.7.1 "Waste Gas System Failure" was
written to guide the review of accidents involving failure of LWR
waste gas systems. Specifically, the Plan specifies that offsite
doses greater than 0.5 rem, whole body, should not result from single
failure of a component of a system "that (complies) with the current
staff position on seismic and quality group design requirements".

o Standard Review Plan Section 11.3 "Gaseous Waste Management Systems",
. subsection II.3 states that "the seismic and quality group classi-
fication of . . . the gaseous waste treatment system . . . shouid

conform to the guidelines of Branch Technical Position (BTP)
ETSB 11-1 (Rev. 1)". BTP ETSB 11-1 (Rev. 1) Section II.a states
that the system should be designed to industry codes for Quality
Group D (non-Safety Class); and Section V.a.{1) requires the system
be designed to withstand loadings from the OBE (Seismic Category II).
- The requirement that a single failure in a non-Safety Class Seismic
Category II system result in offsite doses no greater than 0.5 rem
is consistent with Regulatory Guide 1.26 "Quality Group Classifica-
tions and Standards for Water-, Steam-, and Radioactive-Waste- con-
taining components of Nuclear Power Plants". That Reg. Guide
(Section C.2.e) requires that components "whose postulated failure
would result in conservatively calculated offsite doses . . . that
. exceed 0.5 rem to the whole body . . ." should be constructed to
“Qualify Group C (Safety Class 3) standards.

The CRBRP Radioactive Argon Processing System (RAPS) has been de-
signated a Seismic Catagory I Safety Class 3 (Quality Group C) sys-
tem. The PSAR Section 15.7.2.4 provides a conservative analysis of
the Safety Class system which shows that accidental offsite doses will
be maintained below (2.5 rem wholebody) for failure of such a system.

‘Ariend. 36
Q310.48-1 March 1977



52

" The RAPS circuit has been relocated with the RAPS surge vessel relo-

cated in the Reactor Containmment Building (RCB). Two interconnected

vessels are used, but with a total effective volume equal to the original. °
.-The RCB has a Teak tightness specification of 0.1% per day at a pres-

sure differential of 10.psid, so that the rupture of either of these RAPS

‘surge vessels within the RCB is estimated to result in a -maximum 0-2 hr

site boundary dose of 0.001 rem. Therefore, this postu]a?éd accident .
is no longer the most serious one in the inert gas receiving and pro-
cessing system. ‘ :

The revised RAPS circuit has the cold box located in a Reactor Service
Building (RSB) cell adjacent to the RCB. A postulated failure of the
process gas boundary within the cold box could result in not only the re-
lease of absorbed gases from: the cryogenic charcoal beds; but also, part
of the surge vessel contents could be released into the cold box cell.

As a consequence, this cell must have a leak tightness specification with -

a test program in compliance with Appendix J of 10 CFR 50. For the postu-
lated accident in the cold box cell, the cell tightness required to
limit the site boundary dose to 2.5 rem is 40% per day at 11.0 psid.

Because the postulated rupture of the surge vessel in the RCB does not
constitute a site boundary dose hazard, and because the postulated cold
box rupture in the RSB is potentially. the most serious accident in the
inert gas receiving and processing system, Paragraph 15.7.2 is retitled
and replaced by a description of the cold box accident. '

Amend. 52

Q310.48-2 - Oct. 1979



4)

Axial tension and Bend1ng

Load comb1nat1ons w111 be made for poss1b1e max1mum axial tens1on
and maximum -bending moment as- described above. Member should

‘satisfy first for axial tension alone as described above, then it

will be checked for combined tension and bending using equation (4)

" mentioned above with the following exceptions:

Computed bend1ng tens11e stress at the po1nt under cons1derat1on
as described be1ow :

For load comb1nat10ns 4, 5 & 6 of PSAR Sect1on 3.8.3.3.10. 2 B
using elastic section modu]us For 1oad combinations 7 & 8 of
PSAR Section 3.8.3. 3 10.2.B using plastic section modulus.

Amend. 31
Q130.48-3 : Nov. 1976



Question 130, 49 (RSP) (3.5.4.1, 3.5.4.2, 3»5 4. 6)

In the response of item 130.26, duct111ty rat1o for concrete e1ements as
high as 25 is indicated. It is the Staff's position that a duct111ty
ratio greater than 10 should not be used unless the bases for u51ng such
a high ductility ratio is provided and its use justified.

Resgonse'

The ductility ratios for reinforced concrete members under flexure loading

condition have been reduced to a maximum value of 10 for both beams and
slabs. This reduction in ductility ratios is indicated in revised Section
3.5.4.6 to comp]y with the regu]atory staff position.

Q130.49-1 _ Amend. 31

Nov.
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@ Question 130.50-(3.4.2.1, 3. 5.4.2)

From the results of Ca]span/BechteT and EPRI/Sand1a missile tests, the
- staff has established the following minimum concrete wall and roof
_th1ckness requ1rements for Req1on 1 in which CRBRP is located:

Wall Thickness ‘Rdof Thickness

Concrete Strength (psi) (inches) - (inches)
3000 R A 24-
- 4000 o 24 - 21
5000 21 18

These thicknesses are for protection acainst local effects only. Desi-
ghers must establish 1ndependent1y the thickness requ1rements for overatll
structural response.

Resgonse:

Actual roof and wall thicknesses will be established based on overall

structural response during the final stages of design, however, using

a concrete strength of 4000 psi, as specified for CRBRP, and the informa-

-tion provided above the design will meet or exceed the minimum NRC :
- requirements for local effects of missiles.

' Amend. 29
Q]30,50-1 - Oct, 1976



Quest1on 130 .51 (3 7.1. 2)

6 It was stated in Sect1on 3 7.1.2 that “three stat1st1ca11y 1ndependent
' ' -~ artificial earthquake records, two for orthogonal horizontal directions
and another for the vertical, have been developed". Two of them are shown

in Figs. 3.7A-5 and 3.7A-6. The third one should also be included.

Response

A plot of the th1rd ground acce]erat1on tlme h1story (hor1zonta1) is
provided in Fig. 3.7A-5A.

Amend. 31
Nov. 1976

- Q130.51-1




Question 130.52 (RSP) (3.7.1.6)

The response to item 130.27 is not acceptable. It is the staff's
position that strain-dependent soil properties should be considered
in developing the input motions at the foundation evaluation of soil-
supported structures. The lumped mass-spring model is acceptab]e for
soil-supported structures that are not deeply embedded or rock -
supported structures. However, the same 1dea11zat1on shall not be
app11ed to completely buried structures.

Response:

In compliance with the staff position concerning soil structure interaction,
in particular, consideration of strain-dependent soil properties and

the idealization of completely buried structures, deeply embedded

Category I structures founded on soil will be analyzed by finite element
techniques. The strain dependent properties of the soil will be considered.

PSAR Section 3.7.1.6 has been revised to reflect this method of analysis.

'Iir%
B
o

Amend. 33
Jan. 1977

Q130.52-1




Question 130. 53 (3.7.1.6)

For rock structure 1nteract1on effects, the spr1ng constants determwned

by the static plane strain finite element analysis should be compared:

with ‘those using the half space theory. Reasonable corre]at1on between
the two sets of results. should be demonstrated

Resgonse.

As stated.in section 3.7.1.6 the site conditions are such that half-
space theory 1is not d1rect1y applicable to calculate the foundation
springs for the seismic analysis. The static finite element analysis
considered the actual rock strata and embedment affects. To find a

. correlation with half-space theory a simplified ana]ys1s based on this
- theory was conducted.

For this ana]ysis the material between grade and the foundation level
was assumed homogeneous with a shear modulus equal to the weighted
-~ average of the shear modulus of the actual materials in that zone.

s - zhy

G

Where: Gs = shear modulus of the equivalent homogeneous material
overlying the foundation

G; = shear modulus of layer "i" above the foundation

1

h; = thickness of layer i

- The material underlying the foundation was assumed homogeneous with
the shear modulus (G) equal to that of the first layer, siltstone.
This aSsumption will give spring stiffnesses lower than the actual
since the limestone layers which are stiffer than the siltstone were
not included.

The values used are Gg = 50539.0 k/ftZ2 and G = 83077.0 k/ftZ.

The vertical, horizontal and rocking springs were calculated based on
the equations of References Q130.53-1 and Q130.53-2 which considered
embedded foundations on an elastic half-space. The solutions in these
references are based on the approximate analytical approachvformulated
by Baranov who assumed that the soil underlying the foundation base is
an elastic half-space and that the overlying soil is.an independent
~elastic layer composed of a series of infinitesimally thin independent .
- elastic layers. The solutions for' the embedment and for the soil under-
lying the foundation are calculated independently and the results added
- to obtain the overall spring stiffness. For the torsional spring,

‘the solution of Reference Q130.53-3 was used. Reference Q130.53-3
considered the effects of embedment on the torsional spring of a
circular footing on an elastic ha]f -space using a static finite element
approach. .

1Q130.53-1 : - Amend. 40

July 1977

40



The torsional st1ffness of a circular footlng on an e]astlc ha]f space 1s
g1ven by: .

oL eegd
K'g = =3 (1) -
ro = radius of circu]arvfooting

For use in equation (1) an equivalent radius, based on an equa] po]ar moment
of inertia, was found for the actua1 foundation.

ro = 218.0 ft.
G = 8.3077 x 104 k/ft2
ke' = 4.59 x 1012 k ft/rad.
For the effect of embedment, Figure 6 of Ref. Q130.53-3 was used.

e B _ Depth of embedment . 100 _
For ro radius of foundation 21 0.46

Figure 6 of Reference Q130.53-3 gives KTG = 2.3

Where Kg 1is the total torsional stiffness including embedment. The contribution
of the embedment to the total stiffness is then:

K'g =Ko - Ko' = 2.3Kg' - K'g =1.3K"

The ratio of the shear moduli of the over]y1ng -and underlying materials 1s
5.039 x 104 _ 4 o | |

8.3077 x 104

mL‘m

Since Reference Q130.53-3 assumed the same material for the 0ver1y1ng and
under1y1ng soil, K"y needs to be corrected by the ration GS/G

K", = 1.3 x 0.61 x 4.59 x 1012 = 3.6402 x 10'2 Kk ft/rad.
And the tota] stlffness
Ko = (4.50 +3.64)10'2 = 8.23 x 10'2 k ft/rad.

The- va]ue calculated by the f1n1te element approach w1th the actual site strata

is kg = 9.101 x 10'% k ft/rad.

0130.53-2 _
' Amend. 140

July 1977

40



The ratio between the two solutions is

Ko, . 9.101 x 10} o
R - WWT# = 1105

For the horizontal trans]at1ona1 spring, the appl1cab1e equation 12 of Reference
Q130.53-1 was used:

_ s G s &
Ky = 6ro (Coy + S8 5, ()

- Frequency independent coefficients were used.

G = Shear modulus of half space = 83077.0 k/ft? )
Gg = Shear modulus of overlying material = 50539.0 k/ft
ro = Equ1va1ent radius of foundation

ro =(—~—) = 208.4 ft.

Where A = area of foundation

I

|

1}
o
IS
(0]

S

Embedment ratio

H Embedment depth = 100 ft.
From table 1 of Reference Q130.53-1 by interpo]ation; for
v = 0.30, C; =4.78

From table 2 of Reference Q130.53-1 by interpolation, for

v o= 0.30 Sq = 4.03
Inserting the corresponding values in equation (1)

K, = 1.032 x10° K/ft
From the finite element analysis:

K, = 1.106 x 108 k/ft

(+}
The correlation is Eﬂﬁ- - 1106 1.07
KH 1.032 '

Similarly, for rocking, but using the actual moment of inertia of the
base about the East-West centroidal axis, to calculate the equivalent
radius of the correlation obtained is:

Amend. 40

Q130.53-3 _ July 1977
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12

Koo - 5.28 x 1012 - 1.2
X 4.71 x 10

'1=F0r vertical tranS]ation,basedvon RefefenCeq13o,53-2;
K o
Yo - 1.5 x 108 -

1.38
Kv 1.12 x-]O8

The simplified half-space calculations give vaiues about 10% lower than the
finite element except for the vertical spring which is almost 38% lower. - This
was expected since the effect of the lower layers (limestone) is more signifi-
cant in the vertical stiffness. The correlation between the finite element
and half-space values is therefore considered satisfactory.

References:

'Q130.53-1 Beredugo, V.0., Novak, M., "Coupled Horizontal and rocking Vibration
of Embedded Footings", CanadiankGeotechnical Journal, 9, 477 (]972).

Q130.53-2 Novak, M., Beredugo, V.0., "Vertical Vibration of Embedded Footings".
g ASCE, Journa] of the So11 Mechan1cs and Foundation Division, SMi2,

» Dec. 1972. .
Q130 53-3 Kaldjian, M., "Torsional St1ffness of Embedded Foot1ngs", ASCE,

dJournal of the Soi1 Mechanics and Foundation Division, SM7, July 1971.

o B o Amend. 40
- @130.53-4 | July 1977
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Quest1on 130.54 (3.7: 2 1)

It is stated on Page 3.7-5 that "the foundat1on mat w111 be treated as a
rigid member". Clarify if the foundation mat is considered rigid or
flexible in yqur finite element analysis described in Section 3.7.1.6.

Response: .

PSAR Section 3.7.1.6 has been clarified to indicate that the
foundation mat is. considered r1g1d

: Amend. 31
Q130.54-1 . _ Nov. 1976
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‘Question 130.55 (3.7.2.1)

‘The mathematical models shown in Figs. 3.7-16, 3.7-16A, and 3.7-16B do
not appear to adequately represent the actual structures. It should be
“revised to incorporate the addition of the concrete confinement building.
Indicate how the buildings are tied together below E1. 816. Provide

Justification of treating these ties as rigid members.

Response:

Figures 3.7-16, 3.7-16A and 3.7-16B have been revised and annotated to
reflect the inclusion of the concrete confinement building; Section
0 3.7.2.1.1 has also been revised to indicate the assumptions made concerning
building ties and the justification for these assumptions.

% | | | | | ' Amend. 32
- |  Dec. 1976

Q130.55-1




Question 130.56 (3.7.2.3)

Provide in the PSAR a description of the procedures used to Tump masses.

Response:

This information has been provided in PSAR Section 3.7.2.3. (Amendment
25 - August, 1976). '

. Amend. 28
Q130.56-1 . Oct. 1976



Question 130.57 (RSP) (3.7.259)

It is the staff's position that the relative displacements have to be
imposed in the most unfavorable manner and that the effects caused by
input motions, which may be out of phase from one another, may not be
negligible and should be considered. Indicate your compliance with these
positions. . : :

Response:

A statement confirming compliance with the stated NRC staff position has
been included in amended Section 3.7.2.7.

Amend. 37
-Q130.57-1 March 1977




Q | " Question 130.58 (3.7. 2.13)

It is not c]ear in Section 3. 7 2. 13 how the structural stability will be
checked. Prov1de deta11ed procedure for eva1uat1ng the structura] sta~"
bility.

Response:

Section 3.7.2.13 has been revised to include the procedure for evaluat1ng
the structural stability.

- ' Amend., 29'
Q130.58-1 Oct. 1976



@ © Question 130.59 (RSP) (3:7.2.6, 3.7.3.14)

" The response to item 130.8 is not satisfactory. It is the staff's
position that the effects due to differential displacements and due to
- inertial 1oad1ngs shou]d be comb1ned by the absolute sum method.

~ Response:

A statement conf1rm1ng compliance w1th the stated NRC staff pos1t10n has
. been included in amended Sect1on 3.7.2.7.

Q]3O'59_] Amend. 37

March 1977
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Question 130.60 (3.7.3.15)

The hydrodynamic effect of the 1iquid sodium should be considered in the
reactor system mathematical model. If not, justification should be provided.

Response

The.hydrodynamic effects of the sodium will be considered;ih the hathematfcaT

. model as addressed in updated Section 3.7.3.15.2.

| 130.60- | ' Amend. 29 
¢ . 60-1 : Oct. 1976 .



Question 130.61 (3. 7.3.12)

The Category I buried p1p1ng should be ana]yzed in, accordance w1th
Section 3.7.3.12 of the Standard Review Plan (SRP). The proposed
method is not acceptable unless adequate justification is provided.

Response:

Section 3.7.3.12 of the PSAR has been rev1sed to comp]y w1th the Accep-
tance Criteria spec1f1ed 1n SRP 3.7.3.12.

i,;v

] : Amend. 31
Q]30.61»1 : Nov. 1976




Questioh’130.62 (App. 3,71§)

Figs. 3.7A-1, 2, 3, 4, 5'and‘6‘and Tab]es'3.7A-1'ahd -2 should be revised
to comply with the 0f25vdesign'ground acceleration value.

Resgonse

The project has previously informed the NRC staff that decisions which
could impact the overall project schedule are being made on the basis
of 0.259 SSE ground acceleration value (Ref: P. 0. letter S:L:1253,.
~'A. R. Buhl to R. S. Boyd of July 7, 1976). The requested figures and
tables are provided as figures Q130.62-1, 2, 3, 4, 5, 5A and 6 and
tables Q130.62-1 and 2.

. Amend. 31 _
Q130.62-1 Nov. ]976‘



TABLE Q'|30 62-1 - :

SSE AND OBE HORIZONTAL GROUND. RESPONSE SPECTRA
CONTROL POINTS VALUE :

fPercent > o Va]ues tor Contro] Po1nts ' R
- of : _ . . - Displacement -

Critical : Accelerat1on (g) . T iin.i L
Damping A (33 cps) B (9 cps). C (2.5¢cps)” D

- Safe Shutdown Earthguake

0.5 0.250- . 1.240 1488 28.800
2.0 0.250 o885 0.063 22.500
5.0 0.250 - 0.653 0.782 ©18.450
7.0 0.250  0.568 0.681 16.919
- 10.0 0.250 0.475 5.569 15,300
N Operating Basis Earthquake
0.5 ©0.125 0.619 0.744 14.400
2.0 0.125 0.443 0.532 11.250
5.0 0.125 0.326 1 0.392 9.225
7.0 0125 -~ 0.283 0.340 £ 460
- 10.0 0.125 0.238 0.285 7.650
Amend. 31

.'01'50"’-62 5 -Nov. 1976



. TABLE Q130.62-2

SSE AND OBE VERTICAL GROUND RESPONSE SPECTRA
- . CONTROL - POINTS VALUES

Pércent D Values for Control Points
- Critical Acceleration (g)

N __{n)
Damping - A ({33 cps) .~ B (9cps) C(3.5¢cps)

“Displacement

o . Safe Shutdown Earthquake
'_o,s~' 10.250 Cta400 1.418 19,169
2.0 10.250 0.885 S L03 15,031
5.0 0.250 o.es3 . 0.744 ©12.331
7.0 0.250 £ 0.568 o 1.2
10.0 0.250  0.475  0.583 069
| OperatiﬁngaSis Eakthquéke"- |
0.5 0125 0.619 0.708  9.585
2.0 0.125 0.443 0.507 © 7.515.
5.0 0.125 0.326 ©0.372 6.165
0 0.125  0.283 0.324 . 5.625
10.0 0.125 0.238 0.271  5.085
Amehd. 31
Nov. 1976

-Q130.62-3
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Question 130.63 (App. 3.7-A)

' The damp1n values shown in Table 3.7A-3 are not consistent with Equat1ons;
(1) and (2) on Page 3.7-A-C3. Provide justification for the damping
values of the foundation mater1a1s shown in Table 3.7A-3.

 Response:

Equaticns (1) and (2) in Section C.3 of Attachment C to Section 3.7A,

. and Table 3.7A-3 have been revised. = Damping ratios (1nterna1
damping) for foundation materials have been prov1ded in new Table
3.7A-3A.

~Justification for the damping ratios for backfill material in Table
3.7A-3A was previously provided in the response to NRCVguestion 324.7.

Q130.63-1 Amend. 32

| : R Dec. 1976




Question 130 64 (3.8.2)

It is stated that the lower portion of the stee] cy11ndr1ca1 shell w111
be embedded in concrete, and concrete doss ns t form a part of the pres-
sure vessel. Indicate: :

(a) how the effect of such concrete embedment is taken into consi-
deration in the structurai analysis of the steel containment, and
how the leaktightness of the embedded portion can be assured.

(b) if reinforcing steel is provided in the concrete, and the quality
of concrete to be used,

(c) with a sketch, the design features at the point where concrete
terminates and the des1gn consideration for water seepage at that
point.

Resgonse:

(a) The effect of the concrete embedment is %aken inte consideration in
the structural analysis of the steel con,a1rm@nt as indicated by
the revised Section 3.8.2.4. -

The leaktightness of the steel containment in the embedded portion,

is assured by des:gn and construction activities discussed in revised
Section 3.8.2.4

(b) The internal concrete structure as well as the external circum-
ferential wall will be built of reinforced concrete. The concrete.
will be of a quality to insure that it will have a compressive
strength of 4000 psi @ 28 days. Detailed information is provided
in Section 3.8.3.6.

(c) With the containment vessel completely enclosed on the outside by
the concrete confinement structure which is designed to be water-
tight below grade, there wiil be no potential danger of water see-
page at the point where concrete terminates. :

Amend. 33

Q130 64-1 Jan.- 1977



Question 130.65 (3.8.2.4)

In Section 3.8.2.4 it is indicated that the containment vessel will be
designed for all the loads ‘and interface conditions specified in Westing-
- house Specification No. 953014 Rev. 0, June 1974 and ECP No. W-0005, R-2.
- Since the staff is not aware of such specification, provide in the PSAR the
pertinent information with respect to the loads, interface conditions and:
other structural information contained therein. 2

- Response: -

The loads and interface conditions specified for the containment vessel
are specified in PSAR Sections 3.8.2.3, 3.8.2.4 and 3.8.2.5. Additional
information has been provided to address buckling and penetration 1oad1ngs
Reference to the Equ1pment Spec1f1cat1on has been removed.

: . ~ Amend. 31
Q130.65-1 Nov. 1976



Question 130.66 (3.8.2.5)

The load combinations to be used in the design of the CRBRP steel
containment are indicated in Table 3.8-1 which states that the _
allowable stress limits should be as defined in Subsection NE-3000
of the ASME-III Code. In view of the fact that in Sub-section
NE-3000 of the ASME-III Code, stress limits for each load combina-
tion are not clearly specified, and are to be established through
your interpretation of the code, provide in the PSAR the stress
limits together with the buckling criteria to be used for the load.

~ Response:

The buckling criteria are provided in Appendix 3.8A which has been
added to Section 3.8 of the PSAR. The stress criteria taken from
the ASME Code have been provided in Table 3.8-3 as part of response
130.65. '

Amend. 31
Nov. 1976

Q130.66-1



Question 130.67 (3.8.3.1)

The staff's concerns expressed in item 130.37 on cell liners have not
been resolved. Provide responses to these concerns in the PSAR.

Response:

Your August 17, 1976 request for additional information, which included
Question 130.67, was based upon your evaluation of information through
PSAR Amendment 23. A response to Question 130.37 was provided in PSAR
Amendment 24.

ém?;"dw;%
.0130.67-1 ct



Question 130.68 (3.8.3.1)

6 In Section 3.8.3.1.1 it is indicated that a concrete corbel integral with
the cavity wall is provided to support the reactor vessel. Provide a dis-
cussion on the design of the corbel, including the criteria and method of

analysis used, specifically with regard to the shear design of the corbel. v

Indicate the temperature to which the corbe] concrete will be subJected under .

normal operation of the p]ant
Resgonse

The response to Question 130.68 is contained in revised PSAR Section
3.8.3.1.1. v

: Amend, 34
Q130.68 -1 - Feb. 1977



Question 130.69 (3.8.3.3.9)

In section 3.8.3.3.9 it is indicated that for hot spots the temperature
of structural concrete will not exceed the recommendation of ACI-ASME
(ASME III, Division 2) Code. Provide a list indicating the condition
under which the hot spots occur and the corresponding concrete temperature
allowed.

ResEOnse:

Section 3.8.3.3.9 has been revised to provide the required information.

Amend, 34
Q130.69-1 Feb. 1977



‘Quest1on 130 70 (RSP) (3 8 3. 3)

The statements conta1ned in the bottom port1on on Page 3.8-17 and its
continuation on top of Page 3.8-18 are not acceptable. It is staff's
position that no load factors shall be less than one. : o

Response:

The referenced statements in Section 3.8.3. 3 10. 2 concerning the load
factors used in loading combinations have been rev1sed to comp]y w1th
-the staff pos1t1on ,

Q130.70-1 . - Amend. 29 -
: » : - Oct. 1976




6 Question 130.71 (3.8.3.4)

"In Section 3.8.3.4.1 it is indicated that the structural analysis for
each cell will be performed by considering one-foot wide vertical and
horizontal strips. Provide an example to show how the analysis is
actually carried out for dead load, live load, thermal load and seismic
Toad. .

Response:

In response to this question, Section 3.8.3.4.1 has been revised to
provide additional information on structural analysis of cells.

Amend. 33
Q130.71-1 : Jan. 1977
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Question 130.72 (3.8.3.4)

In Section 3.8.3.4.3 it is stated that redistribution of stresses in the
vicinity of openings will be taken into account in the design of slabs

and walls. Provide an explanation of the term "redistribution of stresses",
since it is common knowledge that holes and openings in a structural

element will give rise to stress concentration.

Resgonse:

The response to this question is contained in revised PSAR Section
3.8.3.4.3. ' '

Amend. 28

.Q130 791 Oct. 1976



Question 130.73 (3.8.3, 3:8.4)

In Section 3.8.3.2 and 3.8.4.2, Regulatory Guide 1.10 is not mentioned.
Indicate the type of mechan1ca1 splices wh1ch will be used in the con-
struction of concrete structures

Resgonse:

During the early stage of the preliminary design of Seismic Category I
concrete structures, reinforcing bars larger than No. 11 were not antici-
‘pated. Therefore, lapped splices, wherever necessary, will be provided
to meet the technical requirements of ACI Code-318.

Following some recent changes in structural arrangement and design loads, -
it is possible that No. 14 or No.- 18 reinforcing bars may be used in

certain concrete structures. "If No. 14 or No. 18 reinforcing bars are h4
used, mechanical splices will be specified in design and construction
documents to meet the requirements of Regulatory Guide 1.10 - Mechanical
(Cadwell) Splices in Reinforcing Bars of Category I Concrete Structures.

These requirements have been included in revised PSAR Sections 3.8.3 and. h
3.8.4. v 4

Amend. 44
Apri] 1978

© Q130.73-1



Question 130.74 (3.8.4)

It is underétood that a concrete confinement building will enclose the
steel containment. Therefore it is required that a complete description
of design and construction of the concrete confinement building should be

provided in this section. The information requested should include all

that required for seismic Category I structures. Furthermore, other

sections of the PSAR should be modified in order to comply with such a

change in containment concept.

ResEonse

The modifications and add1t1ons associated with the conf1nement structure
are included in revised PSAR Section 3.8.4.

Amend.

Q130.74-1 Jan,

33

1977
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Question 130.75 (3.'8.1)'

In Section 3.8.4 only the design of the d1esel fuel storage tank foundation

'1s d1scussed Provide:

(a) the.mater1a1 that will be used in the construction of the tanks,
2b§ the codes to which the tanks are designed and constructed, and
c) the loads, loading combinations and criteria considered in the design.

‘Response:

a) The material used in the construction of the diesel fuel storage tanks
is included in rev1sed Section 9.14.1.2.

b & ¢c) The codes to which the tanks are designed and constructed are 1nc1uded
in Section 9.14.1.1. The load, loading combinations, .and criteria
considered for these codes are included in Section 3.9.2.

Amend. 28
Q130.75-1 . Oct. 1976



Question 130.76 (3.8.5.1)

In Section 3.8.5.1.1'it is stated that RCB, RSB, CB, DGB and SGB w1]1 be
built on a combined reinforced concrete mat. Prov1de a description on
_the design to such a mat for dead 1oad 11ve load, thermal load and
seismic Toad.

ResEonse

. Section 3.8.5.4.1 (Comb1ned Mat) has been revised to indicate the .
: current des1gn and nalys1s procedures _

. | - R . Amend. 29
% S Q130.76-1 | Oct. 1976




.

'Quest1on 130.77 13 8.5. 1)

For the steel liner on the foundation mat, descr1be the method of we]dlng 7
the steel plates to steel members embedded in concrete. 1If concrete is
to be placed after the welding operation, indicate the placing methods

and the procedure followed to avoid voids forming between stud and
concrete.

Response:

The steel liner on the foundation mat will be constructed folloWingathéi
requirements of ASME Boiler and Pressure Vessel Code Section III, Division

2, 1975 edition. Seams will be welded using Category F welds, in accordance

with article CC- 3841(F) Figure CC-3840-4(a).
The sequence of embedments installation is as follows:

Concrete will be poured up to the bottom elevation of the structural

steel that supports the liner. The steel members are grouted for levelingv'

and are anchored into the foundation mat to maintain alignment. With
the supports in place and leveled, concrete will be poured up to the top

“level of the steel.

The steel liner will then be welded on top of the steel members as des—
cribed above.

Amend, 29

Q130.77-1 | "~ Oct.

1976



‘Question 130.78 (RSP) (3.8.5.3)

In Section 3.8.5.3.4, the minimum factors of safety acceptable to the
staff against floatation for load combination (g) should be 1.10
not 1.0. ' _

Response:

Section 3.8.5.3.4 has been revised to indicate the correct factor of
safety against floatation due to design basis flood.

Amend. 28
Oct. 1976

@ | © Q130.78-1



Question 130.79

In Section II.B, Desian Requirements, the requirements for various
components of -the liner system are listed. However, the criteria used
in the design to satisfy these requirements are not all identifiable in
the report. Therefore indicate for each design requirement the corres-
ponding design criteria (use of a table indicating the sections in which
the related criteria are discussed is acceptable).

Response:

The criteria used in the design to satisfy the design requirements
have been incorporated in the revised paragraph 3.1 of Appendix B of
PSAR Section 3.8.

: Amend. 37
Q130.79-1 March 1977

AN AT e em e 1 e



~ Question 130.80

In Section II.C, Load Categories and Load Combinations, it is indicated
that Tload combinations are established on the same basis as in ASME
Section III, Division 2 Code, specifically, the stress and strains as
indicated in Table II-1 for load categories other than the extremely
unlikely fault loads. The ASME Section III Division 2 Code is for
concrete containments of light water reactors (LWR's). The cell liners
used in CRBRP are dissimilar in many respects from the steel liners in
concrete for LWR's, specifically in geometrical configuration, construction
(use of insulating concrete and air gap in cell liners), pressure and
temperature to be subjected to, and leakage requirements. Provide an
assessment of the adequacy of using Section III, Division 2 Code criteria
for CRBRP cell liners, taking the dissimilarities into consideration.

Response:

The lToad combinations used for cell liners design are providéd in new
PSAR Appendix 3.8-B.

Although Division 2 applies to liners of LWR Concrete Containments and

the configuration of the cell liners in CRBRP is different, in both cases
the liners are not used as strength elements; the main structural elements
are the reinforced concrete structures to which the Tiners are anchored.

The purpose of the cell Tliners is to maintain the inert atmosphere (Nitrogen)
under normal operating conditions, to facilitate decontamination and decrease
plant downtime following an accidental sodium spill, and to protect the
structural integrity of the cell for the preservation of the capital
investment.

Amend. 37

Q130.80-1 March 1977

37



Question 130.81

In Table II-1 for the category of extremely unlikely fault loads
combination, it is indicated that the Von Mises effective strain
shall not exceed 0.75 of ultimate strain (&€Y) of liner material.

- This value appears to be very high. Since the determination of the
Von Mises effective strain is based on a series of assumptions and is,
therefore, rather uncertain, justify the use of 0.75 gu.

"Response: ' ,

The response to Question 130.81 is discussed in attachment D to
PSAR Appendix 3.8-B.

The design 1imits in Table II-1 for the category of Load Combin-

ation D has been modified and more conservative values have been

adopted and listed in PSAR Table 3.8-B-1. The criteria for these limits
are discussed in Attachment D to PSAR Aopendix 3.8-B.

Amend. 37
0130.81-1 March 1977




6}3 ' Question 130.82 | o
_ Whether thé insulating concrete serves the only purpose of protecting
‘the concrete structure or as a portion of concrete structure, it has to
resist the stress or strain impesed on it. Indicate the strength of the
insulatind concrete, and the stress and strain criteria used under

various léading combinations to which the insulating concrete may be
- subjected. :

Resgonse

The 1nsu1at1ng concrete provides a non-load bear1ng 1nsu1at1ng barrier:
between the steel ‘l1iner plate and the structural concrete. Hence, no
‘strength capability criteria have been allocated to the insulating concrete
under-accident conditions. Accordingly, the insulating concrete will

be designed only for construction loads in accordance with the applicable
codes, standards, and specifications presented in PSAR Section 3.8.3.2

and the Cell Liner Design Criteria in PSAR Appendix 3.8-B. The insu-
lating concrete will consist of perlite/sand 1ightweight concrete with a
~dry density of not less than 65 1bs/cu.ft and a compressive strength of

not less than 900 psi at 28 days.

£

Amend. 64'
Jan. 1982
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Question 130.83

Indicate how. the liner anchor allowable force capacity, yield force
capacity, ultimate force capacity and ultimate displacement capacity are
determined for Nelson stud anchors. State if the strength of the insu-
lating concrete in which a portion of the stud anchor is embedded affects
the force or the displacement capacities of such anchors. :

Response:

5§'The response to this question is included in revised PSAR Section 3A.8.3.3.

Amend. 59
Q130.83-1 Dec. 1980



Question 130.84

The two concepts of providing insulating concrete barriers discussed in
Section I1I.A.4 need further clarification, noting that whether the two
components of a structural member act integrally or not depends on the
manner in which they are put together. For instance, two concrete mem-
bers which are poured separately may act integrally 1f suff1c1ent shear
keys are provided to. transform the horizontal shear

Response:

The response to this question 1s contained in the response to Question
130.85.

% _ ‘ . o Amend. 34
| - | | Feb. 1977
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Question 130.85

The report does not state clearly whether the insulating concrete will
~act integrally with the wall concrete or not. If it acts integrally,
provide the shear transfer detail. If not, indicate how the insulating
panel and the steel liner will behave.

Response:

The insulating concrete barrier will not act integrally with the con-
crete wall. The 4" thick non-load bearing .insulating concrete will be
prefabricated at the site by the constructor by cast1ng onto the prefabri-
cated liner plates, including anchors and the 1/4" air gap (ethafoam).

The prefabricated panels will then be cured and erected as a unit. A"
bond breaker will be provided at the interface joint between the struc-
tural and insulating concrete to preclude the transfer of shear onto the
insulating concrete.

The steel liner plate and the insulating concrete panel will not act
integrally due to the presence of the air gap. The insulating concrete
will provide a temporary lateral restraint to the liner anchors during
the early stages of heat exposure as a result of a sodium spill. In. the
fixed corner liner concept, this initial restraint has been shown to.
have no significant effect on the overall liner plate or anchor strains
p;ior to the degradation of the insulating concrete in the vicinity of
the studs.

Q130.85-1
Amend. 34

Feb. 1977



Question 130.86

Explain the method by which the air gap of 1/4" will be provided and main-
tained during the construction and during the 1ife of the plant. In

case this air gap is closed or obstructed, indicate what will be the
effects on the liner and liner anchor.

Response:

The response to this question is provided in PSAR Section 3A.8.2.

: Amend.'37
Q130.86~1 - March 1977



6 : Question 130.87

The first paragraph on top of page III-4 indicates that the integrity of
the liner system is maintained even in the event of deterioration of the
concrete under accident conditions. Indicate the proportion of concrete
that can deteriorate under accident conditions, without affecting the
integrity of the liner system. - :

" Response:

cg| As stated in the new PSAR Section 3A.8.3.3, the integrity of the liner
¢ system is maintained even in the event of the deterioration of the insu-

59' lating concrete under accident conditions. Section 3A.8.3.3 of the PSAR
discusses the effect on the structural concrete of a sodium spill in a
lTined cell and: the use of the insulating concrete layer. Preliminary
analysis of the .inteqrity of the cell liner system have also been in-

54 cluded in Section 3A.8.3.3 of the PSAR which indicates that the integrity
of the liner system is unaffected ‘under accident conditions.

Amend. 59
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Question 130.88

In Figure II1-2, the space between the floor slab and the floor liner
plate is filled with aggregate. If the floor liner plate is so designed
that the gravel will support any load applied to the floor, indicate the
method of construction used to assure an adequate support for the

liner by gravel during construction and in service, and the criteria

of acceptance for the layer of gravel. Also indicate how the floor
Viner plate is analyzed. '

Response:

The response to this question is included in the revised PSAR Section
3A.8.2 and paragraph 3.1.1.6 of section 3.8-B. ~The method of analysis
of the wall and floor liner system is included in the revised PSAR
Section 3A.8.3.3. j

59

Amend. 59
Q130.88-1 Dec. 1980
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.Question 130.89

In case of a primary sodium—spi]] which most 1ikely will cover the
floor liner, discuss, in detail, the effect of a sodium leak through
the floor liner, on the layer of grave], on concrete beneath and on
the floor liner itself. -

‘Resgonse:

A detailed scenario that could lead to a CRBRP cell liner

failure and the effects of such a failure is provided. Many

other failure modes were considered but were found to be incredible.
For example, liner buckling was considered. It was determined, how-

~ ever, that buckling would lead to a less severe test of liner integrity.

This 1is because of the much greater residual elasticity in a buckled

panel than in a panel which is fully restrained. Penetrations were
considered as a possible failure point due to their complex geometry.
However, penetrations will not be covered by a sodium spill and spray

on a penetration would result in 1ittle or no sodium leakage behind

the liner. The effect of the transient through the Tiner plate is
discussed, as it is possible to obtain a tensile stress during this event.
However, the net membrane stress in the panel is always compressive
because of the fact that the average temperature of the 11ner is 1in-
creasing during the thermal transient.

The_effect of the failed liner on cell pressures and temperatures is
discussed in the response to NRC Question 001.581.

Q130.89-1  Amend. 49
July 1977



FAILURE MODE ASSESSMENT. FOR CRBRP CELL LINER DESIGN

I. DEVELOPMENT OF SCENARIO

From the outset, it should be stated that cell liner failure

is not expected. The high level of design analysis and quality assurance
employed in the design of the 1liner system will preclude such occurrences.
The spill sizes considered for the liner loading are also extremely im-
probable and may actually be termed incredible. Finally, even in develop-
ing the crack scenario, many pessimistic assumptions are required to :
establish conditions that would result in a liner failure. These will

“be recounted in the development of the scenario.

The only significant loading on the liner, i.e.,a loading which

could result in a failure, is caused by the differential thermal expansion
of the Tiner relative to the cell if a sodium spill occurs. Seismic
loadings, for example, do not cause appreciable loads on the liner or its
anchors. The Tiner is designed to serve as a leak-tight containment for

a sodium spill. As such, it is welded to embedments which will receive
the thermal expansion loads. The liner itself is comprised of large panels
welded togehter with full penetration welds at the joints. A backing

strip is used to ensure a full penetration weld and a joint that is
actually stronger than the plate itself. Nevertheless, because of the human
factor involved in the welding and inspection, a weld will be taken as

the most likely point of a failure initiation.

In the very improbable event of a sodium spill, the liner will

be suddenly heated by the sensible heat of the spilled sodium. It will

be conservatively assumed that the sodium spill volume is Tlarge such as

that resulting from a MEFS (i.e., Moderate Energy Fluid System) leak. The
liner system and spilled sodium will then come to an "equilibrium" tem-
perature which is less than the initial temperature of the spilled sodium.
The equilibrium temperature is actually a quasi-steady state point which
represents the maximum Tiner temperature during the thermal transient. This
temperature is determined from a heat balance which considers the heat capacity
of the liner and equipment wetted by the sodium and the heat capacity of the
spilled sodium. The CACECO computer program is generally used to perform
these calculations. A conservative heat balance which considers only the
heat capacity of the liner is used for scoping calculations.

As stated previously, the liner is designed to withstand the thermal

expansion loads caused by heating the liner with respect to the concrete walls.
The square corner design backed by I-beam-embedments insures that the liner
will be in a state of compression at all points. This is illustrated in
Figures 1 and 2 which show a floor to wall joint and a wall to wall joint as
well as the structural embedments. The stresses in the liner can be character-
ized as bi-axial compression in the plane of the plate and essentially zero
stress out-of-plane. It is conservative to assume that the liner is fully
restrained in the in-plane direction.

.89-2 Amend. 40
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-The effect of the high compressive loading in the plane of the

liner will be to close any pre-existing cracks. During this phase of the
spill scenario, the spray and/or pool fire will be eccurring. The highest
cell pressures and atmospheric temperatures will occur at this time.
These events do not tend to decrease the pool temperature and the high in-
plane compressive loading will tend to seal the liner against leaks.

The pool of sodium will eventua]]y begin to coo] down due to

the transfer of heat into the cell structure. Water vapor behind the
liner liberated by this heating will be vented through the behind-the-
liner venting ducts. The structural concrete will tend to lose water from
the surface layer; additional water vapor will be driven from the aggre- -
gate on the floor and insulating concrete in the wall liner. ,

As ‘the sodium pool and liner begin to cool down, the high in-
plane compressive stress. in the liner will be reduced. Further cool down
will result in a tensile stress in the liner. When the liner cools down

.to the point that the in-plane stresses are at the tensile y1e1d point,

then a tear in the Tiner at a weld joint is assumed.

The above approach results in a crack which extends the entire

length of the cell and .is opened by thermal contraction of the liner. In
reality, the anchors will not provide a rigid boundary. In fact, the-
elasticity of the structural concrete and high local stresses in the
concrete will probably result in anchor motion and should allow the liner

to contract without ever reaching its tensile yield point. Buckling of

the liner, if present, would also reduce the average membrane tensile
stresses during cool down and thereby reduce the tendency to crack.

It is noted also that even in the event of liner buckling, the membrane
stresses are always compressive. The crack is assumed to occur in the

floor of the cell for conservatism. It is assumed that the thermal shock
stresses caused by the initially high thermal gradient through the liner do
not have a pronounced effect upon the gross behavior of the liner. This

is verified in Reference (1), in which an elastic-plastic large deformation
finite element thermal transient analysis was performed for a similar liner
design. It was shown that the through-thickness gradient did not appreciably
affect the gross behavior of the liner plate, nor did it result in large
strains that wou]d lead to a premature failure at a local point in the liner.

Finally, the effect of local spray or stream impingement on the floor of the
liner was considered. It was determined that while the local area would be
more highly stressed than surrcunding areas, the in-plane compressive loading

‘would predominate and the spreading sodium pool would very quickly produce

the assumed conditions. No areas were found that would be subJected to

tensile loading during the spill.

130.89- Amend} 40
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II. EFFECTS OF'CRACKED LINER ON SODIUM SPILLS

Figure 3 illustrates the location of the assumed crackAat (A) .
the wall to floor junction and (B) an intermediate joint in the floor of =

"~ the cell. In both cases,the sodium pool is assumed to be deep enough to

cover the entire floor and stand a significant height up the wall. If
the sodium pool were very shallow (i.e., a small volume spill compared to

“the cell floor area), the equilibrium temperature of the tiner-sodium

pool would be much less than the spill temperature. Thus it is assumed

that a large sodium spill is of the most interest and the pool will com-
pletely cover the floor to a significant depth. This will result in

complete immersion of the cracked portion of the liner in the sodium.

Reference (1) contains an analytical evaluation of a flawed

liner covered with sodium. In this work a small circular hole was

assumed to exist in the Tiner. An air gap was assumed between the

liner and the structural concrete. Both parameters were varied to determine
the sensitivity. The results of this analysis indicated that the hydrogen
and other gases which are liberated from the concrete due to the sodium

" concrete/sodium-water reactions tend to limit the ingress of sodium into

the gap area. The differential pressure behind the liner was found to

be very low, in no case exceeding 0.5 psi. The temperature of the sodium
in the gap never exceeded the pool temperature even though an exothermic
sodium/concrete reaction was assumed. ' -

The results of this study have the following implications to

the abcve assumed crack. First, while the liner is vented, one could
postulate a situation in which the sodium reaction products caused some
of the venting paths to become partially clogged. The aggregate, for
example, is approximately 40% voids. If significant reaction products

. are formed then they could serve to reduce the venting efficiency. The

results of this study indicate that even in the event of a complete loss
of the venting path, no significant pressure buildup is expected behind
the liner. (The liners are designed to withstand a 5 psi pressure differ-
ential). Secondly, the loss of venting may actually help to limit the

“sodium from reaching the concrete and therefore limit hydrogen production.

Reference (2) is probably the mcst important source of infor-

mation concerning the effect of a flawed liner subjected to a sodium
spill. Two tests (Sg and S10) were performed in which 11 1bs of sodium
at approximately 400 F were spilled into an inerted atmosphere reservoir.
One wall of the reservoir was a vertical 10-inch diameter liner plate
separating the sodium pool from a second vessel containing high density
(magnetite) concrete. The liner touched the surface of the concrete in
one test; there was a 0.25-inch gas-filled gap in the other. In each
test the liner was intentionally defected by drilling a hole and a hori-
zontal split both below and above the sodium liquid level. Stainless
steel type 304 liner plate was used in one test; carbon steel ASTM A-36
in the other.

. Amend. 40
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The sodium -pool was heated rapidly to the specified maximum ' :
temperature, held at that temperature for a specified period of ti@e,
_then0a11owed to cool. In test S9 the temperature was helg at ]3§0 F
+ 20°F for 18.7 hr. In test S10 the temperature was 1600°F + 20°F for
2.6 hr. After the test articles had cooled to ambient temperatures,
they were destructively disassembled for examination and sampled for
chemical analysis. The results of the test support the following
observations and conclusions: _ :

The defected liners provided significant protection to the
concrete against direct chemical attack by the sodium. The
concrete did not crack nor was the concrete deeply pene-
trated. The depths of sodium penetration into concrete
were 5/8 inch in test S9 and 1.25 inches in test S10.

Most of the water content of the concrete was driven out of
the concrete through the liner defects, the only available
points of egress.

The water from the concrete reacted with sodium in the vapor
space and on the vessel interior surfaces. Approximately
75% of the released water formed hydrogen on a.mole per mole
basis. The remaining 25% of the water was swept out of the
sodium reservoir before having an opportunity to react.

This test indicates that the presence of a liner, though failed,
provides considerable protection to the concrete. It i1s noted that the

test temperatures were much higher than temperatures at which sodium/
concrete reactions would occur for the CRBRP concrete. The maximum tem-
peratures at which sodium ig expected to contact concrete in the CRBRP
design is approximately 800 F. (The effect of lower temperatures on
sodium/concrete reactions is discussed later). A very significant obser-
vation that can be drawn from this test is that there was little or no
corrosive attack tending to enlarge the flaws that were completely
covered by the sodium pool whereas the liner above the pool was severely
corroded. In fact, one of the liner defects plugged during the test.
Another important observation is that the water released from the con--
crete did not tend to combine with sodium in the pool to the extent that
was observed in tests in which no Tiner was present. This effect should be
even more pronounced in the CRBRP liner design because of the large
sodium pool area compared to the failed area.

At temperatures below 1040°F, there is essentially no sodium/ :

concrete reaction for limestone concrete (Ref. 3). There can be, however,
an exothermic reaction due to sodium/water reaction when free water is
released by heating at the surface of the concrete. Since the liner is
assumed to remain leaktight until the sodium pool begins to cool down, a
large proportion of the free water in the structural concrete will be
vented from behind the liner before sodium contacts the structural con-
crete., Figure 4 indicates the water release as a function of time for a

Q130.89-5 Amend. 40
July 1977



- sodium spill in a PHTS cell from a spill-of 81660 gallons of sodium.
The spill temperature was assumed to be 1015°F. Figure 5 shows the
thermal response of the floor liner and the structural concrete for
this spill case. It is noted that the maxing temperature of the
liner for .this spill was calculated toobe 910"F.. The temperature drop
necessary to cause a tear would be 125°F evaluated using minimum yield
‘strength properties. From Figure 5, it can be determined that the
liner temperature drops by this amount in approximately 1.3 hours.
From the detailed data used to construct Figure 4, it was determined
that 60% of the total water that would be released (if the liner did
not fail) has already been vented from behind the liner. Also, the
surface of the structural concrete will contain very little remaining
free water. As can be seen from Figure 6, the wall liners cool down much
slower than the floor liner and therefore remain in compression longer.
This supports the assumption that the floor Tiner would be more likely
to fail first. ' '

ITI. REFERENCES

(1) ORNL-TM-5145, “Evaluation of the Structural Integrity of LMFBR
Equipment Cell Liners - Results of Preliminary Investigation,"
W. J. McAfee and W. K. Sartory, January, 1976.

(2) HEDL-TME-75-75, “Concrete Protection from Sodium Spi11s to Inten-
: tionally Defected Liners - Small Scale Tests S9 and S10," R. K.
Hillard and W. D. Bochmer, July, 1975,

(3) WARD-D-0141, "The Interactions of'Tennessee Limesténe Aggregate
Concrete with Liquid Sodium," S. A. Meacham, December, 1976.
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Question 130.90

Indicate how the flow of steam or other gas through the grave], and the
pressure acting on the floor liner are determ1ned .

Resgonse.

To determine the pressure drop of the steam and gas flow through the
gravel below the inert-cell floor liner, the similarity of a gas flow
through a stat1onary pebble bed will be used. The latter process is
developed in Reference Q130.90-1.

To determine the pressure drop of steam and/or gas flow through the gravel
below the inert-cell floor liner, the fo]lpwing assumptions were made:

‘1. Similarity with gas flowing through a stationary packed pebble bed and
our steam and/or other gas flow through the gravel to the liner. vent

pipes.
2. Flowing fluid 5S.COmpreSSib1e and behaves as an ideal gas.

3. Gravel consists of regular 3/4 in. cubes based on actual gravel'grading.

Applying Carman-Kozeny fixed bed correlation, the pressure drop may be '
calculated from equation 22.86 of Ref. Q]30 90-1.

% (4P)ge Dp g2 =150 (1-) + 1.75
| OOEm : NRE
where
(-aP) = Pressure drop through the packed bed, LBf/sq ft
‘L = Bed length, ft
Npe = Average Reynolds No. based on superficial velocity, Dposme:
_ _ _ : ”
) . . LV
Dp = Particle diameter, 'GK% , Tt
Vp = Volume of particle ft3
Ap = Area of Particle ft2
o = Fluid density 1b/ft3

: _ : Amend. 37
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Osm = Superficial ve]oc1ty at a- dens1ty averaged between 1n]et and

outlet conditions, ft/sec
=6, G
oy ¥ P2
2 . . . o _
o = PM_ T] = Temperature inlet to gravel °R
1 RTy - _ . ~
_ L T2 = Temperature outlet of gravel °R
Py = PM_ P = Inlet pressure 1b/ft2
RT2 M = Mol. weight of flowing f]u1d
R = Universal gas const.:
G = Mass flow rate, LBm/HR FT2
Qe ‘= Conversion Factor, (FT/sec?)
" p = Absolute viscosity, LBM/HRsec

= Bed porosity,“dimensionless )

" Since the poros1ty is a functlon of spaer1ty ¥ which can be ca]cu]ated from
Eq: B-26 page 535 of Ref. Q130.90-1

' 2/3

{8} %

1 w

y, = -
A v Ap

~and using Fig. B-12 of Ref. Q130.90-1 a corresponding porosity can therefore

be found. All the parameters are therefore known and the-pressure drop can

be. calcu]ated accordlngly

~ References:

. Q130.90-1 Foust, A. S., “Principles of Unit Operations", 60-6454,
- Library of Congress, Third Edition, July, 1964, pp. 472-476
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Question 130.91

Indicate the criteria which were used in adopting the corner detail design
as shown in Figure 3. If the design has been changed describe the new one
and state the rationale for the change.

Response:
The corner detail of Figures 1 and 3 of the June, 1976 Report has been

changed to a straight corner detail as a result of stress analyses performed.

The original curved corner detail resulted in excessive shear strains in the

wall panel stud anchors. By using the detail shown in PSAR Figure 3A.8-4,
"the thermal expansion of the plate at the corner has been limited which

results in smaller displacements and lower strains and stresses at the
anchors. PSAR Figure 3A.8-6 shows a typical cell liner isometric-corner
detail. . '

Amend. 37 -

Q130.91-1 ‘ March 1977
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Question 130.92

6 For the floor liner system, the floor liner is welded to a. grillage of .
steel beams. The welds which connect the floor liner to the steel beams
are subjected to longitudinal and transverse.loads. Describe (1) the
criteria used for the design and fabrication of these welds; (2) the
method of analysis of these welds; and (3) the acceptance criteria and
the in-service inspection requ1rements for these welds. Indicate if the
welds will be X-rayed. ' '

Respohse'

(1) The criteria used for the des1gn .and fabr1cat1on of floor liner
‘to steel beam welds

Criteria for the fabrication of the floor 11neh to steel
beam welds are discussed in paragraph 4.0 of Attachment B of PSAR
Appendix 3.8-B. :

Criteria for the design of the floor liner to steel beam’we]dspare dis-
~cussed in paragraph 3.8.6 of PSAR Appendix 3.8-B. :

(2) The method of ana1ysis of the floor liner to steel beam welds

_ Finite element, e1ast1c plastic analysis by computer will be prov1ded
i ; to verify the design of floor Tiner welds.

(3) The acceptance criteria and in- serv1ce 1nspect1on requ1rements for
' the floor liner to steel beam welds ,

Acceptance criteria for the welding of the floor 11ner to the stee]
- beams will be in accordance with the ASME codes and is d1scussed 1n '
" Section 5.0 of Attachment B of Append1x B to PSAR Sect1on 3.8.

Requ1rements for in-service inspection of cell lwners are paragraph .

- 6.0 of Attachment E of PSAR Appendix 3.8-B. Radiography is a code. l
requirement only if the liner welds are accessible. . Radiography,
however, is not feasible due to the method of construction and, in
addition, the welds will not be accessible after construction. The
code allows alternate methods of examination under these conditions
which are detailed in the PSAR acceptance criteria described in
paragraph 5 of Attachment B of PSAR Appendix 3.8-B.

130.92-1 Amend. 64
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- Question 130.93

In the 3rd paragraph on page IV-10, it is indicated that analyses have
been made for bi-planar and tri-planar corners. Indicate the mathema-
tical models and assumptions made for such analyses.

ResEonse:

The response to Question 130.91 provided a description of the straight
corner detail which has been adopted to replace the curved corner detail
presented in the June 1976 report.

- An elasto-plastic finite element analysis using the computer program

ANSYS was used in the preliminary analysis to find the stresses and

strains in the bi-planar straight corner. The mathematical model is

shown in PSAR Figure 3A.8-3. Since the tri-planar corner is restrained

in the same fashion as the bi-planar corner, the analysis and results of

the bi-planar corner and the tri-planar corner will be similar. Consequently,
no tri-planar analysis will be done.

59|Section 3A.8.3.3 presents the mathematical model used and the assumptions

made in the analysis.

Amend. 59
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Question 130.94

In the last paragraph on page IV-10, it is indicated that as a result
of the assumption of symmetry conditions, the analysis shows no load
imposed on anchors. Indicate how the anchors are designed and how the spac1nq

of 15 inches for the. anchors is determined.
Response:

gol This information is discussed in Section 3A.8.3.3.

Amend. 59
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Question 130.95

In the final 1inér‘ané1ysis, the fo]]owing{topics shdU1d be taken into
consideration. Address how each of these points will be considered:

(a) Ihdicate the method used to evaluate membrane and bénding strains/
stresses beyond the yield point of the material. :

(b) Evaluate the effect of geometric restraints which may limit the
' ductility of the material.

(c) Consider the possibility of thermal shock.

(d) Evaluate the influence of boundary and local conditions which are
not symmetrical, such as failure of some anchors, effects of pene-
trations, transition zones between hot and cold portions of liners
and at free edges, effect of local hot spots and effect of f1xed
equipment supports. :

(e) Evaluate the effect of welding carbon steels to steels with different
thermal expansion coefficients, such as stainless steel, etc., if
any. '

(f) Evaluate the influence of Tocal fabrication imperfections.
g (g) Evaluate the effect of pre-existing cracks and of cracks generated
during the 1ife of the plant; discuss possible propagation of these
cracks in the liner.

(h) Describe acceptance and in-service surveillance tests of the liner.
Indicate if the welding is to be x-rayed.

(i) Describe the effects on the liner of sliding or rolling equ1pment
supports.

(j) Discuss the need for the liner to be electrically grodnded.

(k) State whether liner and penetration subassemblies will be stress-

: relieved, or heat-treated. Explain whether pre-heating during welding
will be done and in what measure its uniformity will be achieved.

(1) Indicate with precision by what method the corrosion allowance has
been determined.

(m) Indicate the arrangement where two back-strips cross each other and

how a gap at this point is avoided. This gap may generate stress-
concentrations in the liner.

o 130.95- Amend. 37
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(n)

(o)

‘(p)

Eva]uéte the effect of all possible local stress risers such as
tack welds, plug welds, gaps, etc. (see page A-3). :

Indicate how the stresses or strains due to loads such as dead, - ‘
live, seismic, etc., other than those resulting from primary

‘sodium spill, are obtained and combined with those due to sodium

spill.

Indicate the effect on concrete of heat transmitted from the cell 1inef
to the cell Tliner anchors.

- Response:

(a)

The liner analysis will be conducted with the finite element computer
program ANSYS. Beyond the yield point of the material, an incre-
mental technique is used in "ANSYS". The loading is applied in incre-
ments and at each loading Tlevel an elastic solution is done, with a
‘correction applied to the next loading step to account for the
plasticity occuring during this loading step. The von Mises yield
surface is used, along with the Prandle—Reuss flow relations. Since
the strains/stresses are claculated at the top, middle, and the
bottom surfaces of the plate, the membrane and bending components

can be easily separated from the total effects. The membrane strain/
stress will be calculated as the average through the section; the
bending strain/stress will be calculated as the total strain/stress
minus: the membrane.

In the areas with geometric restraints or with stress/strain con- .
centrations appropriate mathematical models will be constructed

to calculate the effects on the liner; detailed models with regular

fine mesh will be used as required.

Those portions of the liner surface subject to thermal shock effects
will be reinvestigated. A thermal analysis will be conducted to
calculate the temperature distributions through the liner as a function
of time, until the thermal soak condition is reached, i.e., the liner
temperature through its thickness is uniform and equal to the sodium
temperature. Incremental elastic-plastic structural analysis will be
conducted for the same time span as the thermal transient analysis.

The influence of boundary and local conditions which are not

symmetrical will be considered by using mathematical models simu-
lating conditions such as effect of penetrations, transition zones
between the heated and unheated portion of Tiners and at free edges,
effect of hot spot and effect of fixed equipment supports.

, pmend. 59 N
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Limited local failure of the stud anchors will be examined and its
effect on the overall integrity of the liner will be investigated.

The problem of hot spots was considered in the preliminary liner
analyses by heating a local area of the floor liner in the finite
element model of a bi-planar liner corner. It .is observed from the
results of the analysis that this effect does not govern the design
of the liner system.

The welding of the austenitic stainless steel to the ferritic steel
material, such as in the Fuel Hand]ing.]iner will not pose a problem
because of the different thermal expansion coefficients of the
materials. The cell liner and hence the dissimiliar welg po1nt

will be exposed to a normal operating temperature of 150°F maximum.

The dissimiliar weld joint will not be subject, under normal operating
temperature, to any thermal cycling. As a result, the weld joint
between stainless steel and the carbon steel will not develop
differential expansion strains. Failure-is not expected to occur due
to the absence of Tong-term cyclic temperature service.

The influence of the following Tocal imperfections will be considered
in the final analysis:

(1) Initial bow in the liner plate
In the mathematical model an initial how will be assumed on
a liner panel with adjacent panels assumed straight. This
will induce unbalanced forces on the anchors and begin strains
on the bent panel.

(2) Liner thicker than nominal due to rolling tolerances
I[f the bowed panel is thinner than adjacent panels, the membrane
force imposed on the buckled panel and the shear forces on
the anchors will be Tlarger than for uniform thickness. The
CRBRP analysis accounts for variation in thickness by utilizing
the actual maximum strength of the liner plate in determining
the thermally generated in plane load. This combined with the
corrosion allowance assessment bracket the response.

(3) VYield stress higher than normal .
Higher yield stress in the straight panels will have an effect
similar - to an increased thickness on the bowed panel. The
analysis described in section 3A.8.3.3 have utilized the
maximum actual yield strength of the liner plant and not the
code minimum values, in order to maximize liner strains.

| (4) Variation of anchor sgecigg

Small variations in spacing as can be expected during construction
are not considered to have appreciable effect on the anchor-liner
system.

(5) Local concrete crush1ng on the anchor zone ‘
The analysis considered two cases: (a) that the 1nsu1at1ng
concrete and insulating gravel on the floor provides full
lateral support to the anchors; (b) that the insulating concrete
provides no lateral support to the anchors and are free to bend.
These two cases are considered as envelopes to intermediate

situations in which there is partial yield in the supporting
material.

Amend. 59

Q130.95-3 - Dec. 1980



- 59

(g) The fabrication requirements for the liners includes an extensive

(h)
(1)

(3)

(k)

quality assurance program which will detect pre-service cracks. The = - ‘
Tiner welds will be liquid penetrant inspected or magnetic particle in--

spected. In addition, all Tiner welds will be vacuum box tested. The :

welds are designed to provide a full strength joint. Because of. the quality
assurance procedures adopted, initial through-wall cracks will be precluded.

In order to propagate a pre-existing crack, a significant cyclic
stress must be experienced by the Tiner. The thermal cycling of the ~
Tiner due to normal temperature fluctuations within the cell, has been

.calculated and the cyclic stresses have been determined. Based upon

the number of heat-up and cool-down events estimated for the plant,
the fatigue usage factor for the liner is very small, and. appears to
be well below the endurance limit for the liner material.

The liner has been analyzed for sodium spi]]'conditions which greatly

- exceed the design basis spill event. These analyses indicate that

the Tiner will not develop cracks or tears.

See Paragraph 3 of the response to Question 130.92.

Refer to Section 3A.8.2 of the PSAR and, also, the response to
Question 130.88.

The cell liner system will be electrically grounded to ensure

personnel safety in the event of electrical equipment ground faults

within the cell cavities. The grounding of the steel Tiner is .
deemed necessary to preclude any shock hazard that might otherwise

be present in cell cavities consisting of steel-lined floors and walls,

and containing electrical equipment. Grounding shall be in accordance

with Article 250-44 of the National Electrical Code (1975 Edition),

and the method for grounding shall conform to the requirements of

Article 250-51 of the National Electrical Code.

Pre-heating during welding of liner and penetration assemblies will
be in accordance with the applicable ASME Code, Section III, Division
2, sub-sub artic]e-CC-4551 requirements.

The nominal material thickness of the liner and penetration assemblies
will be controlled to the requirements of ASME Code Section III, Division
2, CC-4552.2.7 so that mandatory postweld heat treatment is not required.

Q130.95-4 ' Amend. 59
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(1)

(m)

(n)

(p)

Owing to the.presencé of inert atmosphere in the cells, corrosion
of the carbon steel or stainless steel liners, under normal operating
conditions, is entirely absent.

The back side of the carbon steel of stainless steel wall liner
material is separted by a %-inch air gap followed by a 4-inch insulating

- precast concrete panel. The back side of the carbon steel or stainless

steel floor liner is also. separated by a 1/8-inch air gap and a 4-inch
thick precast panel of insulating concrete followed by structural
concrete. The surface of the insulating/structural concrete interface
and the joints between adjacent panels will be sealed to minimize the
migration of water toward the liner ptate during construction and

-normal operating conditions. ' The amount of moisture that might be

present in these materials will cause negligible corrosion of the
liner material. Accordingly, a 1/16 inch corrosion allowance has
been used as referenced in PSAR Append1x 3.8-B.

Continuous backup strips will be prov1ded by we]ding abutt1ng ends
prior to covering with the Tiner plates.

Tack welds will be used to secure alignment of the liner plates. Their
stopping and starting ends will be properly prepared by grinding or other
suitable means so that ‘they may be satisfactorily incorporated into the
final weld. Tack welds will be visually examined and any defective

tack welds will be removed and repaired.

No p]ug-we]dé are anticipated in the fabrication of cell liners.

Since the liner stiffness is negligible compared to the stiffness

of floors and walls on which the liner is supported, the liner will
deflect with the supporting system. The displacements of supporting
points of the liner due to loads such as dead, live, seismic, etc.,

"will be determined considering the concrete floors and walls without
Tiner. Using these displacements at the supporting points of the

liner and the loads directly imposed on the liner, the complete
liner analysis will conducted. The liner stiffness is such that
under seismic conditions it will not vibrate indepentently of the

~supporting structures.

A three-dimensional transient thermal analysis of the Tiner with stud
anchors has been performed and reported in ORNL-TM-5145 (January, 1976).
The analysis indicates that, despite rapid heat-up of the liner plate
and direct thermal coupling of the liner and stud anchor, the anchor is

“ineffectual to transmit heat into the structural concrete. This is par-

t1cu1ar1y true over the short term, when the Tiner is imposing its
maximum loads on the stud anchors. Over the long term, the concrete
temperature will rise. The analytical results indicate that heat
conduction into the stud anchqrs will neither accelerate nor localize
the process. Consequently, no degradation of concrete capabilities
directly attributable to heat conduction into the liner anchors is
expected to occur.

Amend. -59
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- Question 130.96

In Section V.C., the plahnéd testing program should also include:

(a) Testing of the insulation concrete in order to assess its
behavior under various conditions including the direct
contact with hot sodium, and _

(b) Testing of the grave] under the floor liner, when in con-
tact with hot sodium. :

Respanse:

(a)

B The'insulating cohcrete as used in the design is assumed to have no
. load carrying capacity. Analyses have been performed that show no

deleterious effects to the studs or anchors will be caused by thermal

effects on the insulating concrete. Accordingly, no credit is taken

for the insulating concrete in the structural analysis of the cell
liner system.

. The physical and thermal properties of the‘insulating concrete are
“included in the planned testing program titled "Comprehensive ’

Testing Program for Concrete at Elevated Temperatures."

(b) The gravel used uhder the_f]oor liner is composed of magnesia (Mg0).
Tests have been run which indicate the Mg0 will not react with sodium
at temperatures up to the boiling point of sodium. These tests are
reported in Reference 130.96-1. '

Reference:

130.96-1 - WARD-D-0097, "Sodium Compatability of Refractory Materials Con-

sidered for CRBRP Parallel Design Ex-Vessel Retainers”
Apri], 1975.

‘Qh Amend. 34
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Question 130.97

In order to 1nvest1gate the behavior of concrete at elevated temperatures,
the concrete shou]d be tested as fo]]ows

(a)‘-It should be reinforced as in the actual structure.

(b) It should be tested for bi-axial and tri-axial stress/stfain distri-
bution.

~(c) The influence of cracks in concrete on heating up of the reinforcing
- bars should be studied.

(d) The influence of cracks in concrete on liner strains should be
evaluated.

(e) _The interaction of concrete and embedded steel should be investigated.

Response:

Data deemed sufficient to investigate the behavior of concrete at elevated
temperatures has been specified in the proposed testing program in PSAR
“Section 3A.7.4.

. The responses to items (a) thru (e) are as follows:

(a) Discussed in PSAR Section 3JA.8.4.1.
(b) Discussed in PSAR Section 3A.8.4.1.

(c) The reinforced structural concrete is protected from thermal degra-

' dation by the insulating concrete layer as described in Section
3A.8.3.5 of the PSAR. Accordingly the reinforcing bars will not be
heated as a result of the cracking of the structural concrete.

(d) The influence of concrete degradation (cracks) on liner strains is
discussed in -PSAR Section 3A.8.3.5.

(e) The interaction of concrete and embedded steel is discussed in
Section 3A.8.3.5. of the PSAR and will be considered in the cell
Yiner analysis.

Amend. 37
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Question 130 98

For Sod1um—Concrete Reactior Tests, the f0110w1ng should be
included:

(a) Investigate the effeéts of cracks in concrete;

(b) Invéstigéte the effects of sodium on reinforcing; and

(c) Establish the characteristics of the design crack in the
Tiner.

Response:

Points (a) and (b) have been considered by the following. The phenomenon
of concrete cracking has been addressed via other sodium-concrete test
programs (HEDL-TME-74-36), as well as some small scale tests conducted

at ARD. The results of the ARD test program indicate that exposure

to 16000F sodium will cause localized cracking of concrete, but than
sodium penetration of the cracks does not cause sodium-concrete reactions.
The HEDL tests, conducted on a slightly larger scale, showed significant
concrete cracking only for the case where only part of the concrete sur-

face was in contact with sodium; i.e., the case for a failed liner.

In those instances where sodium completely covered the concrete surface,
no cracking was observed. In any event, cracking appears to be a very
localized phenomenon, in keeping with the very high thermal gradients

in the concrete near the surface. Cracking appears to be restricted

to the region of the sodium-concrete reaction in the HEDL tests which,
by virtue of size and test temperature, appear to be more structurally
representative than the ARD tests. The unreacted concrete appears to be
structurally sound but will be subject to thermal degradation and
cracking commensurate with its prox1m1t1ty to the sodium concrete
reaction front.

Carbon steel does not significantly react chemically with sodium. As
was noted in the response to Question 130.95 (p), embedded steel is a
very ineffeéctual heat path, so differential thermal expansion between
reinforcement and concrete is not anticipated to be a problem.

There is no design basis crack for the cell liner. The cell liner
material, welding and non-destructive testing requirements discussed in
response to NRC Question 130.37 will insure no cracks exist. Further-
more, a failure modes and effects analysis for the cell liners will be
submitted in response to Question 130. 89

Q130,98-1 Amend. 37
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Question 130.99 (130.37)

Under Item H on page Q130.37-3, it is stated that criteria for multi-
axial state of stress will be applied at Tocations where axial, bending
and shearing stresses are interacting. A clarification of this statement
is required. Indicate if a beam which is under the action of axial, bending
and shearing stresses is considered to be in a multi-axial state of stress.

Resédnse:
A beam under the action of axial, bending and shearing stress is considered
to be in a multi-axial state of stresses (Biaxial). Based on those

stresses, a set of two principal stresses and a principal shear are
calculated. -

Q130.99-1 |
Amend. 34
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Question 130.100

In a letter to the NRC staff dated October 15, 1976, the Project
states that the PHTS cells are designed to a pressure of 30 psig.
Revise the PSAR to demonstrate conformance with this statement,”in-
cluding the following:

(a) Describe in detail the calculations relied upon to demonstrate
the adequacy of the 30 psig over-pressurization. Include in
the discussion a concise description of the chemical reactions
considered (e.g., sodium-concrete, sodium-water, etc.) and,
list and explain each assumption for satisfactory operation of
other features (e.g., vents), describe such features.

(b) Indicate the maximum sizes of the PHTS cells, the cell wall
thickness and describe the analyses of such cells stating
whether the cell is considered as a unit with walls as two-way

“'slabs, or the cell is represented by a unit width of rectangular
“rigid frame. : ,

Response:

The response to part (a) is contained in the response to NRC
Question 001.581.

The response to part (b) is contained in PSAR Sections 1.2 and
3.8.3.4.1.

Q130.100-1 Amend. 40
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Question 130.101

On Page II-10.under Item B in Section 2.3.1 of the TLTM report, it is

~ stated that the pressure behind the reactor cavity liners should be
- limited to 5 psig. Provide the basis on which this limit is established.

ResQonse:

The response to this question is provided in Section 2.2.5 of the CRBRP-3,
Volume 2 (Reference 10b of PSAR Section 1.6).

Q130.101-1 | égg?diQS?



Question 130.102

In Section 2.3.3.1.it is indicated that in order to vent the steam and
CO,, the steel Tiner and concrete surface are separated by approximately
1/3 inch. Provide the assurance that this 1/4 .inch space will meet its
intended purpose, specifically under pressure and high temperature con-
ditions. (You may wish to coordinate this response with Item 001.629).

Response:

The response to this question is prov1ded in sectlon 2.2.5 of the CRBRP-3,
Volume 2 (Reference 10b of PSAR Sect1on 1.6). :

Further ana]yt1ca] work will be performed based on the data from the

development programs described in appendices A.5 and A.6 of CRBRP-3,
Volume 2.

. : v . : Amend. 60
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Question 130.103

On page II-22 it is stated that the RCB annulus is partitioned to provide

a spiral flow path around the RCB. Provide the structural details showing
the manner in which the partitions are supported. Also indicate how the
pressure in the annulus and the extent of variation of the annulus pressure
are determined. Relate this to potential structural design impacts.

Response:

Figure 130.103-1 provides the details showing the manner in which the
partitions are supported. Annulus pressure is determined using probes

as indicated on PSAR Figure 9.6-5 (Amendment 49). The variation of the
pressure in the annulus during the operation of the annulus cooling
system has been calculated on the basis of American Society of Heating
Refrigeration and Air Conditioning Engineers (ASHRAE) method and the .cal-
culation results indicated that the differential pressure on the annulus
partitioning is inconsequential to the structural design.

Amend. 60
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Question 130,104

On Page III-2, in Items C(1) to G(4), various non-structural related
phenomena resulting from sodium-doncrete reaction are assumed. In the
scenario postulated, the poss1b111ty of hydrogen or steam explosions

(due to water collecting in local potkets and voids in the concrete and
then interacting with core debris; refer to Item 001.648) are not included.
A Just1f1cat1on for not considering explosions should be provided.

Response:

The information requested will be found in CRBRP-3,Volume 2 (Reference 10b
of PSAR Section 1.6), Sections 2.1.2.5; 2.2.5 and 3.2.1.

Section 2.1.2.5 describes the reactor cavity and pipeway cell liners

vent functional requirements, Section 2.2.5 describes the liner vent

design and Section 3.2.1 indicates how the Tiner vent design prevents
steam explosions.

Q130.104-1 - Amend. 60
| | Feb. 1981



Question 130.105

On Page D-4 it is stated that a substantial part of the lower reactor
cavity wall would be melted or heated excessively and it would be expected
to fail. Based on these statements the concrete support ledge above the
reactor may be assumed to fall down. Indicate if the consequences of

such a failure are considered consistent with the staff requirement for
24 hour containment system integrity. (You may wish to coordinate this
response with Item 001.631.)

Response:

No total failure of the Reactor Cavity is expected before sodium boil-dry.

A description of the response of the cavity wall to the TMBDB accident

is given in Section 3.2.2.5.1.2 of the CRBRP-3, Volume 2 (Reference 10b
~of PSAR Section 1.6).

_ : v : Amend.- 60
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Question 130.106

On Page F-2, it is indicated that a simplified mathematical model of
infinite length is used to represent the reactor cavity cylinder. "The
cylinder is relatively short and its radial expansion is restrained by
other adjacent structures, and furthermore, the temperature is not
uniform throughout the height of the cylinder under the postulated
accident condition (Figure F-6). In view of the above observations,
provide the justifications for the mathematical model adopted.

Response:

The response to this question is provided in Section 3.2.2.5.1.2 of the
CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6).

6 | Amend. 60
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“Question 130.107

In Item B on Page F-3, a maximum stka1n of 0. 004 is 1nd1cated However,
accord1ng to the ACI 318-71 Code, the maximum usable compressive strain
is 0.003 (see 10.2.3 of the code). Justify the use of a larger maximum

~concrete strain. -

Response:

The response to this question is provided in Section C.3. 2 3 of the CRBRP-3,
Volume 2 (Reference 10b of PSAR Section 1.6).

Amend. 60
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Question 130.108

On Page F-3, in Item D, it is stated that the liner is adequately
anchored to non-degraded concrete. However, in the next paragraph:

it is indicated that the innermast 21 - 30 inches of concrete adjacent
to the hot side will be degraded and crushed. It appears that these
two statements are contradictory and a clarification should be pro-
vided. In addition, provide a description of the R&D program which
will confirm the assumption that the liners anchors will keep degraded
‘concrete in place and prevent spalling.

~ Response:

The response to this question is provided in Section 2.2.5 and

3.2.2.5.1.1.2 of the CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6).

, Amend. 60
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Question 130.109

The statement in the first paragraph on Page F-4 regarding failure of
the reactor cavity contradicts that in the paragraph near the middle
of Page D-4, a clarification should be provided.

Response:
This question is no longer applicable because it refers to statements

in the TLTM documentation that have been updated and replaced by CRBRP-3,
Volume 2 (Reference 10b, PSAR Section 1. 6).

Q130.109-1 Amend. 60
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Question 130 110

Justify the use of only 2 psi (refer to Item F Page F-3) internal pressure
in your structural analysis of the RC . .

Response:

A more detailed structural evaluation of the Reactor Cavity concrete wall
and steel liner is included in Section 3.2.2.5 of the CRBRP-3, Volume 2
(Reference 10b of PSAR Section 1.6). The internal pressures for the

Reactor Cavity during TMBDB conditions are given. in Section 2.0 of the
above reference.

) Amend. 60
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Question 130.111

The materia] broperties presented in Appendix G will be affected by

various factors. All material properties used in the structural design

should be established on a realistic basis; therefore, provide a dis-
cussion of how you will account for the effects of the following:

(1
(2

) biaxial and tri-axial stress/strain distribution
) stress/strain gradients

non-uniform transient temperature gradients

(3)
(4) occluded gases/fluids

(5) sodium penetratfon

(6) insert and reinforcing bars . subjected to temperature changes and
reactions with sodium '

Response:

(1) The response to this part of the question is provided in Section
C.3.2.9 of the CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6).

(2) The resbonse to this question is provided in Section C.3.2.2 of
the CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6).

(3) 1In the evaluation of the various structural components for TMBDB,
consideration was given to the non-uniform transient temperature
gradients. Thermal stress analyses were carried out, using finite
element models suitable for non-uniform temperature gradients
(Sections 3.2.2.5 and 3.2.3.3 of the CRBRP-3, Volume 2 (Reference
10b of PSAR Section 1.6)). The analytical models were properly
discretized at regions of steep thermal gradients.

(4) From the test program of concrete at elevated temperatures and the
literature review, the properties of the concrete to be used in
the TMBDB analysis were selected as explained in Appendix C.3 of
the CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6). The
effects of occluded gases and fluids are included in these properties
since the tests were conducted with material representative of the
concrete to be used in CRBRP.

(5) The response to this part of the question is provided in Section
G.2.1 of the CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6). "

Amend. 60
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(6) The temperature effects on reinforcing stee] and steel inserts were - '
accounted for by using temperature dependent properties as discyssed
in Section (,3.3 of the CRBRP-3, Volume 2 (Reference 10b qf PSAR Section
1.6). The concrete cover of the reinforcing steel is such that
no contact with liquid sodium is expected. Even if there is
contact of steel with sodium, test results reported in References
Q130.111-1 and Q130.111-2 show that there is no s1gn1f1cant
chemical reaction of carbon steel with sodium.

References:

Q130.111-1 - Boehmer, W. D., and Hilliard, R, K,, "Sodjum Fire Pro-
tection by Space Isolation, QOpen Catch Pan and Nitrogen:
Flooding - FFTF Proof Test F§" HEDL-TME 75-98, UC- 791
October 1975.

Q130.111-2 - - Hilliard, R. K., "Sodium Cohcrete Reactions, Liner Response,
and Sodium Fire Extinguishment", Hanford Engineering
Development Laboratory, Paper 2-5, HEDL-SA-983.

Q130.111-2 Amend. 60 ‘
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Question 130.112

In Section 3, Item 2 of the TLTM update report, it is stated that the
effect of the 4 inches of insulating concrete has been incorporated in
the current analysis. Indicate how the effect of the 1nsu1at1ng concrete
(1nc1ud1ng the loose gravel aggregate on the cell floor) is considered

in your analysis.

Response:

The information requested will be found in CRBRP-3, Volume 2 (Reference 10b
of PSAR Section 1.6), Appendix C.1.

Appendix C.1 discusses the concrete wall design including the insulating
concrete thickness employed and the representation of the floor gravel-
aggregate. The insulating concrete thermophysical propert1es are
provided in Append1x c.1.4.

Q130.112-1 Amend. 60
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Question 130.113

The ASME Code does not specify a relationship between temperature and
yield stress. Indicate how the relationship shown in Table 7 of the TLTM
update report is established for the specific type of steel being used
for the RCB. ' ‘

Response: -

The information requested will be found in CRBRP-3, Volume 2 (Refercnce 10b
of PSAR Section 1.6), Section 3.2.2.5 and Appendix C.3. The structural
material properties and their bases are provided in Appendix C.3. The'
application of those properties is discussed in Section 3.2.2.5.

Q130.113-1 Amend. 60
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Question 130.114

. In Section 4.4.1 of TLTM update report, it is stated that the flow
resistance in concrete will lead to reduction of hydrogen generated in
the reactor cavity. Indicate if such flow resistance in concrete will give
rise to a pressure higher than design behind the steel liner, thus
resulting in the failure of portion of the Tiner not in contact with the
hot sodium. ' '

Response:

The information requested will be found in CRBRP-3, Volume 2 (Reference 10b

of PSAR Section 1.6), Sections 2.1.2.5 and 2.2.5 which discuss the requirements
and design of the reactor cavity and liner vent system. The system is

designed to limit the pressure behind the liner, to preclude failure. -

6 , Q130.114-1 é’é‘ﬁndigg?
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Question 222.1 (1.1.3)

Complete Table I (Section 1.1.3) to include the applicability of
all Regulatory Guides issued to date. Note that Regulatory Guide
1.75, as revised, will be applicable to the Clinch River application.
Complete the applicability information for this Regulatory Guide.

Response :

The response to this question is provided in the expanded Table I,
Section 1.1.3: '

Q222.1-1 ' Amend. 1
July 1975




Question 222.2 (1.2)

Figures 1.2-4 thru 1;2—33,'in large part, are not legible. Submit a
set of larger scale and legible copies to be used as a working set
during our review.

Response:

Two sets of larger scale General Arrangement Drawings (Figures 1.2-4
thru 1.2-9 and 1.2-11 thru 1.2-33) have been provided, along with a
cross-reference index of Burns and Roe drawing numbers and PSAR

. figure numbers. Additional General Arrangement drawings (Figures
1.2-34 thru 1.2-46) have been added to the PSAR as part of Amendment 1.
Large scale prints of these additional drawings have been provided

and are identified on the cross-reference index.

Amend. 1
July, 1975
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Quest1on 222.3 (1.5)

On page 1.5-10 you discuss the details of Pr1mary and Secondary Shutdown
Systems. There is an appreciable difference in the testability provided

for the primary and secondary systems. Provide and describe the testability
provided for the secondary system as required for compliance with IEEE

Std 279-1971 and Regu]atory Guide 1.22.

Response:

The test program described on pg. 1.5-7 through pg. 1.5-11 will provide
relevant data necessary to confirm the overall CRBRP shutdown systems
reliability. This test program is not related to the shutdown system -
testability required by IEEE 279-1971 and Regulatory Guide 1,22. On line
testing, shutdown testing and calibration are performed on the shutdown
systems in accordance with IEEE 279-1971 and Regulatory Guide 1.22.

Both the Primary and Secondary Reactor Shutdown Systems can be tested during
shutdown by inserting test signals at the sensors and observing the final
shutdown logic actuation. Equipment is calibrated at intervals to assure
that required system availability is maintained. Both shutdown systems can
also be tested on line. Further information about System Testability can

be found in Section 7.2.1.1 of the CRBRP PSAR. Conformance with Regulatory
Guide 1.22 "Periodic Testing of Protection System Actuation Functions” is
discussed in Section 7.1.2.8 of the CRBRP PSAR.

Q222.3-1 Amend. 1
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Question 222.4 (1.5.2 and 7.5.1.1.1)

Provide the design bases and design criteria for the Source Range Flux
Monitoring (SRFM) System discussed in Section 1.5.2.6 and 7.5.1.1.1.

Response:

Section 7.5.1.1.1 has been expanded and reference to another section
added to provide the requested design bases and design criteria.

Q222.4-1 - Amend. 1
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Quest1on 222.5 (3. 1;)

Sect1on 3 10 does not address the safety re]ated equ1pment d1scussed in
Chapter 8.0. Furthermore, we will require that seismic qualification be
performed and/or documentation be provided according to the requirements
of IEEE Std. 344-1975 (emphasis added).

Identify specifically, and prov1de a 11st1ng of all safety-re1ated equip-
ment and structures that will be seismically qualified as Seismic Category I

Resgonse'

The information requested is provided in rev1sed Section 3.10.1 and
revised Table 3.2-3.

o
)
)
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July, 1975



Question 222.6 (3.11)

Section'3.11 is not adequatefin informational content for us to perform

an evaluation of your environmental qualification program and its scope.

Provide additional information as specified by the Standard Format -to
include definition of the hostile environment in various locations of
the plant housing safety- related equipment and cabling, by specifying
the levels of temperature, pressure, humidity, chemical, and radiation
exposure and “time in hostile environment.” Discuss compliance with
and, applicability of IEEE Stds 317-1974 {emphasis added) 382 1972,
334 1971, -and Regulatory Guides 1.69 and 1 89

Resgonse

The environmental extremes: that will be used for qua11f1cat1on of

~ safety related equipment will be prov1ded in August 1976. Recent

- desian changes and the definition of design basis leaks must be
factored ‘into the definition of these-environmental conditions.

The response to Q222.54 didentifies the equinment, types of environ-
ment and the app11cab1e qualification standards.

Q222.6-1
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- Question 222.7 (7.1)

Supplement the 1ist of safety-related systems in Table 7.1-1 to ihc]ude
all such systems identifiable on the basis of your preliminary design.

Response:

A-reviéed Table 7.1-1 has been provided.

0222.7-1 , Amend. 1
July 1975




Question 222:8 (7.1)

Provide two copies of each RDT Standard 1istéd,in Table 7.1-4. Discuss how
each will be used and show that there would be no conflict between.these
standards and applicable GDCs, IEEE Standards, and Regulatory Guides,

Response:

For the Plant Protection System, the C and E series of RDT Standards 1isted
in Table 7.1-4 will be used to form the basis for preparation of equipment
specifications. In order to ensure their correct use in the procurement of
equipment, specific sections or paragraphs will be included in the speci-
fications, as appropriate. For other safety related instrumentation

and controls, the C and .E series of RDT Standards listed in this Table

will be used as required to supplement existing commercial and nuclear
codes already in existence. When adequate commercial or nuclear codes do
not exist, selective use will be made of these RDT Standards to upgrade

the equipment to the level required by its intended function.

RDT F2-2 is applicable to all of the safety related instrumentation and
controls and will be applied by including appropr1ate sections into the
equipment specifications. The rest of the F series of RDT Standards ]1sted
in this Table will be applied on a selective basis.

These RDT Standards, applicable GDCs, IEEE Standards, and Regulatory Guides
will be reviewed by the appropriate organizations at the time of application
and Regulatory will be notified of any identified conflicts as well as
proposed solutions to these conf11cts

Two copies of each RDT Standard listed in Table 7.1-4 are prov1ded herewith.

Q222.8<1 Amend. 1
July 1975



Question 222.9 (7.2.1.2, 7.3.1.2)

Supplement the information submitted in Section 7.2,1.2 and 7.3.1.2 to
include ranges and setpoints of the protective channels of the PPS and

ESF.

Response:

A. Section 15.1.3 provides the information on the values of plant
parameters which will result in the trip of a particular protective
subsystem, Section 15.1.3 presents the trip levels and equations
which are used in the performance analysis of the protective subsystems.
These expressions represent the estimated worst case performance of the
protective subsystems. Nominal setpoints will be provided as part of
Chapter 16 in the FSAR,

B, Specific setpoints for the Containment Isolation Functions have not yet
been specified. However, as stated in Section 7.3.1.2.1, the setpoints
will be so chosen so as to.limit any activity release to the appropriate
levels.

Q222.9-1 Amend, 1
. July 1975



&
)
w-}\
o
r

i1
i
‘)

“Question 222. 10 (7 2- 7 Ql

Your d1scuss1on of the PPS and ESF general funct1ona1 requirements is

- incomplete. ' Expand Sections 7.2.2, 7.3.2, 7.4.2, 7.5.2 and 7.6.2 to conform

to the content specified in the correspond1ng sect1ons of the Standard Format.
Specifically, discuss how the requirements of GDCS and IEEE Standard 279-1971
are met on an individual and section by section basis. Also, show compliance

"with the recommendations of appllcab]e IEEE Standards, Regulatory Guides

and Branch Positions as given in Appendix 7A of the Standard Review Plan.

Response:

The discussion of the means of meeting the GDC applicable to the instrumen-
tation systems is included in Section 3.1. Discussion of the compliance
with Regulatory Guides 1.11, 1.22, 1.47, 1.53, 1.62 and 1.63 is included in
Section 7.1 as is the compliance with IEEE Standard 323-1974, 336-1971, and
338-1971. Tables 7.1-2, 7.1-3 and 7.1-4 1list the Regulatory Guides, IEEE
Standards and RDT Standards, respectively, which the project has stated

~that the design will meet.

AnaTyses'of the performance of the shutdown and decay heat removal systems
are presented in Chapter 15 to demonstrate the necessary performance
capability of the systems. Evaluation of the capabilities of the equipment's

. designs to perform the necessary function in the environment that these

equipments are subjected to is included in Section 7.2.1.2.3.

A summary of the requirements of IEEE 279-1971 on the Plant Protection
System and the specific sections of Chapter 7 in which these requirements
are discussed, follows:

IEEE 279-1971, Section 4.1 General Functional Requirement for the Plant
Protection System to aUtomat1ca11y initiate appropriate protective action
when necessary is discussed in Section 7.1.2.1 (Design Basis) and 7.2.2
(Analysis - General Functional Requ1rement) The General Functional Require-
ment for Engineered Safety Features is discussed in Section 7.3.1 (Contain-
ment Isolation System Description). The General Functional Requirements for
the Steam Generator Auxiliary Heat Removal Instrumentation and Control

System (SGAHRS) is discussed in Section 7.4.1.1 (Design Description). The
General Functional Requirement of the Outlet Steam Isolation Instrumenta-
tion and Control System (OSIS) is discussed in Section 7.4.2.1. The

General Functional Requirement of the Sodium-Water Reaction Pressure Relief
System (SWRPRS) Instrumentation and Control System is discussed in Section
7.5.6.1 (Design Description). The General Functional Requirements for the
Treated Water Instrumentation and Control System, Fuel Handling and Storage
Safety Interlock System and the Overflow Heat Removal Service Instrumentation
and Control System are discussed in Sections 7.6.1.1, 7.6.2.1, and 7.6.3.1.

4.2 Single Failure Criterion requiring that any single failure not
prevent protective action is discussed in Section 7.1.2.10 (Conformance
with Regulatory Guide 1.53, “Application of Single Failure Criterion to
Nuclear Power Plant Protection Systems") and in Section 7.2-2 (Analysis-
Single Failure Criterion). Design features to prevent random failure

Q222.10-1 Amend. 1
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degradation of the two diverse Reactor Shutdown Systems, each with three ‘
independent channels are discussed in Section 7.2.1.1 (Reactor Shutdown

System Description). IEEE 379-1972, "IEEE Trial Use Guide for the Applica-
tion of .the Single Failure Criterion to Nuclear Power Generating Station
Protection Systems", is applicable as listed in Table 7.1-3. .Design

features of the Containment Isolation System to prevent random failure de-
-gradation including the arrangement of the redundant channels are discussed

in Section 7.3.1.1. Section 7.3.2.2 (Design Features - Single Failure) ,
- discusses the effect of Single Failures on the Containment Isolation System..
Redundancy and Diversity features of SGAHRS to assure that it performs its
safety function following a single failure is discussed in Section 7.4.1.1.5 .
(Redundancy/Diversity) and in Section 7.4.1.2 (Analysis). Redundancy and ‘
diversity in 0SIS is discussed in Section 7.4.2.1.5 (Redundancy/Diversity)
~and in Section 7.4.2.2 (Design Analysis). Design Analysis on a single

failure within SWRPRS and its effect on SGAHRS is discussed in Section 7.5.6.2
(Design Analysis). Redundant monitoring necessary to meet the Single

Failure Criterion for the Treated Water Instrumentation and Contro] System

is discussed in Section 7.6.1.2 (Ana]ys1s)

4.3 Quality of Components and Modules

_ ‘Conformance to IEEE 336-1971, "Installation, Inspection and Testing
Requirements for Instrumentation and Electric Equipment During the Construc-
tion of Nuclear Power Generating Stations", is discussed in Section 7.1.2.6.
Regulatory Guide 1.30, "Quality Assurance Program Requirements for the.
Insta]]ation, Inspection, and Testing of Instrumentation and Electric Equip- - <
ment", is applicable as listed in Table 7.1-2. RDT F2-2, "Quality Assurance ‘
Program Requirements", is applicable as listed in Table 7.1-4. Refer to
Chapter 17 of the CRBRP PSAR for more information on the Quality Assurance
Program.

4.4 Equipment Qualification to verify that Plant Protection System
equipment meets the necessary performance requirements is discussed in
Section 7.1.2.5 (Conformance to IEEE 323-1974, "Qualifying Class 1E.
Electric Equipment for Nuclear Power Generating Stations”

4.5 Channel Integrity to maintain the necessary functional capability -
of Plant Protection System Channels under applicable extremes of conditions
is d1scussed in Section 7.2.1.2.3 (Environmental Changes).

4.6 Channe] Independence of redundant safety related equ1pment is
assured through specific physical separation criteria listed in Section
7.1.2.2. -Regulatory Guide 1.75, "Physical Indpendence of Electric System",
and IEEE 384-1974, "IEEE Trial Use Standard Criteria for Separation of C]ass
IE Equipment and Circuits", are applicable to safety related Instrumenta-
tion ‘and Control Systems as shown in Tables 7.1-2 and 7.1-3.

Q222.10-2 Amend 1 |
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4.7  Control and Protection System Interaction

The: capability of the P]ant Protect1on System to protect the plant.
’regard]ess of worst case -control system action or lack of action is discussed
in Section 7.2.2. (Control and Protection System Interaction) as are the
isolation devices used between control and protection functions (RDT Stan-
dard C16-3T on PPS Buffers is applicable). Section 7.7.2 discusses cases
where instrumentation signals are provided to the control system by the
protection system. Analysis shows that the consequences of potential
multiple failures caused by a credible control system action are mitigated
by diverse instrumentation in the other independent (and thus unaffected)
shutdown systems. As stated in Section 7.3.2.2, there are no shared com-
ponents between the Control System and the Containment Isolation System.

4.8 . Derivation of System Inputs

Protection system inputs are derived from variables that are direct

- 'measurements of desired variables. The Reactor Shutdown System inputs are
discussed in Section 7.2.1.1 (System Instrumentation). The Containment
Isolation System Subsystems are discussed in Section 7.3.1.2.1. The SGAHRS

initiating circuits are discussed in Section 7.4.1.1.3. The 0SIS initiating
- circuits are discussed in Section 7.4.2.1.3. The SWRPRS initiating circuits
are discussed in Section 7.5.6.1.2. The OHRS initiating circuits are mentioned

-in Section 7.6.3.1.3 (which refers to Section 9.1.3 which has been revised to
include the requisite information).

4.9 Capability for Sensor Check is provided to assure the operational
availability of each system input sensor during reactor operation. Cross-
checking sensors with redundant sensors and related measurements is dis-
cussed in Section 7 2.1.1 (System Testability) as is Channel Output Moni-
toring. :

4.10 Capability for Test and Calibration during reactor operation for
instrument channels, logic trains, final actuation logic, and HTS shutdown
is discussed in Section 7.2.1.1 (System Testability) and in Section 7.2.2
(Analysis - Periodic Testing). Conformance with Regulatory Guide 1.22,
"Periodic Testing of Protection System Actuation Functions", is discussed
in Section 7.1.2.8. Conformance with IEEE 338-1971, "Periodic Testing of

~ Nuclear Power Generating Station Protection System", is discussed in
Section 7.1.2.7. Channel output monitoring is also referred to in Section
7.2.1.1. The Containment Isolation System Testability is referred to in

- Section 7.3.2.2 and stated to be the same as those specified for the Reactor
Shutdown System (Section 7.2.2). SGAHRS testability is discussed in Sect. 7.4.1.1.7.

4.11 Channel Bypass ok Removal from Operation to permit one channel to

- be maintained, tested or calibrated dur1ng power operation is discussed in
Sect1o? 7.2.1.1 (System Testab111ty) and in Section 7.2. 2 (Ana]ys1s -
Bypass

4.12 'Operating Bypasses which arerautomatically removed when permiésive
conditions are not met are discussed in general in Section 7.2.1.1 (System
~ Testability). Specific functional performance of each bypass is discussed

Q222.10-3 Amend. 1
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with the subsystem descriptions in Sect1ons 7.2.1.2.1 (Primary Shutdown

System Subsystems), and 7.2.1.2.2 (Secondary Shutdown System Subsystems).

No bypasses are provided for the Containment Isolation System (as stated in
Section 7.3.2.2). There are no bypasses for SGAHRS as discussed in Section
7.4.1.1.4. Bypasses for OSIS are discussed in Section 7.4.2.1.4. For SWRPRS

as mentioned in Section 7.5.6.1.4 and for OHRS as mentioned in Section 7.6.3.1.4,
the design has not yet progressed to the point at which bypasses can be fully
described.

4.13 Indication of Bypasses to continuously show that some part of the
Plant Protection System has been bypassed or deliberately rendered inoperative
is discussed in Section 7.2.2 (Analysis - Bypasses). Conformance with Reg-
ulatory Guide 1.47, "Bypassed and:Inoperable Status Ind1cat1on for Nuclear
Power P]ant Safety Systems", is discussed in Section 7.1.2.9.

4.14 Access to Means of Bypasses

Administrative controls are used to assufe correct use of bypasses as stated
in Section 7.2.2 (Analysis - Bypasses).

4.15 Mu1t1p]e Set Points where necessary to pr0v1de protection for a - .
particular normal mode of operation are discussed in Section 7.2.2 (Analysis - -
Multiple Set Points).

4.16 Completion of Protective Action Once It is Initiated is discussed

for the Reactor Shutdown System in Section 7.2.2 (Analysis - Completion of

Protective Action) and for the Containment Isolation System in Section

7.3.2.2 (Design Features - Completion of Protective Action). As stated in

those sections, both systems are designed so that, once initiated, a protec-

tive action at the system level must go to complet1on ‘Return to operation »
requires manual reset by the operator. .

4.17 - Manual Initiation of each protective action at the system level is
discussed in Section 7.2.2 (Analysis - Manual Initiation). Conformance with
Regulatory Guide 1.62, "Manual Initiation of Protective Functions", is
discussed in Section 7.1.2.11. Manual Initiation of the Containment Isola-
tion System is addressed in Section 7.3.2.2.- Manual Initiation of SGAHRS,
0SIS, and SWRPRS is mentioned in Section 7.2.2. Manual initiation of OHRS is
discussed in Section 7.6.3.1.3.

4.18 Access to Set Point Adaustments, Calibration, and Test Points
using-administrative controls is discussed in Section 7.2-2 (Analysis - Access).

4.19 Identification of Protective Actions is discussed in Section 7.2.2
(Analysis - Information Read-Out and Annunciator for PPS Alarm Trips).

-4.20 Information Read-0Out prov1d1ng the operator with protect1on system
information pertinent to its status and the plant's safety is discussed in
Section 7.2-2 (Analysis - Information Read-Out) and Annunciator for PPS
Alarm Trips). Indication of Bypasses is discussed in Section 4.13 above.
Information provided to the operator for the status of SGAHRS is listed
in Section 7.4.1.1.9. Operator information provided for 0SIS is addressed
in Section 7.4.2.1.8. Monitoring instrumentation for SWRPRS is discussed in
Section 7.5.6.1.6. Instrumentation -for OHRS is mentioned in Section 7.6.3.1.2
(which refers to Sections 9.1.3 and 9.3), which have been revised to include
the requisite 1nformat1on

Amend. 1 I |
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4.21 System Repair

To facilitate the recognition and location of malfunctioning com-
ponents, the capability for test and calibration is provided (see Section

4.10 above for appropriate references to the CRBRP PSAR).

4.22 Identification distinctly denoting Plant Protebtioﬁ System équipment
is described in Section 7.1.2.3 (Physical Identification of Safety Related
‘Equipment). :

The above paragraphs detail the conformance of the PPS and ESF w1th.
the requirements of the GDCS and IEEE 279- 1971 ‘

Q222.10-5 Amend.
July 1975



Question 222.11 (7.2-7.4)

Submit a set of Functional Logic Control Diagrams for PPS, ESF systems
and other systems required for safety, showing the flow of signals and
the logic structures associated with each subsystem including interlocks,
permissives, bypasses, etc. ‘

Response:

The requested text material and diégrams‘have been added. to revfsed
Sections 7.2.11 and 7.3.11. Figure 7.3-2 has been added and figure

7.2-2 has been replaced with new figures 7.2-2A through 7.2-2E,

v B - Amend. 1



Question 222.12 (15.0)

For each postulated event analyzed in Chapter 15, submit a list of all
systems which are assumed to be operable and required to mitigate the
consequences of the event analyzed. List separately the primary and -
secondary shutdown systems. g h

Response:

A list of all. systems whlch are assumed to be operable and required to
m1t1gate the consequences of the accident events analyzed in Chapter 15
is provided in rev1sed Sect1on 15.1.3 through the addition of Tab]e

- 15.1.3-3. ‘

‘_..~;~~_>:= . . . . Aménd. 22
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Question 222.13 (7 2.1.1)

In Section 7.2.1.1 you state that the Primary Shutdown System acting,

alone can terminate all extremely unlikely events without exceeding

specified 1imits even if the most reactive control rod in the (primary) system
system cannot be inserted. In the same paragraph you indicate that the
Secondary Shutdown System (acting alone) can terminate all anticipated and
unlikely events without exceeding the specified 1imits even if the most
reactive control rod in the (secondary) system cannot be inserted.. To

assist us in understanding the exact meaning of these statements, please
indicate if the words added above, in parentheses, reflect your 1ntended
meaning.

Furthermore, discuss your reasons for designing the Secondary Shutdown
System to be non-redundant to the Primary Shutdown:System.

Resgonse:

Yes, the words added above do reflect the intended meaning. The secondary
shutdown system, acting alone, can terminate all anticipated and unlikely
events without exceeding the specified limits even if the most reactive con-
‘trol rod in the secondary system cannot be inserted.

The objective of providing separate primary and secondary shutdown systems
is protection against common mode failure degradation of the reactor trip
function, not redundancy. Diversity of trip initiation parameters is con-
siderably more effective, and therefore more important, than redundancy
in preventing common mode failure degradation of both systems.

Q222.13-1 “Amend. 1
' July 1975



Question 222.14 (7.5)

The Sodium-Water Reaction Pressure Relief System (SWRPS) Instrumentation
and Controls are improperly classified as part of the "Instrumentation and
Monitoring System.". Discuss your reasons for not classifying this system
‘as an Engineered Safety Features System.

Response: -

Functions of the SWRPRS Instrumentation and Control System that result in
scram of the reactor are safety related and are part of the Plant Protec-
tion System. _

The sodium-water reaction detection instrumentation for monitoring rupture

disk failure falls into this category. This equipment consists of three

redundant, independent sensors which are classified Class IE and will be
~qualified using all applicable US NRC Reg. Guides and Industry Standards.

Upon feceipt of these sodium-water reaction signals, indicating rupture
disk failure, the secondary plant protection system initiates scram and
trips the PHTS and IHTS sodium pumps in the affected Toop.

Indication of rupture disk failure also initiates SWRPRS functions that
are not classified as engineered safety features systems. This includes
tripping of the SGS recirculation water pump, closure of the IHTS argon
cover gas supply valve and normal feedwater isolation valve, actuation of
equipment necessary to isolate and vent the steam generator of the
affected Toop, and operation of the evaporator water dump valve and
nitrogen purge gas control valve to isolate and control a sodium-water
reaction.

Fa11ure of these non-safety feature systems does not affect the integrity
of the reactor coolant boundary, or the ability of the decay heat removal
system to perform its function. Failure of these systems will result

in prolonged steam venting through the SWRPRS and the generation of
-larger quantities of hydrogen wh1ch will result in prolonged hydrogen
ventwng

Since the fatlure of these nan-safety feature systems is not expected"

to result in the release of radioactive material from the primary system
or the loss of decay heat removal capability, the current classification
is justified.

Q222.14 -1 | Amend. 3
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Question 222.15 (7.6)

The information submitted in Sections 7.6.3.1.4 and 7.6.3.2 on the
Overflow Heat Removal Service Instrumentation and Control System (OHRS)
is not adequate. Referenced Sections 9.1.3 and 9.3 do not contain the
required information.- Submit the information required for the above
sections. :

Response:

The response to this question is provided in revised PSAR Section 7.6.3. ‘26

L ' Amend. 26
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Question 222.16 (7.7)

On page 7.7-1 you state that "The Plant Control Systems and other auxiliary
instrumentation and control systems are not safety-related since a worst
case postulated failure of these systems will not affect the operation of
the Plant Protection System". This is not a necessary nor a sufficient
reason for these systems to be so classified. Review the classification

of these systems on the basis of whethér or not they are required to
terminate an event or mitigate the consequences of an event that may Tead
to unacceptable consequences without the function of these systems, or if
by a failure in these systems, a conditton: resulting in unacceptable conse-
quences is created. Reclassify these systeéms as necessary.

Résponse:

The original review of these systems was on the basis of whether or not the

systems are required to terminate an event or mitigate the consequences of

an event that may lead to unacceptab]e consequences without the function .

"of these systems, or if by a failure in these systems, a condition resulting

in unacceptable consequences is created. See fevised Section 7.7.

Q222.16-1 _ Amend. 1
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Question 222.17 (7.0)

- Most of the information submitted in Section 7.5 should be part of :
Section 7.2 and 7.3. Similarily, the information submitted in Sections 7.8
and 7.9 (not provided by the Standard Format) should be in Section 7.5. It
is suggested that Chapter 7.0 be rearranged to be in accordance with the

. Standard Format.

~'Response:

The Standard Format ("Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants", February 1974) states on page ii that compliance
- with the format is not required. A revised format for Chapter 7 was pre-
pared and discussed with the Regulatory Staff in a meeting on March 28, 1974."
In recognition of the fact that there were departures from the Standard
Format,. a special document was produced showing the relationship between
the PSAR and the Standard Format and transmitted to regulatory January 30,
1975. It is believed that no format changes need be made.

Q222.17-1 . Amend. 1
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Question 222.18 (1.0,3.0, 5.0, 7.0)

Expand all references to IEEE Standards to include the year of the particu—
lar standard edition you are referring to in the PSAR.

Response:

It was an objective in writing the PSAR to include the year with the
references to IEEE Standards. Pages 3.7-A.19, 3.7-A.21, 7.1-4, and 7.1-5

inadvertently did not include the year.. These pages have been revised to
include the year. ' ‘

Q222,18~1 - Amend. 1
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Question 222.19 (8.2.2.1)

Discuss in detail how your design comp]ieé to Régu]atory Guide 1.32
and GDC-17.

Response:

Revised Sections 8.2.2.1 and 3.1.3.2 provide the requested discussions.

Amend. 1
July, 1975
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Question 222.20 (8.2)

Discuss your design criteria of both switchyards; Describe your desigh

provisions for fault clearing.

Response:

The information requested is discussed throughout Section 8.2.
information on fault clearing is provided in Section 8.2.2.3.

Q222.20-1

Specific . |
: IR 5



* Question 222.21 (8.0)

Discuss compliance of your electric power system to GDC-18.

Response:

The requested discussions are provided in revised Section 3.1.3.2.

Q 222.21-1 | . Amend. 1
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Question 222.22 (8.3)

room.
Response: |
The Electrical Equipment Rooms (Control Building CRDM Equipment Rooms ,

‘Battery Rooms, and the Diesel Generator Building Class 1E Switchgear
Rooms) ventilation systems are discussed in Section 9.6.1.2B and the effect
of loss of components in this system is addressed in Section 9.6.1.3.4A and

Table 9.6-3.

Q222.22-1

'State the consequences of loss of ventilation in the electrical equipment

Amend. 25
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Question 222.23 (8.3)

Provide a load, voltage, and frequency vs. time set of curves for the
diesel-generator sets. Describe in detail a qualification test program
“to establish the re11ab111ty of the diesel-generator sets to start and
accept load within the minimum required time assumed in Chapter 15.0.
Relate this reliability to the assumptions made in setting and ach1e—
- ving the goals of the re]1ab1]1ty programs of Appendix C

Rasponse:

Curves indicating variation of load at different time periods for each

Diesel Generator are provided in Figures Q222.23-1 and Q222.23-2. Since
~ the Diesel Generators have not been purchased, the variation of voltage

and frequency vs. time cannot be furnished at this time. However, these
- curves will be furnished subsequent to purchase of the diesels.

1% has been assumed in Chapter 15.0 that in the event of loss of all

offsite AC power sources, the standby Diesel Generators will provide power

for the Pony motors of the Primary and Intermediate Sodium Pumps and the

SGAHRS Auxiliary Feedwater Pumps for decay heat removal; the power supply

is required within a period of 20 seconds after loss of all offsite AC

power sources. No reliability requirement for start of the diesel generators
is imposed. To assure the capability of the Diesel Generators to start and
provide power to the Pony motors and the SGAHRS Auxiliary Feedwater Pumps for
decay heat removal within the time period indicated above, the Diesel Generators
are tested periodically dur1ng plant operation as 1nd1cated in Sections 8.3.1.1.1
-and 16.4.5.3. _

In the event the Diesel Generator used is of a type or size that has
not been prev1ous]y used as a- standby emergency power source in nuc]ear
power plant service, the fo110w1ng test program will apply:

a. :At Teast two tests are performed on each Diesel Generator to demonstrate
the start and load capability of these units with some margin in excess
of the design requirements.

- b. Prior to initial fuel 10ad1ng, at least 300 valid start and load tests
~ are performed. This includes all valid tests performed offsite. (a
~valid start and load test is defined as a start from design cold ambient
conditions with loading to at least 50 percent of the continuous
rating within the requ1red interval, and continued operation until
temperature equilibrium is atta1ned) .

.c. A failure rate in excess of one per hundred requires further testing
as well as a review of the system design adequacy.

(1) 1f failures to start are found to be caused by failures of a
generic nature in a single component, it may be possible to
correct the probiem by use of a different kind of component

- or to correct the deficiency in the component. If it is possible
to independently test the component after its deficiencies

Q222.23-1 Amend. 3
, . Aug. 1975



have been corrected, it is not necessary to repeat the

300 starting tests of the complete Diesel Generator

unit. If the component is . successfully tested 300 times
~or more under acceptable simulated starting conditions, it .
will only be necesary to continue and complete the original
required 300 unit tests with the replacement component.

(2) If starting failures are of a random nature or cannot
be readily identified as being generic component »
failures, additional starting tests of the complete unit
are performed after each starting problem has been
corrected. The additional tests are of a sufficient
number to verify the required starting reliability.

The Shutdown Heat Removal System Reliability program does not explicitly '
use the diesel generator failure to start rate but the effect of these failures
" was included in the failure to start rate (1/1000) which is used for the '
SGAHRS auxiliary feedwater pump, based on judgemental use of historical data.
As currently evaluated by the shutdown heat removal reliability model, '
variation in failures to start rate of the SGAHRS auxiliary feedwater pump of
even a factor of 10 will not significantly affect the relative total un-
reliability of the heat removal system. ' . ‘

Diesel Generator unreliability will be a continuing consideration during:
the evolutionary process of refined shutdown heat removal overall modelling.
and assessment. Negligable effect on the conclusions from the preliminary
assessment is expected.

Q222.23-2 : : Amend. 3
Aug. 1975
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Q;estion 222 24(8.2, 8.3)

'g.Subm1t your quant1tat1ve evaluation of the unre11ab111ty of the off-
'site power sources to supply electric power to the safety-related
- ac distribution system during an “extremely unlikely event" (DBA).

Identify the location of a sodium fire that would represent the
worst case of such a DBA for the CRBRP reference design. Do the same
for the onsite power system, estimate the overall unreliability. of

‘electric power and relate these estimates to the assumptions made in

setting and ech1ev1ng the goals of the reliability programs of

: eAppend1x C.

Resgonse:

The off-site and on- ~site power systems have been designed to meet the -

reqm\rements of the CRBRP General Design Criteria and the IEEE Standards o
listed in PSAR Section 8.1.3. Based on precedents established in LWR
Ticensing and equally app]lcable to the CRBRP since the reactor type is not .
germane; the 1o0ss of both on-site and both off- s1te sources is not 1nc1uded
in the Design Basis. :

Quantitative reliability evaluations were performed as a part of the Shutdown

~ Heat Removal System reliability. prediction in Reference (1). Loss of off-

site power was estimated to occur at a rate of 3 x 10-5 per seven-day :
period. This number represents the random independent failure probability
of the two 161 KV lines connection independent reserve transformers to the
TVA grid and assumes the preferred power source is unavailable. It was

an initial estimate reflecting experience data on the Fort Loudon -K31 161
KV line which will supply power to the reserve yard. Over a three-year

| period this 1ine averaged 0.046 outages/yr. mile. The Fort Loudon -K31 1ine

will be dividedvinto'two sections;
(A) Fort Loudon - CRBRP 11.0 miles
(B) k-31 - CRBRP 3.5 miles

Us1ng the experience data from above. the probabilitv of line (A) and (B) -

- being out during a seven- day period was computed

(P)(A ) =9.7 x 1073 outage (P)(B ) = 3.1 x 10" -3 outage
_ 7 day per1od . ‘7 day per1ods

The probab1]1ty of both Tines baing out during a seven day period is then
(P) |
(A7) x <P)(37) = 3.0 x 107

This is the estimate used for loss-of-off-site power in Reference (1). Since
the issuance of Reference (1), additional data has been made available from.
TVA on over 8300 miles of 161 KV lines. The average outage over a five year

. period (1971-1975) for th1s network is shown to be 0.049 outages/yr. miles.

Amend. 26
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This shows a c]ose correlation to the experience data on: the Fort Loudon -K31
line. Operational experience from this broad data base provides confidence
that the estimates for individual line outages should be representative of
CRBRP power sources. ' _

The numbers noted above represent the probab111ty that in a g1ven one-week |
period that both lines to the reserve yard would be lost due to random inde- .
pendent failures. Calculation in this manner assumes that if a failure of
one Tine occurs during.a seven day period, it will remain in the failed state
for the remainder of the period. It implies a maximum repair t1me of 168
hours for a faulted line. This is a conservative assumption.

The above estimates do not specifically include common cause events which
could result in loss of all off-site power 1ines. Accurate quantification

of these types of fault events is difficult -but best estimates from available
data will be made as a part of the continuing reliability evaluations of

the SHRS. However, it should be noted that the above estimate for loss-of
off-site power sources.does not take any credit for the two. physically
separate 161 KV Tines which constitute the preferred CRBRP off-site power
source. Additionally, the plant is designed to provide unit station service -
in the event of loss-of-off-site power. These design aspects tend to minimize
the suscept1b111ty of the CRBRP to common cause events.

The on-site power system consists of two redundant d1ese1 generators. Reference
- (1) provides .an estimate of 1.0 x 10-4 failures per challenge. This estimate
was based primarily on. a reliability requirement for each diesel to start of
1.0 x 10-2 per cha1]enge This number will be confirmed through acceptance
testing:. Additional. re11ab1]1ty analyses of nuclear power plant emergency
power sources tend to support the estimates given above. . These analyses which
represent an extensive effort to collect and interpret nuclear power p]ant
diesel generator experience cansider generator starting, loading and running
phases, with and without repair. When repair considerations are included,

the analyses estimate a probability of 1.0 x 10-4 that neither of two

d1esels will start and run for one hour. .

) Loss of all AC power as presented in Reference ] then was astimated to be:
(LOSP) (DG) '

1.6 x 1073 event/yr. x 1.0 x 107 = 1.6 x 1077
: event/yr.

" This .number for loss of all A.C. power is the current est1mate based on the
available data.

The goal of .8 x 10'7 for the Shutdown Heat Removal System (Appendix C,
PSAR) includes unreliability contributions from loss of A.C. power.  The
relationship of loss of A.C. power to various plant shutdown conditions is
discussed in Reference 1.

Amend. 26
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~In identifying the location of a worst case sodium fire, it should be
noted 161 KV transmission lines and the switchyard are located outside .
the plant and are not subjected to sodium fires. The on-site power is
supplied by diesel generators located in a Seismic Category 1 building.
‘Wiring for redundant components is separated to prevent a single incident

_from disabling redundant safety related equipments. The criteria for
separation are specified in PSAR Sectiom 8.3.1.4. The separation of the
loops and safety related equipment in individual cells or buildings provides
the basis for maintaining this separation. Postulated fires involving
sodium used in the Ex-Vessel Storage Tank (EVST) were judged to be the
worst case in terms :in radiological consequences and temperature/pressure
“transients and are discussed in Section 15.6 of . the PSAR.

Reference (1): "An Update of the Preliminary Reliability Prediction for
CRBRP: Shutdown Heat Remova] System" by MEPM-14082, dated
January, 1976.

Amend. 26
Aug. 1976
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Question 222.25 (8.3)

Revise Tables 8.3-1-and 8.3-2 listing the diesel-generator and d-c
system loads in a consistent set of units.

Response

Tables 8.3-1A and 8.3-1B have been updated and revised to provide
the requested information for Diesel-Generators A and B respectively.
Tables 8.3-2A, 8.3-2B and 8.3-2C provide the requested information
for the three(3) Class IE DC Systems.

Amend. 1
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Question 222.26 (9.3.1.5)

Provide the desdription, the design bases, and design criteria for
sodium and NaK Receiving System Instrumentat1on discussed in Section
9.3.1.5.

Response:

The revised Sect1on 9.3.1.5, given in response to question 001. 203
also provides this information.

65 Q222.26-1 ' Amend. 1

July 1975,



~ Question 222.27 (9.7.5)

Provide the description, design basés, and design criteria for the
Auxiliary Coolant Fluid System Instrumentation discussed in Section
9.7.5.

Response:
See revised text of Section 9.7.5.

Amend. 1
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QueStion 222.28 (5.6, 7.4)

Provide the de51gn descr1pt1on, design bases, and design criteria for

 the Steam Generator: Aux111ary Heat Removal ‘System. (SGAHRS): Instru-

mentat1on discussed.in Section 5.6.1. 15 and 7.4.

' Response

.The design descr1pt1on and the des1gn bas1s of the SGAHRS are presented

in PSAR Sections 5.6.1.and 5.6.1.1 respectively. The functional
requirements for the SGAHRS 1nstrumentat1on are identified in Section

5.6.1.1.6.

SGAHRS Instfumentatibh and Control Design Criteria

IEEE Standard criteria for Class IE engineered safety-features systems
as identified in Section 7.1 of the PSAR, will be used to demonstrate
the ability of SGAHRS 1&C to meet their functional requirements under
conditions produced by the Design Basis Events.

It is a requirement for the SGAHRS I&C system that it be designed to
accommodate an initiating event with an additional single active failure.

Independent power sources will assure continuous SGAHRS I&C operat1on in
the event of Design Bas1s Events as specified for the SGAHRS Mechanical
design.

SGAHRS 1&C shall provide sufficient surveillance instrumentation in both the
control room and at local panels, to assure availability of operator infor-
mation of all critical SGAHRS parameters necessary to operate this system
under all postulated plant conditions, and during a]] SGAHRS operational
modes.

- Where immediate operator information is needed, individual annunciators and

jndicators and the plant data handling and display systems will supply that
1nformation to meet the intent of Regulatory Guide 1.97.

Instrumentation and Control for the redundant flow paths in each Heat Removal
loop shall be des1gned such that no single failure will impair its operation.
Cabinets field wiring and sensor location selection shall meet all applicable
separation criteria, namely IEEE 384-1974 and USNRC Regulatory Guide 1.75.

Three divisional separation will be adhered to, to obtain maximum availability
of SGAHRS I&C consistent with the requirements for the SGAHRS mechanical system
design. The intent of BTP APCSB 10-1 as applicable to instrumentation and
Control is met by assuring diverse systems powered by different energy sources.
This design includes availability of off-site and standby diesel generator AC
power, as well as three divisional DC battery power. In conjunction with

the Steam Turbine Driven Auxiliary Feedwater Pump, the battery system design
will permit auxiliary feedwater instrumentation and control operation with

loss of a11 AC power. : : . .

: ~ Amend. 62
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In order to meet GDC 19, SGAHRS Instrumentat1on and Contro] sha]] be ava11ab1e
from a location remote to the control room Transfer from the control room to
local control shall be accomp]1shed at 1oca1 SGAHRS 1&C pane]s

Shorts, open  ground or hot wires in the control room shall not disable SGAHRS
remote control from its local panels. Three divisional separate power supplies
are used for remote control of SGAHRS I&C LOss of one division of power will
not effect SGAHRS Operation.

Instrumentation and Control equipment qualification will be performed as outlined
in Chapter 3.11 of the PSAR,  ENVIRONMENTAL DESIGN OF ELECTRICAL EQUIPMENT, and the
environmental conditions specified for the CRBRP using applicable standards,
Regulatory Guides, BTPs, Federal Regulations, etc., identified in Sections

1.1.3, 3.1 and 7.1 of the PSAR. The method and type of qualification used for °
SGAHRS I&C will be submitted as part of the FSAR. B

Sejsmic qua]1f1cat1on will be performed as outlined in Chapter 3. 10 of the PSAR,
SEISMIC DESIGN OF CATEGORY I ELECTRICAL EQUIPMENT. '

I&C equipment shall be qualified to OBE and SSE conditioens as spec1f1ed for the
CRBRP and identified in Section 3.7 of the PSAR.

Plant safety criteria as applicable to the SGAHRS Instrumentation and Control
are identified in Section 7.1.2 of the PSAR.

The design criteria for the SGAHRS Instrumentation and Control System are com-
pat1b1e with the Plant Protection System, which initiates SGAHRS I&C by employ-
1ng a 2/3/ logic of LOW STEAM DRUM LEVEL or HIGH STEAM T0 FEEDWATER FLOW RATIO.

: Amend, 62
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Qgest1on 222.29 (5.6.2.1.6)

Prov1de the des1gn descr1pt1ons design bases and design criteria for

Overflow Heat Removal Service (OHRS) System Instrumentation discussed in
Section 5.6.2.1.6.

Response:

- The response to this question is provided in revised PSAR Section

5.6.2.1.6.

Q222.29-1 Amend. 26 -
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Question 222.30 (C.1.0)

This Section states that the CRBRP Reliability Program provides the means

" for assisting .in the determination of which events should be included or
excluded as CRBRP des1gn basis events. The identification of events which
should be included in the CRBRP design basis and those which should be

excluded has been made without the full benefit of confirmation through
design assessment, ¢ confirmatory analysis and testing: Discuss the pro-

- visions for and the impact on the overall design safety approach for the
Tater incorporation of events for which exclusion from the CRBRP design.
basis cannot be justified as a resu]t of ongo1ng reliability confirmatory
ana]ys1s/test1ng

Response.

As discussed in the response to question 001.1, part d, an updating of the
evaluation of events having potential to cause TOCFR100 guidelines to bé
exceeded is being performed. However, based on the preliminary evaluation
which considers a large amount of experience with, and historical informa-
tion from operating reactors, discovery of events in this category not
previously identified, is believed to be unlikely. Should such an event

be uncovered, the first step would be to evaluate the reference designs
ability to cope with it within the defined re11ab111ty requirement. If :
it is determined that the reference design is inadequate to meet reljability

e objectives for any event, then a redesign of relevant components would be
6 developed with a trade- off of the schedule, cost, technology, etc.,

conducted to ascertain project impact. An examp]e of the project app-
roach for such concerns is the provision for incorporation of parallel
design features as discussed in Appendices E and F.

6 Q222.30-1 | Amend. 3
| 1975
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Question 222.31 (C.1.3.3)

Section C.1.3.3 presents an initial reliability allocation for the
shutdown system (SDS), shutdown heat removal system (SHRS), and for
other faults leading to loss of in-place coolable geometry. Provide

a table which sub-allocates the SDS, SHRS, and other systems whose
faults could lead to loss of inplace coolable geometry down to the major
component level such as is shown in Figures C2.2-1 and C2.2-2.

Response:

Reliability goals allocations are no longer applied to reactor shutdown

and shutdown heat removal systems and components. The major thrust of.

the CRBRP Quantitative Analysis Program (Appendix C) is to identify

the major contributors to plant unrealibility and to evaluate approaches
. to appropriately minimize the impacts of these contributors.

Q222.31-1 Amend. 62
Nov. 1981




Question 222.32 (C.1.3.4)

The reliability program plan presented -in Section C.1.3.4 is inadequate.
It is evident that many of the key reliability program plan elements are
scattered throughout the three sections of Appendix C. Provide a separate
section which describes the proposed reliability program plan in its
entirety. It is recommended that the format of MIL-STD-785A be used as

a guide in the preparation of the reliability program plan.

Response;

Although Section C.1.3.4 describes several key elements found in the
program, it was not intended to serve the purpose of a program plan and
the title of this section is, perhaps, inappropriate. The attached
revised page includes a change to the title.

The safety related reliability effort for the CRBR was originally

defined to address two key areas; the Shutdown System and Shutdown

Heat Removal System/Structural Reliability. Separate Reliability

Program Plans have been written for each of these tasks, the essence

of which is contained in Section C.3. As the reliability program

-evolved, it became clear that additional areas had to be-considered

to completely address the criteria discussed in Sections 1.1 and C.1

of the PSAR. An effort is currently underway to document in the form
o of an integrated program plan, the overall reliability program. This
6 integrated program plan will address all important items of MIL-STD-785A.

The essential elements of the reliability program as related to the safety
aspects of components procurement are in place. These include reliability
involvement in design reviews, reliability review and approval of key
design documents, incorporation of reliability requirements into SDD's

and E-Spec, and preliminary FMEA's for reliability critical components.
Most items identified in MIL-STD-785A have received considerable atten-
tion in C.3 including reliability design and evaluation, reliability
testing and demonstration and failure data, along with a chart of key
milestones in support of these activities.

The integrated plan will be provided upon its completion.

Aug. 1975



Question 222.33 (C.1.5.4.6)

Figure C.1-2, Reliability Interface with Design, illustrates how the
probability program interfaces with the design activities for the primary
shutdown system only. - Modify Figure C.1-2 to include the reliability
interface with design for the entire CRBRP reliability program.

Response:

" Figure C.1-2 was included in the PSAR for illustrative purposes only. A
schedule containing this level of detail is subject to constant revision,
and for this reason comparable schedules were not included for other por-
tions of the reliability program. Figure C.1-3, however, does give the major
milestones associated with the shutdown and shutdown heat removal system
programs. Further details of the 1nterre1at1onsh1p between the reliability

program and the design are included in the Reliability Program Plan, made
available to NRC on January 19, 1976.

: Amend 12
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A.Quest1on 222.34 (C2 2.2.2. 2)

Provide a failure mode and effects ana1y51s (FMEA) for the CRBRP shutdown
~system (SDS) using the format out]1ned in Tab]e C 2.2~ 2

Response: N ‘
A failure Modes and Effects Analysis for the Shutdown System. has been

- comp]eted and is 1n New Supp]ement I of Appendix C. j:i 25

Q222.34-1

Amend. 25 -
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Question 222.35 (C.3.1.1.1.2)

" In addition to the specialized areas covered in the reliability manual,

it is recommended that a section be added entitled "Designing for
Reliability". As a minimum, such items as preferred circuits, redundancy,
“protective techniques, derating, part tolerance and drift analysis,
statistical design analysis, worst case analysis, marginal testing
techniques and environmental considerations should be included to aid
~designers in the principles of sound reliability design techniques.

~ Response:

The sUggestion made by the question is a good one and such a section will
be considered for a later issue of the Manual in which a condensation of
design practices and guides referred to above may be assembled in one
location.

LCurrently, the project utilizes a wide variety of published Design
Reliability Practices type documents to complement the specific topics
selected for treatment in the Reliability Manual. These include the many
NASA, NAVORD, IEEE, SAE, etc. publications on this subject as well as

the many known pub11shed texts treating the many re11ab111ty design
practice topics.

: ' Amend. 3
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Question 222.36 (C.2.0)

Describe the degree of conformance to IEEE Standard 352-1975, "General
Principles for Reliability Analysis of Nuclear Power Generating Station
Protection Systems" for the CRBRP assessment of reliability.

Response:

The CRBRP Reliability Program is structured a]ong'the guideiines
provided in IEEE 352-75 and conforms to. the intent of that
standard.

The stated objective of IEEE-352-75 is to present the ‘general principles
that may be used to evaluate the qualitative and quantitative reliability
and availability of safety related nuclear power plant systems. Thus,
while general principles may be followed, utilization or non-utilization
of specific methods described in the standard does not indicate a degrae
of conformance. The standard discusses four basic areas of Reliability -

evaluation;

Qualitative Analysis Principles
Quantitative Analysis Principles
Data Acquisition and Use

Establishment of Test Intervals

SN —

Any well defined reliability program must address each of these topics and
the CRBRP program is not an exception.

5fa: The in-depth qualitative reliability assessments of the safety systems that
‘ - are being performed are described in Appendix C of this PSAR.

The reliability program has been designed to provide additional assurance
beyond the normal design process that the probability of a loss of core
coolable geometry is as low as reasonably achievable. This program addresses
the Plant Protection System, and any other equipment whose failure could
prevent or degrade the reactor shutdown or shutdown heat removal functions.
The analytical principles and intent of IEEE Standard 352-1975 are in evi-
dence in the program's elements, described in Appendix C of the PSAR and
discussed as follows:

1. A listing of the equipment critical to the qualitative reliability

program objectives is maintained. This safety-related equipment is

" subjected to Failure Mode and Effects Analysis (FMEA) at the component
and system level. The FMEAs are extended to address the effects of
faulted interfaces from auxiliary and supporting systems. The FMEAs
are used in conjunction with tailored checklists to search out the
susceptibility of components and system functional redundancies to
common causative factors. These qualitative analyses are conducted

" on a schedule to permit integration of the program and its findings
into the design development process. The reliability assessment is a
formal part of the design review for components and systems. The
qualitative reliability program assessments are documented at the
system Tevel and selected major lower equipment levels in Reliability
Design Support Documents (RDSDs). '

. Q222.36-1 Amend. 62
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The quantitative analysis principles of the standard are employed
in block diagram success path modeling of the reactor shutdown
system including the plant protection system. Failure path

block diagram modeling of the shutdown heat removal system is
employed. The Project uses these tools as aids to the design
decision-making process. They provide valuable insights into
the identification of the dominant contributors to unreliability.
Sensitivity studies of the dominant contributors are conducted to

more intensively evaluate the uncertainties associated with failure

rate assignments, operating assumptions, and to examine the benefit
of potential design modifications. The overall objective is a
balanced des1gn through identification and m1n1m1zat1on of the
effects of major risk contr1butors

To accomplish this obJect1ve, the model is quantified with point
estimates of failure rates derived from all .available data sources.
A failure rate data book is maintained for the SHRS model that
documents the derivation of the failure rate of each failure mode
assignment in the model. The basis of failure rate assignments in
the RSS model are an integral section of the assessment document.

A statistically meaningful data base for many first-of-a-kind
equipment in CRBRP does not exist. ~For this reason, the Project

- can establish only limited statistical confidence in the calculated
overall RSS or SHRS failure predictions in these assessments.
Although this lack of empirical data deters from the Project's
statistical confidence in the overall system failure predictions,
it does not negate the models' value as a design decision aid.

With emphasis on even application of realistic failure rate
assignments (not overly conservative, nor overly optimistic) com-
parative insights into the overall balance of the RSS and SHRS
designs can be gained. These comparative insights can be refined
through sensitivity studies that vary the significant modeling
parameters to evaluate the system effects of data uncertainties.

The last méjor topic addressed in IEEE 352-75 is that of test interval
definition. Implications of test interval on CRBR safety system avail-

ability are addressed in C.5.3. Test intervals defined by test
and analysis will be incorporated into the proper plant operat1ng
specifications.

Q222.36-2
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Question 222.37 (C.3.0)

o ' Describe the qualification procedures and methods as outlined. in
: IEEE Std. 323-1974, Section 6.0, for all Class IE equipment associated
~ with the shutdown systems and shutdown heat removal systems. List and
justify any exceptions to IEEE Std. 323-1974. Provide a list of
equipment to be qualified.

Response:

Reference 13 of PSAR Section 1.6, "CRBRP Requirements for Environmental
“Qualification of IE Equipment", establishes the qualification program for
qualifying all Class IE equipment to perform its required function under
normal, abnormal, design basis event and post design basis event condi-
tions. The entire program is designed to conform to IEEE Std. 323-1974
g;3;1ag;fied by the forward issued by NPEC on July 24, 1975 as IEEE Std.

~-1975. :

Class IE equipment includes the essential safety related electrical
equipment of the Reactor Shutdown System, the Containment Isolation
System, the Steam Generator Auxiliary Heat Removal System, and other

. safety related systems. A specific list of Class IE equipment to be
qualified is 1isted in Reference 13 of PSAR Section 1.6. - : '

Type testing, operating experience, analysis or combinations thereof will
be used to document that Class IE equipment will meet or exceed its
performance requirements throughout the equipment's qualified life.

The qualification will be based upon the most severe environment predicted
to occur prior to and during those portions of the specific accident
transients for which the component is required to perform its safety
function.

‘Much of the safety related instrumentation in the plant has been
successfully employed by the nuclear industry and has already been
qualified for nuclear power plant service. Where new instrumentation
‘has been developed (e.g., Reactor Vessel Sodium Level), development
test experience will be used for gqualification, supplemented by analysis
where necessary. FFTF production, acceptance and environmental cycling
test results are available for use in qualifying some Class IE equipment
(e.g., PPS comparators and logic).

To qualify Class IE equipment by type test, IEEE 323-1974 requires that
the equipment to be qualified be aged to simulate its end of qualified
life condition and then subjected to the qualifying type tests. After
development of industry standards for methods to adequately "age"
electric and electronic equipment, the Project will incorporate the
appropriate requirements into Reference 13 of PSAR Section 1.6.

In summary, the CRBRP design will comply with the requirements of IEEE-
323-1974. The detailed qualification test result summaries for each
item of equipment will be submitted upon completion of the necessary
analysis and planning as part of the FSAR.

' S . Amend. 62
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Question 222.38 (Q222.37)

In reference to Acceptance Review Question 222.37, provide: (1) a sche-
dule which identifies the Class IE equipment (1nc1ud1nq dates) to be
qualified, (2) verification that all Class IE items will be qualified,
and (3) identification of the method of qualification for each item,
i.e., type testing, operating experience or qualification by analysis,

Response:

(1) Class IE equipment to be qualified is identified in Reference 13 of
PSAR Section 1.6, "CRBRP Requirements for Environmental Qualification
of IE Equipment". Class IE instrumentation and control qualification
is scheduled to start in late 1977 and to be concluded prior to the
-expected issuance of the Operating License Safety Evaluation Report.

(2) A11 Class IE items will be qualified to the CRBRP design basis
event environmental and seismic conditions, using applicable indus-
try standards, Regulatory Guides, Federal Regulations, etc » @S
discussed in Reference 13 of PSAR Section 1.6.

(3) The methods for qualification will comply with the requirements of
IEEE-323-1974 as discussed in Reference 13 of PSAR Section 1.6.
Identification of the method of qualification will be provided in
the FSAR. A documentation data base will be established which will
contain environmental qualification data about each item of IE
equipment. This information will be available when the FSAR is
submitted.

0222.38-1 | Amend. 62
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Question 222.39 (C.1.3.4)

‘Describe the methods of computing and combining confidence 1limits for the

experimental and analytical results for the Shutdown System and Shutdown
Heat Removal System. Provide a sample calculation which illustrates how
confidence limits will be used in the CRBRP reliability ana]ysis.

Response:

Confidence statements will be made in the presentation of experimental and
‘analytical results to provide additional assurance of component or system

reliability. The approach that is being used is to determine confidence

.limits for individual tests or analysis. In order to determine the confidence

1imits of a parameter of interest, the distribution of the data must be
known. These distributions will be derived based on test program results,

- past experience, and/or analysis. All assumptions made during the derivation

will be documented, and arguments will be presented as to the reasoning

“behind the assumptions. In this manner, - system estimates can be derived based ‘

on inputs with confidence from Tower level analysis or-testing. .In addition
to the above procedure, numerous sensitivity studies will be performed to pro-
vide -insight into the criticality of the assumptions used in any analysis.

- There are several potential methods for combining the probab111ty‘dehs1ty

functions (PDF's) of variables to-determine the PDF for a funct10n of the

-variables. Some of these methods are:

1) Closed form solution of the combination integral.
2) Numerical integration of the combination integral.
'3) Monte Carlo simulation.
4) Evaluation of moments.

However, the viability of each method depends on the complexity of the
function itself. Also each method requires that a PDF be defined for each
input. The input PDF's may be derived directly from confidence statements
based on either experiment or judgement. The selection of which method
depends on the complexity of the function, the type of PDF's, and the
required accuracy. Further comment on generation of PDF's will be DY0V1dEd
in the response to Question 222.40.

ﬁn]examp1e for a series model using the evaluation of moments, is presented
elow

Consider a 3 element series system for which the system failure rate is
the sum of the failure rates of the serial elements or:

Ag T Ayt Aty

. . . - . 2
where A; 1s a random variable having mean A and variance oy

+ A

Q222.39-1 Amend. 20
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For a 11near comb1nat1on of . random var1ab1e, the mean or expectat1on, is

S E(AS)”“*E(A + Ay ¥, A3) = E(x ) + E(x ) + E(x ) = A + *2 + x (m)
Wh11e, 1f the variables are independent, the var1ance is: -
2 . 2 2
.GS Var(xs) Var(x + Az + 13) = Var(x ) + Var(x )+ Var(x3) = o] +0, + 05

If the 1nput PDF's are Gaussian (norma]), then the PDF for A 1s also
Gaussian with meéan and variance das determined by equations (?) and (2).
Thus ‘confidence Timits may be determined.

Genera]]y, the PDF's for fa11ure rates will not be Gaussian. However, for

a linear combination of any PDF, the results still tend toward Gaussian.

~ Sensitivity analyses will be performed on the PDF's of the parameters to
exp]ore impdct of uncerta1nty

The exarple above was of a generic nature. Current evaluations, employing
only po1nt estimates, provide conservative results by using conservative
data in the most critical areas. Analyses have not yet been app11ed to
generate and combine distribution functions of the input variables in the
models to obtain confidence 1imits on the results. These analyses are being
developed.

May 1976
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- Question 222.40 (C.1.3.3)

In reference to the initial reliability goal allocation of <]0'7 for the

‘Shutdown System, <8 x 10~7 for the Shutdown Heat Removal System, and <10-7

for other systems whose faults lead to loss of in-place coolable geometry,
provide your method for incorporating a margin of error to account for
errors in prediction, measurement, and test conditions.

Response:

Reliability goals allocations are no longer applied to reactor shutdown
and shutdown heat removal systems and components. The major thrust of
the CRBRP Quantitative Analysis Program (Appendix C) is to identify

the major contributors to plant unrealibility and to evaluate approaches
to appropriately minimize the impacts of these contributors.

Q222.40-1
Amend
Nov.
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Question 222.41 (C.1.4. 1)

Discuss the rationale of the expected frequency of occurrence of the upset
events listed in Table C.1-1 with regard to why the individual "event
frequencies" are considered to be conservative and how they were derived.

Response:

The frequencies g1ven for Ant1c1pated (Upset) Events in Appendices B and
C are in the process of being revised to reflect recent minor changes to

" the Duty Cycle. The rationale given below will be equally applicable to
the new duty cycle, though there may be some minor changes in specific
numbers. Table C.1-1 reflects the list of events categorized.as "Upset"
events from Appendix B, Section B.1.2. = This list of upset (anticipated) ,
events includes those events which cou]d have significance to the structural
integrity of the NSSS components and piping.. Each of these events was
assigned a value for the number of occurrences based principally on
eng1neer1ng judgement. supplemented by past experience where applicable. It
is to be noted that the 1list includes 180 scram eccurrences which have no
specifically defined origin but were included to add conservatism to the

~ total number of transients used for structural evaluation of individual
components.

The rationale presented in Section C.1.4.1 was to use this list of upset events
to derive a list of anticipated events (defining a "reliability duty cycle")
which could potentially require PPS action to prevent a loss of coolable
core geometry. Seven events were identified as events which could result in
hot channel sodium temperature in excess of 1700°F within 5 minutes if no
scram occurred. These are:

- 10

U-2b
U-2c - 10
U-3b - 15
U-5b - 5
U-6 - 10
U-16 - 5
U-18 - 6
61

To this number ‘of anticipated occurrences, 5 additional occurrences were
added to account for Emergency (unlikely faults) events, giving a total of
"~ 66 over the 30 year life of the plant. The basis for the ass1gnment of
~frequenc1es for these specific upset or ant1c1pated events in the des1gn duty
cycle is summarized below. . :

Event U-2b and U-2c¢, Uncontro]]ed'Rgdkwithdrawa]s

_These events consider uncontrolled rod withdrawls (from full power and

‘during startup). The design duty cycle includes 20 occurrences of these
events. This is judged to be a conservative value since the occurrence of

even a small number of such events would result in specific action being

taken to correct the cause of such undesirable events. It is also conservative
from the standpoint that the event could only be significant when the reactor

Qee2.41-1 R - fmend. 23 .
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was not in automatic control (which would correct, by itself, the over-pover
~ condition). : S .

_EVeh‘t U-3b, Loss of Pouar to One': PHméry Pump" N - FE ' : .

While the title 1mp1|es a ]oss of power’ to a pump (ov its M-G set), from
a structural (and reliability) standp01nt, it includes not only loss of
- power but other failures resulting in the same effect: -a rapid coastdown

~ of ‘one pump-in-the PHTS. Based on data from Table III 2-1 of WASH-1400

. (Referénce Q222‘41 1), a frequency of 4 would be anticipated considering
~"pump, failure" and motor/generator failures. Failures of the fluid
coupling itself together with a fault in the breaker connecting the bus and
the pump drive system would nct be expected to more than double this frequency
i.e., yielding a total anticipated frequency of n8), therefore the tota] '
frequency of 15 is considered conservative.

Event U-5b, Loss of Normal Feedwater tq Al Steam-Generators

From a structural standpoint this is included to provide a set of cold leg
down transients by the injection of SGAHRS water to the steam generators. _

" This event we selected to cover a set of failures such as loss of feedwater '
pump with fajlure of its outlet check valve and loss of feedpump suction.
Considering pump failures (coincident with check valve fa11ures); pipe
breaks in the feed system and coincident failures of valves in the feed
_syﬂtem results in an anticipated frequency of- <1. A frequency of 5 is
therefore very conservative. ' -

Event U-6, LOSS'of Flow in Two Sodium Loops .
Recogmzmg that the electrical distribution system within the CRBRP p]ace ' .
the main pumps in two of the three loops on a single bus, an event was

specified to cover this potential common mode failure. Considering failure

rate data for transformers, the electrical conductors, and premature transfer

for breakers, the anticipated frequency would be <2.5. Ten occurrences is

considered conservative.

Event U-16, Operating Basis Earthquake

The frequency specified on the design duty cycle (5) is consistent with
WARD-D-0037, Rev.1, "Seismic Design Cr1ter1a for the CRBRP."

Event U—18, Losspof Preferred and Alternate Preferred Power

The specified frequency in Appendix B for this event is six (6). This
-frequency would be consistent with a probability of 0.2 per year (whjch is
consistent with values found in Reference Q222.41- 1).

The re]at1onsh1p between the "des1gn duty cyc]e" and the "reliability
duty cycle" 1s discussed in Appendix 9.2 of Reference Q222. 41-2.

This more recent update of the reliability assessment, (Refe\enco Q??Z 41-2)
then, usea a value of approximately 1 2 as the expected nunber of

N
%
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challenges per year requiring scram action to avoid hot channel temperature in
excess of 1700°F within_]O_minutes. ~This level of challenges is

consistent with that estimated in Reference Q222.41-3.. Even if one takes

the position that the frequencies as ﬂ]gned to those events which could

lead to hot channel temperatures >1700°F in ten minutes are not conservative
enough, one could izcrease the number without altering the conclusion

that the assessment of the CRBRP reactor shutdown system reliability neets

its goal. T7his conclusion is supported by the summary givern in Table 1

of Reference 0222.41- 2 _ S ‘

To further %upport the conc]us1ons presented here1n, a tasP is underway to
evaluate operating experience in LWR's and other pertinent facilities.

This information will be used to provide additional confidence that the choice of
cvents and their related frequenC1es is aporopr1ate fer the type of equip-

“ment involved. : .

References .

0222.41—1. WASH-1400, Reactor Safety Study, "An Aséessment of Accident
Risks in U.S. Commercial Nuclear Power Plants", USNRC, October.,
1975.

Q222.41-2. WARD-D-0118, Rev.1, "ReTiabi]ity Assessment of CRBRP Reactor
Shutdown System," November,1975.

Q222.41-3. WASH-1270, "Anticipated Transients Without Scram for Water-
Cooled Power Reactors®, September,1973.
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Question 222.42 (C.1.5.1.1)

The results. of thé'unavaiiability'aésessment for the shutdown systems pre-

sented in Table C.1-2 show that for the primgry electrical system, the
currently assessed unavailability is 5 x 1072 (point estimate) compared

to the allocated unavailability of 2.5 x 10-°. What provisions, if any,

are planned to upgrade the primary system electrical assessed unavailability
to the allocated unavailability goal? ' ' :

Response:

A revised assessment was completed gnd reported in WARD-D-0118, Reliability
Assessment of CRBRP Reactor Shutdown System, Rgv. 1, dated November 10,
1975. The average unavailability of the primary electrical subsystem was
predicted to be 5 x 10-6 (see Table 6.1-1 in WARD-D-0118, Rev. 1).

This improvement results from using additional data sources and improved
evaluation and analysis of the data, and improved modeling of the electrical
subsystems. '

As indicated in the letter which submitted WARD-D-0118, Rev. 1 (S:R:ZSQ,
P. S. Van Nort to R. Boyd), PSAR material on the reliability program will
be updated in a future amendment. Table C.1-2 and the related text will be

“revised at that time.

Q222.42-1 Amend. 13
\ Feb. 1976



Quest1on 222.43 (C.1.5.4. 6)

Figure C.1-2, Reliability Interface with Des1gn, illustrates how the .

reliability program interfaces with the design activities for the
Primary Shutdown System only. Provide additional figures which
illustrate how the reliability program interfaces with the design
actijvities for the entire CRBRP reliability program.

Resgonse:

This question has been answered in the fesponse to 222.33.

Q222.43-1
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- Question 222 44 (C"é.])'(c 2 2 2;] 5)

Provide an analys1s wh1ch Just1f1es selection of the exponent1a1 d1str1but1on -
-~ for the Shutdown System and Shutdown Heat Removal System reliability mode]s '
- ‘Describé (1) the burn-in program that is required to eliminate infantile. .
~ failures, and (2) the maintenance-restoration program that is planned: to ensure L
that the failure rate rema1ns constant throughout the 30- year p]ant 11fe

-}-Pesgonse _ o
;thse of the Exponent1a1 D1str1but1on in CRBRP Re11ab1]1ty Mode]s

':The exponent1a] distribution and its assoc1ated assumpt1on of constant fa1]ure rate/ y
probability are utilized in the reliability models- for the CRBRP Shutdown System

and the Shutdown Heat Remova] System The rationale for the selection and

- application of this distribution in the re11ab111ty models is discussed in the

fo1low1ng paragraphs:

Mechanical. Shutdown §ystem

'The basic d1str1but10ns used in the re]1ab111ty conflrmat on (binomial and po1sson)

imply a constant failure probab111ty, however, the failure probability of - .-
mechanical equipment i5s known to increase with time and the effects of use. 'MethOds

‘used to resolve this apparent anoma]y are: 1) In the instances where the
: probab1]1ty of a failure mechanism is known to increase significantly with time,
'a worst case condition will be used to establish the associated failure probability.

This resultant confirmed failure probability will represent an upper bound, and -

._hence be conservative. 2) Units will be tested over their entire cycle 11fe
~and beyond to envelope all operating.conditions and to accumulate wear data’

for ‘both the PCRS and the SCRS. The large number of scrams accumulated at and .- L
beyond anticipated lifetimes will allow results to be initially ana]yzed based upon .

’_vthe binomial distribution, or a combination of the binomial and poisson d1str1but10ns}
. The test will provide an add1t1ona1 verification that the assumption of constant

cyclic and time related failure probability is reasonable throughout the des1gn 11fe'"

- of the PCRS and SCRS by the fo11ow1ng actions.

1. The CRDM will be operated at lTeast one 11fe time during the test It
- will be inspected for general indications of wear and for abnormalities -
after this lifetime. Acoustic signatures will be monitored in an effort
to detect potential failures. The s1gnatune analysis as well as wear -
trend data will be utilized to aid in justifying the constant fa11ure

rate assumption.

- 2. The drivelines used during the subsystem test phase will be subjected to -
at least two lifetimes of operation. Drivelines will be inspected for
wear as part of a general inspection for abnormalities which will be
performed at po1nts within the test period (roughly equivalent to one.
lifetime) and-again at the end of the second Yifetime.

: “Ahend;.zdl
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i*:ﬂ3;-lThe control asse"' "a1ent ong-=. ]
_year 1ifetimes durir ‘| € he ducts and L
" wear pads will be. rep]aced and the contro] assemb]y wﬂ] ‘be 1nspected for' ‘ j
_,wear and abnorma11+1es ax the e"d of each test phase e KR _fwg,l.ﬁ

rn=- 1n_per1od for the shutdown heat remova] system (SHRS) components The p]ant
utprocess - will be based ‘upon prior power station. .experience. to prov1de :
, _ _\e'assurance that heat removal system components will have been adequate]y
' screened against infant morta11ty type fa11ures _

Details of the CRBRP maintenance procedure preparation are not -available at th1s
state in the plant design schedule. However, appropriate periodic inspection -
and repair will be scheduled as suggested by meant1me before failure data and ‘the
importance of a given component.

Primary and Secondary Electrical System

- The assumption of an exponent1a1 distribution of time to failure (constant
failure rate) is usually made in calculations of electronic equipment reliability.
Most text books on reliability usually introduce the exponent1a1 distribution as
.applicable to electronic equipment. MIL-HDBK-217B uses exper1ence data to deve]op
models for the base failure rate of many generic electronic p1ece part types. HWith _
the exception of some rotary dev1ces, these models presented in 217B yield a constant
- failure rate. :

In the CRBRP program, manufacturers of PPS electronic’ equipment will be required .
to provide a 100 hour or greater burn-in test in addition to the other production.

tests which will be. performed on all the plant equipment. The plant equipment will

receive additional burn-in as part of the pre-startup testing the plant will undergo.

By the time that the plant is started, the Tikelihood of infantile failures will have

been significantly reduced and the equipment w111 be operating near the 1eve1

port1on of the bathtub curve.

A surveillance and replacement program will be conducted and items reaching the
end of their design 1ife will be replaced or renewed to assure that all ltems
, operate within the constant fa11ure rate portion of their lifetime.

_ Amend. 20
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destlon 222.45 (c2.2. l) (Q222. 31)

Some of the Shutdown Heat Remova] System component fai]ure rates presented

in Table C.2.2-1 and C.2.2-2 are optimistic. Provide additional 1nformatlon'_

which substantiates these low failure rates. Identify the source for each -
failure rate. When will the initial report showing the lower level fa11ure
rate allocations used for test planning purposes be available for NRC -
rev1ew? :

f-ResQonse

Our analyses of the source data and the current des1gn indicate that the

failure rates assigned are realistic. The sources for failure rates are

described in Section 5.2 of NEDM-14082, "An Update of the Preliminary

Reliability Prediction for CRBRP Shutdown Heat Removal System," dated
January, 1976, in which the probabilistic data sheets are provided. These :
data sheets represent an update of the PSAR information based upon extensive

additional data seraches and eva]uation of that data application to the
SHRS .

Summany Tables 0222.3]-1 and 0222.31-2_show'the'SHRS reliabi]ity
allocations* to the subsystem/component levels. 4

* These allocations are provided as gu1dance to design engineers for use'
in their engineering assessments of and des1gn modifications for improved
reliability. .

o ' Amend. 34
Q222.45-1 S Feb. 1977
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Question. 222 46 (c 1 3. 4, Q222. 32)

The integrated re11ab111ty program plan is cons1dered to be. a key element in
the overall evaluation of the CRBRP reliability program. When will the integrated

“-reliability program plan be submitted to NRC?

“Resgonse

._' The integrated re11ab111ty program pian providing an overview of the Project
* reliability activities and their relationship to other Project act1v1t1es was
submitted to NRC on Januany 13, 1976.

This version of the program plan should be considered the first submittal of a
work1ng document which- may be revised as reliability program development requ1res
A revision to the plan is currently in work and will be submitted to NRC in the
th1rd quarter of CY-76.

- Amend. 20
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Question 222.47 (C.2.2.2.2) (0222.34)

‘Modify the Shutdown System FMEA to include the failure rate, repair time,

- and actual probability of occurrence (from zero-to-one) for each item listed
in Table A, Q222.34, Amendment 3, of the PSAR. Include system symbol1c'
logic b]ock diagrams of the Shutdown System FMEA which are used in the

,derivat1on of Table A.

Resggnse:

The items analyzed in ‘the Electrical Protective System FMEA are 11sted in
‘the attached table with their associated failure rate estimates as '
described in attached Table 222.47-1.. As described in the reference,

when an item is found failed (by interchannel comparison which is annunciated
or scheduled tests), the procedure will be to trip the channel in which the
failed item is located. The item can then be repaired. After the repair
~is completed, the trip will then be removed. Thus, during the period in
which the item is repaired, the 2 of 3 system is effectively operating as
alof 2 system. Since a 1 of 2 system has a smaller probability of
failure to scram when required than a 2 of 3 system, the Electrical
Protective System has a pointwise availability during the period when an
‘item is being repaired higher than it has normally. For these reasons,

the mean time to repair for all the items was assumed to be zero.

The mean time to trip or the mean time between the discovery of a failure
and the tripping of the failed channel is a significant parameter in the
evaluation of the Electrical Protective System probability of failure.
Operating procedures will dictate that when a failure occurs, the failed
channel is to be tripped immediately. As stated in Reference Q222.47-1
in the evaluation of the Electrical Protective System, the mean time to
trip had a predicted value of two hours for all items. Analysis has
shown however, that the average probability of Electrical Protective
System response s not degraded significantly for mean time to tr]ps
approaching one shift or eight hours.

Since the Preliminary Failure Modes and Effects Analysis was performed

at the system level (as noted in Section 7.2.2 of the PSAR), system level
diagrams were used as a basis. Details about the instrument channels
analyzed appear in PSAR Section 7.2.1.1, the Reactor Shutdown System
Configuration for Primary and Secondary Instrument Channels and Logic

are shown in Figures 7.2-3 and 7.2-4, the HTS Coolant Pump Shutdown

Logic is shown in Figure 7.2-2E and the Control Rod Drive Mechanism System
arrangement is shown in Figure 7.7-4. Logic Block Diagrams were not used

for the Reactor Shutdown System Electrical Failure Modes and Effects Analysis
and are not used as a part of the CRBRP Shutdown System design process.
Detailed instrument channel schematic block diagrams will be submitted in .
the FSAR with updated Failure Modes and Effects Ana]ys1s which will reflect
the Reactor Shutdown System design as it 'is f1na11zed in the FSAR.

~ Reference:

Q222.47-1 Re]1ab111ty Assessment of CRBRP Reactor Shutdown System,
WARD-D-0118, Revision 1, submitted to NRC by CRBRP Project
Office, November, 1975.

Q222.47-1 Amend. 23
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TABLE Q222.47-1

Failure Rate Predictions

Failure Rate

ltem No. Item Name Item Unsafe
1. Reactor Vessel Sedium LeveT PPS Input 6.4 x 10-6 fail./hr.
2 PPS Sodium Flow Input | 5.0 x 1070 fail./hr.
3. Primary Pump E]ectr1c Power Sensor 4.0 x,lO'6 fail./hr.
4. Compensated Ion Chamber Nuclear Input ,18.4'x']0-§ fail./hr.
5. Fission Chamber Nuclear Input 18.4 x 107° fail./hr.
6. . Primary Loop Inlet Plenum Pressure Input 7.0 x 10'6ﬁfa11,/hr.
7. Sodium Pump Speed Input 4.0 x 107 fai1./hr.
8. Steam Mass Flow Rate Input 9.0 x 107° fail./hr.
9. Feedwater Mass Flow Rate Input 8.0 x 107 fai1./hr.
10.  Steam Drum Level Input 8.0 x 10°° fail./hr.
11. Primary Comparator 1.9 x 107 fail./hr. "
12. Secondary Comparator 1.7 x 1078 fail./hr.
13.  Primary Logic Train 1.0 x 1070 fail./nr,
14, Secondary Logic Train 1.5 x 1070 fail./hr..
15.  Primary Calculation Unit 1.9 x 107 fai1./hv.
16. Secondary Calculation Unit 1.9 x 107 fai]./hr.v
17. Scram Actuation Logic See Note 1
18. Heat Trénéport (HTS) Shutdown Logic See Note 2 _
19. Control Rod Drive Mechanism (CRDM) Power Train 5.0 x 10'4 fail./demand
20.  PPS Voltage Signal Buffer 3.1 x 107° fail./hr.
21.  PPS Current Signal Buffer 1 x 107° fait./nr.
NOTE 1:

Credit for manual scram initiation is taken only upon the occurrence of a slow
acting transient which would not lead to Loss of Coolable Geometry (LCG) within

ten minutes if unmitigated.

When credit for manual scram initiation is taken,

1t is assumed that the scram actuation logic has an unsafe failure rate of zero.
This is assumed to represent a rga]istic condition for the following reasons:

(1) 1t is expected that multiple pfotect1ve functions would trip upon the

occurrence of a slow transient resulting in an automat1c electrical response
in time to prevent LCG. :

| Q222.47-2

Amend. 23
- June 1976

-



(2) Even if the scram actuation logic was in a failed condition, there would
be time for the initiation of other means to activate the mechanical
subsystem, such as manually tripping breakers which would cut off power
to the control rods or using the control system to drive the rods back into
the core,

NOTE 2:

There are presently no failure modes identified which could prevent automatlc
scram initiation.

Cren mo e SR | - Amend. 23
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Question 222.48 (C.3.1.1.1 Q222.35, Q222.3§)

The methods and procedures for reliability assessment of LMFBR safety
related components will be compiled in the Reliability Manual (SRD-74-113).
Describe the indoctrination and training program planned for designers and
reliability engineers in the use of this manual, and state the official
relationship of this manual to the CRBRP reliability program. When will
Revision 1 of the manual be available to NRC, and will it contain the
staff recommended section, "Designing for Re11ab111ty as described in
Acceptance Rev1ew Question 222.35?

Response: .

The fo]]ow1ng steps have been taken to 1mp1ement the methodo]ogy descr1bed in
the Reliability Manua]

1. Project wide distribution to assure that all personne] hav1ng a
reliability interface have access to the Manual.

2. A continuing training prOgram, which includes seminars addressing
~individual chapters of the Manual. These seminars provide back-
ground concerning applicability of the method, description of how to
use the method and examples relevant to reactor systems. :

3. Close_ interfacing between Reliability and Engineering personnel in the
actual application of the methodology.

“The following seminars have been given to reliability staff personne] and those
design groups directly interfacing with aspects of the reliability program.
These seminars were presented at General Electric and Westinghouse, the two
organizations having direct responsibility for conduct of the reliability
program.

o Failure Modes and Effects Analysis
_o:AGcnéral Statistical Test Planning
o ‘Apb1ication_pf Bayesian Techniques to Re]fabi]ity Test Planning -
o CRBRP Reliability Confirmation Test Methods (2 sessions)
o Basic'Structural Reliability Methods
o Practical Considerations in Structural Reliability Analysis
o Fault Tree‘Ana1ysis
o Accelerated Test Methods
0 Re]iabi]fty.Prediction for E]ectrical Circuits

o Design of Experiments

Amend. 20
Q222.48-1 May 1976
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'~j;fThe purpose of théfRe11ab111ty Manua] is to prov1de a centra] source of
‘reliability methodo]ogy and guidance for applying that methodology in the

.re11ab111ty program. The appropriate procedures to be used are described -
~+ 1in the Manual to assure consistency of approach. Although the Manual
covers a broad specturm of methods applicable to the program, it would be

~ impractical (and unnecessary) to include all reliability methodology that

‘might be used in the program within the Manual. Additional sources exist .

- and are referenced.. An-example is Mil Handbook 217B, which provides not .
only a source of data, but accepted methods for e]ectr1ca] system re11ab111ty
predictions using the data. Further, to be useful to all elements of a

-~ broad based program, the manual must accommodate var1at1ons in the
-application of methods.It, therefore, was not written in the form of a"

procedure requ1r1ng r1g1d conformance to a spec1f1c approach

Rev1s1on 1 of the LMFBR Re11ab111ty Manual was prov1ded ‘to the NRC staff on
February 5, 1976 The Project does not consider a general section on ‘Des1gn1ng
for Reliability' is appropriate for inclusion in the Reliability Manual.
* The Manual prov1des a compendium of re11ab1]1ty analysis methods for

ass1stance in design evaluation. However, it is not intended to prov1de des1gn
criteria and guidelines. ‘

The Reliability Manual, in its current form, does contain a broad spectrum

-of design reliability practices and procedures (e.g., Failure Modes and

‘Effects Analysis, Common Mode Failure Analysis, Fault Tree Analysis). The

effort put forth to develop this Manual, and the current use of the Manual

- by various Project personnel, does indeed satisfy the suggestion that a
"Designing for Reliability" type document be available and used on the CRBRP.

" In addition, the Project utilizes a wide variety of published Design Reliability .
~ Practices type documents to complement the specific topics selected for treatment

" in the Reliability Manual. Appropriate documents for such use are referenced

~in the Reliability Manual. - o

More importantly, the Reliability Manual and the many re]ated'documents men-
‘tioned above are made an integral part of the equipment design effort via the.

~ .personal working re]at1onsh1ps between reliability spec1a11sts and des1gners
- that occur on a daily basis. No degree of documentation is considered a

viable alternative to this process, and the approach to design reliability in
CRBRP.recognizes this as the key to achieving the effect1ve use and 1mp1emen—
‘ tat1on of proper des1gn re11ab111ty practices. .

Q222.48-2 S " Amend. 20-
May. 1976



. {5"‘ o

Question 222.49 (C.3.0) (C.3.2.2.1)

In addition to the design verification and reliability test program information
contained in Section C.3.2.2.1 of Appendix C, provide the following for all
eleven tests: (1) the analytical success criteria for each proposed test item;
(2) the expected test results; (3) the risk of failure associated with each test,
i.e., high, moderate, or low; (4) the components considered to be critical

jtems; and (5) the impact on the program schedule due to failures of major com-

- ponents of the SDS and SHRS to meet the required goals.

Response:

The section of PSAR Appendix C referred to by this question has been deleted.
However, test evaluation is still germaine .to the Reliability Program. .The
Reliability Program is discussed in Section c.1.3, €.1.3.1, C.1.3.2, C.1.3.3,~and
C.1.3.4 of Appendix C. Our current Reliability Program emphasizes qualitative
analyses and numerical assessments based upon system functional models and
fa1!ure parameters gleaned from historical experience and carefully considered
eng1neer!ng judgments. However, the established and ongoing test programs

are con?1nuous]y monitored from the standpoint of reliability. Although a
statistical data base is not being sought, any failures during testing that
impact reliability will lead to corrective design actions. Various testing
programs are discussed in the following sections of Appendix C:

C.5.1.1 C.6.1.2 C.6.5.2
C.5.2.2 C.6.2.2 C.6.6.2
C.5.3.2 C.6.3.2
C.5.4.2 C.6.4.2
0222.49-1 s " Amend. 62
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Question 222.50

Identify and justify all exceptions taken.to the detailed prayisions of
Regulatory Guide 1.75, as amended. Your discussions of compliance to this
guide given in the indicated sections are not adequate and they imply that
conformance may be a problem. Your response should also address the
consideration given to potential fire and other hazard areas because of
sodium leaks and spills.

Response:

As stated 1n PSAR Section 7.1.2.2, the CRBRP instrumentation and control
systems. including the Plant Protection System will =meet the requirements of
Regulatory Guide 1.75 (1/75). The electrical system will meet the intent |
of the Regulatory Guide requirements as noted in Section 8.3.1.2.

Vi
‘ )
A

Amend.
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Question 222.51 (7.1.2.2) (RSP)

The physical separation criteria listed in Section 7.1.2.2 provide that
wiring for the containment isolation and other safety related systems
may be run in conduits containing either primary shutdown system wiring,
or conduits containing secondary shutdown system wiring.

Furthermore, your criteria provide that this wiring may be brought through
the penetrations of either primary shutdown or secondary shutdown systems,
provided that no degradation of the separation between primary and secondary
shutdown systems results.

These prov1s1ons of your separat1on criteria would not be acceptable
because:

(1), There would be an inherent degradation of independence between the
primary and secondary shutdown systems by potential sneak paths
through the containment isolation and other safety related systems,

~and, ;

(2) The potential interaction between the primary and secondary shutdown
systems (de-energize to actuate) on one hand and the containment
jsolation and other safety related systems on the other (energize to
actuate) due to a single event such as fire or overheating may put
in jeopardy the initiation and/or completion of safety functions.

B
i
-

Amend your criteria to alleviate these concerns, or provide an analysis to
show that your present criteria will not make your design subject to
these concerns.

Resgonse:'

Amended and expanded physical separation criteria for the Containment
Isolation System has been included in Sections 7.1.2.2 and 7.3.2.2.

The Containment Isolation System is similar to the Primary and Secgndary
“Shutdown Systems in that the signals from the Control Room to the isolation
valve operators function as de-energize to actuate.

Amend. 62
Q222.51-1 ‘ ~Nov. 1981



g Question 222.52 (7.1.1.2)
' b You state in Section 7.1.1. 2 that "Instrumentation equ1pment assoc1ated
with redundant channels shall be mounted in separate racks (or completely,

metallically enclosed compartments)...". State and justify the criteria
for the design of these compartments ‘You also state that "A1l interrack -
PPS wiring shall be run in conduits (or equivalent) with...". Spec1fy

the type of conduit to be used, the criteria for its se]ect1on what is
equivalent, and how equ1va1ency is estab11shed

Resgonse

As requ1red by Section 5. 7 of IEEE 384- 1974 "Redundant Class IE
instruments shall be located in separate cab1nets or compartments of a
cabinet". Racks or completely metallically enclosed compartments will
meet the definition in Section 3 of IEEE 384-1974 for Safety Class
Structures, and will "protect Class IE equipment against the effects of the
design basis events". While spec1f1c design criteria for PPS racks have
not been developed, the design will assure that no credible single failure
can cause the failure of redundant safety functions. Wherever practical,
separate racks will be utilized to house redundant safety related equipment.

In general, rigid metal conduit or enclosed réceways will .be used to'carry
PPS wiring. Specific design criteria will meet the requirements of IEEE
384- 1974, and Regulatory Gu1de 1.75. '

Q222.52-1 - ~ Amend. 15 .
: _ ' L April 1976



Question 222.53 (7.1.2.2, 8.3.1.2)

6 Provide your design criteria and procedures for fire stops and seals.
Your response should address but not be limited to .the following:

- {1) -Interval at which the fire stops are installed for vertical and hori-
~zontal cable trays;

(2) List of materials used and the1r character1stics with regard to flamma-
bility;

(3) The QA and test procedures used to verify that penetrat1on fire stops
and seals have been properly installed;

(4) The administrative procedures and controls that will be followed when

it becomes necessary to breach a completed fire stop and to add or re-
move cables;

(5) The gqualification testing of the fire stops and seals to demonstrate
adequacy over the life of the plant; and,

(6) The maintenance procedures provided to identify open or deteriorated
fire stops and seals.

Response:

Revised PSAR Section 8.3.1.4.D, "Sealing Raceway Blockouts and Wall and

Floor Penetrations" discusses fire stop intervals, fire stop materials,
materials testing, and QA program requirements. The revised Section 8.3.1.4.D
completes the response to items (1) and (2) above. The complete response

to items (3) and (5) will be included in the FSAR as this information will not
be developed until the detailed plant design is finalized.

Administrative and maintenance procedures (Items 4 and 6) for fire stops and

seals will be developed as the design progresses and will be included in the
FSAR. .

Q222.53-1

Amend. 12
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Question 222.54 (7.1.2.5)(RSP)

We require that your design comply to the recommendations of IEEE Std-323-1974
and Regulatory Guide 1.89. The source term for establishing the radiation
environment for the reference design should be accepted prior to the
calculation of the applicable radiation doses.

Supp]ement the information given in Sections 3.11.1 and 7.1 by submitting
in tabular form a listing of all safety related equipment and components
(e.g., motors, cables, sensing, and control devices, etc.), located in

the primary containment and elsewhere that are required to function during
and subsequent to any of the design basis accidents: provide their loca-
tion, and for each location, define the worst case design basis environ-
mental conditions in terms of temperature, pressure, and humidity,
chemical contaminants, and radiation. :

We will require that the following qualification test program information
be provided for all Class IE equipment as part of the FSAR:

(1) equipment design specification requirements;
- (2) test plan; .

(3) test setup;

(4) test procedures; and,

(5) acceptability goals and requirements.

This information will have to be provided for at 1eastbone item in each
of the following groups of Class IE equipment:

(1) - switchgear;
f(2)"motor control centers;
(3) valve operators;

(4) motors;

(5) ‘1ogic eqﬁipment;

(6) -cab]eg and,

(7) diesel generator control equipment

Amend. 23 .
222.54 -1
Q June 1976



Response: , _ ‘ v 7
CRBRP design will comply with the requirements of IEEEF323~1974 and
Regulatory Guide 1.89 as discussed in Reference 13 of PSAR-Section 1.6.

The detaiied qualification test programs for each item of equipment .
will be submitted upon completion of the necessary amalysis and planning
as part of the FSAR. '

. Q222.54-2 Amend. 62
' Nov. 1981



Question 222.55 (7.1.2.8) (RSP)

Discuss the:-capability for test and calibration of each protection system
channel (both reactor shutdown systems and engineered safety features)
listed in Chapter 7.0 of the PSAR, from sensor to final channel output
signal. Since these channels must be tested more frequently than the
normal time interval between plant shutdown, describe the testing features
provided for each type channel, and discuss any restrictions on access to
or use of these test features during operation. Identify each channel
which is not tested during operation, and show how its design satisfies
the requirements of Section 4.10 of IEEE Std 279 1971 and the recommenda-
tions of Regulatory Guide 1. 22

Branch Technical Position EICSB 22 of Append1x 7A of the Standard Review
Plan provides guidance for the app11cat1on of Requ]atory Guide 1.22.
Submit all information specified in the subject Branch Technical Position.

‘vResnonse:

Additional details on the test and calibration capab1l1ty of the protection
system are g1ven in revised Section 7.1.2.8.

- Q222.55-1 Amend. 16 .
: ' Apr. 1976




Question 222.56 (7.1.2.9) (RSP)

Branch Techn1ca1 Pasition EICSB 21 of Append1x 7A of the Standard

Review Plan provides guidance and certain clarifications of the applica-
tion of Regulatory Guide 1.47.- Define the degree of confbrmance of ‘
- your design to this Branch Technical Position.

- Response :

As stated in Section 7.1.2. 9 of the PSAR, the design of the system to
automatically indicate at the system level, the bypass (or deliberately
induced inoperability) of the Protection System, systems actuated or
controlled by the Protection System, or supporting systems that must be
operable for the Protection and related Systems to perform their safety
related functions will be in accordance with Regulatory Guide 1.47. In
addition, the design will fully incorporate the supplemental guidance prov1ded
by Branch Technical Position EICSB 21 for the implementation of :
Regulatory Guide 1.47.

_ Amend. 14
o ‘I' Mar. 1976
- Q222.56-1 _
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Question 222.57,  (7.5.1.1) (4.3.2.1)

Provide an analysis showing the derivation of the relationship between the
flux level readings obtained by the ex-core BF, filled proportional counters
and reactivity of the core in a subcritical state. Your analysis should
include a determination of the accuracy and precision of this system under
conditions as c¢lose as practicable to those in.actual installation of CRBRP.

State all automatically initiated protective functions and alarms by the
SRFM and provide a description and design bases and design criteria for
the assoc1ated electrical and 1nstrumentat1on subsystems.

At the end of the f1rst paragraph on page 7.5-3 of the PSAR, you state
that, "In order to achieve this lifetime without retracting the counters,
the operating voltage will be removed and the anode of the counter shorted
to ground...". Describe how this will be accomplished, and your design
feature that will prevent inadvertent removal or 1nadvertent failure to
restore the operating voltage when needed. !

Response:

The information requested is Drov1ded in revised PSAR Sections 4.3
and 7.5.

Q222.57-1 Amend.

Apr.

17
1976



‘Question 222.58 (7.1-1)

Provide a complete listing of the instrumentation necessary to assure
the plant is maintained in a safe shutdown status referred to in
Table 7.1-1.

Response:

The preliminary 1ist of this instrumentation and of subsystems containing.
safety related instrumentation is provided in Table F.1-6 in response to
Question 222.54. Instrumentation specifically identified for post acci-
dent monitoring (PAM) is so marked. Some of these channels will also be
required for a safe shutdown from a normal operating status (no accident
involved). :

- Amend. 23
Q222.58-1 June 1976




Question 222.59

Update Tables 7.1-2 and 7.1-3 to 1nc1ude all Regulatory Guides and IEEE
Standards listed in Table 7.1 of the Standard Review Plan.

Response:

The applicable Regu]atory Guides and IEEE Standards 1dent1f1ed in SRP 7.1
are addressed in Section 7.1. The following Regulatory Guides were not
addressed in Section 7.1 which app11es to safety related 1nstrumentat1on
and control systems for the reasons given.

~ Regulatory Gu1de 1 6 "Independence Between Redundant Power Sources and

their Distribution Systems is compTied with as discussed in Sections
8.3.1T.2 and 8.3.2.2 of the PSAR with other discussions on power supplies.

Regulatory Gu1de 1.7 "Control of Combust1b1e Gas fo]10w1ng a Loss
of CooTant Accident™ 1s noted in Section T.T.3 to be not applicable to
CRBRP,

Regu]atony'Guide 1.1 "Instrument ‘Lines Penetrating Containment" is not
applicabTe to CRBRP since there are no instrument lines penetrating con-
tainment as discussed in Section 7.1. v

Regulatory Guide 1.29 "Seismic Design Classification" is discussed in PSAR
Section 3.2 "Classification of Components” where it is stated "structures,
systems, and components are classified in full conformance with Regulatory
Guide 1.29." A Tlist identifying instrumentation and control equipment

classified as Seismic Category I is provided in response to question
222.54, -

Regulatory Guide 1.68 "Test Programs for Water-Cooled Power Reactors" details
guidelines for all plant preoperational testing. As noted in PSAR Section
1.1.3 and Chapter 14.0, Regulatory Guide 1.68 will be considered in preparing
test plans, though spec1f1c plans other than those for LWR's in the quide
must be developed for CRBRP.

Regulatory Guide 1.70 "Standard Format'and Content of Safety Analysis

Reports for Nuclear Power Plants™ applies to the entire PSAR and provides a
suggested format for LWR SAR's. 1In genera] the CRBRP is consistent with the
Draft SFAC for LMFBRs, but the guide is not considered appropriate for inclusion
1nda Tist ?f guides applicable to the design of safety related instrumentation
and contro

Regulatory" Gu1de 1 78 "Contro] R00m Hab1tab111ty Dur1ng Chem1ca1 Re]ease"
applies to design of LWR control room habitability systems. PSAR Section 6.3
discusses the CRBRP Control Room Habitability System. It is not considered

appropriate for a 1list of guides applicable to safety related 1nstrumentat1on
and control systems

Q222.59-1 - : Amend. 24

July -1976
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Regulatory Guide 1.89 "Qualification of Class IE Equipment for Nuclear "
Power Plants" specifies the applicability of IEEE Standard 323-1974 : -
which will be applied as discussed in-Section-7.1.2.5. The requlatory

guide also identifies a source term based on an event which would re-

sult from failure of all the equipment being qualified. As indicated in

new PSAR Section 7.1.2.12, that gu1dance will be fo11owed in intent, but

not detail.

Regulatory Guide 1.96 "Design of Main Steam.ISOTatioanalve'Leakage
Control Systems for Boiling Water Reactor Nuclear Power Plants” applies
specifically to a boiling water reactor system and, as jndicated in
Section 1.1.3, will not be applied to CRBRP safety-related 1nstrumen- «
tation and control systems.

S _, Amend, 22
0222.59- 2 June 1976



Question 222.60 (7.2,1.11

It is not clear from your discussion of operating bypasses on page 7.2-1
‘whether or not your design is intended to meet Sections 4.12, 4.13 and
4.14 of IEEE Std 279-1971. Provide sufficient preliminary design infor-
mation to demonstrate that it is.

Response:

The design is intended to meet Sections 4.12, 4.13, and 4.14 of IEEE
279-1971, as demonstrated by the information in revised Section 7.2.7.1.

Q222.60-1 o _ : Amend. 15
- Apr. 1976
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Question 222.61 (7.2.1.1)

For each parameter providing a trip function in the primary and secondary
shutdown systems provide a logic diagram such as in Figures -7.2-2A, C,
showing the associated permissive parameter. ‘Justify the permissive
bypass in each case.

Response:

Instrument channel diagrams showing each PPS function, associated
instrumentation and other interfaces, including the operating bypass
permissive parameter (for PPS functions which.are bypassed) will be
submitted to NRC in the FSAR. Design information necessary to prepare

the instrument channel diagrams will be completed for. FSAR submittal.

The instrument channel diagrams will be in a form suitable to determine
that each operating bypass of a protective function is in full compliance
with paragraphs 4.12, 4.13 and 4.14 of IEEE 279-1971 and Regulatory Guide
1.47. ' :

General des1gn 1nformat10n about operating bypasses is provided in
PSAR Section 7.2.1.1 ‘in response to Q222.60. The use of operating bypasses
is discussed for each Primary and Secondary protect1ve function in Section
7.2.1.2 of the PSAR For your convenience, it is summarized below.

Pr1many Reactor. Shutdown<4ystem

The following summarizes the use of bypass permissives in the Primary
Reactor Shutdown System:

Functions which are never bypassed:

Flux - Delayed Flux

Flux - {Pressure
High Flux

Reactor Vessel Level
IHX Primary Outlet Temperature

Functions. which must be bypassed to start-the main sodium coolant pumps :

e Pump Electrics ' S
e Primary to Intermediate Speed Ratio

o Steam - Feedwater Flow Mismatch

Q222.61-1

Amend. 15
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Secondary Reactor Shutdown System

The following summarizes the use of bypass perm1ss1ves in the Secondany 3
Reactor Shutdown System _ s ,

Functions which are never bypassed&

e Modified Nuclear Rate
e Flux - Total Flow
e Steam Drum Level

o Evaporator Outlet Sodium Temperature
e Sodium - Water Reaction »

Functions which must be bypassed'to start the main sodium coolant pumps:

® Primary to Intermediate Flow Ratio
e Loss of Condenser Vacuum

Functions which must be bypassed in ascent to power:

e Startup nuclear

Q222.61-2 g

Amend. 15 '
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Question 222.62 (7.2,-2(1

It is shown in F1gure 7.2-2C that a permissive condition is required before
a manual trip may be initiated. Discuss your rationale for this design.
feature. Define the term "Flux Electronics" appearing on the same Figure
and specify its relationship to the secandary PPS safety function.

Response:

Figure 7.2-2C has been amended for clarity. Note that before a trip comparator
can be bypassed (i.e., trip comparator outputs a reset signal regardliess of

“the relationship between the analog signal input and the setpoint), a per-

missive condition must exist as determined by the permissive comparator and
manual actuation must be performed by the operator. The trip comparator is
automatically returned to the operating state as soon as the permissive con-
dition no Tonger exists, regardless of manual actuation. However, manual
actuation, as shown in Figure 7.2-2C, relates only to the bypass of a trip
comparator when permissive conditions exist, and is not related to the manual
trip comparator (i.e., placing the output of a trip comparator in trip, re-
gardless of the relationship between the analog signal input and the setpoint),
or the manual trip of the Reactor Shutdown System (i.e., Scram). Manual

Trip of the Comparator and Manual Trip of the Reactor Shutdown System are
effective at all times.

As noted on revised Figure 7.2-2C, flux e]ectron1cs means electronic signal
conditioning equipment needed to convert the output of the Fission Detector
to a standard PPS input signal.

Q222.62-1
Amend.

15

Apr. 1976



Question 222.63 (7.2-2E)

It appears from Figure 7.2-2E that a failure in a test switch with per-
- missive outputs may prevent tripping of the corresponding primary or
intermediate pump. Provide an analysis of such an event.

Response

The bypass test functions will be designed. to conform to IEEE 279-1971.
Criteria for Protection Systems for Nuclear Power Generating Stations.

The system design approach is to preclude undetectable failures. Should
undetectable failures be unavoidable they will be combined with a single
active failure and the combination will not result in both Plant Protection
System breakers being bypassed, assuring a trip of the corresponding pump.
The analysis to provide this assurance has not been performed to date.
During vendor design of the bypass test function the vendor will complete
the analysis required to assure meeting the criterion as stated above.

Q222.63-1

Amend. 15
Apr. 1976



Question 222.64 (Q 222.5)

@ Your response to Question Q222.5-1 provided in revised Section 3.10.1
and revised Table 3.2-3 is not complete. We requested that you
"Identify specifically and provide a listing of all safety related
equipment and structures that will be seismically qualified as Seismic
Category I." To the extent possible at this stage of the design,
provide a complete response to this request for additional documentation.

Response:

A Tisting of all safety-related electrical equipment which is Seismic
Category I is provided in Reference 13 of PSAR Section 1.6. All ‘
Seismic Category I mechanical equipment is listed in Table 3.2-2.

Q222.64-1 ' "~ Amend. 62
| . Nov. 1981



Question 222.65(Q222.9:15.1.3-1)

For each trip equation presented in Table 15.1.3-1, provide 1ts der1—
vation with a discussion of the assumptions made in such derivation.
Furthermore, for each primary and secondary PPS trip and alarm. function, -
and for each ESF trip and alarm function we consider important that

the trip setpoint is within a practical and safe range of ‘the as- =
sociated instrumentation span so that the effects of instrument in-
accuracies and drift are kept within an acceptable margin. Discuss

how your criteria for the selection of instrument designs and settings
which initiate automatic protective act1ons and alarms conform to the
following recommended criteria: .

(1) The range selection for jnstrumentation shall be such as to
exceed the expected range of the process variable being monltored

(2) The accuracy of all the safety trip po1nts will not be nu- -
merically larger than the accuracy that was assumed in the
accident analysis.

(3) The trip setpoints should be located in that portion of the
instrument's range which is most accurate and must be located
in a region with the required accuracy.

(4) A1l safety trip points will be chosen to allow for the normal
-expected instrument system setpoint drift such that the Tech-
nical Specification 1imit will not be exceeded.

(5) Verification of the above criteria shall be demonstrated as a

part of the qua11f1cat10n test program requ1red by IEEE Std
323-1974. .

Besgonsei

Thé Primary and Secondary Reactor Shutdown System protective functions

“are listed in PSAR Table 7.2-1 and are described and shown in block

diagram form in the Figures supporting Section 7.2.1.2. These block

diagrams form the basis for modeling the performance of the RSS pro-

tective subsystems. Conservative errors for instrumentation repeat-
ability and response time are assumed as listed in Table 7.2-3

 (Essential Performance Requirements for PPS Instrumentation). Ad-

ditional comparator and logic time delays are also assumed. The con-
servative model of RSS performance is based on assuming that all re- _
peatability errors and time response delays accumulate in the direction
to delay a trip when required. The purpose of the analysis of Section
15 is to show that the conservative analytical model assumed for PPS
performance acceptably limits the conseauences of potentiai challenges
to tha core or to radiocactive release 1‘ml*s Information about PPS
trip function accuracy, repeatability, time response, instrument
accuracy, safety trip points and technical specification limits will

, Amend, 24
0222.65-1 | July 1976



be included in the FSAR to show that the performance model used for
analysis in Section 15 is indeed conservative.

Tha tripw1éveTs and equations shown in Table 15.1.3-1 represent a
c0uxurvative'ana1ytica1 model of Plant Protection System performance

-in iesponse to the accidents analyzed in Section 15. However, Table
~ 15.1.3-1 should not be used ‘to infer hardware details about the real

Plant Protection System (which is described in Sections 7.3 and

7.2) as Table 15.1.3-1 only represents a conservative mathematical
model of Plant Protection System Performance. To facilitate proper
interpretation of Table 15.1.3-1, a more explanatory introduction to
Section 15.1.3 has been provided and the table title clarified.

For each of the trip equat1ons presented in Table 15.1.3-1, the deri-
vation was based on using the worst case performance of the equ1pment
comprising the subsystem. An example of this derivation process is
presented below for the flux—f]ow subsystem.- :

FLUX-TOTAL FLOW SUBSYSTEM TRIP SETPOINT ANALYSIS

Based on the block diagram in figure Q222.65-1, the nominal steady
state equation for the performance of this subsystem is

KFy+d~4<0 ol = set point

j.e. when the quantity on the Teft hand s1de of the 1nequa11ty
is less than or equal to zero, a trip is initiated.

To ensure appropriate conservatlsm in the analysis of the performance of
the subsystem, the variations in the performance of the companents must
be accounted for. This is done by specifying errors representing worst
case performance of the component in quest1on The resulting equation

is
o K[F;(12x7) (mz)g 25](1&:3) —[¢("l-t2.4) inizcg,f_o
vhere - £y = 2% Flow Error

I, = 1% Flow Summation Error and Error in Gain

£3 = 0.75% Summation Error

£y = 1% Flux Error

£ = 0.5% Flux Offset Error |
= 1% Flow Offset Error

1
o
1

™~
(¢]
1]

0.75% Comparator Error

| | | | Amend. 24
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Note that errors which arc not Tinearly related to the signal level. are
included., These.orrors ave taken from Toble 7.2-3 of the PSAR and
represent the worst case performance of the instriuments, (The com-
parator and summation ervors were choscn based on FFTF expericnce.)

Valucs of K andgb were determined to assure that trip occurred at the
necessary value for terminating events covered by this subsystem and

to provide adequaie operating margin,  The derivetion involved defi-
nition of conslraining incqualities which included the equipment errors
for both safety end operational objectives of the system. These
inequalities were solved yielding nominal values of \

0= 0.064; K=1.153

The constraints were based on assuring trip at a flux to flow ratio

of 1.3 for 100% initial conditions which preliminary analyses showed
would acceptably limit the results of the design basis events.

Using these values of K andd-, the nominal trip equgtionAis
1.153F + 0.064 - ¢<0

and the trip equation which conservatively envelopes the eqﬁipmént
performance errors 1is

K[F(1+0.02) (140.01)+0.01](1+0.0075) -[6(1-0.01)-0.005]+0.007 5+ <0

1.038KF{40.01-0.99¢+0.005+0.0075+J- <0

1.038KF--0.99¢+d-+0.0225<0

T
(1.038) (1.153) - 0.99¢4+0.064+0.0225<0

1.2F7-0.994+0.087<0 (Table 15;1.3-1)

This ensures that the accuracy of the performance of the equipment
will be better than that assumed in the safety analysis. Further, the
safety analysis trip point does account for setpeint drift. The errors
chosen account for the entire range which the instrumentation must
provide protection. Note that the instrumentation is required to

have the requisite accuracy over range which excceds the trip value
and further that no foldover is allowed for a range of input signals -
beyond this. o

A similar derivation was performed for each of the subsystems using
appropriate constraints. The nominal values for K andck are presented
in Table @222.65-% for each_subsystem. Using these values and the
maximum errors presented in Table 7.2-3, the trip equation of each of
the subsystems used for safety analysis was derived.

Amend. 24
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TABLE 222.65-1

PPS. SUBSYSTEM NOMINAL CONDITIONS.

High Flux.

Elz:ux--l?.elfaxed{ Flux

Flux-TFotal: Flow;
~ Primary: Eump-ETectrits

Primary: to: Intermed1ate
Speed: Ratio.

Primary: to Intermediate
Flow Ratio.

Steamrﬁeedwater-ETow—Ratio

Flux - JPressure

Reactor Vessel: Level:

IHX Primary: Outlet Temperature

Steam: Drum- Level:

High Evaperator-Outlet
Temperature:

Sodium-Water: Reaction:

-St@ntupkNucleanj

de= 1.1312

Positive: time constant = 28 sec
K-loz, |
ob = 1.05(0.1625N,+0.0275)

Negative: t1me constant = 28 sec

' = F.0

ob.= |, 05(0 875N +0. 0325)

p:
K = 1.153. = 0L 064

ks 75%iof‘RatedtBus Voltage

= 0.042 K= 0.147
o= 0.042. - K= 0.147

at 100% power, trip at 30% mismatch
o= 0.0425 = K= 1»3]75

8. 1" above supressor p]ate

o= - 786°F

j;B”'fiom~fuTﬂfpower-steady'state level

ok = 704°F.

- 3: seconds:

0222165>41 . Amend. 24
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FLUX - TOTAL FLOW SUBSYSTEM"

LOOP1
PRIMARY MASS
FLOW RATE
| 01
3¢ =.0075
LOOP 2
PRIMARY MASS n
FLOW RATE | - ]
SENSOR CALCULATIONAL
. ERROR UNITS ERROR
N | (SUMMATION
~ LOOP 3 MODULE)
< PRIMARY MASS o
T FLOW RATE
SET POINT ¥ .
COMPARATOR 5
ERROR  >¢
¥ COMPARATOR
WIDE RANGE
~ "NUCLEAR ’
ez FLUX o |
— i — * .
= v _ NOTE: 1 CHANNEL OF 3 SHOWN
= ~ERROR | -
~NN '
o) -

‘67606301 - | FIGURE 0222.65-1



- .%

Question 222.66 (7.2.1.2, RSP)

With regard to the HTS pump motors disengagement from the offs1te
power system on underfrequency to assure adequate flow coastdown,
provide additional information substantiating that Branch Technical
Position EICSB 15, Appendix 7A of Standard Review Plan is complied
with.

Response:

Branch Technical Position EICSB 15, Appendix 7A, of Standard Review
Plan will be complied with in the following manner following rece1pt
from the Plant Protection System (PPS) of the undervoltage sensing
and trip signal generation. To insure that the sodium pump/drive
kinetic energy will fall within the range required to satisfy the
flow coastdown requirements after a PPS trip, the PPS undervoltage
sensors, instrument channels, and HTS pump breakers will be qualified
to Class 1E IEEE Standards 279 and 379 as supplemented by Regula-
tory Guide 1.53, and IEEE Standards 323 and 344 as supplemented by
Regulatory Guide 1.89. Separation of the sensors, instrument channel
wiring, and breakers will be in accordance with the requirements of
Class TE IEEE Standard 384 and Regulatory Guide 1.75. The PPS
breakers will be installed between the motor generators and HTS .
pump motors and will trip on PPS scram signals. The breakers will

be located in the Seismic Category I Diesel Generator Building.

As stated in Section 7.2.1.2 of the PSAR, these undervoltage relays
are used to detect loss of power on each HTS pump bus. Undervoltage
relays are used since large changes in voltage result from power
system perturbations; whereas, frequency on a 60Hz power system may
remain essentially at 60Hz throughout the perturbation. Readily
detectable changes on HTS Pump Bus voltage always occur immediately
upon loss of HTS Pump Bus Power as the HTS Pump Bus voltage goes

to zero.

Q222.66-1 Amend. 22
June 1976



- Question 222.67 (7.2.1.1, Q222:13)

Your statements in Section 7.2.1.1 on the primary and secondary shutdown - -
syStems, and your response to our Question:222.13 indicate the philosophy .. . .
adopted in the design of these two systems did not intend to achieve full. .
redundancy between the two systems.  The resulting design, as. you state, is =
comprised of a Primary Shutdown System and. a Secondary Shutdown System, the . . .
latter covering only a part of the spectrum of fault events for.which- protective
action is required. We consider redundancy as one of the most important and
basic design features for achieving the high functional reliability required by.
NRC Criterion 19. The design of the Reactor Shutdown System as presently
proposed appears to be lacking in this respect. Explain in detail your '
rationale in the design of the Reactor Shutdown System. More specifically, -
explain your basis for designing the Secondary Shutdown System so that it

does not provide a protective action for the entire spectrum of fault events

for which such action is reguired, and which action is provided only by the
Primary Shutdown System.

‘Justify your assumptions that (1) the 0n1y CDA mechanisms of any 1mpoft

are those that may be initiated by an ATWS, (2) all such ATWS are precluded.
by RSS protective actions, (3) all possible anticipated and unlikely fault

~events that may result in a CDA have been considered, and (4) the "Extremely

Unlikely Events" which could result in a CDA need only be protected against . =
by the Primary Shutdown System. Moreover, for each parameter listed in ;
Table 7.2-1 for the Primary Shutdown System, provide your justification of th
claimed functional diversity for its counterpart listed in the same table

for the Secondary Shutdown System. o

Response:
Part (a)
The importance of redundancy as a basi¢ design feature in the conteXt of CRBRP L

Criterjon 21 (identical with NRC Criterion 29) is fully r i '
; ecognized
in the response to that Criterion in Section 3.1 of thz PSAR?% zed and Qddr¢556d

-The degree of internal redundancy within the Primary System, as discﬁﬁSed

in PSAR Section 7.2, is such that it meets the requi Criter :
4 > _ > quirements of CRBRP Crijteri
without invoking a need for the Secondary System. This redundancy inc]udes]on-zl

the following features, as illustrated in Fi fi
immediately following it: : i Fjgures.7.212 and the-fjgures 

0 Figure 7.2-2A shows that any two out of the three senéors in any'chahﬁél

can provide a trip signal to each of three logic trains. -

o Figure 7.2-2B shows how the-Jogic trai ined, su at.
4 5 gic train outputs are combined, such that.
ggldvngtpqwer_1s cut off from the primary rods. Specifically, the combihation
oneé trip signal from each of two logic.trains will cause a trip. '

o The same Figure shows that lTogic train #1 and #3 each supply two ngna]sl

to the scram breaker arrangement. The sc i i n i
) ! 28 v nt. cram circuitry, as shown in
Figure 7.2-2B, is such that only-one such signal is required.

A Amend. 24
Q222.67-1 : July 1976



o Figure 7.2-3 shows the channel test arrangements. It should be noted .
that on-line test capabilfty is provided, with the channel on test being
placed in the trip condition. This includes the capability to test channe]s
1ndependent1y :

The degree of d1vers1ty between the primary and secondary systems is d1scussed
in Section 7. 2 of the PSAR. Briefly summarized, this’ compr1ses '

o Diverse trip parameters, where practicable. Diverse sensors where the
same parameters are used. :

o Diverse ]ogic,(as seen from Figure 7.2-2B and 7.2-2D).

o Use of optical couriing in Primary versus magﬁetic amplifiers in Secondary.
o Use of different equipment to initiate permissive bypasses.

o Use of différent means of testing. -

o Use of»different hardware inr the various circuit elements.

The Secondary System is thus seen in its true perspective as an additional
feature to provide yet further enhanced redundancy, and also- prov1des a measure
of diversity to reduce the potential for common mode failure. It is totally
redundant to the Primary System for all Anticipated and Unlikely Faults. It is
a design requirement that the Secondary System operate to terminate a postu-
lated react1v1ty transient assumﬂd to result from the SSE. This requirement is
shown in Section 4.2, Figure 4.2-93. The results of ana]ys1s for this event
are provided in response to quest1on 001.313. While this is the only Extremely
Unlikely Event which is included in the design basis of the Secondary Shutdown
System, capability of the Secondary System to successfully protect against

each of the other Reactivity Insertion Desiagn Events and Undercooling Events in
the Extremely Unlikely category has been ana]yzed and is described in Chaoter 15,
Table 15.2-1 and Table 15.3-1.

Part (b)

(1) There is no assumption that the on]y mechanisms of any import are those
: that may be initiated by an ATWS other CDA initiators are discussed
in the PSAR, Appendix.C, Section C.1.3.2 and C.1.4 and Section F.3.

(2) A discussion of all ATWS events is present]y in the PSAR Chapter 15
provides a discussion of anticipated events considered in combination
- with hypothesized total failure of both scram systems. The consequences
. of such events, for the expected condition in which the Plant Protection
System operates, are shown in Chapter 15, Section 15.2 and 15.3. The’
~discussions in those sections include consideration of Plant Protection
System action and demonstrate the efficacy of such action. From the
. results of those analyses, it can be concluded that suécessful RSS
protective actions preclude an anticipated transient leading to loss of
coolable core geometry, assuming successful operation of the decay heat
removal systems following reactor shutdown. Section F.3.2 (Parallel
- Design) provides a discussion of candidate Design Basis Accidents for
the Parallel Desigr and describes those events which are beyond the
Plant Protection System design basis, but merit consideration as
potential initiators.

- Amend. 24
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(3) Unlikely Faults will not result in a CDA, since the action of the Plant
Protection System terminates such events (see Sections 15.2 and
15.3 of the PSAR). : :

Anticipated Faults have been addressed under (2) above. The only
known: mechanisms for causing core overheating from a steady state
operating condition are those which can result in an imbalance bet-
ween power production rate and heat removal rate. These are:

Overpower at constant flow

Flow reduction at constant power
Combination of overpower and flow reduction
Fuel assembly coolant channel vo1d1ng

Local assembly failure events

Each of these conditions has been examined, and is discussed in
Chapter 15 of the PSAR.

(4) The rationale for requiring only the Primary Shutdown System to

provide protection against Extremely Unlikely Faults is that the
~ combination of the low probability of the Fault itself and the very

Tow probability of Primary Shutdown System Failure is such that this
postulate is not considered appropriate for consideration in the
Design Base. The response to Q222.67 (a) provides further discussion
of the asnects of the primary and secondary shutdown systems related
to extremely unlikely events.

(5) There is no direct correspondence in Table 7.2-1 of Primary to
Secondary subsystem diversity. Subsystem diversity must be
considered for the specific design basis fault events. Where Primary-
Intermediate Speed Ratio and Primary-Intermediate Flow Ratio are the
diverse protective functions for loss of a singie pump, Primary Pump
Electrics and Primary-Intermediate Flow ratio sense loss of 1 or 2
HTS Toops for the Primary and Secondary RSS. For loss of 3 HTS
loops (which is also loss of preferred and alternate preferred power),
Primary Pump Electrics and Flux-Total Flow are the diverse Primary
and Secondary protective functions. For some fault events, the diversity -
between primary and secondary is very obvious. TFor example, many
steam side events are sensed by Steam-Feedwater Flow Mismatch in the
Primary RSS and by Steam Drum Level in the Secondary RSS. For other.
“events, the subsystem diversity is not as obvious. For example,
on first inspection, IHX Primary Outlet Temperature and Evaporator
Qutlet Sodium Temperature might seem non-diverse. However, the
first measures primary coolant temperature, and the second measures
intermediate coolant temperature, which are clearly independent
“measures of different coolant temperatures.

For many reactivity disturbances, Flux-Pressure and Flux-Total Flow
are the diverse subsystems used as are Flux-Delayed Flux,and Modified
Nuclear Rate.. While Reactor Inlet Plenum Pressure and Total Sodium
Flow are clearly diverse, Flux does not seem to be. Recognize,
however, that flux is the only rapidly responding plant parameter
indicative of reactor power, and that for reactivity d1sturbances,
the speed of response of the Plant Protective System is critical.

SR Amend. 24
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Therefore, the base protect1on of the Pr1mary and Secondary RSS
aga1nst react1v1ty disturbances are measurements of nuclear flux.
‘In:this case, equ1pment d1vers1ty is utlllzed by emp]oy1ng compensated
ion chambers to measureinuc]ear flux in the Primary RSS and fission
'cha'bers in the Secon%ary RSS as descr1bed in PSAR Section 7.5-2.

Amend. 24
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Quest1on 222 68 (9 3-3)

On F1gure 9.3- 3 you 1nd1cate that certa1n 1nstrumentat1on systems
are supplied by "System XX." Provide an identifying list of all
systems numbered in this fash1on for the entire plant. 0n this
11st provide the fo]]ow1ng 1nformat1on for each system

(a) scope:of supp)y,

(b) ‘saféty'c]assificatiOn;'and,

(c). seismic classification.
Response:

hystem XX" notation used 1nterna11y by the PrOJect to s1mp11fy docu-
mentation was used in the draw1ngs for Section 9.3. A listing of the
numbered systems is provided in Table 9.5-2. A1l plant systems of the
CRBRP are ‘discussed in the PSAR to the depth necessary to demonstrate
that the plant design (including safety classifications and seismic
categories) satisfactorily assures that there is no undue r1sk to

. the hea]th and safety of the public. :

_ ' Amend. 14 .
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Question 222.69 (9.9)

On page 9.9-7 you state that one of the design bases for the Emergency
Plant Service Water System is to provide sufficient cooling water to
permit safe shutdown, and the maintenance of the safe shutdown condition
in the event of an accident resulting in the loss of the Normal Plant
Service Water System or the loss of both plant a-c power supplies and all
offsite a-c power supplies.

List all safety related systems for which the total loss of a-c power is -
a design basis event. For each safety related system for which the total
loss of a-c power is not a design basis event, provide your justification -
for the lack of such a design basis.

Response:

There is no safety related system for which the total loss of a-c power

is a design basis event. The loss of plant AC power supply (plant AC power
supply is defined in Section 8.1.2 (1)) and the loss of all offsite

AC power supplies (offsite AC power supply is defined in Section 8.1.2

(2 & 3)), results in the automatic actuation to the Standby (onsite) AC
Power Supply which consists of two redundant and independent diesel
generators as defined in Section 8.71.2 (4). The Emergency Plant Service
Water System is supplied with Standby (onsite) AC Power supply in the

event of the loss of both plant AC power supply and all offsite AC
power - supplies.

- Q222.69-1 Amend. 15
: ‘ Apr. 1976



Question 222.70 (7.2.1.2, 7.3.2.1)

With regard to-the environmental qualification requirements of
safety related equipment, you state in Section 7.2.1.2.3 that the
environmental extremes are being established and will be supplied
at a later date. Provide a specific schedule for the submittal
of this information.

Response:

A complete discussion of the CRBRP environmental qua11ficationvprogram
is provided in Reference 13 of PSAR Section 1.6.

Amend. 62
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Question 222.71 (7.3.1. 1)

Provide the f0110w1ng add1t1ona1 1nformat1on on the Conta1nment Iso]at1on
System (CIS) :

(1) A list .of valves that are'not required to c]ose in less than ten
~ minutes with a Just1f1cat1on of the c]osure time requ1rement for
each case; _

(2)_‘A'c1ar1f1cat1on as to whether or not manua] initiation is

~ provided for all isolation valves, and whether or not manual
initiation onlx is provided for those valves not required to
close in less than ten minutes. State your rationale for
providing automatic and/or manual initiation of the CIS. It
‘'should be noted that manUa],initiation-at_the equipment level
is not acceptable. We will require manual initiation at the
system level.per Section 4.17 or IEEE std 279-1971. Specify
the point in time at which you begin count1ng t1me for
containment 1solat1on purposes.

- (3) Identification of the power sources used tO'energize the CIS.

(4) A table showing the type and range of the radiation detectors
' and related instrumertation channels used in the CIS.

" (5) A P&ID for the CIS showing all isolation valves.

Response:

(1) Each Normal and Emergency Chilled Water line penetrating the
‘ containment is provided with a containment isolation valve.
Since the Chilled Water Systems are closed systems, their
‘valves are not required to automatically close upon a CIS signal.
If a line rupture within containment can not be isolated by closing
other remotely operable system valves inside containment,  then
the affected Ch111ed Water Supply containment isolation valves
' wou]d be c1osed

- For the Norma]’and'Emergency Chilled Water lines, each containment
isolation valve is provided with remote manual operation from
either the Control Room or the appropriate local control panel.

‘In addition, each valve may be operated manually at the valve.

Leakage from any Chilled Water System pipe inside containment will
result in leak detectors alarming the Control Room. Upon
confirmation of a Teak and determination that the leak cannot
be remotely isolated inside containment, manual or remote manual
action is taken to initiate closure of the containment isolation
valves affected.  The Chilled Water Containment isolation valves
will close in less than 30 seconds after initiation..

Q222.71-1 R Amend. 27
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" automatically close because the valves are normally closed
- (open only for inservice testing and maintenance) and when

This satisfies CRBRP Design Cr1ter1a 45 and 48.
The Sod1um Transfer Lines (Table 6.2-5, items.6 and 7) are
by two locked closed isolation valves and thus comprise closed

‘manually operated'iso]ation_va]ve outside containment. The valves
- will remain locked closed except for very infrequent maintenance.

‘Each Containment Vacuum Breaker Line (Table 6.2-5, item 3)

The DHRS Nak piping and heat exchanger inside conta1nment
comprise a closed system. In addition, the EVST Nak piping and
ABHXs comprise an essentia]]y closed system outside containment.
The two lines penetrating containment (Table 6.2-5, items 20

and 21), are split at tees outside containment, and each of the
four resulting lines is provided with a remote manually operated
containment isolation valve. These valves are not required to

opened, must remain so to provide the DHRS safety funct1on

safety class lines separated from the reactor coolant boundary

systems inside containment. Each line has a locked closed

operations requiring drainage of an EVST sodium: loop or mu]twp]e -
PHTS loops This sat1sf1es CRBRP Design Cr1ter1a 45 and 48. '

would be provided two isolation valves (one inside,.one outside) .
which would react directly to a negative pressure across the
containment boundary. Otherwise, the valves would be opened
(remote manually) only for periodic operability testing. Due

to the extremely infrequent operation of the valves, remote .
manual operation of the valves is considered adequate to satisfy
the intent of CRBRP Design Cr1ter1a 45 and 47. :

Remote manual initiation is prov1ded in the contro] room for
-all containment isolation valves except the sodium transfer lines

which are provided with (locked closed) manually operated valves
(see Table 6.2-5). Automatic isolation capability is provided

~vis-a-vis remote manual or manual isolation capability in

accordance with CRBRP Design Criteria 45 through 48. 1In

accord with IEEE Standard 279-1971, capability for manual initiation

of the CIS from the control is prov1ded For analyses of the
Containment Isolation System (detection and initiation equipment),
time zero will be initiation of the event under consideration.

‘For analysis of the individual valves (see Table 6.2-5), time

zero will be when the signal to close is received by the valve

, operator

The three instrument channels of the Containment Isolation
System, which include radiation detectors, signal conditioning
and comparators are energized from the three independent 120 V
AC vital busses. The Containment Isolation System valve
actuators are energ1zed from 2 of -the 3.vital DC busses (from
two of three station batteries), one bus for the inside

“containment valve actuators, and one bus for the outside

containment va]ve actuators.

Amend. 26
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6; o - {4) A table showmg the type and range of radiation detectors and
- associated instrument channels used in the CIS will be provided
in September 1976.

(5) The containment iso]ation valves for each line penetrating
containment will be shown on the P&ID for the system in which the
containment isolation valve is included. Note that in the
response to Question 001.182, the second column of Table 6.2-5
identifies the section of the PSAR where specific information
about the systems which penetrate containment may be found.

Where the design has evolved sufficiently to-the hardware state,.
the containment isolation valves are shown in figures in_the
referenced PSAR sections. For example, the isolation valves
' for the Containment Ventilation Air Supply and Exhaust Lines

49} (the first two items in Table 6.2-5) are shown in Figure 9.6-4.

' Likewise, the isolation valves for the Dual Compressed Gas
Supp11es to Containment (items 4 and 5 in Tab]e 6.2-5) are shown
in Figure 9.10-1.

6"’ | - o . Amend. 49
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Question 222.72 (7.2)

Describe your design provisions for two-loop operation with respect to

more restrictive PPS trip settings. We refer you to Branch Technical

Position EICSB. 12 of Appendix 7A of the Standard Review Plan. We will

. require compliance to this position as means for meeting the require-
ments of Section 4.15 of IEEE Std 279-1971.

Resgonse:v

 Compliance with BTP EICSB 12 is discussed 1n-kevised Section 7.2.2.

: ‘ ‘ : : Amend. 31
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Question 222.73 (7.4.1.1, RSP)

You state in Section 7.4.1.1.4 that "Control interlocks associated with the
operation of active components have not been completely defined" for the
Steam Generator Auxiliary Heat Removal System (SGAHRS). Specify your time
schedule for completing the design of this system.

It should be noted that your design should provide a diversity of motive and
control power so that both trains of the SGAHRS will not depend on.one type
of power. An example of an acceptable auxiliary feedwater system would be

to have one train relying on DC and steam and another train relying on AC
only, either one of wh1ch can provide the required flow.

Ident1fy the power sources used to provide motive and control power to SGAHRS.

‘~Resgonse.

SGAHRS Instrumentation and Control System design of 1nterlocks associated with
the operation of active components is complete. PSAR Section 7.4.1.1.4 includes
a funct1ona1 description of required SGAHRS control interlocks.

With regard to the request to identify the power sources used to provide
motive and contr01 power to SGAHRS, refer to NRC Question 020.11 and its
response.

Comp]iance to the applicable portions of BTP APCSB No. 10-1 is met with the
following design:

In order to meet the requirement of an auxiliary feedwater system to consist
of at least two full capacity independent systems, including diverse power
sources, SGAHRS is designed with two 50% capacity motor-driven pumps, each
connected to a separate diesel, and one 100% steam turbine-driven pump. Thus,
there is 200% total capacity with half of it electrically powered and half
-steam powered. There are also two parallel auxiliary feedwater paths to each
drum, one from the turbine-driven pump through a control valve and one from
the headered motor-driven pumps through another control valve. The drum
level setpoints are set such that flow normally is supplied from the motor-
driven pumps only with the turbine pump recirculating. If the drum level

- falls below the turbine pump setpoint, the control valve downstream of that
pump opens and begins supplying flow.

System "A" and System "B" switchgears provide power to the respective System
"A" and System "B" motor driven SGAHRS pumps. The control power for the
System "A" and System "B" switchgears is provided from the System "A" and
System "B" battery supply as identified on Tables 8.3-2A and
8.3-2B. The control power required for the 100% turbine driven SGAHRS pump

~ is supplied by Battery System "C" as identified in D.C. battery loading table
8.3-2C. This battery system design will permit aux111ary feedwater sub-
system operat1on with loss of all AC power.

21 Amend. 62
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Question 222.74 (7.4.2)

Provide a Functional Control Diagram and a P&ID for the Outlet Steam
Isolation Subsystem (0SIS). Identify the power sources supplying
control and motive power to the 0SIS. '

Response:

- The 0SIS functional control is discussed in Section 7.4.2 and is

. illustrated as part of PSAR Figure 7.5-6 (Sh. 5). The isolation valve
location in the. Steam Generator System is.'shown on PSAR Figure 5.1-4,
"Steam Generator Schematic Flow Diagram". - The power source for this
system is Class IE instrument power, both for control and motive power.

Q222.74-1
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Question 222.75‘(7.5;5.1) |
 Provide the design bases and design criteria for the Sodium to Gas

Leak Detection System even though its preliminary design is not expected
until 1977. - '

Response:

The information requested is provided in revised Section 7.5.5.1.

.75-1 : Amend. 20
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Provide the design bases, design criteria, P&ID's. and Functional Control
Diagrams for the Treated Water Instrumentation and Control System, the
Overflow Heat Removal Service (OHRS) System, and the .Sodium Water Reaction
Pressure Rel ief System (SWRPRS). . Provide the same information for the systems
listed |n Table 7.1-1 under "ther Safefy -Related Insfrumen?a?lon and

Control. » . . . :

B.e_sp_Qns_e:

The design bases for the chilled water .systems and service water systems are
provided in PSAR Sections 9.7 and 9.9, respectively. Those bases apply to the
instrumentation and control portions .of the systems as well as the other
portions. . The Design Bases of the Instrumentation and Control for the
emergency chilled water and Emergency Plant Service Water Systems, are
discussed in revised PSAR Sections 7.6.1 and 7.6.2.

The SWRPRS design basis events are identified In sectlon 15.3.3.3, "Large
Sodium Water Reaction." Detail on the Instrumentation and control functions
to meet these design basis events is provided In PSAR Section 7.5.6. The
design basis for the SWRPRS, including the instrumentation and controi
equipment, Is to protect the plant by tripping the reactor and mitigating the
pressure pulse In the IHTS for reacfuons enveloped by a three tube leak in any
steam generator module.

PSAR Figures 5.1-4 and 7.5-6 provide P&ID and Functional Control lnformafloh
for the SWRPRS.

The design criteria for the SWRPRS I&C equipment is as fol lows:

To monitor the SWRPRS reaction products vent {ine and initiate planf
shutdown upon detection of reaction products.

lnifiafe activation of and monitor the SWRPRS equipment required fo
mitigate the consequences of a large sodium/water reaction.

The SWRPRS 1&C equipment necessary to initiate plant shutdown and initjate
activation of SWRPRS equipment upon detection of a significant sodium/
water reaction shall be designed and qualified in accordance with the
appropriate requirements of Section 7.1. This includes the monitoring
equipment necessary to detect events requiring plant shutdown and SWRPRS
operation.

As discussed in PSAR Section 5.6.2, the design basls for the DHRS (OHRS) is to .
provide a single safety class decay heat removal train, capable of being
initiated manualiy from the Control Room and from a local control station.

The bases for the design of the DHRS instrumentation and control is to monitor
the operation of the DHRS and provide the control functions as required to
meet the following DHRS design criteria and requirements,

Q222.76-1
Amend. 71
Sept. 1982



‘a. Provlide the capablllfy for manual lnlflafion from the Control Room and a

’ local control’ station.

b. Provide sufficlent Information to enable fhe operator -to verify that the
DHRS is performing Its function of removing heat from the reactor.

.¢. Provide sufficient Instrumentation to allow the operafor(s) to monitor and

* ‘control (manually) the temperatures of the sodium and NaK loops to
maintain the system within operating |imits.

d. The |&4C equipment necessary to assure that DHRS will carry out its decay
heat removal function shall be designed and qualified In accordance with
the appropriate requirements of Sectlion 7.1. :

Sufficient DHRS instrumentation will be provided to enable the operator(s) to
verify that the Auxiliary Liquid Metal System valves are appropriately

al igned, pumps and fans -operating and heat Is being transported to and removed
from the ABHX's. Instrumentation and control capability will be provided to
allow the operator(s) to monitor and control (manually) the temperatures of
the sodium and NaK loops to maintain the system within the operating |imits.
The control for the containment isolation valves in the NaK subsystem will

. meet the design bases for the CIS provided ln Section 7.3.1.2.

The design bases for *he Heating, Ventilating and Ailr Condlflonlng (HVAC)
System, instrumentation.and control, are discussed In revised PSAR Section
7.6.4. ' :

- The Design Bases of the Instrumentation and Control for the Recircufa#lng.Gas
Cool Ing System, are discussed In revised PSAR Section 7.6.6.

0222.76-2
Amend. 71
Sept. 1982
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Question 222.77 (7.8.1, 7.5-1) (RSP)

Provide a Table similar to Table 7.5-1 listing all instrumentation intended -
for accident and post-accident monitoring of plant parameters necessary to
follow the course of an accident and to achieve a safe shutdown. Branch :
Technical Position EICSB 23 of Appendix 7A of the Standard Review Plan pro— v

. vides guidance and requ1rements for the qua11f1cat1on of this type of in-

strumentation. We will require compliance .to these requirements. Moreover,
you should provide a discussion outlining and justifying your rationale for

‘the se]ect1on of parameters for this group of monitoring instrumentation.

. Response:

50

Sect1on 7.5.10 provides a discussion of 1nstrumentat1on prov1ded to enab]e
the plant operator to assure that the plant.is maintained in a safe
shutdown status. Table 7.5-4 lists the parameters monitored to perform
this function.  Compliance to the qualification requirements of EICSB 23
will be carried out as outlined in the response to Question 222.54.

_ : : _ Amend. 50
0222.77-1 ’ June 1979



Question 222.78 (7.9.1.5)

rom your description and design evaluation of your provisions for a safe
Ehztdzwn outsidepthe control room, it appears‘that ygur_des1gn dges not
meet the requirements of NRC Criterion 17. Discuss in some detail how
your present design, and any additions or changes you may propose, meet the
requirements of NRC Criterion 17.

Response:

The equipment provided at approprtate Jocations outside of the contro]
room to shut the plant down and maintain it in a safe shutdown condition
is in compliance with CRBRP Genera) Design Criterion 19 (or alternately
10CFR50 Appendix A Criterion 19-Contro) Room) as identified in Section

3.1.3. This is discussed in Section 7.9.5 of the PSAR which has been
amplified in response to this question.

More detail concerning specific locations of equipment outside the
control room, and the specific instrumentation necessary to assure the

plant is maintained in a safe shutdown condition will be provided in the
FSAR.

‘ | Amend. 20
6 | | Q222.78-1 - May 1976



Question 222.79 |

You state'in‘Section 4.4.5 that "a document presenting the rationale

for the instrumentation selection is being developed. This document
should be available by October, 1975". -We have not received this
document yet. We will need this information to perform our rev1ew
of the reactor in-vessel 1nstrumentat1on

Response:

The document presenting the rationale for the inStrumentat1on selec-

tion has been prepared and has been 1ncorporated into new Section
4.4.5 of the PSAR.

Q222.79 -1 Amend. 26
: . . Aug.

1976
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Que's't'ion 222.80 (7.2-7.6)

Your response “to our Quest1on 222.10 is not adequate. Although your
response provides a detailed reference of pertinent subsections where

- our concerns are d1scussed ‘mentioned or alluded to,; we need a discussion

for each system described in Sections 7.2-7.6 of how it meets. the

«requ1rements of the app11cab1e NRC criteria, Regulatory Gu1des, and,
~on a sect1on by sect1on bas1s, of IEEE Std. 279- 1971

'Resgonse

'7Chapter 7 of the PSAR conforms to the Standard Format and Content
‘Document and contains available information on how the instrumentation

cand control systems meet the requirements from the CRBRP General Design
“Criteria, NRC Criteria, Regulatory Guides and IEEE Standards. In
:add1t1on, ‘the response to Question 222.10 details the requirements of

IEEE 279-1971 and references pertinent subsections of the PSAR where .
these requirements are discussed. The information currently in the PSAR
is sufficient to show compliance with design requirements.

. Q222.80-1

Amend 20
May 1976



Question 222.81 (8.2.1)

Revise Figures 8.2-2 through 8.2-6 to show interconnections of the two
switchyards to the onsite 13.8-kV buses showing all breakers and any 1nter-
connections between the buses.

Response:

Figures 8.2-2 through 8.2-6 have been revised to show all breakers and
methods of supplying 13.8-kV auxiliary buses TN through 9N and ESF buses

1E and 2E. As indicated on these drawings, the auxiliary buses are served.
simultaneously from one source at a time. The source supply is either the
unit station service transformer or one of the reserve station service trans-
formers. The selections available for supplying these auxiliary boards

are described in Section 8.3.1.1.4.

: Amend.
Q222.81-1 " Feb. 1976
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Quest1on 222 82 (8.2.1)

You state in Sect1on 8.2.1 that "results of trans1ent stab111ty stud1es
show that the Reserve AC power supply remains a reliable source. . .."

However, you do not comment on the results of the -analysis on the Preferred

AC Power Supply.- Provide the results of your analysis pertaining to the
Preferred AC Power Supply.

Response:

The Reserve AC power supply provides the two physically separate and inde-
pendent circuits of the IEEE Standard 308-1974 (preferred power supply) and
is in compliance with General Design Criterion 17 as discussed in Section 3
The auxiliary buses are connected to the Reserve switchyard through two
independent transformers, and the Reserve switchyard is connected to the
TVA grid with two physically separate and 1ndependent source lines as
required by General Design Criterion 17.

The Preferred AC Power Supply (two transmission lines and the CRBRP main
generator step-up transformer connected to the CRBRP generating switchyard)
is not required to comply with NRC and IEEE criteria for electrical faults
on the generator side of the load break switch.

Results of steady state and transient stability studies show that one of
the two physically separate and independent sources provided by the Reserve
AC power supply remains a reliable source to supply the onsite electric
power system for single contingency cases including loss of the CRBRP unit,

Preferred AC Power Supply, loss of a critical 161-kV transmission line, or

loss of the largest generating unit on the system.

Q222.82-1

Amend.

Feb.

.

12
1976



Question 222.83 (8.2.2)

Discuss in Section 8.2.2 the consequences of a turbine trip with the pre-
sence of an electrical fault in the generator side of the step-up trans-
former, or an electrical fault in the offsite (161 KV) lines.

Response:

The response to this questioh is contained in revised Section 8.2.2.

Q222.83-1

Amend. 12
Feb. 1976



Question 222.84 (8.2.2.1, Q222.19)

Your response to our Question 222.19 needs clarification with respect to
the immediate vs. delayed access provisions of the Preferred and Reserve
AC Power Systems. You state on page 8.2-5 under "Safety Guide 1.32" that
each supply is connected automatically when required. On the next para-
graph you state that if there is a Toss of the immediate access circuit,
then the delayed access circuit will be available in sufficient time.

The two statements appear to be in conflict in that the first one seems
to imply that the Reserve AC Power Supply can provide power on an imme-
diate access basis. Provide a clarified discussion of your compliance

to Regulatory Guide 1.32, Specify what "sufficient time" is for the

availability of a delayed access circuit, and what this circuit may be.

Response:

The Reserve AC Power Supply is available automatically in the event of the
failure of the immediate-access circuit. The discussion for Regulatory
Guide 1.32 in Section 8.2.2.1 is modified to explain how the Reserve AC
Power Supply can provide power essentially on an immediate access basis.

Q222.84-1

Amend. 12
Feb. 1976
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Quest1on 222. .85 (0222 23 8. 3)

‘In your response to our Quest1on 222 23 you address our concern relating -
to reliability of the diesel generator sets to start and accept load -

B only with respect to the effect of this reliability on the SGAHRS aux-

iliary feedwater pumps Address the same concern related to the pony
motors. -

Resgonse.

The Shutdown Heat Removal System Reliability Assessment (Ref. 6 of Section 1.6)
indicates that the randgm failure probability of a single pump (independant of
power: supply)is 2.4x1077 per hour; the probability of failure of the offsite power.
supply and one diesel generator (probability of a single motor power supply) is-

1.8 x 10-9 per_hour; an? the probability of loss of offsite power and both d1ese]
generators is 1.8 x 10~ 1 per hour.

: Many CRBRP design basis events resu]t in decay héat remova] through a11 three

HTS loops. In such a case, -the three PHTS pony motors redundantly perform the
same safety function. In this case, when the (3) pony motors are viewed as ‘
redundant components, the combined probability of failure of all 3 motors is
dominated by the probab111ty of ]oss of all AC power.

. Amend. 27
Q222.85-1 -~ Oct. 976



Question 222.86 (8.3-2C)

In Table 8.3-2C you list the 250VvDC‘system loads. Identify the redundant

counterparts of these loads and the sources from which they are powered.

Response:

In order to implement the recommendations of Regulatory Guide 1.75, three
(3) - 125 volt DC batteries will be installed to provide power supply to

Class IE loads and two (2) additional nonIE 125 volt D.C. batteries will
be installed to provide power supply to non-Class IE D.C. loads. PSAR

Section 8.3.2 has been revised to reflect these changes. The redundant
. counterparts of the loads listed in Table 8.3-2C are listed in Tables

8.3-2A & 8.3-2B, except for load #8. Load #8 (SGAHRS Turbine Pump)

does not have a redundant counterpart, as there is only one SGAHRS (Steam
Generator Auxiliary Heat Removal System) Turbine Driven Pump. The other
two SGAHRS pumps are electric driven, and are listed on Tables 8.3-1A

& 8.3-1B. '

Q222.86~1
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Question 222.87 (8.3.1.1)

Provide single line diagrams showing the 13.8 kv, 480/120 V, 120 volt vital
and 250/125 V DC safety related distribution systems and buses indicating
to the extent possible during this stage of design all loads on each bus.

Response:

The E]eétrica] System has been revised to provide four 4.16 kv buses. The
4.16 kv buses are indicated in revised Figure 8.3-1. :

PSAR Section 8.3 has been updated to include the one line diagrams showing

the loads connected to 4.16 kv buses, and the 4160/480 volt unit sub-stations.
(Figures 8.3-3, 8.3-4 and 8.3-5). The loads connected to the Class IE Motor
Control Centers have not yet been fully developed and will be provided in

the FSAR.

A single line diagram showing the 125 volt DC and 120 V AC Class IE Power
System is provided in revised Figure 8.3-2.

The source of supply of the 125 volt DC Class IE batteries and 120 volt
‘vital AC distribution buses are identified in Figure 8.3-2.

Each Nuclear Island Building is provided with two Class IE DC panels, one
supplying power .to one load group within that building and the second panel
to the other redundant load group. The details of the loads connected to
each panel will be provided in the FSAR.

Control Building and the Reactor Containment Building are provided with three
vital AC panels. Each panel will be used for supplying power to equipment in
that building associated with one PPS channel. The details of the loads connec-
ted to the individual panel will be provided in the FSAR. ' SR EY

Q222.87-1

Amend. 15
April 1976



Question 222.88 (8.3.1.4)

In your discussion of the physical separation criteria for cables of

Class IE systems on page 8.3-21 you use the terms physical and electrical
separation interchangeably.  Although we believe this to be an inadver-

tent oversight, nevertheless it should be corrected to avoid unnecessary

confusion. Review Section 8.3.1.4 and correct as necessary. See. Question

222.52 for more specific requests for additional 1nf0rmat1on on seoarat1on

criteria.

Response:

Section 8.3.1.4 has been revised to avoid confusion. between electrical
and phys1ca1 separation. This section has also been revised to reflect B

" - a change in cable tray fill from 30% to 40%

Q222.88-1
: Feb.

Amend.

12
1976



- Question 222.89 (Q322.5-1 Reference)

In response to our Question 322.5, you have calculated that 1lightning will
strike the plant area once in every 2.5 years. Describe the features of
your design that will provide lightning protection for the electrical,

~ instrumentation and solid state logic systems required for safety, in-

. cluding computer systems.

Response:

Each of the four (4) transmission lines connected to the Generating and
the Reserve Switchyards are protected from direct lightning strikes by
overhead ground wires installed over the transmission towers,

For protection of the Plant Electrical System against propagation of lightning
surges, lightning arrestors have been provided at the primary side of the main
transformer and the reserve transformers. These lightning arrestors are coor-
dinated with the insulation of the main transformer and the reserve transfor-
mers and the auxiliary electrical equipment downstream to reduce lightning
surges to below the rated impulse level of the equipment. The margin of pro-
tection is in excess of that required by IEEE Standard 28 of 1974.

The main generator is provided with. a surge protector to protect the generator
against Tightning surges or voltage impulses -transmitted through the main trans-
former. The surge protector provides protection for the main Generator winding
insulation by limiting the amplitude of any applied impulse waves or reflec-
tions within the machine winding. The capacitors in the surge protector provide
protection against insulation failure by reducing the steepness of the wave
fronts. _

In addition, the plant buildings and cooling towers are provided with Tightning
rods mounted strategically on the top of the structures and connected with
separate grounding cables to the buried plant ground grid. This arrangement
provides a low resistance path to ground for lightning strikes on buildings.

The 1ightning protection described above considerably reduces the effects of
lightning strikes to the electrical system. The safety related instrumentation
and control systems are supplied by the Vital 120 VAC power supply. This

120 VAC supply is located inside a lightning protected building and is

isolated from the switchyard power supply by breakers, transformers, cabling,
buses, reactors, battery chargers, and inverters. The imredance and filtering
provided by this equipment will essentially eliminate surge voltages resulting
from 1ightning strikes in the switchyards.

Lightning protection requirements for the non safety- re]ated data handling and
display system will be determined by the system designers and equipment vendors.

Q222.89-1 _ _ Amend.

Apr. 1976
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Question 222.90 (7.1.2.5 F1-2)

Provide the information requested in-our RSP 222.54 and Question 222.70
to reflect environmental conditions applicable to the parallel design.
Include in your response an identification of these components required
for safety which may be affected by the design basis loading referred to
in Section 3.7.2.1.2 (yellow).

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 specific features of the Para]]el Design. Therefore,
the question is no longer applicable. »

"The environmental conditions associated with operation of the TMBDB
features are 1nc1uded in Section 2.1.2 of GRBRP-3, Volume 2 (Reference 10b
- of PSAR Section 1.6).

Q222.90-1 Amend. 62

Nov. 1981




Question 222.91 (F5.2.1)

Provide the information requested in our Question 222.77 regarding the
accident and post-accident monitoring of plant parameters appl1cab1e
to the parallel design.

Response:

This question is on design details of Parallel Design features. 1In
Amendment 24, the Project withdrew the Parallel Design; hence the question
is no longer directly applicable. However, CRBRP-3, Volume 2 (Reference 10b
of PSAR Section 1.6) identifies the instrumentation provided for post
accident monitoring in the case of events which cha]]enge containment
integrity.

Q222.91-1 Amend. 62
: Nov. 1981




Question 222.92 (F5.3.7.3.6.2.4.3.7.3.1.1)

‘Provide the additional information on the CIS requested in RSP 222.71
as it applies to the parallel design. Describe the head access area
instrumentation, including the sensors,that will be used to isolate the
sealed head access areas from the main containment area.

- 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 applicable.

Q222.92-1 Amend. 62
Nov. 1981
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Question 222.93 (1.2.6 Yellow)

In Section 1.2.6 (yellow) you state that the Plant Control System
receives signals from the Ex-Vessel Core Catcher System. Identify all
such signals and describe their intended function.

Response:

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

Q222.93-1 ,
Amend. 62
~ Nov. 1981
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Question 222.94

On-page 3.1-15a you state for "for the design basis core disruptive
accidents...the .electric power systems provide power as required to
assure adequate cooling of the fuel materials within the containment”.
Provide specific information as to what power systems support what safety
related systems and associated safety functions within the scope of your
abave statement.

Response:

With the deletion of the Parallel Design in Amendment 24 this question

is no longer applicable as the features upon which the questlon is based
are no longer a part of the design.

Q222.94-1 Amend. 62

Nov. 1981



Question 222,95 (3.8.4.1.8)

; In Sectlion 3.8.4.1.8 you state that the electrical manholes of your onsite
distribution system are Seismic Category |. Specify what systems this
provision covers, and describe your flood protection features for these
electrical manholes. ‘

Response:

The Seismic Category | Electrical Manholes, as described in Section 3.8.4.1.7,
are provided for supplying standby onsite power to the Emergency Cooling
Towers in the yard. Flood protection features for these electrical manholes

‘ are discussed in revised Section 3.8.4.1.7.

0222.95-1 ' Amend. 74
Dec. 1982



Question 222.96 (6.2.7, 7.9.1.5, Q222.78)

Provide the information requested in our Question 222.78 with respect to
the compliance of-your parallel design to the General Design Criteria
entitled "Control Room".

Response:

With the deletion of the Parallel Design in Amendment 24 this question is
no longer applicable. However, the Control Room habitability requirements
for TMBDB conditions are provided in Section 2.7.2.15 of CRBRP-3,

Volume 2 (Reference 10b of PSAR Section 1.6).

Q222.96-1 ) ‘ Amend. 62
Nov. 1981



Question 222.97 (8.3-1A Yellow)

In the diesel-generator load listing of Table 8.3-7A you list a number
of 4.16 and 13.8 KV loads. For the reference design, the 4.16 KV loads
were listed as 13.8 KV loads. Explain the reasons for these changes
and describe how you will derive a 4.16 KV supply. Such a supply is

not identified in Figure 8.3-1. Identify all non-Class IE loads 1isted
in Tables 8.3-1A and 8.3-1B.

Response:

With the deletion of the Parallel Design in Amendment 24 this question
is no longer directly applicable. However, the electrical power system
requirements for TMBDB features are identified in Section 2.1.2.13 of
CRBRP-3, Volume 2 (Reference 10b of PSAR Section 1.6). '

Q222.97-1 :
Amend. 62
Nov. 1981
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Question 222.98 (7.7.1.3)

The information provided to describe the primary and secondary control rod
systems is not sufficient to assure that failures of_thgsg systems would
not impair the protection system capability in any s1gn1f1cant manner, or
cause plant conditions more severe than thgse for wh1ch'p1an§ safe?y
systems are designed. Provide a more detailed description, including

- one-line schematics and functional control diagrams showing the CRDM

pulser, rod block interlocks, and all automatic and manual control
functions.

Response: |

"PSAR Section 7.7.1.3.1 has been. expanded to nrovide the recyested information

on the primary control rod system.

The secondary control rod system is discussed completely in PSAR Section
4.2.3. To summarize briefly, the secondary control rod system is required
for plant shutdown only if the primary system fails. For plant operation
all secondary rods must be withdrawn to their full-out position
before any of the primary rods are withdrawn. During plant operation the
secondary rods will remain in this full-out position in readiness for a
scram demand. Proper positioning of the readiness secondary rods is assured
by having two independent position indication systems. Upon receipt of a
scram demand from the PPS the latch mechanism which supports the rods in
place is actuated by the venting of a pneumatic cylinder, thus releasing the
rod. The insertion rate of the control rod is controlled by gravity and
the hydraulic pressure forces which assist scram action.

Failures of the -Primary CRDM Power Train have been identified in the FMEA
submitted in answer in Question 222.34. The consequence of these failures
are discussed in the PSAR in Sections 15.2.2.3, 15.2.3.4 and 15.2.3.5.

No ‘significant consequences result from these failures. The same FMEA sub-
mitted with Question 222.34 identified failures associjated with the secondary

.control rod system.

More detailed information on the final design of the Primary CRDM Controller
and Power Train including one line schematics and functional control diagrams
will be included in the FSAR. Detailed design information on the secondary
control rod drive mechanism controller will be included in the FSAR.

Q222.98-1 v Amend. 51
Sept. 1979



Question 222.99

Provide the criteria, bases and preliminary design of the instrumentation
needed to follow the course of the TLTM accident; include the rationale
for not including radiation monitors inside containment.

Response:

The information requested will be found in CRBRP-3, Volume 2 (Reference 10b
of PSAR Section 1.6), Sections 2.1.2.12 and 2.2.12.

Section 2.1.2.12 gives instrumentation requirements and Section 2.2.12
describes the instrumentation. Monitors for measuring the radiation
level inside containment are being added to the design.

2.99-1 Amend. 60 -
Q22: Feb. 1981



Question 222.100

Describe the proposed environmental qualification program for those
selected electrical systems and components necessary for the course of
the TLTM accident. ‘

Response:

The information requested will be found in CRBRP-3, Volume 2 (Reference 10b
of PSAR Section 1.6), Sections 2.1.2.12, 2.2.12 and 2.2.13.

Section 2.1.2.12 identifies that TMBDB instrumentation will be designed,
manufactured, and qualified to all standards applied to Class 1E
instrumentation and specifies the environmental design conditions for
each instrument. Sections 2.2.12 and 2.2.13 further discuss features
of the instruments and electrical power systems which meet 1E standards.

Amend. 60
0222.]00-1 Feb. 1981



Question 222.101

systems (provided to mitigate the consequences associated with the site
suitability source term) to the TLTM function is accomplished in the
event of a core melt accident. Include the following items:

if “ ~ . Describe how the transfer from emergency operation of the containment

(a) indicate what plant information is necessary to initiate the transfer;

(b) indicate what plant information will be provided to the operators
in the control room;

(c) indicate how inadvertant initiation of the TLTM features will be
prec]qded.

Response:

Pertinent information will be found in CRBRP-3, Volume 2 (Reference 10b of
-PSAR Section 1.6), Sections 2.1.2.12 (instrumentation requirements),
2.2.12 (instrumentation design) and 2.3 (operator actions).

£ | Anend. 60 °
' : : Q222.101-1 - Feb. 1981

i S o e o {



