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AMENDMENT 70

QUESTION / RESPONSE SUPPLEMENT

J

This Question / Response Supplement contains an Amendment 70 tab sheet.

to be inserted following Qi page Amendment 69, July 1982. Page Qi Amendment 70
is to be inserted following the Amendment 70 tab sheet.

Following new Question / Response pages will be inserted in PSAR
Volume 25 behind the appropriate numbered tabs located within that volume.

The parenthesis beside each Question / Response shown indicates the
number of pages associated with each Question / Response.

QCS220.1 (2) QCS220.16 (1) QCS220.31 (1)
QCS220.2 (1) QCS220.17 (2) QCS220.32 (1)
QCS220.3 (1) QCS220.18 (1) QCS220.33 (1)
QCS220.4 (5) QCS220.19 (1) QC3220.34 (9)
QCS220.5 (6) QCS220.20 (1) QCS220.35 (2)
QCS220.6 (2) QCS220.21 (1) QCS220.36 (10)
QCS220.7 (1) QCS220.22 (10) QCS220.37 (3)
QCS220.8 (1) QCS220.23 (1) QCS220.38 3)
QCS220.9 (1) QCS220.24 (1) QCS220.39 12)
QCS220.10 (1) QCS220.25 (1) QCS220.40 5)

/^) QCS220.11 (5) QCS220.26 (1) QCS220.41 1)
V QCS220.12 (12) QCS220.27 (1) QCS220.42 (2)

QCS220.13 (1) QCS220.28 (1) QCS220.43 (12)-
QCS220.14 (1) QCS220.29 (1) QCS220.44 (2)
QCS220.15 (1) QCS220.30 (1) QCS220.45 (1)

REPLACEMENT PAGES

REMOVE THESE PAGES INSERT THESE PAGES

QCS281.6-1, 2, 3 QCS281.6-1, 2, 3

Insert tabed page 810 at the beginning of the QCS810 series question / responses.
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1.6 MATERIAL INCORPORATED BY REFERENCE

1.6.1 Introduction

This section identifies technical reports incorporated by
reference into the PSAR. Some of the technical reports cited were
produced for the LMFBR program under the direction of the Energy Re-
search and Development Administration (ERDA) and, therefore, contain the
disclaimer notice as reouired by ERDA manual. Appendix 3201, Part II-D.
In support of the construction permit application for the Clinch River
Breeder Reactor Plant, however, any such disclainer notice should be
considered to be deleted and therefore of no ef.fect.

1.6.2 References

24|36| 1. Deleted.

2. WARD-D-0185, " Clinch River Breeder Reactor Plant Integrity of
42 Primary and Internediate Heat Transport System Piping in Contain-

ment", September 1977.

O-
3. WARD-D-0115, " Development and Application of a Cumulative Mech-

anical Damage Function for Fuel Pin Failure Analysis in LMFBR
- Systens", April 1976.

4. WARD-D-0005, " Demo Code" LMFBR Demonstration Plant Simulation '

Model , Rev. 4.

5. WARD-D-0090, "CRBRP Decay Power Analysis", January 1976.

****

36

7. Al Report No. 99-TI-413-039, "EVTM/CLEM Full Scale Test Analysis"
R.G. Hanson, issued August 15, 1975.

8. Al Report No. 99-TI-413-042,."Subscale Emissivity Test; Analysis:
'(EVTM)", D.; Van'evenhoven, issued October 17, 1975.

9. " Hypothetical Turbine Missile Data and Probability of Occurrence
for 3600-RPM-23-Inch LSB Unit for Use.with Liouid. Metal Cooled' Fast'

42 16 Breeder Reactor", General Electric Co., August . 1977

. Amend. 49.
Apr. 19791, c,. 3



10a. CRBRP-3, Volume 1, " Hypothetical Core Disruptive Accident Considerations
in CRBRP; Energetics and Structural Margin Beyond the Design Basis",
Rev. 4.

10b. CRBRP-3, Volume 2, " Hypothetical Core Disruptive Accident Considerations
| In CRBRP, Assessment of Thermal Margin Beyond the Design Base", Rev. 4.

11. WARD-D-0178, "CRBRP; Closure Head Capabil ity for Structural Margin
Beyond Design Basis Loading", Revision 3, November 1978.

12. WARD-D-0174, "CRBRP; Active Pump and Valve Operabil ity Verif ication
Plan", Aprii 1977.

13. WARD-D-0165, " Requirements for Environmental Qualification of CRBRP
Class IE Equipment", Rev. 6.

14. WARD-D-0218, " Structural Response of CRBRP Scale Models to a Simulated
Hypothetical Core Disruptive Accident", October 1978.

15. CRBRP-GEFR-00103, "CRBRP; An Analysis of Hypothetical Core Disruptive
Events in the Clinch River Breeder Reactor Plant", April 1978.
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TABIE Z.3 'O

DESIGN E> ASIS ACC!EENT x /Q V/ LUES FOR THE
EXCLUS!CN AREA BOUNDARY (EAE) AND LOW PCFtLATICN ZGNE (LPZ) D151AhCES,

!

I 't FT. WIND SPEED AND OtFECTION; 200-FT 10 33-FT [ ELTA T
PEWAt ENT TOWER CATA

FEBFUAR* 17, 1977 - FEBPUAFY 16, 1978

E All LPZ

Q:ZJc 0:ZJt Q:82c 8:21Jt 1.14.Das 4-30. Day keuct

2Design Accicent /Q Value : 1.1E-3 2.6E-4 1.2E-4 8.4E-5 3.7E-5 1.2E-5 2.Ff-6

t'.av isum Sector 0.5 Percent ' l e /Q Value: 1.1E-3 2.6E- 1 1.2E-4 8.4E-5 3.7E-5 1.2F-5 2.8E-6
(Nerall Site 5th Percentile /0 Value: 8.7E-4 2.3E-4 1.1E-4 7.7E-5 3.5E-5 1.1E-5 2.8E-6

Secioc_Deseodent.0 4 _Eetcen111e_.20_Yalues

Exclusica Area Boundary (2 hr only) Low Popul ation 2cnc'

5
Dir ec11oo' Yalue Disfacce_tel 01cectioo Q-2.lic 0: adit 6-24]t 1:LDoy 4:30 Dey ~6ecual

N 3.5E-4 681 N 8.8E-5 3.9E-5 2.6E-5 1.1E-5 3.2E-6 7.0E-7
N thE 8.2E-4 671 NNE 1.2E-4 5.2E-5 3.4E-5 1.4E-5 3.7E-6 7.7E-7
La P:E 1.0E-3 671 NE 1.5E-4 6.5E-5 4.3E-5 1.7E-5 4.7E-6 9.7E-7
1 ENE 1.1E-3 671 EtaE 1.9E-4 8.4E-5 5.6E-5 2.3E-5 6.5E-6 1.4E-6
tn E 9.1E-4 718 E 1.9E-4 8.9E-5 6.0E-5 2.6E-5 8.0E-6 1.9F-6

ESE 7.8E-4 832 ESE 2.1E-4 9.3E-5 6.1E-5 2.5E-5 7.0E-6 1.5E-6
SE 9.BE-4 832 SE 2.SE-4 1.2E-4 8.4E-5 3.7E-5 1.2F-5 2.PE-6

SSE 8.9E-4 870 SSE 2.3E-4 1.0E-4 7.1E-5 3.0E- 5 8.BE-6 2.0E-6
5 1.7E-4 1966 S 8.9E-5 3.9E-5 2.5E-5 1.0E-5 2.8E-6 5.8E-7

SSW 2.9E-4 1134 SSh 9.1E-5 3.8E-5 2.5E-5 9.8E-6 2.5E-6 5.0F-7
SW 6.0E-4 832 SW 1.5E-4 6.4E-5 4.2E-5 1.7E-5 4.4E-6 8.9E-7

WSW 5.4E-4 839 WSW 1.4E-4 6.4E-5 4.3E-5 1.8E-5 5.3E-6 1.2E-6
W 6.2E-4 839 W 1.6E-4 7.4E-5 5.0E-5 2.2E-5 6.5E-6 1.5E-6

Wtk 6.4E-4 882 hrM 1.7E-4 7.9E-5 5.4E-5 2.4E-5 7.2E-6 1.7E-6
PM 5.3E-4 1008 tM 1.4E-4 6.4E-5 4.3E-5 1.8E-5 5.5F-6 1.2E-6

Nik 6.9E-4 756 Ntk 1.3E-4 5.6E-5 3.7E-5 1.5E-5 4.1E-6 8.5f-7

1. Ccenputed according to R.G.1.145
2. Greater of maximum sectcr 0.5 percentile velce and 5th percer.itle overait

3. Computed according to R.C.1.111
4. Distance of approximately 2.5 miles
5. Olrection from which wind is bicwing
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TABLE 2.3-31

FIFTIEm PERQNTILE */Q VALUES FOR E/O AND LPZ DISTM&SI
33-FT WIND SPEED AND DIRECTION; 200-FT TO 33-FT DELTA T

PERMANENT TOWER DATA

FEBRUARY 17, 1977 - F EB RU ARY 16, 1978

Distance
__

50th Percent f le X/O Values (sec/m3)

(miles) 0-2 Hr 0-8 Hr 8-24 Hr 1-4. Day 4-30 Day

Minimum Exclusion 0.42 1.0lE-3 1.55E-4 1.23E-4 7.69E-5 9.06 E-5

Area Boundary

low Population Zone 2.5 1.59E-4 2.30E-5 3.5 8E-6 2.29E-6 2.60E-6

Distance
N
.

w
e

4
@

1. Values computed according to R.G.1.4 (6/74). These maximum sector values occurred In the west-northwest or northwest sectcrs
(east-southeast or southeast wind direction).
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3.7.2.1.2 Seismic Category I Systems and Components

The analysis of Seismic Category I systems and components is
determined by a detailed dynamic analysis using either the response
spectrum method or the time history method. The analysis is performed

j on a multi-mass
i

|
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mathematical represeniation of the system or components. A sufficient number

of masses with their appropriate degrees of freedom are used in the model to
adequately describe the behavior of the structural sy stem, and to insure an
accurate determination of the dynamic response. Significart non-linearities,

such as gaps or c.earances between PCRS components, are included in the f
mathematical model, in this case, a nonlinear time history analysis is
performed, which considers the impact forces generated at the gap locations.
Non-sy mmetr i ca l f eatures of gectnetry, mass, and sti f f ness, are modeled to
include their torsional ef fects in the analysis. Descripilon; of a
prel iminary reactor syslui. !inonr model and a preliminary PCRS ron-1inear |
model are given in Section 3.7.3.15.

The methods of response spectra analysis and time history analysi , are
described in a number of publications. A description of these analyses

techniques is provided in Appendix 3.7-A.

The system or component is analyzed with the seismic input (floor response
spectra or ilme histories) derived at the particular points of support on the
structure. All significant modes of the mathematical model are included in
the analysis. The significant, dynamic response modes are those predominant
modes which contribute to the total, combines modal response of the system.
Other modes, whose inclusion in the square root of the sum of the squares
modal summation have anegligible effect on the totel response would not
necessarily be used. With this procedure the number of modes included will be
such that inclusion of additional modes will not result in more than a 10%
increase in responses. Where the response spectrum method is used, the
individual modal responses are combined by the square root of the sun of the
squares, except for closely spaced modes (frequencies less than about 10%
apart) where the modal responses are combined by the absolute sum. The
analysis is performed independently in each of the two horizontal directions,
and the vertical direction. Similar effects obtained for each of the three
directions are combined by the square root of the sum of the squares. This is

consistent with Regulatory Guide 1.92.

A simplified analysis based on a single mass model or an equivalent static
load method may be used when it can be demonstrated that the simpiifled
analysis provides adequate conservatism. For the simplified analysis, the

equivalent static f orce, F , is distributed proportional to the mass of the
component, and is calculated by the following equation:

Fs " l *5 W As

where W is the total weight of the component, and A is the mau mum peak
acceleration of the response spectra, which apply ak the poir.s of support of
the component. Components whose fundamental frequencies art greater than 33
Hz in any direction, are assumed to be rigid in that direction and may be
designed for at least the maximum acceleration at their supports.

O
3.7-8

Amend. 70
Aug. 1982



All systems and components under the jurisdict ion of the ASME Section t il
Nuclear Power Plant Components Code will be designed to accommodate seismic
loadings in combination with other loadings without prcducing total combined
stresses in excess of those allowed by the Code. For elevated temperatures,
applicable ASME-1II Code Cases and RDT Standards wiIi also apply. Stresses
resulting f rom load combinations which include the CBE are limited to those
given by the Code for Upset Conditions. Tnese Iimits are intended to assure
that the reactor will be able to continue or resume operation without undue
risk to the health and safety of the public. For the load combinations which
include the SSE, Faulted Condition allowebles are generally applicable. The
load combinations for the SSE and OBE are given in Appendix 3.7-A.

O
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3.7-8a Amend. 70

Aug. 1982



- . __. ._ - - - _ _ _ ___ __ _ _ _ . _ .- _--_ _ __ ____. -. _ . ._

| O O o
i

!

! TABLE 3.7-7
!

LOCATIoli 0F N00E POINTS

Corresponding Distance from Center
i Node No. Mode No. for of Containment Building Elevation

for llortaontal Vertical (Ft 1 (Ft.) Appilcable Nuclear Island Building
Ofrectlens ofrection x (E-W) y (H-5)

,

1 1 2 0.0 0.0 965.72 Rear. tor Contatsunent

2 3 0.0 0.0 948.57 Reactor Containment
.

3 4 0.0 0.0 931.43 Reactor Contaltunent

4 5 0.0 0.0 91!.21 Reactor Containment
a

5 6 0.0 0.0 899.00 Reactor Contaltunent

6 7 0.0 0.0 876.00 Reactor Contafrument

| 7 8 0.0 0.0 856.00 Reactor Containment

8 9 0.0 0.0 842.00 Reactor Containment
4

9 10 0.0 0.0 836.00 Reactor Contalruneat

w 10 11 0.43 2.78 816.00 Reactor ContaltunentI
,

2.22 800.00 Reactor Contaltunent[ 11 12 1,57 -

2.06. 783'.75 Reactor Containmenti 12 13 1.52 -

13 14 0.67 6.8 774.00 Reactor Contaltunent

3.11 766.00 Reactor Contalsenent14 15 2.38 -<

1.48 752.66 Reacto- Containment15 16 4.62 -

23 24 26.37 -161.64 884.00 Reactor Service

24 25 40.28 -157.55 869.00 Reactor Service

} 25 26 39.87 -157.86 857.00 Reactor Service

26 27 42.35 -170.03 840.00 Reactor Service
'

27 28 15.39 -160.41 816.00 Reactor Service

! Fg 28 29 10.69 -160.57 797.00 Reactor Service

29 30 12.40 -159.35 779.00 Reactor Service?{:
.

4
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TABLE 3.7-7 (Continued)
1.0 CATION OF NODE POINTS (Cont,)

Corresponding Olstance from Center-
Node No. Node No. for of Containment Butiding

Elevationfor Horizontal Vertical (Ft.)
- (Ft.) Applicable Nuclear Island BuildingOfrections Ofrection x (E-W) y (ti-5)

_

30 31 18.13 -156.74 765.00 Reactor Service
31 32 4.23 -150.01 755.00 Reactor Service
32 33 20.72 209.78 886.00 Steam Generator
33 34 -162.79 132.76 883.00 Steam Generator
34 35,60 - 26.68 155.13 873.00 Steam Generator
35 36 - 34.93 112.82 857.00 Steam Generator
36 37 -103.75 129.68 846.00 Steam Generatorg

y 37 38,61 - 47.77 127.34 837.00 Steam Generator

3 38 39 - 53.74 119.41 816.00 Steam Generator
39 40,62 - 13.01 148.39 806.00 Steam Generator
40 41 - 38.68 117.15 794.00 Steam Generator
41 42,63 - 21.94 131.55 787.00 Steam Generator
42 43,64 - 21.58 127.52 7M 00 Steam Generator
43 44 - 37.29 139.32 746.0C Steam Generator

59(N-5) 67 - 18.11 30.78 733.00 Common Base Hat
60(E-W) 67 - 18.11 30.78 733.00 Comon Base Mat

p27
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O
6.1 Dynanic_Anolyses

Seismic Category I and iI structures, systems, and components shalI be
analyzed by a detailed dynamic analysis using either time history methods or
the response spectrum method. Other methods of dynamic analysis which provide
an acceptable solution may be used but the justifications and procedures shall
be submitted to W-LRM for review and approval. A simplified analysis such as
that based on an equivalent static load method may be used if it can be
demonstrated that the simplified tr.ethod provides adequate conservatism.

Analytical procedures of the detailed dynamic analysis and of a simplified
analysis are given in Attachment A.

The analysis will include the ef fects of the dynamic coupling between major
components of the system and the soil-structure interaction of fects. A
sufficient number of modes of the mathematical model which represents the
structural system shall be included in the analysis to assure participation of
all significant modes. The criterion for sufficiency is that the inclusion of
additional modes does not result in more than a 10% increase in responses.
Where the response spectrum method is used, the individual modal responses
shalI be combined by the square root of the sum of the squares, except for
closely spaced modes (frequencies 10% or less apart) where the modal responses
shall be combined by the absolute sum (see Attachment A). Supports of
structural systems (such as piping) may be subjected to different
accelerations; i.e., different response spectra for the particular support
location, in this case, the different response spectra should be super

d imposed to yield an envelope response spectrum to be used in the response
spectrum analysis.

The system will also be analyzed to determine the ef fects of the relative
displacements at their supports.

The relatise displacements should be imposed on the mathematical model as
separate static displacements unless other conservative methods of analysis
are employed or a time history analysis is performed. In the latter case, the
appropriate time histories are used at each anchor point location so that the
di f f erential of fccts are inherently included in the analysis. The relative
displacements are imposed in the most unfavorable manner to satisfy input
motions which may be out of phase f rom each other. The effects resulting from
the separate analysis for relative displacements should be combined absolutely
with those resulting f rom the seismic-induced inertial loadings.

Time history analyses of the supporting structure are required to determine
the response motin at the location on the structure of the supported
component. This motion is used as input to the analysis of the supported
component and may be in the form of motion time history or floor response
spectre.

O()

3.7-A.8
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The floor response spectra to be used for design of components
(subsystems) are calculated at frequency intervals.not greater than
those given in Table 3.7A-3. These spectra are widened in frequency
to account for the effect of possible frequency variation of the
structure, and sinoothed (in accordance with Regulatory Guide 1.122).
Since floor response spectra for both upper and lower bounds of soil
moduli are produced by the buildings anaylsis, a widening of * 10%
prior to smoothing is considered adequate. In addition, the spectra

are enveloped for the upper and lower bounds of soil moduli to obtain
design response spectra. When time history analysis of subsystems are
used directly to obtain loadings or effects (such as displacements,
inertia forces, stresses) the effect of possible frequency variation
of the structure shall also be considered. An acceptable method
using the same time history data with three different time intervals
is given in NRC standard Revieu Plan 3.7.2. Other methods may be used
if justified, such as development of synthesized (design) time

46 histories whose response spectra envelop the design response spectra.

I Seismic Category III structures, systems and components may be
6 analyzed using equivalent static loadings. The equivalent static

loadings for structures should satisfy the requirements of the Standard
Building Code, Zone 2. For the analysis of systems and components,
when required by local codes and the Standard Building Code, the
determination of the equivalent static loadings should consider the
amplification of the ground motion at the support point of the
component on the structure. The simplified analysis method of Attach-
ment A may be used as an option for this analysis, although it is not
requi red.

46

6.2 Mathematical Modeling

Structures and components of physically connected systems may
uy idealized as a combined sinqle mathematical model, or subdivided
into smaller

Amend. 46
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ATTACHENT A

ANALYTICAL PROCEDURES

A.1 Detailed Dynamic Analyses

Two of the methods used to perform a suitable, detailed dynamic analysis of a
structural system are the time history analysis and the response spectrum
analysis. The equations of motion are solved either by direct integration or
medal superpossition. Using modal superposition th normal modes of the system
are obtained along with the natural frequencies, mode shapes and participation
factors. For the time history analysis, the forcing f unction consists of the
earthquake motion as a function of time. For the response spectrum analysis,
the input excitation is provided in the form of response spectra which give
the spectral response motions (displacement, velocity, acceleration) as a
function of the natural frequencies for the appropriate damping values.

A.1.1 EquatJsns of Motion

The equations of motion of a mul ti-degree-of-free, dom discrete-mass damped
system subjected to an arbitrary support motion Y (t), can be written as:

3

d(t) + Ci((t) + KX(t) = -MlY (t) (1)
3

where:

M = Mass matrlx

C = Damping matrix which can be expr.essed as a linear
combination of the mass and stiffness matrices

K = Stiffness matrix

I = Unit vector in direction parallel to support motion

Y (t) = Time dependent support acce leration
s

X(t), X(t) and X(t) = Time dependent displacement, velocity and j"

acceleration vectors, respectively.

In the direct integration approach, the coupled equations of motion are solved
directly. In the modal analysis, using the orthogonality relations and

expressing the displacements, vel 9 cities and acceler,ations j,n normal
coordinates; i.e., X(t) =(A(t), X(t) =(A(t), andh(t) =fA(t), the above |
coupled equations of motion (Eq. 1) may then be rewritten as the following
uncoupled, normal equations of motion:

.. . ...

fAM A ( t ) + 2M #r r r ( t ) + K b I t } * ~M I'r sY Ii}rr r rr r

O
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l

!
|

l

|
!

where:

M *'rMt = Generalized mass for mode r.
r p

T
t C)" = Generalized damping factor for mode r.E

*
r T2w t Mppp p

=ofKo = Generalized stiffness for mode r.K p r

T
t gy
I

= Participation fa: tor for mode r.

rr" *TMor r

= Undamped circular frequency of mode r.w
r

t = Mode shape vector for mode r.
r

The undamped circular frequencies, w, may be calculated from:

2K-wM =0 (3) O
and the mode shape vector for mode r can be obtained from:

2[K - w M] t =0 (4)v
r

The solution of the differential equation (Eq. 2) for the case of at-
rest initial conditions is:

C "r(t-r) sin ["r I-C (t-1)] dr (5)f y (r)eA (t) = rp s r
wr 1-g

r o

For small damping factors, c , the above solution may be approximated
r

-r

C "r(t-r) sin [w (t-r)] dr (6)[r f y (r)eA (t) = rp s r
g

Amend. 46
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O
For closely spaced modes, that is, two consecutive modes whose
frequencies differ from each other by 10% or less of the lower
frequency, the combination is performed as follows:

1. Divide closely spaced modes into groups which include all modes
with frequencies lying between the lowest frequency in the group
and 10% higher.

2. Take the absolute sum of the modes in each group.

3. Take the square root of the sum of the squares of the absolute sums
(obtained in Step 2) and of the remaining modes which are not closely
spaced.

For example, assume the total number of n modes can be divided into two
groups of closely spaced modes, group A and group B, and modes j thru
n which are not closely spaced. Further, assume that group A contains
modes 1, 2 and 3; and group B contains modes 4, 5, and 6. The total
combined displacement Xic, would then be:

ic " b il i2l + IX I+ i3 ) +(|X$4| + hiS !+ 16 )!X

+ ............. + x2] - (18)+ X{3 n.s

Other methods such as the " Ten Percent Method" and the " Double Sum
Method" given in Regulatory Guide 1.92 are acceptable.

The above combination is performed as a last step (,for a carticular
46 earthquake direction) for the same type of effects individually, that

is, either displacements, accelerations, moments, etc.

A.2 Simplified Analysis

Where it can be demonstrated that the use of a simplified analysis pro-
vides adequate conservatism, any structural system (1) for which the motion of
its supports is known and represented by response spectra; and (2) which is of a
regular nature; i.e., does not have large discontinuities in mass and is not of
a highly irregular configuration, can be analyzed by the following approximate
method:

Regardless of the natural frequencies.of the structural system, the
equivalent static force may be taken as:

F = 1.5 W A (I9)s s

where:

/^T Amend. 46>
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F = Equivalent static force distributed propertional to the mass of the
s

sy stem.

W = Weight of the system including liquid contents.

A = Maximum peak acceleration of the response spectra which apply at the
s

cints of support of the structural system. (in "g" units) |

A f actor less than 1.5 in Equation 19 may be used if adequate justif ication is
provided.

O

i

|

|

9
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3.8 DESIGN OF CATEGORY _l STRUCTURES

3.8.1 Concrete containment (Not Aonlicable)

3.8.2 Steel Containment System -

3.8.2.1 Descriotion of the Containment

The Containment Vessel is a low leakage, free standing, all welded steel
vessel with a steel lined reinforced concrete bottom. The steel vessei
consists of a vertical cylinder with an ellipsoidal-spherical top dome.

The cylindrical part of the vessel has an inside diameter of 186 feet and has
a height of approximately 169 feet from the flat bottom liner at the base to
the spring line of the dome. Figure 3.8-13 presents the details of the
vessel. The containment has four ring stiffeners, all above the operating
floor. The top two stiffeners are connected by 60 equally spaced radial
vertical gussets and support the polar crane. Figure 3.8-14 presents details
of the polar crane girder support.

The cylindrical steel shell is embedded in concrete from the foundation up to
the elevation of the operating floor. On the Inside of the Containment
Vessel, there is a continuous reinforced concrete wall comprising the
peripheral boundary of the Internal concrete structure. Butting against the
outside face of the steel shell from elevation 733 feet up to the elevation of
the underside of the operating floor, there is a 22" thick reinforced concrete

O wall designed to prevent buckling of the steel shell. Neither of the
(/ peripheral walls are conected to the Containment Vessel except for shear keys

which are provided at the operating floor level to transfer horizontal seismic
loads. The shear keys are designed to allow free axial growth of the
cylindrical shelI. The embedded steel shelI wilI be coated wIth a bond
breaker pr f or to concrete placement to prevent bond between the vessel and the
concrete walls. The walls are not considered part of the Containment.

The bottom liner is anchored to a reinforced concrete foundation mat, 15 feet
thick. On top of the liner, a reinforced concrete fill slab provides
protection for the liner. The Containment Vessel is anchored to the
foundation mat by means of an embedment skirt.

The foundation mat of the Containment Vessel is part of the common foundation
mat of the Nuclear Island Structures. The limits of the ASME Section Ill,
Division 2 Code boundaries for the foundation mat are shown on Figure 3.8-13.

Alumina-silica insulation is attached to the inside surface of the Containment
Vessel from Elevation 816 feet to Elevation 825 feet to limit the Containment-
Vessel thermal stresses at the operating floor elevation during the Design
Basis Accident. A minimum of 6 inches of insulation, having a value of 0.035
BTU /hr-ft- F, is required to limit the shell temperature at elevation 816', to
130 F. I

O
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The vessel includes: its shel1, one horizontal gland girder, two horizontal
sti f f eners, a 1/4" bottom liner plate, one access airlock, one emergency

egress airlock, vacuum rel lef system, one equipment hatch, penetrations,
inspection ladders, miscellaneous appurtenances and attachments. The ,

equipment hatch has a inside diameter of 44'-6" to enable passage of large |
equipment and components into the containment. To the west of the equipment |.hatch there is an equipment /perscnnel airlock for routine access to the RG. ,

'

To prevent buckling in the equipment hatch area the plate is stiffened by a
'

frame structure. Details are shown in Figure 3.8-15. The configuration of
the shell is shown in Figure 3.8-3. The design lifetime of the containment
vessel is 30 years.

3.8.2.2 Apolicable Codes. Standards and Soecifications

3.8.2.2.1 Codes

The Containment Vessel will be designed, matcrial procured, fabricated,
installed and tested in accordance with the requirements of the ASME B&PV
Code, Section Ill, Division 1, 1974 Edition with Addenda through Winter 1974
and Code cases 1713, 1714, 1809, 1682 and 1785 and ASME-Ill, Division 2, 1975
Edition, Subsection CC, for the steel lined concrete containment bottom and
foundation mat concrete. The design shalI also meet the requirements of the
Class MC Section of RDT Standard E15-2T, " Requirements for Nuclear
Components".

3.8.2.2.2 Des ign Speci f icat ion Summary and Des ign Criteria

The Conteinment Vessel, including all access openings and penetrations will be
designed such that the leakage of radioactive materials from the Containment
under conditions of temperature and pressure resulting from the extremely
unlikely f aults could not cause undue risk to the health and safety of the
public and will not result in potential offsite exposures in excess of
guideline values of 10CFR100.

O
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3.8.2.3 Loads and Loadina CoIntLinal190s

3.8.2.3.1 Qasigtt!. cads

The folicwing loads shall be used in the design of the Containment Vessel and
Appurtenances.

Dead Load, including the weight of the steel containment vessel,D -

penetration sleeves, equipment and personnel access hatches, and
other attachments supported by the vessel, plus loads due to
concrete shrinkage.

L - Live Loads, as applicable, including:

1. Penetration Loads (including seismic), as applicable
2. Floor Loads - 100 PSF
3. Walkways -200 lbs per Iinear foot
4. Equipment and Personnel Airlock Floor Load - 300 PSF or 40,000 lbs

moving concentrated load
5. Emergency Airlock Floor Load -200 PSF or 10,000 lbs.
6. Polar Crane Loads
7. Cons 1ruction Loads *
8. Painters Line Anchor - 2,000 lb. In any horizontal direction
9. Interior Scaffold -2,000 lb. each on any 2 adjacent clips Support

Clips - combined with a Dead Load on all clips of 200 lbs. each.

W - Wind loads of 80 mph (ANSI A58.1-1972)

P; Internal Design Pressure (or Transient Pressure Loads)-

P - External Design Pressuree

- P, Testing Pressure-

T - Thermal loads due to temperature gradient through walls under
normal operating conditions.-

Thermal loads due to temperature gradient through walls fromT' -

accidents, such as major sodium fires.

T, Thermal load under testing temperature conditions.-
.

Loads resulting f rom an Operating Basis Earthquake 20BE)E -

E' - Loads resulting from a Safe Shutdown Earthquake (SSE)

A concrete placement load, resulting from using the vessel shelI*

below operating floor elevation as the formwork for placing the
reinforced concrete walls, and loads that are imposed by concrete
forms when constructing the confinement shelI. A snow load wilI
be considered also during the construction period.

<

O
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18 45

Accident loads due to Extremely Unlikely Faults (such asR -

interf acing loads f rom Inner cell concrete structures).

Note (11

The crane |Ive load shalI include, as appropriate, the vertical impact load
and the lateral thrust load as determined ir, accordance with Reference 3.

Design Pressures and Temoeratures

The design pressures and the associated design temperatures shalI be as
specified below-

Internal Design Pressure 10 psig
External Design Pressure 0.5 psis

|30Design Temperature 250cF

The design of the containment vessel tray also consider a transient design
pressure and attendant temperature Icadir.g due to extremely unlikely f aults.
Details of this information will be provided ir. the FSAR.

The operating condition contair. ment atrr.osphere temperature end pressure are as
follows:

Operating Condition Temperature = 700F
Operating Condition Pressurc = 0.0 psig
Lowest Service Metal Temperature = 150F

3.8.2.3.2 Loading Combinations

The loading combirations for which the vessel and its appurtenances are to be
designed shalI be, but not iimited to, those spectfled in Table 3.8-1. The
containment design requirements and limits shall be in accordance with
ASME- 1 I I, Art!ci e NE-3000.

For conditions where seismic loads are involved, the cesign analysis
requirements and criteria as contalced Ir. Section 3.7 shall also be met.

0
61

0
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3.8.3.1.2 Head Access Area (HAA)

The head access area is located below the operating floor level and above the
reactor cav ity. The access area is of a square shape 44 feet long on each
side and 14 feet high above the reactor head. The head access area is a
rei nforced concrete structure. Steel framing will be provided in this area to
support the EYTM operations.

3.8.3.1.3 Primary Heat Transoort System (PHTS) Cell

Each PHTS cell is a step type rectangul ar reinforced ' concrete structure. At
its wicest section, the cel l is approximately 48 feet wide by 72 feet long.
The cel| Is approximately 58 feet deep in the area housing the primary sodium
pump and intermediate heat exchanger. The Interior surf aces of the cel ls are
provided with cell liners designed to contain hot sodium spills. The cells
are designed to withstand accident pressure and temperature conditions as
noted in Table 3.8-2.

3.8.3.1.4 Reactor Overflow Vessel and Primary Sodium Storage Vessel Cell

This cel l is a step type rectangular reinforced concrete structure. The cell
is approximately 26 feet wide by 69 feet long with 62 feet height at its
deepest section. The Interior surface of the cell is lined with carbon steel
plate simil ar to the PHTS cel ls. The cell is designed to withstand accident

(V~}
pressure and tanperature conditions noted in Table 3.8-2.

3.8.3.1.5 Other Cells

These cel ls are reinforced concrete structures with various sizes. The cells
required to maintain a nitrogen atmosphere during operations will be lined and
designed to the requirements noted in Table 3.8-2. Cell liners are described
in Section 3A.8.

3.8.3.1.6 FIII SIab

A structure fill slab of suitable thickness will be provided over the bottom
contai nment i Iner pl ate.

3.8.3.2 Aeolicable Codes. Standards and Soecifications

3.8.3.2.1 Design Codes

Applicable provisions both mandatory and recommended of the following codes
will be used in the design of the internal structures:

O

3.8-10
Amend. 69
Julp 1982



_

a. Code Requirements f or Nucl ear Saf ety-Rel ated Concrete Structures
(ACI-349).

b. Specification f the Design, Fabrication and Erection of Structural Steel
for Buildings, ...erican Institute of Steel Construction, February,1969,
including Supplanent 1 (11/70), Supplanent 2 (12/71) and Suppleent 3
( 10/ 75) .

O

l
|
l

1
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3 c. Code for Concrete Reactor Vessels and Containments of ACI ASE
Committee (ASE B&PV Code, Section ill, Division 21975).

d. Applicable State Codes.

ACl-349 will be extensively used for the design of the internal structures.
ACl-349 is generally based upon ultimate load design. Since loading
combinations for the internal structures require that ultimate capacity of a
section be always greater or equal to the imposed load combination, this code
Is best appropriate for the design of the above structures. Chapter 18 of
ACl-349 will not be invoked since this is not relevant to the structures under
discussion. For fliermal stresses due to temperature gradient, the
requirements of ACI-349 (Appendix A) will be used.

AISC specification will be applied to the structural steel members such as
steel anbedments, beams, equipment and pipe supports and restraint structures.
3.8.3.2.2 Structural Specifications

See subsection 3.8.4.3 for the appropriate structural specifications.

3.8.3.2.3 NRC Regulatorv Guldes

The design will meet requirements or basic intent of the following NRC
Regulatory Guides:

a. 1.10 Mechanical (Cadweid) Spilces in Reinforcing Bars of Category I
hs) Concrete Structures (Revision 1, 1/73) |rj

b. 1.15 Testing of Reinforcing Bars for Category i Concrete Structures
(Revision 1, 12-28-72) I

c. 1.29 Seismic Design Classification (Revision 1, 8/73) |

d. 1.55 Concrete Placement in Category 1 Structures (6/73) |

e. 1.60 Design Response Spectra for Seismic Design of Nuclear Power
Plants (Revision 1, December, 1973) |

.
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f. 1.61 Damping Val ues f or Sei smic Design of Nuclear Power Plants. (Oct. 1973) I

g. 1.69 Concrete Radiation Shield for Nuclear Power Plants (Dec. 1973) |

h. 1.92 Combine Modal Responses and Spatial Components in Seismic
Response Analysis. (Rev.1 Feb.19/6) |

I. 1.142 Saf ety-Related Concrete Structures f or Nuciear Power Plants
(Other than Reactor Vessel and Contai nment). (Rev. 1 Oct. 1981) |

J. NUREG - 0554, SIngl e-Fat I ure-Proof Cranes f or Nucl ear Power Pl ants (May 1979) l

3.8.3.2.4 ASTM Standards

All ASTN Standards to the extent they are referenced in the codes and
stcndards noted in Section 3.8.3.2 and f urther speci fical ly identi fied in

j other parts of Section 3.8.8, wilI be applied to the design of the f acilIty.

!

O
,

i
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3.8.3.3 Leads and Loadina combinations

O 3.8.3.3.1 Loads. Definition of Terms and Nomenclature

The following nomenclature and def inition of load terms will apply to all
internal structures unless otherwise noted:

3.8.3.3.1.1 Normal Loads

Normal loads are those loads to be encountered during normal plant operation
and shutcown. They include the following:

D - Dead loads or their related internal moments and forces, including g

any permanent equipment / system loads. I

L - Live loads or their related internal moments and forces, including
any movable equipment loads and other loads which vary with intensity
and occurrence, such as soll pressure, and hydrostatic loads due to
normal groundwater.

T - Thermal effects and loads during normal operating or shutdowng
conditions, based on the most critical transient or steady state
condition.

R - Pipe reactions during normal operating or shutdown conditions, basedg
on the most critical transient or steady state condition.

3.8.3.3.1.2 Severe Environmental Loads

Severe environmental loads are those loads that could Infrequently be
encountered during the plant life, included in this category are:

E - Loads generated by the Operating Basis Earthquake (OBE).

W - Loads generated by the design wind and specified for the plant.
(Wind load does not apply to internal structures.)

3.8.3.3.1.3 Extreme Environmental Loads

Extreme environmental loads are those loads which are credible but are highly
improbable. They include:

E' - Loads generated by the Safe Shutdown Earthquake (SSE).

D0 3.8-12
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W - L ads generated by the Design Basis Tornado as specified in Section
T[, 3.3. They include loads due to the tornado wind pressure, loads due

to the tornado-created differential pressures, and Ioads due to the
tornado-generated missiles. (Tornado loads do not apply to internal
structures.)

H - Hydrostatic loads due to maximum flood (as defined in Section 3.4).

3.8.3.3.1.4 Abnorma! Loads

Abnormal loads are those loads generated by a postulated accident within a
building and/or compartment thereof. Included in this category are the
following:

P, - Pressure equivalent static load within or across a compartment and/or
building, generated by the postulated accident, and including an
appropriate dynamic load factor to account for the dynamic nature of
the load,

T, - Thermal loads under thermal conditions generated by the postulated
accident and including T .g

R - Pipe reactions under thermal conditions generated by the-postulated
a

accident and including R .g

A - Force on structure due to third level design margin requirement.
( SM3DB)]

.

Y - Jet Impingement equivalent static load on a structure generated by
the postulated accident, and including an appropriate dynamic load
factor to account for the dynamic nature of the load.

Y - Equivalent static load on the structure generated by the reaction on
r the broken high-energy pipe during the postulated accident, and

including an appropriate dynamic load factor to account for the
dynamic nature of the load.

Y, - Missile impact equivalent static load on a structure generated by or
during the postulated break, such as pipe whipping, and including an
appropriate dynamic load factor to account for the dynamic nature of
the load.

in determining an appropriate equivalent static load for Y , Y and Y
elasto-plastic behavior may be assumed with appropriate ductilYty ratio,s and
as long as excessive deflections will not result in loss of function of any
safety-related system.

3.8.3.3.1.5 Other Definitions

S - For structural steel. S is the required section strength based on the
elastic design methods and the allowable stresses defined in Part 1
of the AISC " Specification for the Design, Fabrication and Erection
of Structural Steel for Buildings," February 12. 1969.

3.8-13 Amend. 70
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The 33% increase in allowable stresses for steel due to seismic or
wind loadings will not be used.

U - For concrete structures, U is the section strength required to resist
design loads and based on methods described in ACl-349. |

3.8.3.3.2 in1stnal_S1 n clure as Coniminment

No portion of the internal structure provides a direct containment function.
The embedded part of the steel containment is designed such that it can
tsithstand the design pressure without the assistance of the concrete walls.

3.8.3.3.3 Cresp. Shrinkage and Local Stresses

No prestressed concrete design is considered for the design of the facility.
Therefore, creep and shrinkage loads will be only considered to the extent
they are provided in the reference concrete codes or as may be warranted by
prudent design approach. The loads transferred from the support structure
that generally influence local areas will be checked to insure that the local
stresses are within acceptable limits to preclude irnpairment of the structural
function.

3.8.3.3.4 Loads Due to Structural Margin Beyond Design _ Bass _1SFEDB1

Ref er to CRBRP-3, Vol ume 1, Section 5.2 (Ref erence 10a of PSAR Section 1.6).

3.8.3.3.5 SodiunLfire Load

See Table 3.8-2 for the accident pressures and temperature loads.

3.8.3.3.6 Hot SodlugtSpill Eff E1

The portions of the reactor cavity and celis, where exposure to radioactive
hot sodium is a design basis accident, are provided with carbon steel liners
designed to survive a sodium spill (see Section 3A.8). The liners will not
compromise gas tightness of the celi.

3.8.3.3.7 acrJdent Temperature Load

See Table 3.8-2 for design temperatures.

3.8.3.3.8 Negative Pressure on the. Liners

Any negative pressure on the liner will be resisted by a grid of structural
anchors embedded in the concrete.

O
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B. Load Cembinations for Factored Load Conditions

For Factored Loads including earthquake (OBE or SSE), tornado (if applicable)
and pipe break ef fects, etc., the following load combinations will be
satisfled.

4) 1.6 S = D + L + To + Ro + E'
5) 1.6 S = D + L + To + po + WT
6) 1.6 S = D + L + Ta + Ra + Pa
7) 1.6 S*= D + L + Ta + Ra + Pa + 1.0 (Yr + YJ + Ym) + E
8) 1.7 S*= D + L + Ta + Ra + Pa + 1.0 (Yr + YJ + Ym) + E'
9) 1.6 S = D + L + To+Ro+H |

10) 1.6 S = D + L + To+A

In combinations (4) to (8) inclusive, thermal loads may be neglected when it
can be shown that they are secondary and sel f-limiting in nature. |

In combinations (6), (7) and (8), the maximum val ues of P T R Yr Y
Y, includi.ng an appropriate dynamic load f actor, wilI be u,se$,unfe,ss a+tib+

a

history analysis i s perf ormed to justi fy.

p. Combinations (5), (7) and (8) will be first satisfied without the tornado
missile load in (5) and without Y Y and Y In (7) and (8). When\

considering these loads, however,rlocdl sectIon strengths may be exceeded
under the ef fect of these concentrated loads, provided there will be no loss
of f unction of any saf ety-related systen.

Both cases of L having its f ull value or being completely absent will be
checked for.

In loading combinations, no load f actors of less than unity will be used in
design or analysis.

*For these two combinations, (7) and (8), in computing the required section
strength, S, the plastic section modulus of steel shapes may be used.

O)(
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3.8.3.4 Deslgn_and Analysis ProceAures

3.8.3.4.1 General Analysis Procedures

Stractural analysis for each cell (except the reactor cavity) will be
performed by considering one-foot wide vertical and horizontal strips through
the structure. These strips, in essence, constitute structural segments which
allow analysis by conventional methods.

The analysis of each cell will be performed by choosing one or more sections
of one-foot width in both vertical and horizontal directions. The number of
strips taken depends upon the configuration of each cell. In the case of
analyzing a PHTS Cell, one typical vertical cross section (Figure 3.8-5) and
two horizontal sections (Figures 3.8-6 and 3.8-7) are chosen for en
illustratlon.

A rigid f rame method of analysis will be used for determining the moments and
shears in all trembers of a frame for each of the following anticipated
loadings:

a) Dead and Live Loads,

b) Seismic Conditions,

c) Pressure Loads, and

d) Thermal Loads.

Loading combinations, using the factored loads as indicated in Section
3.8.3.3.10.1 vill be used to establish the most critical design stresses for
each component of the frame.

Vertical and horizontal strips thus analyzed wila provide the necessary steel
reinforcement for the vertical and horizontal directions of the particular
celi analyzed.

O
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m Since the walls, ceilings and floors of each cell are considered as two-way |

\ slabs, the applied loads, used in the analysis, will be proportioned to the
one-foot wide strips, in orthogonal directions, according to the ratio of
their relative stif f nesses.

The cell design will be verified by us;ng a three dimensional finite-elment
analysis with the computer program NASTRAN. The cell and adjacent structures
will be represented in the mathematical model which will include the
Interaction with the containment shell and the exterior concrete wall. The
appropriate loads and load cembinations will be used in the analysis.

33

Further detailed analysis will be performed in areas of load concentration and
penetrations as noted in 3.8.3.4.3. The reactor cavity is treated as a hollow
cylinder for structural analysis. When in-house computer programs are used,
their correctness will be verified against acceptable published programs. All
vertical loads will be transferred to the foundation mat by three principal
structural elments, v!z (a) walls of PHTS cells (b) perimeter wall around
containment and (c) reactor cavity.

3.8.3.4.2 Analysis for Seismic Loads

Equivalent static seismic loads as developed from the dynamic analysis of the,

structure will be transferred through the horizontal slab diaphragms and
vertical shear walls to the foundation mat. The details of seismic analysis
are described in Section 3.7.

3.8.3.4.3 Analysis for Ooenings

Structural analysis will be performed around openings in walls and slabs
particularly where concentrated loads from thermal effects are Induced. The

31 design will account for all the stresses in those areas and proper 28
reinforcement will be provided for the relief of such stress concentration.

3.8.3.4.4 Liner Analysis

The liner-anchor system will be designed and analyzed in accordance with the
requirements and criteria specified in paragraph 3.0 of PSAR Appendix 3.8-B.

37
Liner analysis is discussed in PSAR Section 3A.8.3.5.
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3.6.3.4.5 Radiation Generated Heat Effect

Adequate heat rmoval capacity will be provided for the reactor cavity so that
the radiation generated heat does not cause tanperatures of the structural
materials in excess of the ASME Code, Section lil, Division 2 requirenents.
Where radioactive piping penatrates the concrete walls, adequate insulation or
heat ranoval measures wilI be provided to control the tmperature of
structural materials within Code limits.

Radiation generated heat wil I be produced as a f unction of the position of the
Reactor core with respect to the structures and the temperature distributions
eilI be caiculated, in PHTS celIs, signi fIcant heat wil I be generated f rom
other sou; cos such as piping. In all such instances, adequate cooling
capacits will be provided to limit the tmporature of the structural
ma ter i t,I s.

3.8.3.4.6 Reinforcement Design

The reinforcing steel will be proportioned to meet the requiranents of
ACI-349. The bond and anchorage requiranent of ACl-349 wil I be observed, |
since the interior structures primarily provide a conf inement f unction. The
reinforcement f or each wal I or siab wII I principal ly consist of a set of

orthogonal bars on each f ace with additional reinforcement provided in areas
of penetrations or load concentration.

3.8.3.4.7 Structural Steel Design

The structural steel components other than the cell liner systems and reactor
vessel support ledge wilI be designed to the requirements of AISC
spect f Ications as I denti f led in Section 3.8.2.2.1. When steel parts are
stressed into the plastic range, an energy absorption check wil I be perf ormed
to assure the f unctional integrity.

3.8.3.4.8 Reactor Vessel Succort Ledge Deslan

The reactor vesseI support iedge wi1I be designed in accordance wIth
Subsection NF of the ASME Code, Section ill, Division 1. The linear analysis

method wil l be used. A finite elunent computer analysis will be perf ormed for
the support l edge.

O
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The Steam Generator and Auxillary Bays are designed to provide separation for
the three Independent steam generatcr loops. The Steam Generator Bay consists

61 of three cells each having three main floor levels. Each cell contains one of
the three Independent steam generating loops. The south and west side of the
structure are structurally connected to the Intermediate Bay and Dicisel
Generator Building respectively. The structural system of this Bay is
essentially the same as the intermediate Bay. The SGB gantry crane runway

61 rails at roof level are supported on the north and south walls of this Bay. k4
The gantry crane is capable of handling major equipment such as intermediate
pumps, evaporators and superheaters, and transferring them to the Maintenance

45 Bay which is located east of the Steam Generator Bay.

The portion of the Steam Generating System such as Water / Steam Circulating
System and the Steam Generator Auxillary Heat Removal System (SGAHRS) is
located in the Auxiliary Bay. The exterior walls and the floor system of the.
Auxiliary Bay are structurally the same as the Steam Generator Bay. The
interior walls of the Auxillary Bay, as well as that cf the Interm d ! ate Bay
and the Steam Generator Bay, are of reinforced concrete with the exception of
the wall of the elevator shaft and Cell 2028 walls which are of reinforced
block. The south side of the Auxiliary Bay is structurally connected to the

61 Steam Generater Bay.

The Maintenance Bay is the portion of the Steam Generator Building containing
a railroad siding and facilities for maintenance, cleanir.g, and laydown of
Steam Generator Building equipment. This bay is a Seismic Category i

O structure but is not tornado-hardened. it is constructed of metal roof

47 decking and metal wall siding supported on structural steel beams and columns.
45

61|Theoverallepproximatedimensionsoftheabovefourstructuresareas
follows:

Inside inside Overall
Length (ft.) Width (st.) _ Height (ft.)

48| 6|1. Intermediate Bay 260 Varles from 124
17 ' to 16 2 '

2. Steam Generator Bay 228 74 140

3. Aux!Ilary Bay 228 30 153

48|4. Maintenance Bay 84 64 108

61|
The top of the foundation mat for the Steam Generator Building, excluding the
Maintenance Bay, is at elevation 733' and grade is at elevation 815'. The
maintenance area as well as the laydown area and railroad track of the
M in en n e Bay is founded on competent rock. The laydown area and railroad

48 tracks are founded on Class "A" backfill.

O
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See Section 1.2 for the Steam Generator Bullding General Arrangements and the
general layout and configuration of the structures.

3.8.4.1.4 Diesel Generator BulIdina

The Diesel Generator Building, located west of the mergency cooling towers,
is a Sei smic Category 1, tornado-hardened reinf orced concrete structure that
houses the Class 1E emergency diesel generators and diesel auxiliary
eq u i pment. The building is designed to allow separation of the three Class 1E
and their associated power production and distribution equipme7t.

The exterior wal ls, interior walls and foundation mat of the building are of
rei nf orced concrete. The Diesel Generator foundations are isolated from the
rest of the structures to ensure that no vibrations f rom the diesel operations
are transmitted to the rest of the structure. The roof slab is reinforced
concrete supported by structural steel f raming and the concrete wal is. See
Section 1.2 for the general layout and configuration of the structure.

3.8.4.1.4.1 Electrical Eculoment Buildina

The Electrical Equipment Building (EEB) houses equipment and facilities used
in the procuction of electrical power from the Emergency Diesel Generators.
In addition, it houses the PHTS and IHTS sodium pump motor generators used to
supply power to the IHTS and PHTS pumps in loop #3, and the switchgear and
associated breakers f or al I | HTS and PHTS pumps. The Electrical Equipment
ButIding is a part cf the Nucicar isiand compiex. See Section 1.2 for the
general layout and conf Iguration of the structure.

An important f unction of the building is to provide an equipment rmoval path
and routing area f rom the Nuclear Island Buildings to the Maintenance Shop and
Warehouse via the TGB. To f ul fil I this f unction, a corridor approximately 26
feet wide, is located along the eastern part of the building. An equipment
rmoval hatch 11'-0" x 15'-0" is provided to al low for rmoval of the largest
piece of equipment from the SGB, G or EEB through the hatch.

The floor elevation 794'-0" houses the mergency electrical power distribution
equipment. Elevation 765'-0" houses the breakers for the PHTS and lHTS sodium
pumps and 13.8 kv and 4.16 kv switchgear. The base elevation 733'-0" houses
the PHTS and lHTS sodium pump motcr generators f or ioop #3. Detal i ed
equipment arrangments are shown on the Electrical Equipment Building
Arrangment Drawings in Section 1.2.

O
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3.8.4.1.5 Emergency Cooling Tower (ECT) Structure

The Emergency Cooling Tower Structure located approximately 700' north of the
Reactor Contai nment Buil ding, is a reinforced concrete structure which serves
as a reservoi r f or the Emergency Plant Service Water (the basin) and wil l
house the Emergency Plant Service Water pumps and the coo!!ng tower units.

3.8.4.1.6 Diesel Fuel Storage Tank Foundation

Five diesel fuel storage tanks are located north and outside of the Diesel
Generator Buil ding. The diesel fuel tanks are buried and encased in a
reinforced concrete mat which is f ounded on compacted Class A backfill
material. For detai l s, see Figure 3.8-1.

3.8.4.1.7 Electrical Manholes

Sei smic Category 1 electrical manholes f or duct . bank carrying saf ety related
cables are placed at various locations within the plant site. They are
relatively smal l reinf orced concrete structures. They will be founded on and
surrounded by compacted Class A backfill, and will be located partially
underground. An access opening in the top slab, at grade level, will be
provided with a tornado missile shield cover.

3.8.4.1.8 Confinement Structure

r- The Confinement Structure is a reinf orced concrete cylindrical enclosure with
( a spherical dome. The structure is located external to and concentric with,

the containment vessel and is supported on the common Nuclear Island
foundation mat. The overall dimensions are:

Cylindrical portion (from El. 733' to spring Ilne) - 1.D. = 196 feet,
and thickness =4 feet.

Dome portion -- thickness =3 feet.

The structure f unctions as a tornado missile barrier, biological shield, and
also as a protective enclosure against groundwater intrusion. It will be
designed and constructed as a Sei smic Category 1 structure.

1
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43 | 32| s.0.4.1.9 Interconnection of All fluclear Island Seismic Category I |33 fS_tructures to the Reactor Containment Building ;

43 | The Seismic Category I building can.prising the fluclear Island will |,

have a common foundation mat. The buildings surrounding the Reactor Con- t

tainment will be connected to the confinement structure at all levels from
the foundation to the roof, based upon the following considerations: 33 <

1) The overall structural stability against lateral loads,
particularly from hydrostatic and seismic forces, is greatly
increased.

2) The distribution of lateral loads from the operating floor
level down to the foundation mat is improved.

3) The potential of groundwater intrusion is eliminated.

4) The flexible joints or connections for piping and electrical
systems at the interfaces between the Confinement Structure 13 3
and other Category I buildings are eliminated.

O

Amend. 45
July 1978

3 . u,,- 2 6a

9

- - ._



/~' 3.8.4.2 Anoticable Codes. Standards and SoecificationsV)
The design and construction of all the Category I structures (except the
contai nment vessel) are based upon the applicable sections of the following
codes, standards, speci f ications and NRC Regul atory Guides.

A. American Concrete institute (ACl)

ACI - 301-72 Specification for Structural Concrete for Buildings (Revised
1975)

ACI - 315-74 Manual of Standard Practice f or Detailing Rei nforced
Concrete Structures

ACI - 349 Code Requirements f or Nuclear Saf ety Related Concrete
Structures

ACI - 347-68 Recommended Practice f or Concrete Formwork

ACI - 305-72 Recommended Practice f or Hot Weather Concreting

ACI - 211.1-74 Recommended Practice f or Selecting Proportions f or Normal
and Heavy Weight Concrete (Revised 1975)

ACI - 306-66 Recommended Practice for Cold Weather Concreting
(Reaf firmed 1972)f-~

ACI - 311-75 Recommended Practice f or Concrete inspection

ACI - 304-73 Recommended Practice f or Measuring, Mixing, Transporting,
and Placing Concrete

ACI - 307-69 Specification f or the Design and Construction of
Reinf orced Concrete Chimneys

ACI/ASCE-333 Tentative Recommendations for Design of Composite Beams,

and Girders f or Buildings

ACI - 531-79 Building Code Requirements for Concrete Masonry
Structures

B. American Institute of Steel Construction (AISC)

S310-1969 Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings and Supplement No. S314.

C. American Society of Mechanical Engineers, ASE Boller and Pressure Vessel
Code, Section ill, (1974 Editions).

O)\
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D. American Iron and Steel Institute

OAISI Specification for the Design of Cold-formed Steel Structural Members,
1968 Edition wIth 1970, 1971 and 1972 supplements

E. American Society for Testing and Materials, ASTM Standards A-108 - Steel
Bars, Carbon, Cold Finished Standard Quality E-84 - Surf ace and Burning
Characteristics of Building Material

F. American Wel ding Society ( AWSK) |

AWS D.1.1-79 Structural Wel ding Code

AWS D12.1-1975 Reinforcing Steel Welding Code including Metal inserts
and Connections in Reinforced Concrete Construction

G. Crane Manuf acturers Association of America, I nc. , C.M. A. A. Speci f icati on
No. 70.

H. American Railway Engineering Association (AREA)

1. Standard Building Code

J. American Association of State Highway and Transportation Officials
(AASHTO) FB-11, Standard Speci fications f or Highway Bridges," 1973
Edition.

K. Code of Federal ReguIations, Tltie 29, CFR1910, Occupationa| Saf ety and
Heal th Standerds, and Titi e 29 CFR1926, Saf ety and Heal th ReguI ations f or
Construction.

L. ERDA, Division of Reactor Research and Development, RDT Standards

F2-2 Qual ity Assurance Progran Requi rments
F2-4 Quality Verification Progran Requiranents

M. NRC ReguIatcry Guldes

1.91 Evaluation of Explosions Postulated to Occur on Transportation
Routes Near Nuclear Power Plant sites.

1.115 Protection Against Low Trojectory Turbine Missiles. (1977) |

See Sectio 3.8.3.2.3 for other applicable NRC Regulatory Guides. |
-

|

i
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/~N Seismic analysis of the structuros is covered in Section 3.7. The

h mathematical *odel s wI| | be as shown in the af oronentIoned section.
Equivalent static seismic loads, as def ined by the dynamic analysis, will be
transf erred through the horizontal slab diaphragms and vertical shear walis to
the f oundation mat.

Wal l s, floors and columns are the basic structural components of the buildings
which wil l be analyzzed to carry and transf er the gravity and vertical loads
to the common mat which is f ounded on rock. The lateral loads wil I be carried
through horizontal diaphragm ( floor) action to the vertical resisting elanents
(wal ls) depending upon thei r relative rigidity or sti f f ness. Torsional of fect
will be considorod in the distribution of the lateral loads.

All Seismic Category I buildings of the nuclear Island including the
Conf inement Structuro, RCB, RSS (with the exception of the Radwaste Area), G,
DGB and SGB (wIth tho exception of Malntenance Bay), wIl | be on a common mat
which is f ounded on rock.

The design and analysis of the common mat will be perf ormed as described in
Section 3.8.5.4.

3.8.4.4.2 Deslan Procedures

Design procedures will be in accordance with the applicable portions of the
codos, standards and speci fIcations iIsted in Sect!on 3.8.4.2. The results
derived in Section 3.8.4.4.1 wilI be used in design of structural steel and
rei nf orced concrete.

Reinforced concrete structural elements wilI be designed by the strength
method in accordance wIth ACI 349. |

Structural steel franes or components of the buildings will be designed by the
elastic analysis method in accordance with the provisions of the AISC
Specification for the Design, Fabrication, and Erection of Structural Steel
for Buildings.

Cl assi cal methods used in the design are standard textbooks, handbooks and
publications as used in engineering practice.

The basic design approach for the structures is given in the following
subsections,

i

;

a

(
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3.8.4.4.3 Reactor Service Building

3.8.4.4.3.1 Reactor Service Area

This portion of the Reactor Service Building is designed as a Selsmic Category
I structure and wil l be analyzed as a mul ti story reinf orced concrete structure
made up of slabs, columns and wal ls. Interior wal ls that are required for
sh ielding wil l be used as structural wal ls. Lateral loads will be resisted by
shear walis with the floor and roof slabs acting as diaphragms.

The overhead crane runway rails wil I be supported on reinforced concrete
brackets of f the structural ' concrete wal ls. The crane wil l be designed as
Seismic Category 1 equipment having such features as redundant receiving
hoists and brakes. See Section 3.8.4.4.1 for the foundation design of the
buiiding.

3.8.4.4.3.2 Radwaste Area

The Radweste Area of the RSB in an independent, seismic Category lli
designated structure. It consists of a steel franed structure above grade and
of reinforced concrete slabs and walls at and below grade level and partially
above grade (Solid Radwaste Area - on the east side). The Radwaste Area is
supported by a reinf orced concrete mat which is founded on sound siltstone
with adequate bearing capacity.

g The foundation f or the west end of the Radwaste Area is not at grade elevation
and is founded on compacted structural backf il l .

The Radwaste Area structure is designed to meet the requirements of the
Standard Buil ding Code. In addition the structure below grade as well as the
Solid Radwaste Area above grade are designed as a reinforced concrete
structure.

The upper part of the Radwaste Area, the steel framed structure is designed to
ensure that the adjacent seismic Category 1 structure of Reactor Service Area
is not damaged nor its safety functions compromised during an SSE.

3.8.4.4.4 Cor. trol Bui lding

As described in Section 3.8.4.1.2, the Control Building is structural ly
connected to the Diesel Generator Building and the intermediate Bay of the
Steam Generator Building. The building is a box-type structure with exterior
walis of reinforced concrete and Intermediate floors and roof of composite
construction made up of reinforced concrete slabs on structural steel framing.
Interior walis are of reinforced concrete and reinforced concrete masonry
block. The interior structural steel columns are designed to carry vertical
loads while the exterior wal ls, roof and intermediate floors are designed to

resist vertical as well as lateral loads.

See Section 3.8.4.4.1 for the foundation design of the building.

O
(G$
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3.8.4.4.5 Steen Generator Building

As descrited in previcus Section 3.8.4.1.3, the Steam Generatcr Bullcing is
structurally connected to the Confinement Structure, Diesel Generator Building
and the Control Bullcirg. The intermediate floors and the roof of the
Internediate, Steam Generatcr ard Auxil iary Bays wil l consist of cocposite
structural cesign (structural steel f raming and reir.f orced concrete sl abs) on
structural steel coltmns designed to carry the vertical loads. The
f4aintenance Bay will be designed as a space frame with beams and coltans
resisting mctnents and shear loads. The intermediate floors and the roof, in

61 conjuncticn with reinforced concrete extericr and interice walls, will resist
the vertical and lateral loads.

The gantry crane, which is Seismic Category 1, is supported on the roof of the
Steam Generator and f4 air.tenance Bays and the Diesei Generater Buildir.g. j45

As described in Section 3.8.4.4.1, the reinforced concrete mat for the
builcings wil l be f ounded on the rock.

|

9
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3.8.4.6.2.3 Structural and MiscelIaneous Steei

For alI material used as structural steel, milI test reports giving chemical

composition and physical properties wilI be obtained for approval.
Fabrication and erection will be in accordance with AISC specifications and
Section til of ASME Code,

inspection will be conducted at the f abrication plant as well as in the field.
Welding inspection will be as outlined in Burns and Roe's Structural,
Materials, and Construction SpectfIcations.

3.8.4.6.3 Soecial Construction Techniaues

The structures will be constructed using normal construction methods and
techniques.

3.8.4.7 Testina and in-Service Surveillance Reautrements

There are no testing and in-service survelllance requirements for the
structures.

3 .8 . 4 .8 Masonry Walls

See Appendix 3.8-D.

3.8.5 Foundation and Concrete Sucoorts

3.8.5.1 Descriotion of the Foundation and Succo'rts '

I3.8.5.1.1 General Description . . .

i. l - d.
w ., . ;1

>-

'
.c

The f oudation f or the f ol lowing Sel,smic Category 1 structureq :conplsts of a ,

combined rei nf orced concrete mat laid out to envelope these structut es. See

A' %Figure 3.8-2 for the met layout. - J

% 4.

(a) Reactor Contai nment Buil ding (RCB)
\(b) Conf inement Structure (

(c) Reactor Service Building (RSB), excluding Radwaste Area
(d) Control Building (CB) i

~

, " < g,. ~'?
'

/ 't(e), ' Diesel Generator Bull ding (DGB)
(f) Steam Generator Buil ding (SGB), excluding the Maintenance Bay f )'

The thickness of the crmbined mat based upon the , stress and stability
.

/ j
considerbtlons is 18'/except under the RC8 where Ut is 15'. The mat slab p p,

rests upon a .f irm rock strata and its bottorp Cocated at El. 715 which is e />
100 f eet below the f ini shed grade. A fill sia of suitable design is placed ';
over the RCB portion of the mat. A f

' / %
'

| , 7
The Emergency Cooliag Tower structure will be supiorted by a reinforced 3l
concrete mat f ounded ,on competent rpck. The SGB Mai ntenance. Bay foundati,on

"

will be on competent rock. 3The diesel f uel oil storage tank f oundat)on, *.the.

Emergency Plant Service Watep System supply and return headers 'In the' yard and
,

the underground Class IE crect'rical ducting and Category 1 pipe wilI be //
.

(q J f ounded on and surrounded bj the" compacted structural backf il l.) ,

M 3.8-35 ,L Amend. 70 0.
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3.8.5.1.2 Design Features

The combined mat concept for the Seismic Category I structures noted in
subsection 3.8.5.1.1 rests upon two basic considerations, namely; (a) to
reduce seismic responses at component supports, and (b) to minimize buoyancy
effect due to maximum flood on relatively lighter portions of the foundations

by combining them with heavier portions.

Several provisions will be included to prevent the intrusion of groundwater or 33
61 flood water into the steel containment. They are:

a. A continuous membrane waterproofing system along all external building
faces to grado.

b. A thick reinforced concrete structure designed f er crack control with
continuous waterstops provided at all external construction joints
below plant grade.

For Seismic Category I buildings, appropriate drainage systems, where
required, will be provided to dispose of any potential intrusion of
groundwater. Flood water protection provisions are discussed in Section 3.4.1
of this PSAR.

3.8.5.1.3 Load Transfer

The loads f rom the superstructure will be transferred to the f oundation mat
via structural elements such as coltmns and walls. The load transfer
structures wIlI have necessary configurations, and strength to meet the
shielding as well as structural requirements.

Since the mat is founded upon competent rock, no relative Iccal subsidence is
expected. Theref ore, no adverse ef fect due to this f actor will be considered
in the foundation design.

The mat analysis will provide for all Interface loads arising due to the
interaction between the mat and connected structural elements such as walls
and coltmns.

3.8.5.1.4 Large Eculoment Suocorts

The Reactor Vessel is supported on a steel ledge, partially embedded in the RV
cavity walls. All vertical and lateral forces on the RV will be transferrec

61 through the ledge to the cavity walI and the f oundation mat.

c
j
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1

TABLE 3.8-1b

O Loading Comoinations f or Airlocks

The Icading combinatios f or which the airlocks shall be designed are as
f oi lows:

Testing: D + Tt + Pt

Normal: D + L + To + OB E

Accidont and
Environmental: D + L + T' + PI + OBE :

D + L + T' + Pi + SSE

D + L + T' + Pe + OB E

D + L + T' + Pe + SSE

D + L + SSE
,

O'

.

;

!

i
,

I

|
1

| |
l

O
Amend. 70-
Aug. 1982
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m
) The deformation controlled stresses and strains were determined by
' a 2-D axisymmetric model of a cross section of the ring. The model used

for both the thermal and thermal stress analyses of the ring is shown in
Figure 4.2-77.

Thermal boundary conditions applied to the upper core former model
were fluid temperatures applied through a convection coefficient in several
different regions of the model as shown in the figure. The structure was
analyzed elastically for the U-lb, U-2b, U-18 and E-16 thermal events which
may be conservatively used to umbrella all other loadings.

All regions of the CFS were shown to be adequate using elastic
analysis methods except the top surface of the upper ring. This area
was shwon to be adequate by simplified inelastic methods. The fatigue damage
at this location was .414 with a creep damage of .239. This combination of

59 damages falls within the creep fatigue interaction envelope of Code Case 1592.

59| 4.2.2.4.2 Upper Internals Structure

This section presents the analysis performed in support of
the final design of the Upper Internals Structure (UIS) and used to
demonstrate the adequacy of this component for the expected service
conditions and environment. The adequacy of the design is based
primarily upon meeting the criteria of Section III of the ASME
Boiler and Pressure Vessel Code including Code Case N-47, and

/7 supplemented by RDT standards F9-4T and F9-5T and special project
C/ structural design rules. A sunmary of the components analyzed,

material properties, structural design criteria, mechanical loads,
thermal environment, methods of analysis, and structural analysis
is presented herein.

59| 4.2.2.4.2.1 Components Analyzed

The major components of the UIS are identified in Figure
4.2-45. A brief outline of the functions of the UIS is given in

Section 4.2.2.2.1.7. A list of the components of the UIS analyzed
to demonstrate structural adequacy of the design are:

o Lower Plate and Ligament

o Upper Plate

o Support Columns

o Shear Webs

51 o Core Barrel Key

G
i : 4.2-210 Amend. 59
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l

l

o instrumentation Posts

o Upper and Lower Shroud Tubes

o Chimney Assembiles

o Mixing Chamber Thermal Liners

o IVTM Port Plug

o IVTM Port Plug Cover

4.2.2.4.2.2 Material Procerties

The ASME Code is the prime source for materials properties. For material
properties not specified in Section lli of the code or applicable code cases,
the mechanical properties are based on the Nuclear Systems Materials Handbook
TID-26666, RDT Standard F9-4T, RDT Standard F9-5T or the sources given in
Section 4.2.2.3.3.

There are no irradiation etfects on the mechanical properties of inconel 718
or 316 stainless steel at the highest fluence levels attained at the end of
its 30 year service life. The maximum fluence level is less than:

21 2
1 x 10 n/cm

Type 316, stainless steel is a non-age hardenable alloy. Therefore, no

significant changes in strength or hardness should result from long term
exposures at temperatures up to 1100 F. Inconel 718 is an age hardenable
alloy, however, the age hardening process does not result in significant
reductions in mechanical properties when subjected to temperatures up to
1100 F for component lifetimes. No allowances have been made for the effects
of thermal aging on the properties of either alloy. However, experimental
material properties programs to study the behavior of both alloys due to the
thermal environment and sodium exposure are discussed in Section 1.5.

The sodium effects of Section 4.2.2.3.3.2.1 are implemented in creep-fatigue

| damage evaluations of 316 stainless steel.

O
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| Cyclic Hardening

A factor K is applled to alter the stress-straln curve yleId si rf ace.

where:

= (-0.144 + 3.094 4 ) U2 for A > 0.36%K

if the strain range og is .1 0.36%, then K = 1.0.

| High Cycle Design Fatigue Strength

Stainless steel materials subjected to high cycle thermal fluctuations and
flow inducedvibrationphenomenarequireafatiguestrengthevaluationbeyond
the Code Case 1592 (N-47) curve limit gf 10 cycles. The Code Case 1592
(N-47) curve is extrapolated beyond 10 cycles using a slope on cycles of
-0.12 for load controlled situations. In cases where cor.ditions are strain
controlled, the special purposg high-cycle fatigue critericn, as described in
4.2.2.3.2.3, is used beyond 10 cycles.

4.2.2.4.2.3 Structural Design Criteria

The portion of the UlS within the reactor vessel operates at elevated tempera-
tures above 800 F. Under these circumstances the UlS is classified as an
elevated temperature structure and is designed and analyzed as an ASME - lli
Code Class I component.

Alternate structural design criteria have been adopted in the cumulative
creep-fatigue damage rules of Code Case 1592 (N-47) and RDT Standard F9-4.
These criteria assume that in compressive hold, creep rupture damage is 20% as
damaging as the damage caused by the same sustained stress in tension, it

appiles for austenitic stainless steel (Types 304 and 316) at metal tempera-
tures less than 1200 F (649 C). At times in the duty cycle when sustained
stresses are tensile, damage is computed in accordance with Code Case 1592
(N-47).

s
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5.5.3.3 Pump _ Characteristics

The recirculat!on pump in each loop draws water from the steam drum and forces
the water through the two evaporators and back to the step drum. The pump is
a single-stage centrifugal pump, which delivers 2.22 X 10 pounds per hour of
water to the two evaporators. The pump provides a pressure head of about 148
psi at the plant cesign conditions. This flow provides a quality of 50% at
the exit from the steam generator evaporator units at the plant design power.
Since the pumps are constant speed, the evaporator e.<it steam quality
decreases as plant power is reduced.

During normal plant operation, feedwater is mixed with saturated water in the

steam drum providing subcooled water to the recirculation system. This
subcooled water results in an adequate net positive suction head (NPSH) for <

the pump during normal operation. Under certain operating conditions,
however, the recirculation pumps will be operating when there is essentially
no feedwater being delivered to the steam drum, such as during start-up before
there is any significant power from the reactor, and, in this case, an
adequate NPSH for the recirculation pump is provided by the elevation
difference between the steam drum and the pump.

The shaf t seal of the recirculation pump is externally supplied with filtered
injection water from the main feedwater system which cools the seal and '

minimizes accumulation of corrosion particulates which could otherwise cause
accelerated seal wear and increased leakage. In addition, the recirculation

pump has an internal auxiliary impeller and cooler to provide seal cooling in
the event that the external seal injection system is lost. However, the

( internal seal cooling system only functions when the recirculation pump is
running. With external seal injection operating, 3.5 gpm of injection water
is added to each recirculation loop. With external seal injection secured,
there is a net loss of 1.5 gpm of recirculation water lost from each loop
through the recirculation pump seal staging valve.

in the unlikely event that the recirculation pump trips and external seal
injection is lost simultaneously, the pump shaft seal will overheat and could
falI sufftelentay to result in a large increase in seal leakage. If not
controlled and if the SGAHRS system is initiated,-this leakge could
potentially compromise the Protected Water Storage Tank (PWST) 30 days
capacity. Accordingly, a valved bypass Iine is provided around the
recirculation pump and its inlet and outlet isolation valves. The bypass line
is designed to provide hydraulic resistance equivalent to that of the stalled
recirculation pump and its connected piping and valves inside the bypass
connections. Therefore, the flow of water under natural circulation

conditions to the evaporators through the bypass line will be essentially' the
same as through the normal path.

in the event of a loss of offsite power, both the recirculation pump and main
teed pumps will trip. In this case, the recirculation pump will be-isolated
and bypassed automatically because the arrangement of the valve actuator power
supplles causes the isolation and bypass valves to realign to thelr falI safe
positions. For other SGAHRS events, the recirculation pump trips and seal.
Injection fIow stops, the operator wi|| attempt to restore seal cooling (e.g.,
by starting the startup feed pump) before the recirculation pump seal

V overheats. If these attempts are not successf ul, the operator will activate

5.5-22
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the recirculation pump bypass Iine from the main control panel by opening the
bypass valves and shutting the recirculation pump isolation valves within one
hour of the loss of seal cooling. The 30 day PWST water supply is therefore
ensured since PWST inventory is sufficient to allow up to one and a half hours
for operator action. For SGAHRS events where all the recirculation pumps
continue to operate but seal injection flow can not be provided, the operator
has over ten hours to activate the recirculation pump bypass lines to ensure
PWST inventory is not jeopardized as a result of recirculation pump seal
staging flow.

5.5.3.4 Valve Characteristics

A number of isolation valves are used in the steam generation system to permit
equipment to be isolated f rom the system for maintenance. These valves are
conventional valves which are normally open during operation and are closed
only to permit maintenance or repair of the equipment.

Quick-operating isolation valves are located on the inlet lines of the
evaporator units and the superheater unit to permit isolation of a unit from
the rest of the system in case of a f ailure in the water or steam to sodium
barrier, resulting in a sodium-water reaction. These isolation valves will
close in about four seconds after an automatic or manual signal. Isolation of

a failed unit will limit the quantity of water or steam u allable for the
sodium-water reaction and, in the case of evaporator units, permit dumping of
water and steam to a dump system to further reduce the magnitude of the
sodium-water reaction.

The evaporator water dump valve is a quick opening shut-of f valve located on
the inlet line of each evaporator unit between the evaporator and the
evaporator inlet isolation valve. This valve will open at the same time the

evaporator Isolation valves are being closed. This valve dumps water and
steam from the evaporator unit to reduce the total quantity of water available
for a sodium-water reaction and to reduce the pressure in the unit. This
valve is held open until The water-steam pressure in the unit drops to
approximately 250 psi, when the valve is autcrnatically closed. Inert gas is

then supplled to the unit to reduce the possibility of sodium and sodium-water
reaction products entering the water-steam side of the steam generation
system.

O
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TABLE 5.5-2

MANDATORY CODE CASES FOR SGS AS APPLICABLE

Code Case

1473-1 Short Time High Temperature Service for Section VIII, Division 2
,

-Modifications to Section VIII, Division 2, are provided for
vessels which are to operate during part of their service life
(less than 2500 Hrs.) at tenceratures above. those now provided
for in Section VIII, Division 2.

1481 Elevated Temperature Design of Class 2 and 3 Nuclear Components

-Modifications to Section III are provided for Class 2 and 3
components with normal operatinq tenperatures above those pro-
vided for Section III.

1489 Elevated Temnerature Desion Section -VIII, Division 2 -

-Allowances for elevated temoerature design are provided for
in Section VIII, Division 2.

1592 Components in Elevated Temperature _ Service Section III, Class 1.

1593 Fabrication and . Installation of ' Elevated Temperature Components,

O Section III, Class 1.
-

.

1594 Examination of Elevated -Temperature Nuclear Components,
Section III, Class-1.

1595- Testing of Elevated Temperature Nuclear Components, Section III,
Class 1.

{ 1596 Protection Against Overpressure of' Elevated Temperature-
1 Comoonents Section III, . Class .l.

1606 Stress Criteria Section III Classes .2 and 3, Piping Subject Et|0
. Upset, Emergency, and. Faulted.0perating Conditions.

-Design criteria are provided for Class 2 and 3 piping subject-
to upset, energency,'and faulted conditions.

-

| 1607 Stress Criteria SectionjIII,: Class 2 and 3,' Vessels Subject.to
-

Upset, Emerqency, and Faulted Operating Conditions.
i
! -Desian criteria are provided for Class 2 and 3 vessels subject -
; to upset, emergency, and faulted-conditions.
.

.

I! (''/-N\.- ;
,

--
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TABLE 5.5-3

SGS EQUIPMENT LIST AND MATERI AL SPECIFICAT IONS

Comoonent Material

Maior Comoonents:

Superheaters 2-1/4 Cr-1Mo
Evaporators 2-1/4 Cr-1Mo
Steam Drums SA-516CS/SA299
Recirc. Pumps Carbon Steel

Ma_for Subsystem Comoonents:

Sodium Rupture Discs inconel 600
Reaction Prod. Sep. Tank Carbon Steel
Centrifugal Separator and Carbon Steel
Drain Tank Carbon Steel
Flare Stack w/lgniter Carbon Steel
SWRPRS Vent Line Rup. Disc Carbon Steel
Evap. Water Dump Tank Carbon Steel
Sodium Dump Tank Carbon Steel

*Sodium Dump Tank Rupture Disc

Ploing and Headers: O
S.G. Subsystem and Feed-water subsystem:

SGB Wall to Main Fdwtr. Drum
isolation Valve SA-106, Gr B

Main Fdwtr. Drum isolation Valve
to Steam Drum SA-106, Gr B

Startup Feedwater Control Valve
Piping SA-106, Gr B

Drum to Pump Suction Header SA-106, Gr B
Pump Suction Header SA-106, Gr B'

Pump Suction Header to Pump SA-106, Gr B
Pump to Pump Discharge Tee SA-106, Gr B
Pump Discharge Tee SA-106, Gr B
Pump Discharge Tee tc Evap. Inlet

Isolation Valve SA-106, Gr B
Evap. Inlet isolation Valve to Evap. SA-106, Gr B
Evap. to Drum SA-106, Gr B
Drum to Superheater SA-106, Gr B
S. H. to S. H. Isolation Valve 1-1/4 Cr-1/2Mo
S. H. Isolation Valve to SGB Wall 2-1/4 Cr-1 Mo
S. H. Bypass Inlet Piping SA-106, Gr B
S. H. Bypass Outlet Piping 1-1/4 Cr-1/2 Mo

| Recirculation Pump Bypass SA-106, Gr B

O
,
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TABLE 5.5-3 (Continued)

SWRPRS:

Sodium Rupture Discs Dis-
charge Lines to Reaction
Products Separation Tank Carbon Steel

Sep. Tank to Centrif. Sep. Carbon Steel
Centrif. Sep. to Flare Stack Carbon Steel
Reaction Prod. Sep. Tank

'

Equilizer Line Carbon Steel
41 Cent. Sep. Drain Line Carbon Steel

42 | Sodium Dump Subsystem (Piping) :

Sod. Dump Tank Vent Line to Stack SA-106, Gr B
Equilizer Gas Line to Expansion Tank 304 SS

41

Water Dump Subsystem and
Relief Lines (Piping):

Stm. Drum Relief Valve Inlet SA-106, Gr B

41 Stm. Drum Relief Valve Discharge SA-106, Gr B

S.H. Relief Valve Inlet 1-1/4 Cr-l/2Mo
46 S.H. Relief Valve Discharge 1-1/4 Cr-l/2Mo

Evap. Relief Valve Inlet SA-106, Gr B
Evap. Water Dump Valve Inlet SA-106, Gr B
Evap. Water Dump Valve Discharge SA-106, Gr B
Evap. Relief Valve Discharge SA-106, Gr B

41 Water Dump Tank Discharge SA-106, Gr B

Na-H 0 Leak Detection Subsystem (Piping):
2

Na Supply and Return Piping 3n4 SS

Drum Blowdown (Piping):,

Drum to SGB Wall SA-106, Gr B

SGAHRS (Piping):

Stm. Supply Valves to SGAHRS F.W. Pump SA-106, Gr B
Stm, Supply Valve to SGAHRS HX SA-106, Gr B I

41 Water Return Valve from SGAHRS HX SA-106, Gr B l
'

! AFW Supply Valve to Main Fedwtr. Line SA-106, Gr B '

O()
42|

Amend. 47
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TABLE 5.5-3 (Continued)
g

Valves:

S.G. Subsystem and Feedwater:

S.H. Inlet Isolation Valve Carbon Steel
S.H. Outlet isolation Valve 2-1/4Cr-1Mo
S.H. Outlet Check Valve 2-1/4Cr-1Mo
Recirc. Pump Bypass Isolation Valve Carbon Steel
Evap. Inlet isolation Valve Carbon Steel
Evap. Outlet Check Valve Carbon Steel
Pump Suction isolation Valve Carbon Steel
Main F.W. Control Valve Carbon Steel
Startup F.W. Control Valve Carbon Steel
Main F.W. SGB isolation Valve Carbon Steel
Main F.W. Check Valve Carbon Steel
Main F.W. Isol. Valve Drum Isol. Valve Carbon Steel
Superheater Bypass Valve Carbon Steel

Safety Relief Valves:

Steam Drum (Saf ety Function Only) Carbon Steel
Evaporator Carbon Steel
Superheater 2-1/4Cr-1Mo

SWRPRS:

SWRPRS Vent Line Check Valve Carbon Steel
SWRPRS Atmospheric Seal Bypass Valve *

Water Dumo Subsystem:

Evap. Water Dump Valve Carbon Steel
Water Dump Tank Drain Valve Carbon Steel

Sodlum Dumo Subsystem:

Sodium Dump Tank Cover-Gas Relief Valve *

Drum Drain:

Drum Drain isolation Valve SA-106, Gr B

O
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TABLE 5.5-5sg
SGS PUMP AND VALVE DESCR F"!0N

ACTUATING
PUMPS ACTIVE INACTIVE SIGNAL

Recirculation Pump X N/A

YALYES

Recirc. Pump Suction isolation X Loss of Offiste Power or
Manual ** (Remote)

Recirc. Pump Bypass isolation X SWRPRS or Manual (Remote)
Evaporator inlet Isolation X Loss of Offsite Power,

SWRPRS**, or Manual (Remote)
Evaporator inlet Water Dump X SWRPRS
Evaporator Outlet Relief X SWRPRS**,High

Pressure-SWRPRS**
or High Pressure Evaporator
(Steam)

Steam Drum Relief X High Pressure - Steam Drum
Superheater inlet isolation X SWRPRS
Superheater Relief X SWRPRS**,High Pressure

SWRPRS**
or High Pressure Superheater
(Steam)

O, Superheater Outlet isolation X SWRPRS**, OSIS or Low Super-
heater Outlet Pressure

Superheater Bypass Valve X SWRPRS**, OSIS, or Low Super-
heater Outlet Pressure

Steam to SGAHRS HX X Manual (L.O.)*
Water f rom SGAHRS HX X Manual (L.O.)*

Steam to SGAHRS Auxiliary
FW Pump X Manual

Feedwater from SGAHRS X Manual (L.O.)*
Main Feedwater SGB Isolation X SWRPRS**, High Steam Drum

level, Low Steam Drum
Pressure,
Ce|I Temp and Humidity

Main Feedwater Drum isolation X High Steam Drum-Level
bbin Feedwater Check Valve X Simple Check
Main Feedwater Control X High Steam Drum Level, Cell

Tenp and Humidity
Startup Feedwater Control X High Steam Drum Level, Cell

Temp and Humidity
Evaporator Outlet Check Valve X Check Valve
Superheater Outlet Check Valve X Check Valve
Steam Drum Drain isolation X SWRPRS**, SGAHRS Initiation,

Low Steam Drum Pressure

* L.O. - Locked open
/~'T This function is not saf ety active**

V
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TABLE 5.5-5 (Continued)

O
ACTUATING

Valves ACTIVE INACTIVE SIGNAL-

SWRPRS Stack Check Val ve X Check Valve
SWRPRS Atmospheric Seal Bypass X Manual
Sodium Dump Tank Pressure

41 Rellef X High Sodium Dump Tank Pressure
59 Evaporator Water Dump Tank Drain X Manual

42

O

|

|

|

I

f

| O
5.5-45 Amend. 59

Dec. 1980



TABLE 5.5-6

SGS LOADING CONDITIONS

35l ASME III Code Class 3 system components will be designed considering
the following load combinations:

1 Pumps (Recirculation Loop)

Operating Condition Component Load _ Stress Limit

See Note 1 Pump Case Design Pressure Section III
Design Temperature- Allowable Stress

Cover Design Pressure Section III

Bol ting ' Design Tenperature Allowable Stress
Safe Shutdown Earthquake

Pump Thrust

Weight

Gasket Loads

Note 1: Design pressures and temperatures of the recirculation system com-
ponents are established using pressures and temperatures occurring
during emergency and faulted transients. The design temperature is

O- not exceeded during these transients. The design pressure may be
exceeded by not more than 10% during these-transients. ' Normal and
upset conditions are not.controllina.

2 Valves (Recirculation Loop and !1ain Water / Steam) ~

35| The valve pressure retaining parts designed to ASit: - III Class 3
will-withstand seismic forces and pipe loads of the SSE as well as desian
pressure and temperatures. On other. parts, if earthquake needs are to be
considered,'the following applies:

Operating Condition Loads

'

Upset l. Normal ' 0pera ti ng

2. OBE

Faulted 1. Normal Operating

2. SSE

O
Amend. 35
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TABLE 5.5-7

SGS PIPING AND THEIR DESIGN 04ARACTERISTICS

NO. NO. ASW CDDE
(X)MPONENT PER PER SEC. lll DESIGN

PIPING AND HEADERS SIZE LT)OP PLANT CLASS REQUIREE NTS

1. Steam Generator Subsystem & feedwater
Subsystem

SG8 Wall to Drum Feedwater isolation
valve 10", sch 160 1 3 3 3000 psig, 500 F

Feedwater Drum Isolation valve to
Steam Drum 10", sch. 140 1 3 3 2200 psig, 650 F

Drum to Pump Inlet Header 10", sch. 140 4 12 3 2200 psig, 650 F
Pump Headers (Inlet) 18", sch 140 1 3 3 2200 psig, 650 F
Pump Inlet Header to Pump 18", sch. 140 1 3 3 2200 psig, 650 F
Pump to Pump Discharge Tee 12", sch. 160 1 3 3 2450 psig, 650 F
Pump Discharge Tee 12", sch. 160 1 3 3 2450 psig 650 F
Pump Discharge Tee to Evaporator

Isolation valve 10", sch.160 2 6 3 2450 psig, 650 F
Evaporator isolation Valve to

Evaporator 10", sch. 160 2 6 3 2400 psig, 650 F
| Recirculation Pump Bypass 8", sch. 160 1 3 3 2400 psig, 650 F

m Evaporator to Drum 16", sch. 140 2 6 3 2200 psig, 650 F
Drum to S.H. 12", sch. 140 1 3 3 2200 psig, 650 F-

* S.H. to isolation Valve 16", sch. 160 1 3 3 1900 psig, 935 F
A S.H. Bypass inlet Line 4", sch.160 1 3 3 2200 psig, 650 F
" S.H. Bypass Outlet Line 4", sch. 160 1 3 3 1900 psig, 935 F

lsolation Valve to SG8 Wall 16", sch. 160 1 3 3 1900 psig. 935 F
Startup Feedwater Control Valve

Piping 4", sch. 160 1 3 3 3000 psig, 500 F

2. SWRPRS

Sodlum Rupture Disc Discharge Lines
to Separator Tanks 18" nom., var.

walI, 24" r.cm.,

var, wall, 26.46"
nom., 2.2" vall 3 9 3 500 psig, 800 F

Separator Tanks to SG8 Roof 16", sch. 40 1 3 3 125 psig, 200/800 F
SG8 Roof to Flare Tip 16", sch. 40 1 3 ANSI 125 psig, 100 F

B31.1

| Recirculation Pump Bypass 8", sch. 160 1 3 3 2400 psig, 650F

rr
* 2
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i

TABLE 11.3-2

GASEOUS RADIONUCL IDE CONCENTRATION ||4
REACTOR COVER GAS *

4

inventory Concentration
| Isotope (Cl) /4CI/sec

131mXe 8.6 0.74

133mI Xe 2.8E+2 24.

I33Xe 5.0E+3 4.3E+2

I30"Xe 1.2E+3 1.1E+2

135
Xe 2.3E+4 1.9E+3

I30Xe 2.0E+3 1.8E+2

83mKr 7.5E+2 64

05*Kr 1.8E+3 1.5E+2

85Kr 0.16 1.4E-2

07Ki 2.0E+3 1.7E+2

00Kr 3.4E+3 2.9E+2

39Ar 9.09** 'O.783**

4I
i Ar 24. 2.0

23Ne 8.9E+5 7.7E+4

3
H 1.7E-4 1.5E-5

*For the design condition
**After 30 years' operation

i

1

!O
11.3-20 Amend. 70

Aug. 1982
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TABLE 11.3-3

ACTlVITY lNYENTORIES IN RAPS PROCESS VESSELS

RAPS Vacuum RAPS Surge Recycle Argon
Vessei Vessel RAPS CryostII| Vessel s

Isotope Design Expected Design Expected Design Expected Design Expected
(CI) (Cl) (CI) (Cl) (Cl) (Cl) (Cl) (Cl)

l31"Xe 1.2 0.12 28 2.8 1.9E3 1.9E2 1.1E-3 1.1E-4

133mXe 38 3.8 8.2E2 82 1.1E4 1.18 3.1 E-2 3.1E-3

133Xe 6.9E2 69 1.6E4 1.6E3 4.7 E5 4.7 E4 0.61 6.1 E-2

135mXe 24 2.4 32 3.2 2.0 0.20 6.6E-5 6.6E-6

135Xe 2.5 B 2.5E2 4.0E4 4.08 8.8E4 8.8E3 1.1 0.11
-

138Xe 35 3.5 44 4.4 2.5 0.25 8.2E-5 8.2E-6

83mKr 50 5.0 3.6E2 36 1.6E2 16 3.9E-3 3.9E-4
85mKr 1.7 E2 17 2.08 2.0E2 2.1E3 2.1E2 3.8E-2 3.8 E-3

85Kr 2.2E-2 2.2E-3 0.52 5.2E-2 7.2E2 72 2.1E-5 2.1 E-6

87Kr 1.1 E2 11 6.0E2 60 1.8E2. 18 5.0 E-3 5.0E-4

88Kr 2.7 E2 27 2.5B 2.5E2 1.78 1.7E2 3.7 E-2 3.7 E-3

3PAr 3.5 3.5 81 81 28 28 49 49

41
Er$" Ar 1.8 1.8 13 13 2.5 2.5 2.2 2.2
sm

]E. h 17 17 0.97 0.97 3.4E-4 3. 4 E-4 1.3E '3 1.3 E-323

E cn
"" 3

H M -1 6.7 E-5 1.6E-3 1.6E-3 5.4E-4 5 .4 E-4 9. 5 E-4 9.5E-4

Total 3.9E3 4.1E2 6.2E4 6.3E3 5.8E5 5.8E4 53 51

#After 30 years' operation

- - -_ - - - -
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Fuel Handling Cell

The fuel handling cell (FHC) is designed to handle and inspect spent fuel in
preparation for shipment off-site. The maximum gamma ray source term as a
function of energy is shown in Table 12.1-27 for an expended assembly at four
days after reactor shutdown. The maximum Inherent neutron source is shown in
Table 12.1-28 for three expended assemblies 80 days af ter reactor shutdown.
These source strengths are based on the following design parameters:

a. The design assembly produces power, just before discharge, at 127
percent of the average assembly.

b. The fuel is being handled in the FHC at four days after reactor
shutdown.

4 3c. Each assembly has a volume of 1.173 x 10 cm and an active height of
91.44 cm.

d. The energy spectrun is derived from the ENDF/B and RIBD code library
as discussed previously.

The FHC shield design should accommodate the design assembly source given in
Tables 12.1-27 and 12.1-28. The energy distribution of the inherent neutron
source shown in Table 12.1-28 was treated as a Pu f ast fission spectrum.

Fuel Handling Cell Argon Circulation Svstem Sources

() The FHC service cells have the following design basis:

A. FHC Argon Filter Cell

(1) Complete release into the FHC of all noble gas, halogen, and volatile
fission products from the gaps and fission plenums of two failed fuel
pins, is assumed. No credit is taken for Iodine attenuation by
sodium, since the pin failures are assumed to occur during handling of
bare fuel assemblies.

(2) For conservatism in the filter shielding design, it is assumed that
100% of the released Cs and I are collected in the filters. For
conservative cell shielding design it is assumed that only 60% of all
Cs and I released is collected on the filters. The remaining 40% is
equally distributed in the three support cells, and in the FHC itsel f.
Since the filters are frequently removed, there will be no buildup of
long-lived Cs-137.

,

| (3) Activities are based on a decay time of 80 days.

*
,

i

(''h |
\~si |
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(4) A FHC volume of 10,700 sef is assumed. Equipment (piping.
filter banks, transitions) have void volume of 224 scf/ cell.

(5) Cell specific activities are based on the radioactive
releases (item 1) divided by the volume of the FHC.

Fuel handling cell, filter cell specific activity and FHC filter
cell equipment activity appear in Table 12.1-29.

B. FHC Argon Blower Cell

Ten percent of the Cs and I activities released from the gaps
and fission gas plenum of two failed pins are deposited on the
inner surface of components. The long-lived Cs-137 activity
has been multiplied by a factor of five to account for sub-
sequent pin failures during plant life at a rate of one pin
every three years.

FHC argon blower particulate activity is defined in Table 12.1-29.

Gas activity in the FHC Argon Blower Cell is the same as
defined above and Table 12.1-29. Equipment in the FHC Argon
Blower Cell (storage tank, grapple blowers, valves, piping)
have a gas volume of 46 scf/ cell.

C. FHC Fan / Cooler Unit

OSources in the FHC Fan / Cooler Unit are defined on the same bases
as described for the Argon Blower Cell.

Particulate activity in the FHC Fan / Cooler Unit are the same as
defined for the Argon Blower Cell.

Gas activity in the FHC Fan / Cooler Unit has the same specific
activity as defined for the Argon Filter Cell.

Equipment in the FHC Argon Blower Unit cell cooler fan assembly
has a gas volume of 200 scf.

D. FHC Argon Purification Unit

Sources in the FHC Argon Purification Unit are on the same bases
as defined for the Argon Blower Cell.

Particulate activity in the FHC Argon Purification Unit is the
same activity as defined for the Argon Blower Cell.

Gas activity in the FHC Argon Purification Unit is the same
specific activity as defined for the Argon Blower Cell.

Equipment (Argon Purification Unit) in the cell has a gas volume
of 100 scf.49
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CHAPTER 19.0 CONDUCT OF OPERATIONSi ,

cf/

13 1 ORGANIZATIONAL STRUCTURE OF THE APPLICANT

Contract AT (49-18)-12 has been established to design, construct and
operate a Liquid Metal Fast Breeder Reactor (LMFBR) demonstration plant.

'

~.The parties 7 to the contract are the Department of Energy (DOE), the
Tennessee Valley Authority (TVA), the Commonwealth Edison Company (CE), ande

the Project Management Corporation (PMC). The organizational structure of
the applicant (DOE, PMC, and TVA) is covered in Section 1.4.

,

(

TVA, as part of its lead role responsibility described in Section 1.4, will
,

# be responsible for the safe operation of the CRBRP.

13 1.1 Proiect Organization

13.1.1.1 EunCMons. Resoonsibilities. and Authorities of Proiect
Particioants

The functions, responsibilities, and authorities of Project participants
are described in Sections 1.4 and 1.4.2. The qualification requirements of
. Project parti'cipants are described in Section 1.4.4.

13 1.1.2 Acolicants' In-House Organization

i

This material is covered in Section 1.4.2.

13.V.1.3 _Interrelationshios with Contractors and Sucoliers
t'

Thisjmaterial is covered in Section 1.4 3

13.1.1'.4 Decartment of Energy (DOE) Particioation
I !

The participation of DOE in the Clinch River Breeder Reactor Plant (CRBRP)
'

Project is described in Section 1.4. In addition, DOE participates in R&D
; in support of the CRBRP Project through its LMFBR base technology programs

described in Section 1.5.
.i

13 1.1.5 Technical Succort for Ooerations

TVA's Office of Power will be responsible for carrying out the operator

; role for the Clinch River Breeder Reactor Plant. Within the TVA Office of
') Power, the Division of Nuclear Power (NUC PR) will be responsible for the
' operation and maintenance of the CRBRP. The TVA technical staff supporting

the operation of the CRBRP will consist of the Nuclear Central Office (NCO)
staff in Chattanooga and also support from other divisions and offices

within TVA (Section 13.1.1.5.1). In addition, technical support will be
supplied by the CRBRP Project Office, the Lead Reactor Manufacturer of

| Westinghouse Advanced Reactor Division (W-LRM),and by the AE (Burns and
Roe) (Section 13 1.1.5.2).

13 1-1
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13 1.1.5.1 TVA's Technical Staff

13 1.1.5.1.1 Division of Nuclear Power (NUC PR)

The Division of Nuclear Power is responsible for the safe, efficient, and
environmentally sound operation and maintenance of all TVA nuclear electric
generating plants and will have this responsibility for the CRBRP. The
organizational structure is shown in Figure 13 1-1.

The Director of Nuclear Power administers the work of the division and is
assisted by the Assistant Director; Manager, Nuclear Production; Manager,
Technical Support; and supporting staffs.

The Assistant Director assists the director in managing the division and is
responsible for directing the work of division managers in the development
and maintenance of programs to implement division policy.

The Manager. Nuclear Production is responsible for nuclear production
activities including preliminary operations, preoperational testing, power
generation, and field services at TVA nuclear generating plants. He will

direct these activities of the CRBRP.

The Manager. Technical Succort, is responsible for developing and maintain-
ing written programs and providing direct technical support to the TVA
nuclear plants in the areas of maintenance and engineering support, quality
assurance and compliance, emergency preparedness and protection, industrial
safety, and training. He supervises the Manager, Maintenance and Engineer-
ing, and the Chiefs of the Quality Assurance and Compliance Branch, the
Energency Preparedness and Protection Branch, and the Training Branch. He

will assume these responsibilities for the CRBRP.

13 1.1.5.1.2 Other TVA organizations

The TVA organization is shown in Figure 1.4-2. These offices / divisions

will be available to provide support services to the CRBRP as required.

13.1.1.5.2 Project Technical Succort

Project technical support for the operation of the CRBRP will be provided
to the Division of Nuclear Power in TVA by the CRBRP Project Office, W-LRM,
and Burns and Roe. Areas of support will be in accordance with the
responsibilities described in Section 1.4.

13 1.2 coeratinc organization

13.1.2.1 Plant Organization

The plant organizational chart is shown in Figure 13.1-2. The principal
groups that function directly under the supervision of the Plant Manager
and Assistant Plant Managers are the Plant Operations Section, the
Plant Engineering Section, the Plant Maintenance Sections (Mechanical,

|

@
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Electrical and Instrument), and the Health and Safety Services. The CRBRP
organization follows the pattern developed through experience and used atO TVA nuclear generating plants.

Plant employees will be selected primarily from existing TVA plant staffs
and NUC PR's central office. Personnel qualifications shall be in
accordance with NRC Regulatory Guide 1.8-1-R-1977

13 1.2.1.1 Ooerations section

The Operations Section will be responsible for all plant operations. It
will provide operating' personnel to support the preoperational testing,
fuel loading, startup testing, startup, and plant operation. It will be
responsible for coordinating and scheduling the training program for all
operations personnel. It will provide the nucleus of emergency teams such
as the plant rescue and fire-fighting organizations.

The Operations Section will be under the direction of the Operations
Super.'sor who will hold a valid NRC Senior Reactor Operator (3RO) license.
He will Se assisted by two inline Assistant Operations Supervisors; each
will hold a valid NRC SR0 license.

There will be five shif t crews within the Operations Section to provide
24-hour coverage for operating the plant. The minimum shift crew when the
reactor is operating will consist of the Shif t Engineer who will hold an
NRC SRO license, one Assistant Shif t Engineer who will hold an NRC SRO
license, two Unit Operators; each will hold an NRC Reactor Operator (RO)
license,- one Shift Technical Advisor (STA), and twc Assistant Unit
Operators. One Health Physics Technician and one Radiochemical Laboratory
Analyst will also be assigned to each shif t. Additional operators will be
assigned as necessary. Plant management and technical support will be
present or on call at all times.

13 1.2.1.2 Enaineerins section

The Engineering Section will be under the direction of the Engineering Sec-
tion Supervisor. He will be assisted by a complement of engineers. The
Engineering Section will be responsible for providing technical direction
and staff assistance in the areas of nuclear, mechanical, and chemical
engineering. Responsibilities of this section will include plant and
equipment performance tests, inplant fuel management, waste management and
chemistry control.

The Engineering Section will carry out a comprehensive program of tests,
studies, and investigations for the purpose of monitoring the reactor,
engineered safeguards, and plant operating conditions to assure compliance
with the operating license and to improve the efficiency of the plant.
This will include the c; rdination of the surveillance test program with
other plant sections.

O
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13 1.2.1 3 Mechnical Maintenance Section

The Mechanical Maintenance Section will be under the direction of the
Mechanical Maintenance Section Supervisor. He will be assisted by an
inline Assistant Maintenance Supervisor.

The Mechanical Maintenance Section will be responsible for mechanical
maintenance work and inspections in the plant. This will include
scheduling and conducting periodic inspections and tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the operating license. This section will
develop and carry out a preventive maintenance program that assures that
the repair and replacement of parts is consistent with the intent of
applicable codes and basic requirements of the original equipment. A

record file will be maintained by the section on all equipment, inservice
tests, inspections, and maintenance reports.

13 1.2.1.4 Electrical Maintenance Section

The Electrical Maintenance Section will be under the direction of the
Electrical Maintenance Section Supervisor. He will be assisted by an
inline Assistant Maintenance Supervisor.

The Electrical Maintenance Section will be responsible for alectrical
maintenance work and inspections in the plant. This will include
scheduling and conducting periodic inspections and tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the technical specifications and operating
license. This section will develop and carry out a preventive maintenance
program that assures that the repair and replacement of parts is consistent
with the intent of applicable codes and basic requirements of the original
equipment. A record file will be maintained by the section on all
equipment, inservice tests, inspections, and maintenance reports.

13.1.2.1.5 Instrument Maintenance Section

The Instrument Maintenance Section will be under the direction of the
Instrument Maintenance Section Supervisor. He will be assisted by two
inline Assistant Maintenance Supervisors.

The Instrument Maintenance Section will be responsible for instrument
maintenance work and inspections in the plant. This will include
scheduling and conducting periodic inspections and tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the operating license. This rection will
develop and carry out a preventive maintenance program that assures that
the repair and replacement of parts is consistent with the intent of
applicable codes and basic requirements of the original equipment. A

record file will be maintained by the section on all equipment, inservice
tests, inspections, and maintenance reports.

O
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13.1.2.1.6 Health and Safety Services

O(,,) This department will consist of two groups which provide services in the
Health and Safety Areas. Those units which will report administratively
offsite and functionally onsite to the Assistant Plant Manager for Health
and Safety Services will consist of Medical, Health Physics, Security, and
Power Stores. They will be responsible for Medical Services, Radiological
Protection, Plant Industrial Protection, and the procuring, storing, and
issuing of items / components needed for the operation and maintenance of the
plant. Those units which will report both administratively and function-
ally onsite to the same Assistant Plant Manager will consist of Industrial
Safety and Fire Protection, Compliance, Quality Assurance, Document
Control, and Administrative Services. They will have the responsibility
for Plant Safety, and the many facets relating to Quality Control and
Administrative Control, and ensuring compliance with industry and federal
standards and requirements.

13 1.2.2 Personnel Functions. Resoonsibilities. and Authorities

During normal plant operations, the plant manager will be responsible for
all plant activities. In the event of absences, incapacitation of
personnel, or other emergencies, the following persons will be responsible
in the order listed for all plant activities:

Plant Manager

Assistant Plant Managers
,~ ,

Engineering and Operations--

Maintenance

Plant Operating Supervisor

13 1.2.2.1 Plant Manager

The Plant Manager will have direct responsibility for all plant activities.
He will be responsible for safeguarding the general public and plant
employees from hazards asrociated with the operation of the CRBRP through
implementation of the TVA hazard control standards and requirements,
applicable DOE and NRC rules and regulations, and plant procedures; and for
adherence to all requirements of the operating license. He will receive

| direction and supervision from the Director, Division of Nuclear Power and
staff assistance from the Division of Nuclear Power Central Office.

|

|

[ }
\g
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13 1.2.2.2 Assistant Plant Manacer

There are three Assistant Plant Managers: Assistant Plant Manager for |Engineering and Operations; Assistant Plant Manager for Maintenance; and
Assistant Plant Manager for llealth and Safety Services. These managers
will assist the Plant Manager in planning, coordinating, and directing the
plant activities under their control. In the absence of the Plant Manager
an Assistant Plant Manager will be responsible for management of plant
activities as indicated in Section 13 1.2.2.

13 1.2.2 3 coerations Suoervisor

The Operations Supervisor will be responsible for the safe and efficient
operation of the plant in accordance with the operating license, approved
procedures and TVA hazard control standards and requirements. He will be
responsible for the preparation and maintenance of up-to-date operating
instructions and the preparation of operating records. He will also be
responsible for operator trai ning programs and operating personnel
schecules and will be charged with the responsibility of keeping the Plant
Manager fully informed in all matters of operating significance.

13 1.2.2.4 Engineerine Supervisor

The Engineering Supervisor will serve as supervisor of the Engineering
Section and as a staff engineer in providing engineering advice and
assistance to the Plant Manager. He will be responsible for initiating,
planning, and coordinating the technical training programs. His experience
and training cust provide him with a good understanding of nuclear reactor
technology, hazards, safeguards, licensing requirements, and a knowledge of
the control systems used in a nuclear plant. He will be responsible for
analysis of the performance of the reactor and turbine cycle and associated
equipment during the test, startup, and operation of the plant.

13 1.2.2.5 Mechanical Maintenance Sucervisor

The Mechanical Maintenance Supervisor will be responsible for all mechani-
cal maintenance work and inspections in the plant. He will be responsible

for maintaining safe working conditions for his employees and for their

l adherence to safe working practices. He will be assisted in his work by an
Assistant Supervisor with experience in mechanical maintenance. 'ie will

also be assisted by foremen of the various crafts within the section and

| engineers who will be assigned to the plant as the workload demands. The
Mechanical Maintenance Supervisor shall have a thorough knowledge of the|

operation and maintenance of all plant mechanical equipment.

13 1.2.2.6 Electrical Maintenance Suoervisor

The Electrical Maintenance Supervisor will be responsible for all electri-
cal maintenance work and inspections in the plant. He will be responsible
for maintaining safe working conditions for his employees and for their
adherence to safe working practices. He will be assisted in his work by an

Assistant Supervisor with experience in electrical maintenance. He will

O
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also be assisted by foremen of the electrical craf t within the section and
engineers who will be assigned to the plant as the workload demands. The

) Electrical Maintenance Supervisor shall have a thorough knowledge of the
operation and maintenance of all plant electrical equipment.''

13 1.2.2 7 Instrument Maintenance suoervisor

The Instrument Maintenance Supervisor will be responsible for all
instrument maintenance work and inspections in the plant. He will be
responsible for maintaining safe working conditions for his employees and
for their adherence to safe working practices. He will be assisted in his
work by two assistant supervisors with experience in instrument mainte-
nance. He will also be assisted by foremen of the Instrument Mechanics
within the section and engineers who will be assigned to the plant as the
workload demands. The Instrument Maintenance Supervisor shall have a
thorough knowledge of the operation and maintenance of all plant instru-
mentation.

13 1.2 3 Shift Crew Comoosition

Normal Ooerations

The Shif t Engineer on duty, a SRO, will be in direct charge of the plant
including startup, operation, and shutdown of the reactor and ancillary
systems. He may institute immediate action in any given situation to
eliminate difficulties or remove equipment from service to preclude
violation of the operating license or to avert possible injury or undue
radiation exposure of personnel.

The Assistant Shif t Engineer, a SRO, will be under the immediate super-
vision of the Shif t Engineer. He will follow established procedures in

doing his work. However, if a particular situation is not covered by a
procedure, he may seek advice from the Shif t Engineer; or, if the situation
is critical, he may use his own judgment to prevent damage to equipment,
injury to personnel, or undue radiation exposure of personnel. The duties
of the shif t supervisor as identified by NRC will be performed by the
assistant shif t engineer. The normal work station for the shift supervisor

(assistant shif t engineer) will be in the control room, but he periodically
makes inspections of the plant equipment. He will immediately go to the
control room during emergency situations. He will remain in the control
room at all times during the accident situations to direct the activities
of the unit operator unless formally relieved of this function by the shift
engineer. |

The shif t technical advisor will report to the shif t supervisor in the
control room during off-normal reactor plant conditions. The role of the
shif t technical advisor will be to serve in the advisory capacity to 'the |
shift supervisor and not to assume command or control functions. The shift I

'supervisor may choose to direct the shift technical advisor to perform his
advisory role from either the control room or the onsite technical support
center, er the shift supervisor may direct the shift technical advisor to 1

l
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serve as a liaison between technical support personnel manning the onsite
technical support center and the shift supervisor.

Routine duties and assignments of the shif t technical advisor will include
matters involving engineering evaluation of day-to-day plant operations
from a safety point of view.

The Unit Operator who will hold a R0 License will be under the immediate
supervision of the Assistant Shift Engineer and the general supervision of
the Shif t Engineer. He will follow established procedures in performing
his work. In emergencies when there is not time to get advise from his
supervisor he may deviate from established procedures to prevent damage to
equipment, injury to personnel, or undue radiation exposure of personnel.
He will be responsible for the safe and efficient operation of the plant
from the control room or from local control stations.

The Assistant Unit Operator will be under the immediate supervision of the
Unit Operator and the general supervision of the Assistant Shif t Engineer.
He will follow established operating instructions in doing his work and
will not deviate from those instructions except as directed. He will
perform assigned routine inspections and manipulative operations without
close supervision. He will assist in the operation and perform work
requirements within defined areas such as the Control Building, Reactor
Containment Building, Reactor Service Building, Turbine Generator Building,
Diesel Generator Building, Intermediate Building, Steam Generator Building,
and Intake Structure. r a

When on shif t, the Radiochemical Laboratory Analyst will be under the
functional supervision of the Shift Engineer. These duties consist of
periodic sampling of the various systems, such as feedwater and main steam,
water makeup, waste condensate, and periodic monitoring of the primary and
secondary sodium coolant.

When on shift, the Health Physics Technician will be under the functional
supervision of the Shif t Engineer. He will perform routine radiation
surveys, personnel monitoring activities, and other assigned duties. He
will keep the Shif t Engineer informed of radiation hazards and performs
special surveys as requested.

Minimum Shift Crew Composition

A minimum shif t crew will be established for specific plant conditions.
These requirements are given in Section 16.6.

13.1 3 Qualification Recuirements for Nuclear Plant Personnel

All personnel at the CRBRP will be required to obtain and maintain
qualification standards in accordance with NRC Regulatory Guide
1. 8-1 -R- 1977 The personnel selection and training program that assures
fulfillment of these qualification requirements also satisfies NRC
Regulatory Guide 1.8-1R-1977 In addition, the operation of the CRBRP will

O
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13 2 TRAINING PROGRAM

13.2.1 Program Descriotion

An onsite formal training program will be conducted prior to initial fuel-
loading.

The basic objectives of the training program are:

a. To assure that all plant personnel are properly trained and
qualified to perform their assigned tasks in a safe and
efficient manner.

b. To assure that the CRBRP is operated in accordance with NRC
regulatory requirements and guidelines,

c. To assure that all training is formally documented.

d. To meet or exceed NRC licensing requirements.

In achieving these objectives, individual training needs will be estab-
lished by comparing job requirements with individual experience.

The training program, as it is initially planned, will be approved by the
Manager, Technical Support, af ter being approved by the Plant Manager. The
properly planned and approved program will ensure that the content and the
intent of the training program provides the necessary training for
personnel associated with reactor operations. The program will be designed

CI to train personne3 both with and without previous nuclear experience. It
will consist of both formal classroom-type lectures, self-study assign-
ments, on-the-job training, and progress evaluation. This program will be
the mechanism to ensure that all members of the plant operating staff are
qualified for the assigned position prior to initial fuel loading.

The effectiveness of the training program will be evaluated by the perfor-
mance of employees on TVA and NRC examinations in carrying out their
assigned duties and by periodic evaluations of performance by supervisors.
In addition, periodic audits of the training program will be performed by
designees within the Office of Power, but outside the Division of Nuclear
Power.

13.2.1.1 Program Content

At the time of manning the CRBRP, TVA should have highly trained nuclear
plant operating personnel at the Browns Ferry, Sequoyah, Watts Bar, and
Bellefonte Nuclear Plants. These plants will be the primary source of
personnel for the CRBRP.

Those positions at the CRBRP which require an NRC licensed SRO will be
filled by personnel who have or are eligible to sit for an NRC SRO license
on a light-water reactor power plant. Other positions will be filled by
personnel within the TVA organization as available and selected from
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competent applicants from outside TVA. All CRBRP personnel will be given
comprehensive training to produce personnel who have that combina+1on of
education, experience, and skills commensurate with their level of
responsibility. This will provide reasonable assurance that decisions and
actions during all normal and off-normal conditions will be such that the
plant is operated in a safe and efficient manner.

The program, as being developed, complies with 10 CFR 55-1980, TMI Action
Plan Items, I.A.I.1, I.A.2.1, I.A.2.3, I.A.3 1, and II.B.4 of
NUREG-0737-1980, NRC Regulatory Guides 1.149-1981 and 1.8-1-R-1977, Item
I. A.4.2 of NUREG-0718-R2-1982, and BTP CMEB 9 5-1-R3-1981.

Emphasis is placed on simulator use as an integral part of the training
program. A plant-specific simulator will be available for the CRBRP to be
located onsite and operational at the time of commencing preoperational
testing. It will serve as a device for procedure checkout as well as a
vital component of the operator training program. The training program for
all candidates seeking NRC SRO and R0 licenses will include significant
time at the simulator. Selected personnel in the non-NRC licensed category
will also receive training at the simulator. The simulator will accurately
reproduce the general operating characteristics of the CRBRP, and the
arrangement of the instrumentation and controls of the simulator will
closely parallel that of the CRBRP.

The program will provide training for the following categories:

a. Individuals with no previous power plant experience
h. Individuals with no previous nuclear power plant experience
n. Individuals who have had nuclear experience but not NRC licensed f
A. Individuals who hold, or have held, an NRC license for a LWR

facility or a facility comparable to CRBRP
g. Individuals who will obtain an NRC SRO or R0 ' cold' license
f. Individuals who will obtain an NRC SRO or R0 ' hot' license
E. Individuals who will take the training for an NRC license but may

L21 take the NRC exam [e.g. The Plant Manager or Assistant Plant
Manager (Engineering and Operation) and the Shif t Technical Advisor]

h. Individuals who will D21 be taking the license-type training, i.e.,

all plant staff whose positions do not require an NRC license

Table 13 2-1 includes detailed information on the training program, such
as: Subject matter of each course, the duration of the course, the
organization teaching the course, and the position titles for which the
course will be given. Figure 13 2-1 presents a proposed training schedule
for the CRBRP staff which is in accordance to NRC Regulatory Guide

1.8-1-R-1977. It is planned that the following personnel will obtain a
' cold' license in accordance with the requirements of 10 CFR 55-1980 before
initial fuel loading: SRO license for the Operations Supervisor, at least
five Shif t Engineers, and at least five Assistant Shif t Engineers; and
obtain R0 licenses for at least ten Unit Operators. The Plant Manager or
the Assistant Plant Manager will obtain the training required for an SRO
license. Since the ' cold' license will be obtained prior to criticality,

O
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that part of the training consisting of actual startups will be performed

O' at a research or power reactor and the control manipulations will be
performed at the CRBRP- Specific simulator substituting for the real plant.

Under NRC procedures for determining the eligibility of an applicant to
take a cold examination, the applicant is considered to have had extensive
operating experience at a comparable facility if one of the following four
conditions have been met:

a. Holding or having held an operator's or senior operator's license at
a comparable licensed reactor facility. To date, NRC has considered
any light water power reactor as comparable to any other light water
power reactor. However, it is highly desirable that previously
licensed individuals participate in a short course utilizing a
nuclear power plant simulator similar to the facility for which the
applicant will be seeking a license.

b. Determination of such experience as indicated in a. above at a
comparable reactor facility not subject to NRC licensing (e.g., '

reactor facilities operated by the military services or owned by the
Department of Energy (DOE).

c. The applicant has nassed an NRC-administered written examination and
operating test at a comparable licensed reactor facility af ter
completing an NRC approved training program. Normally, the
Commission issues a certification stating that the individual has
met the requirements of an operator as set forth in 10 CFR 55-1980O in lieu of a license.

V
d. Certification of satisfactory completion of an NRC-approved training

program which utilizes a nuclear power plant simulator as part of
the program.

The non-NRC licensed personnel will also undergo training both prior to and
af ter assignment to the CRBRP. The training program in which these
employees participate prior to CRBRP assignment will include formal pro-
grams at TVA's Power Operations Training Center (POTC), TVA Administrative
and Standards of Apprenticeship, or approved equals. After assignment to
CRBRP the training will be commensurate with the individual's experience
and job assignment and will follow the guidelines of Ttem I. A.2.2 of

| NUREG-0660-1980, and be conducted in accordance to NRC Regulatory Guide
! 1.8-1-R-1977
i

| The training of personnel for the position of Shif t Technical Advisor
(STA), a non-NRC licensed position, is specifically addressed because the
STA serves the important function of technical advisor to the Shift
Supervisor. The details of the STA training in the CRBRP Training Program
when developed at the FSAR stage will be in accordance with TMI Action Item

I. A.1.1 of NUREG-0737-1980.

A fire protection training program will be developed prior to fuel loading
and will meet the guidelines of CMEB 9 5-1-R3-1981 as applicable to CRBRP,

i -g and include details such as interface requirements between the Plant
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Operator and the Plant Constructor. The fire protection program of the
Constructor will be the basis for the construction force fire-protection |
training. On occasions of interface between construction and operations in
areas under control of operations, the involved construction personnel will
be oriented on the applicable portion of the Operator's fire protection
program. The fire prevention and protection program for plant operation
will use the fire brigade system with properly trained personnel on each
shift. The program will be formulated by the Safety and Fire Protection
Engineer who will have had, prior to his assignment to the CRBRP Project,
formal training in the areas of safety and fire protection engineering from
an accredited school, college, or university. The post-CRBRP training will
include plant-system familiarization and the techniques to be employed in
preventing, detecting, control, and fighting of sodium and sodium-potassium
fires.

The individual tasks and the various components of each position will be
examined to identify the knowledge, skill, physical ability, duties, and
responsibilities required for the individual to accomplish his or her job.
In addition, the performance standards to be met in completing the task
will be identified. This will be achieved by developing job descriptions
for the positions and evaluating performance records of incumbents in
similar positions before the positions at the CRBRP are filled.

The actual training program and schedule for the plant operatin'g staff will
be designed around the findings of a job / task analysis. Hence, the
schedule is tentative and subject to change before submission as a part of
the Final Safety Analysis Report.

13 2.2 Retraining Program

This information will be included in the FSAR.

13.2 3 Reolacement Training

s

This information will be included in the FSAR.

13.2.4 Records

13.2.4.1 IYA

Official records of employee qualifications, experience, training, and
retraining of each member of the plant organization are maintained in the
official TVA Personal History Record (PHR) by the Division of Personnel.
The PHR provides in a standardiz- arrangement, the information officially
recognized in recording and sup.-rting employee status. The PHR is
maintained in current and acct ate status and is controlled as to
availability. The material admitted to this record is restricted to items
for whicts authenticity has been confirmed through established procedures;
for example, official TVA forms, signed statements from the employee, and
management representatives. The official records, as identified above, of
each TVA employee on the CRBRP Staff will be maintained in the PHR.

O
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13.2.4.2 Plant

O maintained in the plant master file.
Records supporting requests for NRC SRO and NRC RO licenses will be

These records will include training
courses attended, retraining classes, number of reactor startups, and other
information necessary to ensure that training requirements have been met.
Some of these records will be duplicated in the PHR.

A training file for each member of the plant organization will be
maintained in the plant master file. Information regarding participation
in training and retraining activities and records of employee participation
in training activities leading to promotion to a higher level of competence
will be maintained in this training file.
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TABLE 13 2-1
fl0f0 SED TRAINING PROGRAM

Subiect Areas & ComDosition Duration Orrantration Teaching Egm111cn Regglying_Irainins

Candidates for NRC-License

I. LMFBR & CRPRF-Specific Technology 6 weeks Onsite by Staff Flant Manager
o Basic differences between LWRs and LHFBRs specialists Assistant Flant Managers
o Franciples of Operation Operations Section Supervisors
o Design Features Shif t Engineers
o General Operating Characteristics Assistant Shif t Engineers
o Reactor Instrumentation & Control Unit Operators
o Specific subjects in 10CFR55-1980, Sec-

tions 21 and 22, and NUREC-07 37-1980 ( Although the STA is a non-NRC
o Heat Transfer, Fluid Flow, & licensed positicn, the STAS will

The rmody namics receive this training.)
o Use of plant systems to control or

mitigate an accident in which the
core is damaged

o Reactor & Flant transients

II. Sodium & Sodium Fotassium Handling
A. Offsite 2-3 weeks Offsite at Vendo*3 Selected members of Manager's Staf f

1. Sodium Systets Training Center and Operating Section.,,

2. Sodium System Components.;
-

3 Engineering Froperties of Sodium

I 4 Corrosion, Mass Transfer, and
05 Chemical Instrumentation

5 Materials Selection
6. Sodium Instrumentation and

Electrical Systems
7. Operational Consideration
6. Maintenance
9. Sodium Safety

B. Onsite 4 weeks Onsite by Selected Plant Managers
1. Sodium Systems Staff Members who Assistant Flant Managers
2. Sodium System Components attended the offsite Ogerations Section Supervisors
3 Engineering Froperties of Sodium course Shif t Engineers
4. Corrosion, Mass Transfer, and Assistant Shif t Engineers

themical Instrumentation Unit Operators
5 Materials Selection (Those of above who did not take
6. Sodium Instrumentation and the of fsite course.)

Electrical Systems
7. Operational Consideration
8. Maintenance
9 Sodium Safety

III. CRBEF Flant Systems Lecture Series 20 weeks Onsite by Engineers All personnel for plant positions who

[f Ef Includes lectures on details of from Engineer ing Sec- receive training for NRC license
4: 5 each of the plant systems tion who have become
* [[ epecialists in the systems

.
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TABLE 13.2-1 (Cont'd.)
IJCPOSED TRAINING PROCPiM

*ut ieet areas & Comoosition Duratien Orman1 ration Teachins Fosition Receivina Trainina

Candidates for MRC License (Cont'd.)

IV. Observation Training up to 6 months Offsite at an operating All personnel for plant positions who
1. LMFBR Plant Familiarization LMFBR will receive training for NRC license.
2. Operating Evaluations
3 Liquid Metal Systems
4. Inert Cas Systems
5. Characteristics of an

Operating LMFBR
6. FFTF Slaulator (for LMFBR

Familiarization)

V. Health Phystes 2 weeks Onsite by Health Plant Managers
1. , Radiatien Exposure Liasts Phystes Supervisor Assistant Plant Managers

2. &adiation Operations Section Supervisors
3 Special Work Permits Shif t Engineers

4. Contamination Control Assistant Shif t Engineers

5. Airborne Activity Unit Operators

6. Injuries in contamination or
Radiation Areas

7 Handling Storage, and Transfer**

I' of Radioactive Materials
bJ 8. Safe Practices

da 9. REP for CABRP

VI. Work / Study Assignments Selected positions such as

TVA Management 'Superv. Skills Offsite personnel from Plant Managers, Assistant Plant Mana-j ,,
TVA Administrative Controls TVA's Central Office gers, Operations Section Supervisors,

Shif t Engineers, Aseistant Shif t Engi-
neers, Unit Operators --

Operating Practices Onsite by Training Plant Managers, APsistant Plant Kana-

o Reactor Startups, 18 months Coordinator gers, Operations Section Supervisors,
Operating Instruction Preparation Shift Engineers, Assistent Shif t Engi-

Sodium Load, neers, Unit Operators --

Prooperational Tests
Fuel Load,
Plant Procedures

o - CRBRP-Specirlo Simulator Training 200 hours
o CRBRP-Control Roos Operational 480 hours
o 3 months on shif t as licensed Operator 3 months (For Candidates for ' hot' license only)

o - Self-directed study 6 months

VII. Pre-NRC License Examination Onsite by Training All who are taking NRC examination
3* o Operator Administered Exas 1 week Coordinator
dh o Inplant Briefing 1 week
* :3 o Pre-license examiention review 2 weeks
wa .
NO
00 %J
hJ C3



TABLE 13.2-1 (Cont'd.)
PROPOSED TRAINING PROGRAM

Sub iee t Areas & ComDosition Duration graanization Teachtnr Position Receivins Traintna

Candfontes for NRC-Liceq1g (Cont'd.)

VIII. NRC License Examination I week Onsite by Training Only those on the Manager's Staff and

Writ ten Coordina tor in Operating Section that are obtaining

Operating (to include simL- NRC license
lator examination)

II. General Employee Training 4 weeks Onsite personnel by Plant Managers, Assistant Plant Mana-

1. Familiarization with Plant-Specific specialists in subject gers, Operations Section Supervisors,
administrative procedures and plans disciplines. Shif t Engineers, Assistant Shif t Engi-

to enable trainee to demonstrate know- neers, Unit Operators

ledge in those areas of trainee's
specia?ty.

2. Radiological Health & Safety

3 Industrial Safety
4 Plant-Controlled Access Areas and

Security Procedures
5. Use of Protective Clothing and Equipment

6. Plant Qualty Assurance Program
7 Fire Protection Program
8. Plant Cleanliness and Housekeeping-

[d Requirements

ba 9 General Description of Plant and

jo Facilities
10. CRBRP REP

I. CRBRP Emergency Instructions 1 week Onsite-by staff Plant Managers, Assistant Plant Mana-

specialist gers, Operations Section Supervisors,
Shif t Engineers, Assistant Shif t Engi-
neers, Unit Operators

II. Fire Brigade Training 1 week Onsite-by staff Plant Managers, Assistant Plant Mana-
specialist gers, Ogerations Section Supervisors,

Shif t Engineers, Assistant Shif t Engi-
neers, Unit Operators

Non-f1RC Licensed Personnel

I. LMFBR & CRBRP-Specific Technology 3 weeks Onsite by specialists Selected technical and supervisory

Contents of course for non-11 censed personnel,

personnel will be tailored to specific
disciplines

II. Sodium & Sodium-Potassium Handling 3 weeks Offsite at Vendor's Selected technical and supervisory
y, p
cB A. Offsite Training Center personnel

j3 [$ 1. Sodium Systems
CL 2. Sodium System Components

[$ * 3. Engineering Properties of Sodium

oo %a 4. Corrosion, Mass Transfer, and
r0 C) Chemical Instrumentation

5. Materials Selection
6. Sodium Instrumentation and

Electrical Systems
7 Operational Consideration
8. Maintenance
9 Sodium Safety
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TABLE 13 2-1 (Cont'd.),

PROPOSED TRAINING PROGRAM'

Sub iect Areas & Connosition Duration Orranization Teachina famillon Receivina Trainins

Non-NRC Licensed Personnel (Cont'd.)

B. Onsite
1. Sodium Systems 4 weeks Onsite by Enginsers Selected Technical and Supervisory

2. Sodium System Corponents from Engineering Section personnel

3 Engineering Properties of Sodium who attended the offsite
4. Corrosion, Mass Transfer, and course

Chemical Instrumentation
5. Materials Selection
6. Sodium Instrumentation and

Electrical Systems
7 Operational Consideration -

8. Maintenance
9. Sodium Safety

III. CBBRP Plant Systems Lecture Series up to 20 Onsite by Engineers Selected personnel depending

; Includes lectures on plant systems details weeks from Engineering Sec- on their assigned position
tion who have become
specialists in the
systems

IV. Health Physics & Safety 2 weeks Onsite by the Health All plant personnel inaluding those

ha Physics Supervisor on temporary assignment
i

V. Observation Training up to 6 months offsite at an operating Selected members of maintenance
Training at an Operating LMFBR LMFBR supervision and of technical

with content oriented to specific disciplines from the Engineering

disciplines Section

VI. Onsite Work / Study Assignments 52 weeks Onsite by staff Selected technical and supervisory

o CRBRP Familiarization & Orientation specialists personnel

o Developing Plant Procedures
o Studying Plant Layout & Design
o Technical Training in areas of

Chemistry Nuclear, Electrical,
Instrumentation and Control

o Basic Simulator Training
o Supervisory Training

TVA Hanagement/ Supervisory Skills
TVA Administrative Controls

o CRBRP-Specific Sim61stor Exercises
o Participation in Prooperational &

3m Startup Testing
- c: ,

$3 VII. General Employee Training 4 weeks Onsite personnel by All plant personnel including those !=5
CL 1. Familiarization with Plant-Specific specialists in subject on temporary assignment

' [$ * administrative procedures and plans disciplines
Oo N to enable trainee to demonstrate know-
ha C3 ledge in those areas of trainee's

specialty.
2. Radiological Health & Safety

3 Industrial Safety
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TABLE 13 2-1 (Cont'd.)
PROPOSED TR AIN1hG PRGORAM

Zubiect Areas & Concosition Duration Oranntration Teachina Position Receivina Trainina

Non-NRC Licensed Personnel (Cont'd.)

4. Plant-Controlled Access Areas and
Security Procedures

S. Use of Protective Clothing and
Equipment

6. Plant Qualty Assurance Program
7 Fire Protection Prograa
8. Plant Cleanliness and Housekeeping

Requirements

9. General Description of Plant and
Facilities

10. CRBRP REP

VIII. CRBRP Emergency Instructions 1 week Onsite-by staff All plant personnel including those
specialist on temporary assignment

IX. Fire Brigade Training I week Onsite-by staff All permanently assigned plant

specialist personnel who may at sometime be a
member of the fire brigade
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13 3 EMERGENCY PLANNING

U 13.3 1 Sancal

| The Clinch River Breeder Reactor Plant Radiological Emergency Plan (CRBRP-REP)
| will be developed to provide protective measures for Plant personnel, and to

protect the health and safety of the public in the event of a radiological

emergency resulting from an inplant accident or an accident involving
transportation of radioactive waste from Clinch River Breeder Reactor Plant.
This plan fulfills the requirements set forth in 10 CFR 50-1982 that an
emergency plan be included in the Preliminary Safety Analysis Report and be
developed in accordance with the Nuclear Regulatory Commission (NRC) and
Federal Emergency Management Agency (FEMA) guidance. As specified in

i | NUREG-0654-R1-1980, Criteria for Preparation and Evalu nion of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants,

| the CRBRP-REP will ensure that:

1. Adequate measures are taken to protect employees and the public.

2. All individuals having responsibilities during an accident are
properly trained.

3 Proceduros exist to provide the capability to cope with a spectrum of
accidents ranging from those of little consequence to major core melt.

) 4. Equipment is available to detect, assess, and mitigate the
consequences of such occurrences.

5. Emergency action levels and procedures are established to assist in
making decisions.

The Radiological Emergency Plan will consist of the CRBRP-REP and appendices.

These documents are briefly described below. The actual CRBRP-REP will be
submitted as a separate document prior to fuel loading.

13 3 1.1 CRBRP-REP

This document will address general organizational esponsibilities,
capabilities, actions, and guidelines for TVA and project personnel during a
radiological emergency.

13 3 1.2 Accendices
,

'

Specific information on each of the TVA emergency centers (for the CRBRP these
centers will serve as Emergency Operations Facilities) will be included as,

appendices to the CRBRP-REP. These appendices will detail facility features,
capabilities, equipment protective actions, and responsibilities. The
CRBRP-REP, together with the appendices, will describe the methods TVA will l

'

! use to:

i 1. Detect an emergency condition

13 3-1 Amend. 70
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2. Evaluate the severity of the problems

3 Notify Federal, State, and local agencies of the condition

4. Activate emergency organizations

5. Evaluate the possible offsite consequences

6. Recommend protective actions for the public

7. Mitigate the consequences of the accident

Since TVA has no authority outside the plant boundaries, State and local
radiological emergency plans will support the CRERP-REP. State and local
agencies are responsible for ordering and implementing actions offsite to
protect the health and safety of the public. The plans for State and local

,
' agencies will be incorporated as Appendix F to the CRBRP-REP.

13313 Additional TVA Plans and Procedures

The CRBRP-REP will compliment the following:

1. Spill Prevention Control and Countermeasure Plan

2. Physical Security Plans (which include fire protection)

3 Plant Equipment Normal, Abnormal, and Emergency Operating Instructions

4. Plant Surveillance Instructions

13.3 1.4 Imolementine Procedures

Specific procedures will be developed to ensure that accidents are properly
evaluated, rapid notifications made, and assessment and protective actions
performed. Theda procedures will be compiled in the Clinch River Breeder

| Reactor Plant Implementing Procedures Document (CRBRP-IPD).

[ Plant instructions for normal and emergency system operation and control will
exist but will not be included in the CRBRP-IPD. These plant operating
instructions will be designed to ensure that operators implement the
procedures specified in CRBRP-IPD.

|

13 3 1.5 State Radiological Emergency Plan

The State of Tennessee Radiological Emergency Plan as well as the plan for'

that portion of the State of North Carolina within the 50-mile ingestion
|

pathway will be included in Appendix F of the CRBRP-REP.

13 3 2 Emergency Organization

The plant manager will be in charge of all activities at the site and will
have assistant managers to share his responsibilities as he deems necessary.
The minimum staffing requirements for operation will be found in the Plant

9
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Technical Specifications. The responsibilities of the minimum staff under

("'} normal operations will be as outlined in the PSAR. Under emergency conditions
\s,/ I the responsibilities of the minimum staff will be unchanged. The site

emergency organization will augment the shift operations crew in accordance,

l with NUREG-0654-R1-1980, Table B-1. If members of the site emergency

; organization are not present when an emergency occurs, the shif t engineer on8

duty will be designated the Site Emergency Director until relieved by the
I

,

plant manager or his alternate. The duties and responsibilities of the
various plant supervisors concerning plant emergencies will be outlined in the
CRBRP-REP.

An on-site Technical Support Center (TSC) will be provided in accordance with

( 10 CFR 50 Appendix E-1982 and NUREG-0696-1981, " Functional Criteria for
Emergency Response Facilities". The TSC will perform the following functions:

o Monitor plant operations and provide technical advice and o' recall
plant management from a non-control room location

o Supply sufficient plant information for analysis of plant status and
extent of any plant damage

o Record sufficient information to allow for a thorough review of plant
incidents and to aid in plant recovery

o Provide communications with off-site personnel and provide for other
peripheral functions not directly related to reactor operations

h[V o Relieve control room congestion

In order to provide these functions, the TSC will be located in close
proximity to the control room. Access to the TSC during an emergency will be
limited to those persons identified in the REP. The TSC will provide adequate
working space for the identified support personnel and required support
equipment. The TSC will be capable of being staffed and functional within
approximately 30 minutes of an emergency. Radiological protection from
airborne radioactivity and plant sources will be provided.

An on-site Operational Support Center (OSC) will provide a location where
support personnel can assemble and where support can be coordinated and will
provide communication with the control room and the TSC. The location of the
OSC will be an existing area of the plant. The OSC will have access to
equipment necessary to support the plant emergency response.

The on-site emergency organization will be supported by the staffs of four
emergency centers: the Central Emergency Control Center (CECC) Staff and the
Division of Nuclear Power Emergency Center (DNPEC) Staff in Chattanooga,
Tennessee; the Muscle Shoals Emergency Control Center (MSECC) Staff in Muscle
Shoals, Alabama; and the Knoxville Emergency Control Center (KECC) Staff in
Knoxville, Tennessee. The CECC will function and provide all services as a
'near-site' Emergency Operations Facility. In addition, the offsite emergency
organization will be supported by other TVA organizations as may be required.

O
'G)
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The dirsctor of each center is responsible for directing his staff in carrying
out their respective responsibilities. He is delegated the authority during
energencies to locate, direct, and dispatch the personnel and equipment
necessary to carry out his staff's responsibilities.

The purpose of the CECC and associated CECC staff is to provide the facilities
and manpower for evaluating, coordinating, and directing the overall
activities involved in coping with a radiological emergency.

During an emergency, the CECC Director and his staff will review the response
to the emergency by TVA and the appropriate State agencies to ensure that an
effective and cooperative effort is being made. The CECC Director, after
consultation with the Office of Health and Safety CECC representative, is
responsible for providing TVA's recommended protective actions to the
appropriate State officials.

The CECC staff will coordinate with all other TVA emergency centers to ensure
an effective TVA effort in response to an accident situation. The CECC staff
will also provide an accurate description of the emergency situation for TVA
management and public information. In addition, the CECC will coordinate with
offsite Federal agencies, such as the Nuclear Regulatory Commission (NRC) and
Department of Energy (DOE), to ensure availability of additional outside
resources to TVA.

The DNPEC staff provides support services during a radiological emergency to
the affected plant. Support services may be provided by utilizing any
necessary manpower and equipment under the direct control of the Division o*
Nuclear Power. If the division is unable to provide adequate services or
suppo r t , requests will be made for additional support to other TVA divisions,
local agencies, or government installations as may be required.

The Muscle Shoals Emergency Control Center (MSECC) supports the CECC by
performing environmental radiological monitoring and dose assessments and by
recommending protective actions for the public to the CECC. In performing

I these functions, the MSECC assists the Tennessee Department of Public Health
in evaluating the population exposures resulting from radiological
emergencies. The MSECC staff directs offsite environmental monitoring for the

| Tennessee Department of Public Health and continues monitoring activities
until a State Field Coordination Center is established to coordinate the
offsite environmental monitoring effort. The HSECC will continue to evaluate

| the need for monitoring assistance to the Tennessee Department of Public
Heal th . The State may request assistance from the appropriate DOE Operations
Office in accordance with Interagency Radiological Assistance Plan (IRAP) for

,
additional support. The MSECC will monitor the radiation protection problems
in the plant during emergencies to provide guidance, manpower, and equipment
to the Plant Health Physicist as required to control and mitigate these
problems.

The Knoxville Emergency Control Center (KECC) serves as the focal point for
all essential support activities involving TVA Knoxville offices. The TVA
Office of Engineering Design and Construction (OEDC), Division of Engineering
Design (EN DES), has been delegated overall responsibility for the KECC and
for providing technical support during and following a radiological emergency.

O
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This section addresses the EN DES responsibilities for technical support,_

; during emergency conditions.

I The KECC also serves as the communication center for other essential TVA
I offices such as the TVA Board of Directors, the General Manager, the Nuclear

Safety Review Staff, and the Information Office.

The radiological emergency communications network will consist of a-
combination of commercial telephone circuits, radio, and microwave' circuits.
South Central Bell Telephone Company lines will be used as the primary means
of communications during radiological emergency situations between- plant,
CECC, DNPEC, MSECC, KECC, and appropriate Federal and State * agencies. This
system will be augmented'by the TVA Private Automatic Exchange (PAX).

The primary means of notification of plant and offsite personnel is the
commercial telephone circuits. Additionally, pocket pagers are provided to

.,

certain key individuals in the emergency organization.

Figure 13 3-1 illustrates the relationship between the TVA emergency centers
and depicts the interf ace among TVA, Federal, State, and local agencies.

13 3 3 Coordination With Offsite Groues

TVA will have agreements with other Federal agencies to assist in the
l evaluation and control of any radiological emergency. These agreements will

include such agencies as the Department of Energy (DOE), Oak Ridge Operations
7-~g Office, and the National Ae'ronautics and Space Administration (NASA), Marshall
( ) Space Flight Center. The CECC staff may request assistance from these outside
''

agencies as required. The Site Emergency Director will be responsible for
notification of NRC's regional office of Inspection and Enforcement.

Agreements will be made with the State of Tennessee, Tennessee Emergency
Management Agency, to provide planning for emergencies at TVA nuclear
f acili tien. This planning includes evacuation arrangements, traffic control,
and support from other stete agencies as required. The Clinch River Breeder

| Reactor Plant Radiological Emergency Plan will utilize the liaisons already
established in developing the Browns Ferry, Sequoyah, Watts Bar, and
Bellefonte Radiological Plans with the States of Alabama and Tennessee. The

| Tennessee Emergency Management Agency will notify the State of North Carolina ''

I and surrounding states and coordinate assistance from the various state
agencies. - i

TVA will maintain liaison with the Tennessee Emergency Management Agency,
particularly with respect to the availability of emergency services. The
Tennessee Emergency Management Agency will inform these agencies of actions to
be taken under their respective statutory authority and assist them in
developing emergency procedures. TVA will provide any necessary training for
local fire and police departments, ambulance services, and hospitals in

j

radiological hygiene practices and recognition of raidological hazards. The '

attached Table 13 3-1 lists the organizations that will be participating in
| the Clinch River Breeder Reactor Plant Radiological Emergency Plan.

(n)
RJ
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Arecngemento will be mada for cn ambultnca servic2 to provida cmer6:ncy
service as required to the plant. Agreements will also be culminated between
TVA and a nearby hospital to provide emergency treatment to irradie ted or
contaminated patients as required. TVA will assist in training ambulance &
attendants and hospital personnel in this type of treatment and will ermure W
that adequate equipment is made available as necessary. An agreement will
also be made with the Radiation Emergency Assistance Center and Training Site
(REAC/TS) Facility operated by the Oak Ridge Associated Universities (ORAU)
for emergency treatment of severely contaminated or irradiated personnel.

13 3.4 Emergency Action Levels

TVA will utilize the following emergency classification:

1. Notification of Unusual Event
,

2. Alert'

3 Site Emergency

4. General Emergency

This system of classification will be consistent with the system used by State '

and local emergency organizations.

A Notification of Unusual Event will provide early and prompt notification of
minor events which could develop into or be indicative of more serious
conditions which are not yet fully realized. The purposes of Notification of'

| Unusual Event are to (1) assure that the first steps in activating emergency

organizations have been carried out, and (2) provide, current information on h
unusual events.

An Alert class will be indicated when events are in progress or have occurred
which involve an actual or potential substantial degradation of the' level of
safety of tne plant. The purposes of the Alert class are to (1) assure that
emergency personnel are readily available to respond if the situation becomes
more serious or to perform confirmatory radiation monitoring if required, and
(2) provide offsite authorities current status information.

A Site Emergency will be declared when events are in progress or have occurred
which involve actual or likely major failures of plant functions needed for
protection of the public. The purposcs of the Site Emergency class are to (1)
assure that response centers are staffed, (2) assure that monitoring teams are
dispatched, (3) assure that personnel required for evacuation of nearsite
areas are at duty stations if the situation becomes more serious, and (4)
provide current information for and consultation with offsite authorities and
the.public.

~
,

A General Emergency will be declared when events are in progres; or have 7
occurred which involve actual or imminent substantial core failure <with 5

potential'for loss of containment integrity. The purposes of the General
Emergency class are to (1) initiate predetermined protective actions for the
public, (2) provide continuous assessment of information from the site and

, 13 3-6 Amend. 70
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offsite, and (3) initiate additional measures as indicated by releases or
potential releases of radioactivity.-\

\'" Recognition of the emergency class which may result from many initiating
conditions will be primarily a judgement matter for plant operating personnel.
The initiating conditions used for recognizing and declaring the emergency
class will be based on specific measured values or observable conditions
defined as Emergency Action Levels (EAL). These can be combinations of
specific instrument readings (including their rates of change), annunciator
warnings, time periods certain conditions exist, etc. The specific instrument
readings and parameters required for determination of these E1L's will be
detailed in plant operating instructions. These EAL's will be used as
thresholds for determining the emergency classifications.

13 3 5 Protective Measures

13 3.5 1 Plant

In the event of an unplanned release of radioactivity or sudden increase in
radiation levels, it will be the responsibility of the Site Emergency Director
to make the decision concerning the necessity for building and/or area
evacuation. In arriving at this decision, the primary considerations will be
personnel safety. The emergency siren will be used to initiate the assembly'

of personnel. The public address system will be used to evacuate specific
areas. Upon hearing the emergency signal, all persons in the plant will go to
their preassigned areas to wait completion of radiological surveys and further
instructions. If only a specific area is to be evacuated, personnel in that

(~'. area will evacuate to a safe area. Employees will be released from their

( assembly points when the Site Emergency Director determines it is suitable.
Should evacuation of unnecessary site personnel be considered, routes,
specific radiological conditions, traffic density, and weather conditions will
be evaluated prior to directing their evaluation. Any necessary personnel
decontamination identified during area evacuation and accountability will be
accomplished prior to evacuation from the site.

13 3 5.2 Offsite

Through the assessment actions of the HSECC, the actual or potential offsite
environmental conditions will be known. The State and local agencies will be
responsible for inplementing actions to protect the health and safety of the

| public. TVA recommends protective actions to these agencies but the State and
local governments are responsible for deciding if any actions are needed and
what they should be. TVA will assist State and local governments as necessary
to implement protective actions for the public. TVA will also provide a
prompt notification system for State and local governments to alert the public
within a 10-mile area around the plant that protective actions may be
required.

13 3.6 Review and Undatina

The CRBRP-REP will be reviewed annually by the Division of Nuclear Power and
the Division of Occupational Health and Safety for accuracy, completeness,

A
( }
U

\ 13 3-7 Amend. 70
,

August 1982

s

. . .



operational readiness, and compliance with existing regulations. All holders
of these plans will acknowledge in writing, receipt of all changes.

13.3 7 Medical SuoDort

| The CRBRP-REP will include a description of medical facilities at the plant
and arrangements made with other facilities to provide additional support.
One ambulance will be maintained at the site. Medical consultation will be
available from TVA doctors in Chattanooga and other areas. Members of the
plant emergency teams will be trained in first aid.

Arrangements will be made with a local hospital and with attending physicians
for the emergency treatment of contaminated, injured, and exposed individuals.
The Oak Ridge Associated Universities REAC/TS has agreed to provide treatment
to severely contaminated or exposed individuals.

Arrangements will be made with a local private ambulance service to provide
emergency service as required to the plant and affected areas in the event
that more than one ambulance is required.

Figure 13 3-2 depicts the proposed locations of the Technical Support Center,
the Operations Support Center, and the layout of the medical facilities and
the personnel decontamination facilities.

1338 Exercises and Drills
An exercise will be conducted at Clinch River Breeder Reactor Plant prior to

the issuance of the full power operating license to test the CRBRP-REP, State.

| and local plans. Exercises will be conducted yearly thereaf ter. Drills will
be conducted in the following areas:

e
1. Medical Emergencies

2. Radiological Monitoring

3 Radiochemistry

| 4. Transportation

| 5. Radiological Dose Assessment

| 6. Fire

13.3 9 Trainine

TVA will provide General-REP training to all plant personnel and specific
training to emergency response personnel. This training provides emergency
staff personnel with general knowledge of the emergency plan. Training on
specific duties and emergency responsibilities will be provided personnel as
ne cessary. This training will be such that each of these individuals will
have a working knowledge of the emergency plan and nis responsibilities and
actions upon declaration of an emergency.

O
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Training and periodic retaining will be provided to those offsite agencies who
may be involved during an emergency, and will include procedures forO notification, basic radiation protection, their expected roles, and site |

access procedures, as applicable. The Division of Occupational Health and
Safety will provide for training to fire, police, ambulance, and hospital
personnel from agencies with which TVA has agreement letters.

13 3 10 Recovery and Reentry

The CRBRP-REP will provide for the development and implementation of detailed
recovery and reentry plans based on evaluation of conditions existing at the
time. Recovery and reentry will be a deliberate, thoroughly planned
evaluation and all procedures developed will be reviewed by the Plant
Operations Review Committee prior to implementation.

13 3 11 Tmnlementation

Operating instructions promulgated in the plant operating manual will be used
to control plant operations during normal operating conditions. Abnormal
operating instructions and emergency operating instructions which are
contained in the Plant Operating Manual will be used to specify the
manipulation of controls of the plant during conditions requiring protective
measures to be taken to place the plant in a safe condition. The abnormal and
emergency instructions will contain assignments of responsibility for the
performance of specific tasks not otherwise established by plant. practices and
instructions.

[~\ Plant instrumentation indications requiring implementation of emergency and
|

abnormal operating instructions will be specified in these ir.structions.I

Emergency action levels, also based on plant instrumentation indication,
requiring implementation of the CRBRP-REP for protection of personnel and the
environment are specified in the emergency plan.

Specific actions required of offsite TVA support groups will be delineated in
the CRBRP-REP.,

!
'

Instructions for medical treatment and handling of contaminated and exposed

individuals will be conta,1,ned in the CRBRP-REP.

Equipment requirements, including communications equipment, for implementation
of the emergency plan will be contained in CRBRP-REP. Storage and calibration
requirements will be specified. Alarm signals will be described in the plant
procedures.

Instructions for restoring the emergency situation to normal, from the
standpoint of the hazard to personnel, plant safety, and the environment, will
be contained in the CRBRP-REP and the emergency and abnormal operating
instructions. Instructions for repair of plant equipment or structures will
be prepared af ter evaluation of the damage or malfunction involved.

|
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TABLE 13 3-1

PARTICIPANTS IN CRBRP RAID 0 LOGICAL EMERGENCY PLAN

Tennessee Emergency Management Agency

Tennessee Department of Public Health

Tennessee Department of Agriculture

Tennessee Department of Public Welfare

Tennessee Department of Safety

Tennessee Department of Conservation

Tennessee National Guard

Tennessee Game and Fish Commission

Tennessee Department of Transportation

City and County Officials of Roane, Anderson, Loudon, Morgan, and Knox
Counties *

| Sheriff's Department of Roane, Anderson, Loudon, Morgan, and Knox Counties

OCivil Defense Coordinators of Roane, Anderson, Loudon, Morgan, and Knox
Counties

r,

'

Local Police Departments

i<
Local Ambulance Service

Local Fire Department

Radiological Emergeacy Assistance Center Training site (REAC/TS)

Oak Ridge Hospital of the United Methodist Church (ORHUMC) "

Department of Energy (DOE)

National Aeronautics and Space Administration

Nuclear Regulatory Commission

Environmental Protection Agency

0
|
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APPENDIX 13 3A

() A. Introduction

A radiological analysis of the facility design features, site layout, and site
location with respect to considerations of surroundings in compliance to 10
CFR 50, Appendix E-1982 has been conducted. The findings of this analysis are
listed in this section.

B. Description of Analysis for Clinch River Proiect Emernency Plannina Curves

Plots showing projected ground level doses, for both whole body and thyroid,
resulting from the most serious design basis accident analysis is depicted in
Figures 13 3A-1 through 13 3A-4. These provide, respectively, the elapsed
exposure times to reach specific bone, lung, thyroid, and whole body doses as
a function of downwind distance based on exposures resulting from the Site
Suitability Source Term (SSST). The use of SSST is conservative since it
envelopes the most serious design basis accident analyzed in the PSAR.

Source Term

1005 Noble Gases

255 Halogens (505 release to containments, 1/2 of which [255 total] is
airborne and available for release)

15, Solid Fission Products

15 Plutonium

Released instantly to and uniformly distributed in Reactor Contain-
ment Building (RCB).

Meteorolony

Atmospheric dispersion parameters (x/Q's) are the ninety-fif th percentile
values (see Section 2 3). Consistent with Regulatory Standard Review Plan,
Section 2 3.4, the 0-2 hour exposure intervals were evaluated based on the
single-hour 955 x/Q value.

~

Plume front transit times to downwind positions are based on a wind speed

j of 1 mile / hour.
(

Containment Modelina
,

|

| The following parameters are used to evaluate Source Term releases from
containment:

I I
RCB Leakage to Annulus 0.15 Volume / Day 1i

( (Direct to Annulus Filter Intake)

i
i

'
f\
\_ /
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Annulus Flow Rates

Filtered Exhaust 3000 CFH
Filtered Recirculaticn 3500 CFM per 1000 CFH

Exhausted

Time Delay from Source Term Release No Delay
to Initiation of Annulus Filtration

Time Delay from Source Torin Release <10 Seconds
to Initiation of Annulus Recirculation

Total Bypass Leakage 0.0015 Volume / Day
(15 of RCB Leakage)

Bypass Leakage Direct to Envirc,nment 0.0006% Volume / Day
(60% of Total Bypass)

Bypass Leakage to the Reactor Service 0.0004% Volume / Day
Builaing (RSB)
(40% of Total Bypass)

Sources of Bypass Leakage 96.4% Personnel and Equipment
to the RSB Airlock

3.6% All other Sources

Gamma Shielding 1.5" Steel (RCB) Plus
4' Concrete

Filter Efficiencies
Iodine 955
Particulate 995
Noble Gas -0-

Radiological Parameters

Inhalation dose factors are per Regulatory Guide 1.109-R1-1977 for a
standard adult.

|
Time dapendent breathing rates are per Regulatory Guide 1.4-R2-1974.

External gamma whole body exposure is based on a semi-infinite cloud per
| Regulatory Guide 1.4-R2-1974 fer the released material and includes direct

exposure from the material within the Reactor Containment Building.

Radioactive decay of nuclides during downwind transit of the plume is
conservatively neglectec'. While conservative, this assumption has minimal
impact on the results, since off-site exposures are controlled by
relatively long-lived nuclides.

O
13 3A-2 Amend. 70
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C. Estimated Reaction and Resnonne Times

I 1. The time required for the initial accident assessment of the most
sericus design basis accident may require 15 minutes. This time
is an estimate based on the operation of the reactor
instrumentation used to follow the course of accidents. Based on |

TVA's experience, the time required to perform an initial dose
projection and notify offsite authorities can be accomplished in
15 minutes.

For the most serious design basis accident, the projected two-hour doses at
the exclusion area boundary do not reach the protective action guide level
for evacuation.

2. The time required to warn all resident and transient persons in
any evacuation sector will conform to the requirements of 10 CFR
50, Appendix E-1982.

3. The estimated elapsed time, af ter the initial warning, to evacuate
the 2-mile emergency planning zone (EPZ) is 4 hours. The
estimated evacuation time for the 5-mile EPZ is 5 hours, 20

minutes. The estimated evacuation time of the 10-mile EPZ is 7
I hours 15 minutes. Each estimate contains a 1-hour 50-minute

preparation time factor.

4. These evacuation time estimates were prepared by the Traffic
Management Division of the Tennessee Department .of Transportation.

Figures 13 3A-5 and 13 3A'-6 are maps showing all roads withina.
10 miles of the Clinch River Project. Also indicated are the
2 , 5 , and 10-mile EPZ.

b. Table 13 3A-1 shows the transient and resident populations in
the 16 directional sectors within 10 miles of the Clinch River
Project. This table uses 1980 census data.

c. Table 13 3A-2 shows the estimated transient and resident
populations in the 16 directional sectors within 10 miles of
the Clinch River Project. This table uses - the projected

population figures for year 2020. The projected population

figures come from a report prepared by the Firm of Dames and
Moore dated June 16, 1981,

d. Private automobiles will be the primary means for evacuating

the population. Buses may be used to evacuate the Edgewood
School. The problem will be specifically addressed in the

! CRBRP-REP.

5. Table 13 3-1 gives the agencies involved in the CRBRP emergency
plan.

;

O
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TABLE 13 3A-1
MAXIMUM RESIDENT AND TRANSIENT
POPULATION DISTRIBUTION WITHIN

|h10 MILES OF THE DEMONSTRATION PLANT
FOR CENSUS YEAR 1980

Radial Interval (miles)

Sector
Designation M M 2-3. b4 11 - 5. 5-12

N 0 0 14 184 0 2,000

NNE O O O O 22 4,400

NE O O O 8 80 7,1 91

ENE 10 10 0 8 0 4,728

E 20 30 50 398 3,568 5,172

ESE 20 30 50 187 159 2,300

SE O 59 50 460 110 7,200

SSE O 300 79 90 320 2,000

S 0 89 50 120 160 1,120

SSW 10 69 50 80 90 936

SW 20 80 119 110 140 1,292

WSW 20 70 80 193 340 5,000

W 0 130 114 110 991 6,764

WNW 10 94 170 10 60 4,676

NW 30 44 0 10 40 3,972

NNW 10 51 4 316 850 120 1,100

Sum for Radial
Interval 150 1,51 9 1,142 2,818 6,200 59,851

Accumulative Total
up to Radius
Indicated 150 1,669 2,811 5,629 11,827 71,680

I

O
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August 1982
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TABLE 13 3A-2
MAXIMUM RESIDENT AND TRANSIENT
POPULATION DISTRIBUTION WITHIN

O 10 MILES OF THE DEMONSTRATION PLANT
FOR CENSUS YEAR 2020

Radial Interval (miles)

Sector
Designation D-1 1-2 2-3. 3-1 1-1 5-1D.

N 0 0 14 184 0 2,000

NNE O O O O 22 8,300

NE O O O 8 132 8,591

ENE 20 20 0 8 0 6,352

E 50 80 140 678 5,236 4 ,8 96

ESE 20 30 70 217 189 1,500

SE O 69 70 758 70 11,500

SSE O 492 89 110 210 1,300

S 0 109 60 150 200 936

O SSW 10 79 70 100 110 1,108

SW 30 100 139 130 170 1,700

WSW 20 80 100 223 410 8,852

W 0 150 134 130 1,399 10,524

WNW 10 114 210 10 50 3,860

| NW 30 44 0 10 40 5,032
|

NNW 10 774 424 850 100 900

! Sua for Radial
Interval 200 2,141 1,520 3,566 8,338 77,451

Accumulative Total
up to Radius
Indicated 200 2,341 3,861 7,427 15,765 93,216

.

O
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FIGURE 13.3A-1

ELAPSED EXPOSURE TIME TO REACH SPECIFIC BONE
DOSE VERSUS DOWN'dIND DISTANCE

(BASED ON SITE SUITABILITY SOURCE TERM} _
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O
13 4 REVIEW AND AUDIT

13 4.1 Review and Audit - Construction

The review and audit function during plant design and construction will be
accomplished as an integral part of the quality assurance program described
in Chapter 17

! 13.4.2 Review and Audit - Test and Operation

| This will be included in the FSAR.

O
i

.

1

1

.

2

.

:
a

'
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13 5 PLANT PROCEDURES

13 5 1 Administrative Procedures-

The plant administrative procedures will be provided at the FSAR stage. At
that time both general and initial test program administrative procedures
will be addressed.

13 5.2 Operatina and Maintenance Procedures

Plant operating and maintenance procedures / instructions will be prepared
,

for integrated plant operations, system operation, and plant maintenance
activities following the generic categories listed in Table 3 5-1. They
will be prepared by the plant operating personnel in accordance with NRC
Regulatory Guide 1 33-R-2-1978. These procedures / instructions will be

i

followed by the licensed operators in the operating the plant. i

The preliminary schedule for the preparation of the operating and
maintenance procedures / instructions is given in Table 13 5-1.

.

1

0
13.5-1 Amend. 70
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Table 13.5-1

Preliminary Schedule for O&M Procedures / Instructions

Title Schedule for Precaration

General Operating Instructions To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

Normal Operating Instructions To be completed and approved at
least six months prior to fuel

|
loading and additicnal instruc-

|
tions developed as plant opera-
tion proceeds.

Emergency Operating Instructions To be completed and approved at
least six months prior to fuel
loading 9.nd additional instruc-
tions developed as plant opera-
tion proceeds.

Abnormal Operating Instructions To be completed and approved at
least six months prior to fuel f
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

,

1

Maintenance Operating Instructions To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

I Other Manuals / Procedures / Plans
'

Fire Brigade Handbook
Health Physics Manual
Administrative Release Manual To be complete and available at

Division Procedure Manual least six months prior to fuel

Operational Quality Assurance Manual loading.

TVA Hazards Control Manual
Nuclear Materials Management Guide
Radiological Emergency Plan

9
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13.6 PLANT RECORDS

() 13.6.1 Plant History'

The CRBRP operating record program, under TVA's responsibility as the plant
operator, will observe all acts of Congress, Executive orders, and regula-
tions of Federal agencies having jurisdiction in records administration and:

comply with 10 CFR 50, Appendix B, Section XVII-1982. TVA complies with
Federal Power Commission regulations concerning the preservation and
disposal of records of public utilities and licensees, insofar as these
regulations apply to TVA records relating to the generation, transmiosion,>

and sale of electric energy.

The Plant Administrative Officer will have responsibility for the general
,

supervision and coordination of the plant master file.

13.6.2 coeratina Records

This will be included in the FSAR.

13 6 3 Event Records

This will be included in the FSAR.

|
.

!

j
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13 7 RADIOLOGICAL SECURITY

The requirements of applicable provisions of: 10 CFR Part 11-1982; Part
25-1982; Part 50 [these applicable Paragraphs, 34(c), 34(d),
34(e)-1981-82]; Part 70 [ Paragraph 20a-1980]; Part 73 [these applicable
Sections, 20, 21, 25, 26, 45, 46, 55, 71, 72, 80,-1980-82 Appendices B-1981
and C-1978]; and Part 95-1980-82 will be followed at CRBRP. This section
discusses in general how the CRBRP will meet the requirements and each of
the Parts and/or Paragraphs listed above will be discussed at the
appropriate paragraph. The CRBRP Physical Security Plan, Safeguards
Contingency Plan, and Security Personnel Training and Qualification Plan
will be submitted as separate safeguards information documents. Specific

details will be provided by these plans.

13 7.1 Oraanization and Personnel

The Office of Power of the Tennessee Valley Authority (TVA) will have the
security responsibilities for the CRBRP for the period from receipt of fuel
to the end of operation. The organization chart shown in Figure 13.7-1
delineates this responsibility which is explained in Sections 13.71.1 and -

13 7.1.2.

13 7.1.1 Office of Power

The Office of Power is responsible for protection of power properties. It

develops detailed plans and applies specific security measures.

The Division of Nuclear Power is responsible for security of operating
nuclear plants. The Nucler Power Security Section prepares required
physical security plans and Safeguards Contingency Plans for approval by
the Manager of Power. The Director, Division of Nuclear Power, approves
the Guard Training and Qualification Plan.

13 7 1.2 office of Mann-ement services

The security force at the CRBRP will be provided by the Public Safety
Service (PSS) Branch in the Office of Management Services of the Tennessee
Valley Authority. The Public Safety security unit at CRBRP will be under
the administrative supervision of the supervisor of the Nuclear Operations
Section, located in the Public Safety Service Branch office, but he will be
under the functional supervision of the plant manager.

13 7 1 3 E-nlovee selection

As discussed in Section 13.1, TVA will operate the plant, and accordingly,
will provide all operating and security personnel who will be regular TVA
employees.

TVA appoints, promotes, transfers, and retains employees on the basis of
merit and efficiency, as prescribed in the TVA Act and in accordance with
other applicable Federal laws and regulations. It is the_ policy of TVA to
promote present employees, whenever possible, who have demonstrated

O
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competence. reliability, and stability to vacant positions in preference to
hiring persons from outside the organization. This is often accomplished
by upgrading employees through internal training programs.

Specific instructions pertaining to personnel matters are contained in
Section III of the TVA Administrative Release Manual. These instructions
are observed by all plant supervisors, especially as they apply to
appointment, transfer, promotion, and retention of employees.

-

Selection for a position is supportable by records of education, training,
and experience, and by records of judgements which have been made regarding
work performance, ability, and condition of health.

In selectf ag for placement or retention in positions, covered by agreements
negotiated between TVA and the employee organizations, the provisions of
such agreements are observed.

Because of TVA's conformance to the Veteran's Preference Act, when
employing outside candidates for vacant positions, a large number of
persons beginning employment have successfully completed tours of duty with
the military forces of the USA. The availability for review of the
military record of these candidates provides good control in the selection
of high-quality candidates.

Each new TVA employee is given a physical examination and a national agency
check, and written inquiries are routinely made to references such as
former employers, schools, and police. Before any employee is allowed
unescorted access to a nuclear plant protected area, there must be
satisfactory results from his security check and emotional stability check.

Public Safety (PS) officer selection procedures include a preemployment
interview by the PSS area chief and one or more PSS unit supervisors in
addition to the steps previously mentioned. Upon acceptance, the
candidate's first six months of employment are probationary. Appointment
as a PS officer is dependent upon satisfactory service during this period

| and satisfactory completion of training and qualification as provided for

| in the CRBRP Training and Qualification Plan to be submitted with the CRBRP
Physical Security Plan.

In the course of hiring personnel, the spirit and intent of 10 CFR Parts
11-1982 and 25-1982 will be adhered to in considering eligibility for
Special Nuclear Material access and access to National Security

| information.
1
l

13 7 1.4 Emolovee Evaluation
|
'

Because of the general policy of promoting present employees rather than
appointing candidates from outside TVA, most employees at the CRBRP will be
known from their previous employment record with TVA. Although TVA
employees are not given routine psychiatric examinations, they will be
given when an employee's on-the-job performance indicates that this is
desirable. ,

13 7-2 Amend. 70|
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\ Observation of employee service is made as a regular part of day-to-day
continuous supervisory function. When performing this function,
supervisors will be alert for any unusual behavioral patterns such as may
result from mental stress, alcohol, or other drug abuse.

In addition to this kind of review, the performance of employees in
management and salary policy positions are reviewed formally and the
results reported in order (1) to further aid in maintaining a high level of
employee performance and the maximum utilization of employee abilities; (2)
to provide recorded evidence of employee performance for use in making
judgements concerning transfer, demotion, promotion, and terminations; (3)
to assure that employees are adequately and systematically informed of the
effectiveness of their service; .and (4) to further facilitate the
maintenance of a high standard of supervision in TVA. All employees'
services are reviewed formally at the time of status changes and at such
other times as may be required to achieve the above purposes. A service
review shall precede each recommendation for operator licensing or renewal
of an operator license.

13 7 1.5 Industrial security Trainina

All employees at CRBRP will receive training in security procedures with
empbasis on being alert to the presence of unauthorized persons and
evidence of forced entry. This training will normally be conducted by a
member of the Plant Security Force under the direction of the Plant

(
.

Manager. The security force training and qualification will be in(
' accordance with CFR 10 Part 73, Appendix B-1981.

13 7 2 Plant Design

The physical plant _ design has been developed so as to accommodate the
necessary security provisions. TVA, along with DOE and PMC and its
architect-engineer, Burns and Roe, will provide a continuing review of the
plant design, as well as the detailed security provisions. Burns and Roe,
as the architect-engineer for the Project, has been delegated the
responsibility for detailing the security provisions. The design criteria
used at the CFBRP will assure that the physical security facilities and the

i plant layout will be developed so as to thwart any attempted sabotage. All

plans, drawings, design information, etc., related to the security system
will be treated in accordance with 10 CFR Section 73 21-1981 or 10 CFR Part
95-1980-82 as appropriate. The physical security design will:

(1) Control entry to the plant site and portions of the plant;

(2) Deter or discourage penetration by unauthorized persons;

(3) Detect such penetrations in the event they occur; and

(4) Apprehend in a timely manner unauthorized persons or authorized
persons acting in a manner constjtuting a threat of sabotage.*

|

v
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In the design and operation of the plant, care will be taken to minimize
the potential for radiological sabotage by the use of access control
measures to prevent unauthorized persons from entering the protected area.
Should such persons succeed in entering the protected area, special access
control measures will prevent them from entering vital equipment areas and
the Special Nuclear Material (SNM) material access area.

All of the design features will be in accordance with the requirements and
the performance objectives of 10 CFR Sections 73 20-1981 and 73 55-1980.
In those cases where SNM is present, the additional requirements of 10 CFR

| Sections 73.45-1982 and 73.46-1980 will be met. The design features will
meet the performance objective with a high degree of assurance based on
detailed analysis.

13.7 2.1 Design Features

The design features of this plant will meet the performance objectives and

|
requirements of 10 CFR 73.20-1981 in that it will provide with a high
degree of assurance that activities involving special nuclear material will
not be inimical to the common defense and security, and will not constitute
an unreasonable risk to the public health and safety. T..e physical

protection system will be designed to protect against the design basis
threats of thef t or diversion of strategic special nuclear material and

| radiological sabotage as stated in paragraph 10 CFR 731(u)-1982. Design
features will be:

a. A security barrier with intrusion detection system arounu tr.e perimeter
of the plant. Gates will be xept closeu an- .oc..e ence, t .u c i n. cices

of authorized use.

b. Employee and visitor parking located outside the security barrier.

c. An isolation zone extending from insice the security barrier to outside
the barrier in which all activities will be controlled. This zone will
be void of obtrusive structures and plant growth. In addition, a
cleared zone will be maintained outside the isolation zone to
facilitate observation of persons approaching the isolation zone.

d. A patrol road extending completely around the plant ineice the security
barrier.

e. Outdoor closed circuit television (CCTV) systems to permit observation
of the plant perimeter, isolation zone, cleared zone, and protected
area.

f. An outdoor lighting system to provide illumination to the protected
area and isolation zona at a level compatible for both visual and CCTV
observation.

g. A minimum number of exterior plant doors leading to vital areas, all of
I which will be hardened against penetration and kept locked.

O
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h. A cardkey electronic access control system to control personnel access
to vital areas in conformance with each employee's level ofO authorization.

I

1. An intrusion detection system to indicate status of hatches, emergency
exits and seldom used equipment or personnel access doors providing
access to vital areas.

J. An access control facility to control personnel access to the protected
area and containing equipment to search personnel for weapons and
explosives.

k. A communication system which will allow continuous communications
between PSS officers and the central alarm station. Also, redundant
communications links will be maintained between the plant and the local

'

law enforcement agency.

1. An electric power system to provide emergency power to the security and
lighting loads.

m. A force of trained, uniformed, and armed PS officers used on a three-
shif t basis to police the property, provide access control, respond to
alarms, evaluate the situations, and neutralize the threats. Guards
will be trained to meet the requirements of 10 CFR Part 73 Appendix
B-1981.

n. Firefighting and other emergency equipment located throughout the plant

( area to minimize the consequences of fires or explosions.

o. Engineered safeguards and protective systets that will be provided to
minimize the consequences of fires or explosions or to minimize the
effects of postulated major equipment failurer, natural disasters, and
operator errors which would also serve to minimize the effects of
radiological sabotage.

13 7 2.2 Physical Arranaamants

The CRBRP site is in a remote location. It is unlikely that major civil
disorders would occur at or near the plant area. The plant will be located
on a peninsula formed by a meander of the Clinch River between river miles
14.5 and 18.6 near the center of a 1364-acre tract owned by and in the
custody of the United States Government (see Section 2.1).

13723 Owner-controlled Area

Ultimately, a permanent access road to the plant will lead into the plant.
During construction, a temporary construction road will lead into the
construction area. The perimeter of the reservation will be marked prior
to the completion of construction with signs to provide reasonable
assurance that persons entering the area are aware they are on private
property. Employee parking areas will be located outside the security
barrier so that only plant vehicles and trucks making deliveries will need

O
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to be admitted. While construction is in progress, the temporary
construction road will be the only route of access to the Project. A
continuous access control guard post will be maintained on this road for
the duration of construction activities. Section 2.1 shows the reservation
boundary of the owner-controlled area.

13.7 2.4 Protected Area

When all construction work is completed, there will be an 8-foot high
perimeter security barrier enclosing the protected area. An isolation zone
will be maintained both outside and inside the security barrier which meets

j or exceeds the NRC requirement as specified in 10 CFR 73 55-1980. A patrol
road will be located inside this barrier. A sectionalized instrusion
detection system designed to be self-checked and tamper-indicating will be
located along the barrier with sensors located on or between it and the
patrol road. Closed-circuit television (CCTV) systems using lowlight level
cameras including some with zoom lens and remote pan and tilt controls will
be used to provide a means of promptly viewing the sector or general area
involved. Safeguards Information Figure 13 7-2 indicates compliance with
10 CFR Sections 73.20, 45, 46 and 55,-1980-82, and are treated as
safeguards information in accordance with 10 CFR Section 73.21-1981.

13 7.2.5 Vital Eauioment and Vital Areas

All vital equipment and material access areas will be located within a
vital area or building which, in turn, will be located within a protected
area. Doors and gates to vital areas and to other selected sensitive areas
will be kept closed and locked at all times. Safeguards Information

| Figures 13 7-6 through 13.7-11 indicate compliance with ANSI N18.17-1973,
Section 3.4, and other applicable guides and regulations.

As construction nears completion and the equipment is made operational, the
doors and gates to vital areas will be identified by signs which state that
entry through them will be with the permission of the shif t engineer on a
need basis. Upon completion of construction, these doors and gates will be
controlled by a cardkey access control system.

The cardkey system will be self-checking and tamper-indicating and an
emergency power source provided. The regular power supply and emergency
supply will be supervised and the operation of each cardkey controlled door
tested no less frequently than once each seven days.

All issues of cardkeys will be authorized by the Plant Manager according to
individual needs of employees requiring access to areas controlled by the
cardkey system. Each card in the system will be programmed individually
and can be programmed out at any time if lost. The cards will be issued
and returned daily to insure that they do not leave the site.

O
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13 7.2.6 Alarm Station

All intrusion detection devices will annunciate in a continuously manned
central alarm station, and in a secondary alarm station, boti'of which will

|
meet the requirements of CFR 10 Subparagraph 73.46(e)(5)-1980.

Each sector of the outdoor intrusion detection system and the operation of
each cardkey controlled door will be tested no less frequently than once
each seven days. Onsite and offsite communication facilities will be
tested at the beginning of each security force workshift.

13727 Securitv t Barrier i,

The protected area barrier will consist of an 8-foot high No. 9 gauge
chain-link fence (7-feet of fabric and 3 strands of barbed wire on angle

brackets). The elignment of the security barrier will have a minimum
number of angles and curves to facilitate effective observation and maximum

'length sectors of the intrusion detection system.

1373 Security Plan and Continnency Plan -1

The Plant Physical Security Plan will describe \ security measures used to
minimize the potential for industrial sabotage,\ thef t and/or diversion
including access control, surveillance of vital eqripment, and plans for
responding to security threats and will be written in accordance with 10

O ||
CFR Paragraph 50 34(c)-1981. The Contingency Plan, which will be written
to be mutually supporting with the security plan, will be written in
accordance with 10 CFR '50 34(d)-1982. Both plans will be. ' treated as!

| Safeguards Information in accordance with 10 CFR Subparagraph 73 21

| (b)(1)-1981 and Part 95-1980-82 as appropriate. s

! ,
'

'

13731 Access Control
s

The CRBRP will have a perimeter security barrier that encloses all' vital
areas.' The plant will have two portals for normal access: (1) A personnel
portal and (2) a nearby vehicle gate. General public visitors will not be

,,
'

permitted inside the security barrier. Employees and special visitors',.

parking areas will be located outside the security barrier. Vehicle access
will be limited to those required for delivery of' material, operations,

maintenance, and s(curity of the plant. Persons, packages, and vehicles
will be subject to search upon entering, leaving, and while within the
plant area.

There will be a minimum number of exterior accesses to the CRBRP buildings.
All of them will have penetration resistant doors with frames, hinges, and
locks or security devices designed to prevent forced entry and will be
alarmed or cardkey controlled. These doors will be kept locked.

*
i n

t ,

O
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All p rsons authorizsd to enter the protected area untscorted will h va had
a satisfactory security check and emotional stability check and will have
completed as a minimum a brief plant indoctrination and radiation
protection course which describes plant organization and layout, controlled |
zones, radiation and contamination hazards, exposure limits and controls,
elementary health physics, and pertinent sections of the site emergency
plan.

Even thcee persons who are authorized unescorted access will have their
movement limited by physical barriers, such as locked doors, to prevent .

them from entering areas containing vital equipment or areas of high
radiatico levels. Only those who need access to these areas will be
provided means of entering. Access to vital areas and material access
areas will be controlled to meet the performance objectives of 10 CFR Parts

|
11-1981-82 and 25-1982, and sections 73 20-1981 and 73 45-1982.

When special visitors and other persons who have not completed this
training enter the protected area, they will be escorted by an empicfee
trained in radiation protection and plant emergency procedures. The escort
will be responsible for the safety and security of the people in his charge
until they leave the plant protected area, t

13.7 3 2 Control of Personnel by Categories

Emoloyees and visitors authorized unescorted access to the plant protected
areat by the Plant Manager will be issued a photo-type identification (ID)
badge with tamper-resistant features. These persons will be identified,
issued a radiation detection badge and dosimeters, and then be admitted to
the protected area. Other persons not issued ID badges who require escorts
may be identified by personal recognization, TVA identification card, or

other ,available identification media. They will be issued a numbered
visitor's badge to be worn on their person while within the plant protected
area. Access to vital areas and material access areas will be in
conformance with the Performance Objectives of 10 CFR Parts 11-1981-82 and
25-1982, and Sections 73.20-1981 and 73 45-1982.

The only unescorted construction workers who may be inside the confines of
the operating unit will be those selected to perform maintenance or other
work before final acceptance of equipment. Upon being granted unescorted
access by the Plant Manager, these persons.will be issued a photo ID badge
and given a brief security indoctrination course covering the evacuation
procedure and relevant sections of the site emergency plan.

Contractor personnel, manufacturers' representatives, and other special
visitors who require access to the plant will be logged in, badgec6 and
escorted.

13.7 3 3 Access Control Durine Emergencies |

t
Upon hearing of an emergency, the recess portal will be locked to ensure
controlled entry and exit. ' 3. . itj visitors who are onsite will be
escorted to the access port *J ,

,

''
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|

|

,

) Plant employees will report to the predesignated stations from which they ;

will be dispatched as needed to combat the emergency. All access control
procedures will be compatible with the CRBRP Radiological Emergency and
Contingency Plans.

13734 Surveillance of Vital Eauioment and Material Access Areas

Unit operators will continuously monitor the status of plant systems and
equipment by means of annunciators, indicating lights, indicators, and
recorders. New equipment or material will be inspected on delivery.
Operating logs and computer printout data will be periodically examined for
changes in equipment performance. Most equipment will be in continuous
operation and any change will immediately be detected by the operator.
Standby and emergency equipment will be periodically tested on a routine
basis as required by the technical specifications. Procedures will be
employed to conti ol access to the material access area in accordance with
'10 CFR Part 11-1981-82 and Sections 73.45-1982 and 73 46-1980. In

addition, activities in the vicinity of the material access area will be
monitored. The combination of these efforts should provide reasonable
assurance that unauthorized physical changes in the status of components of
equipment will not be undetected for long periods of time.

Accountability of fissile and fertile material is inherent in the design of
the CRBRP refueling system for reasons other than security. After

inspection at receipt, the assemblies will not be visually identified again

O_, until shipment of the irradiated assemblies. The assemblies will be
mechanically identified prior to insertion into the core and subsequent to
removal from the core as part of the reactor safety program. All movements
of fuel within the plant will be monitored and/or recorded on the refueling
system computer for inventory purposes and to insure reactor safety during
core configuration changes.

13 7 3 5 Potential Security Threats

The security system will be designed to deter unauthorized persons from
i entering the protected and vital areas and to detect such attempts.

Operating personnel will be trained to be alert for unauthorized persons
and to appropriately notify the security force.

;

I
j Detailed descriptions of decisions / actions regarding potential security
! threats will be included in the CRBRP Contingency Plan. The Contingency

) Plan will address actions in the event of an attempt at plant break-in or
an indication of an attempt of thef t or diversion or an actual thef t,
diversion or sabotage. Planned actions in the event of civil disturbances,

i

bomb _ threats, and other emergencies, will be included. Detailed procedures
will be provided plant employees so that they may cope with these and other
events in the optimum manner possible. The Contingency Plan will be
protected in accordance with the requirements of 10 CFR Section 73 21-1981.

13 7 3.6 Administrative Procedures

() In the event of an incident of suspected sabotage or condition which
threatens the security of the plant, the security force will notify the'--

'r
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Plant Manager and initiate a thorough investigation. A report will be
prepared which includes as a minimum the cause of the event, extent of
damage, if any, and action taken to prevent recurrence of similar event.
Copies of the report will be sent to the Plant Manager. When appropriate,
the Plant Manager will also report the situation to NRC.

Representatives of the Nuclear Power Security Section and Office of Power
Quality Assurance and Audit Staff will make an annual audit of the CRBRP
Physical Security Program for adequacy of content and performance. Based
on their audit, they will make recommendations for revising and updating
the plant and related plant procedures.

13737 Test and Insoections

This information will be supplied in the CRBRP Physical Security Plan,
i

'

13 7.4 Transoortation of Fuel

The transportation of fuel for CRBRP will be the responsibility of the
Department of Energy, both for delivery of new fuel and removal of spent
fuel. Requirements virtually identical in objective and scope to those set
forth in 10 CFR Sections 70.20-1981, 73 25-1981, and 73 26-1981 will be
met. All plans concerning moves of fuel will be controlled in accordance

| with the appropriate directives of the agency in charge, i.e., DOE or NRC.

i

|

|

f
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Figures 13.7-2 and 13.7-6 through 13 7-11
are considered as Safeguards Inforration

and are not included in the PSAR.

O

l
,

f
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TABLE 15.1.3-2

ACCIDENT EVENTS

PSAR Section Anticloated Events

15.2.1.1 Control Assembly Withdrawal at Startup
15.2.1.2 Control Assembly Withdrawal at Full Power
15.2.1.3 Seismic Reactivity insertion (OBE)
15.2.1.4 Small Reactivity insertions
15.2.1.5 Inadvertent Drop of a Single Control Rod at Full Power
15.3.1.1 Loss of Off-Site Electrical Power
15.3.1.2 Spurious Primary Pump Trip
15.3.1.3 Spurious Intermediate Pump Trip
15.3.1.4 Inadvertent Closure of One Evaporator or Superheater Module

Isolation Valve
15.3.1.5 Turbine Trip
15.3.1.6 Loss of Normal Feedwater
15.3.1.7 Inadvertent Actuation of the Sodium / Water Reaction

Pressure Relief System
15.7.1.1 Loss of One D.C. System
15.7.1.2 Loss of Instrument or Valve Air System
15.7.1.3 IHX Leak
15.7.1.4 Of f-Normal Cover Gas Pressure in PHTS
15.7.1.5 Of f-Normal Cover Gas Pressure in lHTS

() Unlikelv Events

15.2.2.1 Loss of Hydraulic Holddown
15.2.2.2 Sudden Core Radial Movement
15.2.2.3 Maloperation of Reactor Plant Controller
15.3.2.1 Single Primary Pump Seizure
15.3.2.2 Single Intermediate Loop Pump Seizure
15.3.2.3 Small Water to Sodium Leaks in Steam Generator Tubes
15.3.2.4 Failure of Steam Bypass System
15.5.2.1 Fuel Assembly Dropped During Refueling
15.5.2.2 Attempt to insert a Fuel Assembly into an Occupied Position

| 15.5.2.3 Single Fuel Assembly Cladding Failure in Fuel Handling
System

15.5.2.4 Cover Gas Release During Refueling.
15.5.2.5 Heaviest Crane Load Impacts Reactor Closure Head
15.7.2.1 Inadvertent Release of_ Oil Through the Pump Seal (PHTS)
15.7.2.2 Inadvertent Release of 011 Through the Pump Seal (IHTS)
15.7.2.3 Generator Breaker Failure to Open at Turbine Trip

| 15.7.2.4 Rupture in the RAPS Cold Box
15.7.2.5 Liquid Radwaste System Failure
15.7.2.6 Failure in the EVST NaK System
15.7.2.7 Leakage from Sodium Cold Traps
15.7.2.8 Rupture in . RAPS Noble Gas Storage Vessel Cell
15.7.2.9 Rupture in the CAPS Cold Box

nv
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TABLE 15.1.3-2 (Continued)

Extremelv Unlikelv Events

15.2.3.1 Cold Sodium insertion
15.2.3.2 Gas Bubble Passage Through Core, Radial Blanket and

Control Assembly
15.2.3.3 Core, Radial Blanket, and Control Rod Movement Due to

Safe Shutdown Earthquake
15.2.3.4 Control Assembly Withdrawal at Startup - Maximum Mechanical

Speed
15.2.3.5 Control Assembly Withdrawal at Power - Maximum Mechanical

Speed
15.3.3.1 Steam or Feed Line Pipe Break
15.3.3.2 Loss of Normal Shutdown Cooling System
15.3.3.3 Large Sodium / Water Reactions
15.3.3.4 Primary Heat Transport System Pipe Leak
15.3.3.5 Intermediate Heat Transport System Pipe Leak

| 15.5.3.1 Collision of EVTM with Control Rod Drive Mechanisms
| 15.6.1.1 Primary Sodium In-Containment Storage Tank Failure During

Maintenance
15.6.1.2 Failure of the Ex-Vessel Storage Tank Sodium Cooling System

During Operation
15.6.1.3 Failure of Ex-Containment Primary Sodium Storage Tank
15.6.1.4 Primary Heat Transport System Piping Leaks
15.6.1.5 Intermediate Heat Transport System Piping Leak
15.7.3,1 Leak in a Core Component Pot

| 15.7.3.2 Spent Fuel Shipping Cask Drop from Maximum Possible Height
15.7.3.3 Maximum Possible Conventional Fires, Flood or Storms

or Minimum River Level
| 15.7.3.4 Failure of Plug Seals and Annuli

15.7.3.5 Fuel Rod Leakage Combined with IHX and Steam Generator|

Leakage
15.7.3.6 Sodium Interaction with Chilled Water
15.7.3.7 Sodium-Water Reduction in Large Component Cleaning Vessel

1

@
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TABLE 15.1.4-3

O PARAMETRIC t.SES TO DETERMINE WORST CASE FOR
NEUTRONIC POWER VARIATION DURING THE LOSS

OF OFF-SITE ELECTRICAL POWER EVENT

CASE CONDITIONS P/P *
o,n

1 o Minimum fuel C 0.1327
Longestflowc8astdown(Base Case) o

o Maximum Doppler
o Zero decay heat
o Maximum fuel / cladding gap

conductance
o Zero sodium coolant density

feedback

2 o Quickest flow coastdown 0.1322
o Other conditions same as Case 1

3 o Maximum sodium coolant density 0.1326
; feedback
: o Other conditions same as Case 1

4 o Maximum decay heal 0.1322*

O o Other conditions same as Case 1

5 o Maximum fuel C 0.1325
Other conditio8s same as Case 1o

6 o Minimum fuel / cladding gap 0.1304
conductance

o Other conditions same as Case 1

7 o Minimum Doppler 0.1248
o Other conditions same as Case 1

*P = Nuetronic power at 2 seconds (selected for comparison only) into
the transient.

P = Neutronic power at time 0 of the transient.o,n

15.1-120
Amend. 66
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TABLE 15.1.4-4

TEMPERATURES BEHlND A CENTRAL Six CHANNEL BLOCKAGE IN FUEL ASSEMBLIES

I3) I4)PEAK PIN HOT PIN

| Maximum wake temperature increase, F 270 116

| Average wake temperature increase, F 180 77

Maximum wake temperature, F 1216 1385

Maximum ciadding temperature, F(I' 1367 1432

I'Dimensionless residence time, t 22.5 22.5
R

Linear power rating, Kw/ft 14.1 4.76

(1) Based on maximum fluid temperature.

T(2) tR*dB where: T is the average residence time of the fluid in
the wake region, U is the free stream velocity;
and d is the characteristic blockage dimension.R
The temperature increase is proportional to t *
The t value 22.5 used here is conservative. R

R

(3) Blockage is conservatively assumed to occur at peak power spot, i.e.,

core Midplane.

(4) Blockage is conservatively assumed to occur at hot spot, i.e., top of the
Core.

!
!

|
.

|

|

|
.

|

|

|
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p TABLE 15.1.4-5
v

TS1PERATURES BEHIND A SIX-CHANNEL BLOCKAGE IN INNER BLANKET ASSEM3 LIES

I3' I4)PEAK PIN HOT PIN

| Maximum wake temperature increase, F 462 167

| Average wake temperature increase, F 308 111

Maximum wake temperature, F 1410 1385

II'Maximum cladding temperature, F 1526 1430

Lineer power rating, KW/ft 18.4 6.7

I'Dimensionless residence time, t 22.5 22.5
R

!

.

j (1) Based on maximum fluid temperature.

O conservatism, gThe same t value 22.5 is used here.
(2) The value of t was calculated to be 17 (Section 15.4.3.3.3). For

R

(3) Blockage assumed to occur at core Midplane.

(4) Blockage assumed to occur at top of the core.

1

!

1

|

i

!

: O
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| TABLE 15.6.1.4-3

O
SUMARY RESULTS FOR SODIUM LEAKS INTO BE

PHTS CELLS AND THE REACTOR CAVITY

Peak Transient Values

Wetted
Floor Wall

Structural Structural
Gas Gas Concrete Concrete

Pressure Temperature Temperature Temperature
Oslo 0F OF OF

PHTS 14.4 6 80 190 200
Cells

,

Reactor 10.3 650 200 21 0

Cavity

'

O;

;

I

i.

|

|

O
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gTABLE 15.6.1.4-4

DESIGN BASIS RADI0 ACTIVE CONTENT
OF PRIMARY SODIUM COOLANT
30 YEARS REACTOR OPERATION

.44Cl/gm Sodium ,44Ci/gm Sodium
Days After Shutdown Days After Shutdown

ISOTOPE O 10 ISOTOPE O 10

Na 24 2.94E+4* 4.32E-1 Te 127 2.48E-1 1.95E-1
Na 22 3.49E+0 3.46E+0 Te 127m 2.08E-1 1.95E-1
Rb 86 2.00E+0 1.38E+0 La 140 6.54E-2 3.80E-2
Cs 137 8.42E+1 8.42E+1 Ce 141 7.75E-2 6.26E-2
Cs 136 1.74E+1 1.05E+1 Ce 144 4.59E-2 4.48E-2
Cs 134 1.07E+1 1.06 E+1 Pr 144 4.59E-2 4.48E-2
Sb 125 4.83 E-1 4.80E-1 Pr 143 5.49E-2 3.30E-2
1 131 4.97E+1 2.10E+1 Nd 147 2.57E-2 1.38E-2
Te 132 3.53 E+0 4.16E-1 Pm 147 2.57 E-2 2.55E-2
1 132 3.35E+1 3.95E+0 Pu 238 1.60E-2 1.60E-2
Te 129m 7.18E-1 5.86E-1 Pu 239 4.24E-3 4.24E-3
Te 129 7.18E-1 5.86E-1 Pu 240 5.54E-3 5.54E-3
Sr 89 1.10E-1 9.60E-2 Pu 241 4.60E-1 4.59E-1
Sr 90 6.80E-2 6.80E-2 Pu 242 1.18E-5 1.18E-5
Y 90 6.80 E-2 6.80E-2 Np 238 4.91 E-6 1.80E-7
Y 91 3.13E-2 2.78E-2 Np 239 1.58E-2 8.23E-4
Zr 95 5.83 E-2 5.24E-2 Am 241 1.64 E-3 1.64E-3
Nb 95 5.83 E-2 5.24E-2 Am 242m 6.46E-5 6.46E-5

i Ru 103 8.31E-2 6.98E-2 Am 242 7.39E-5 6.46E-5
Ru 106 5.75E-2 5.64E-2 Am 243 2.64E-5 2.64E-5

| Rh 106 5.75E-2 5.64E-2 Om 242 1.20E-3 1.15E-3
Sb 127 3.65 E+0 5.85E-1 Om 243 1.59E-5 1.59E-5
Ba 140 6.54E-2 3.80E-2 Cm 244 3.32E-4 3.32E-4

H3 2.34E+0 2.34E+0

1

4*2.94E+4 = 2.94 x 10

|

|

@
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TABLE 15.7-1

i OTHER EVENTS

Section Potentiat

No. Events Limiting Paraneters Comments

15.7 Other Events
,

15.7.1 Anticipated Events

15.7.1.1 Loss of One D C System None No adverse operating conditions have
been identitled with this event.

15.7.1.2 Loss of Instrument or valve air system None Detailed description of f ailure
offects or safety-related Instrument
air supplies, if any, will be provided
in the FSAR.

~15.7.1.3 IHX Leak None Core sees normal shutdown,

15.7.1.4 Of f-normal cover gas pressure In the reactcr primary None No adverse operating condlflons assocl-
y

c.n coolant boundary ated with this event.

7 15.7.1.5 Of f-normal cover gas pressure in lHTS 'None No adverse operating conditions assocI-
ha ated with this event.

15.7.2 Unlikely events

15.7.2.1 Inadvertent release of oli through the pump seal (PHTS) None No adverse consequence identified at
this time.

15.7.2.2 Inadvertent release of oli through the pump seal (lHTS) None No adverse consequence Identified at
this time.

15.7.2.3 Generator breaker f ailure to open at turbine trip None Core sees only normal shutdown.

| 15.7.2.4 Rupture of RAPS Cryostill <3 REM (Integrated Consequences would be within the sug-
2-hr dose at the gested guideline doses.
site boundary)

| 15.7.2.5 Liquid red-weste system f ailure 3.7x10-6 REM 4 site Consequences would be within the sug-
boundary 7 gested guideline doses.
3.05x10 REN 8 LPZ

15.7.2.6 Failure In the EVST NaK System None No adverse consequences associated
with these events.pp

C 5

?@ 15.7.2.7 Leakage from sodium cold traps 7.8x10-5 REM S site Consequences would be within the sug-
bounderg gested guidelines doses.CL

~ REM S LPZ$* 2.3x10
Co N
N CD
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O TABLE 15.7.2.4.-1

RUPTURE OF THE RAPS CRY 0STILL

Refueling Door Open - No Cel| Leak Tightness Assumed

initial Radioactivity 0 to 2 Hours
inventory Released From Whole Body

in the Cryostill the Plant in 2 Hours Site Boundary Dose
isotoon (Cl) (Cl) (Rem)

5 4Xe133 4.67 x 10 3.92 x 10 1.38
4 3Xe135 8.79 x 10 6.89 x 10 1.33
3 2Kr88 1.66 x 10 1.11 x 10 0.169
5 4Total 5.57 x 10 4.62 x 10 2.88

O-

,

*There is an additional contribution of 0.09 rem from the daughter product of
i Kr88, which is Rb88.

.|

|

!

|

i

f

O ;
.

1

|
15.7-14

Amend. 64
_

Jan. 1982 )
. . . . _ - - _ - ..,- _ - . _ . , . . , .-- . _ , . . , , _ . . - __

.



_-___

|

1

i

O

TABLE 15.7.2.4-2

DELETED

!

|
|

O
15.7-15 Amend. 70

Aug. 1982

. - _ , . . - - _ - . . - -- . .. . . - . . _ - - . _



O
Chapter 17 - Quality Assurance

17.0 1HTRODUCTION

17.0.1 Scogn

This chapter describes the program of plans and actions to assure the quality
of parts of the Clinch River Breeder Reactor Plant. These parts are those
structures, systems, and components whose satisf actory performance is required
to prevent accidents that cause undue risk to the heal th and safety of the
public or to mitigate the consequences of such accidents if they were to
occur. The program of plans and actions described herein is the Quality
Assurance program f or the Project. When the term " Program" is used hereafter
in this chapter, it shall be understood to mean Quality Assurance Program
unless otherwise defined at the point of use.

.

17.0.2 Quality Philosoohy

Structures, systems and components of the plant ref erred to in Section 17.0.1
will be of the highest quality determined necessary consistent with their
importence to plant saf ety. Qualltv as used here refers to those
characteristics of items or services which collectively contribute to its

[~ \ ability to satisfy the requirements of its intended service. The quality of
\_ l an item may be made up of many characteristics that can be identified and

measured. For example, quality characteristics may be defined in terms of:

Properties - Such as physical, dimensional, metallurgical,
chanical, etc.

State of Condition - Such as temperature, pressure, density, etc.

Performance - Such as speed, duration, output, consumption, life
expectancy, accuracy, ef ficiency, precision, etc.

and other similar attributes which are measurable quantitles.

The ultimate quality of the plant will be the result of two basic functional
processes. One which may be characterized as an " achieving" process and the
other as an " assuring" process. The " achieving" functions are those work
activities associated with planning, designing, manufacturing, constructing,
operating, etc. The " assuring" functions are those activities associated with
planning, controlling, inspecting, testing, survelliance, auditing, recording,
etc. Within this combination of ef forts, the overall quality of the plant is
attained by all those work activities of an " achieving" nature with
achievement assured through all those activities of an " assurance" nature.
This latter function is the quality assurance f unction. Qualltv Assurance as
used here refers to all those olanned and systematic actions necessarv to
orovide adeauate confidence that an item will nerform satisfactorily in

f h | ~ service.
~ ~

In the broadest sense, both the " achieving" f unctions and the
\-/ " assuring" f unctions are quality related activities.

,
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Determining and specifying the quality requirements of the plant is an
engineering function accomplished through planning and design. These
requirements are def ined through development of criteria, application of codes
and standards, and the preparation of descriptions, drawings, specifications,
procedures and instructions. The conversion of these plans and specifications

into structures, systems, and components of the plant will be accomplished
durir.g manufacturing and construction. Much of the other chapters of this
PSAR are concerned with these activities of the overall Project work program,
and these activities will be carried out by the Project organizations as
described in Section 1.4 of this PSAR. Any substantive changes in these
organizational elements will be reported to NRC within 30 days after
announcement.

The Quality Assurance Program for the Project is described in this chapter of
the PSAR. Quality Assurance Program, as used here, refers to the overall
intecrated oractice established and imolemented to assure cuality achievement.

This overalI program is described in Section 17.1.2. The major elements and
activities of the program are lilustrated in Figure 17.1-1. The delineation
of responsibility and authority for this program is contained in Section
17.1.1 and illustrated in Figure 17.1-2,

17.0.3 Particioants

The Project is a joint undertaking of the United States Government and the
Electrical Utility Industry. Under the Project arrangements, major Project
participants are as follows:

Breeder Reactor Corocration (BRC) - is responsible for (a) providing
senior counsel to the Project, (b) arranging for widespread dissemination

| of information about the Project, and (c) obtaining and collecting the
utility contributions and providing them to Project Management Corporation
for use on the Project.

Project Management Corocration (PMC) - is responsible for administering
the interest of the Utility Industry with respect to the Project. PMC is
joined by the Tennessee Valley Authority and the United States Department
of Energy for a joint licensing application, however, DOE is the lead
agency for Iicensing purposes.

United States Deoartment of Energy (DOE) - is responsible to contract,
manage, and carry out the Project consistent with the principal
objectives. This includes the design, construction, and demonstration of
the plant. DOE will be the plant owner and lead applicant for licensing
purposes. DOE wilI also supply the nuciear f uel for the plant.

Tennessee Vallev Authority (TVA) - is responsible for plant operation and
maintenance. TVA will join with PMC and DOE as an applicant for licensing
purposes and may eventually take possession of the plant and its
facilities.

O
17.0-2
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O
Westinchouse Electric Corooration Advanced Reactors Division

| (ARD) - is the Nuclear Steam Supply System Supplier (NSSS/S) and is
responsible for the overall design and manuf acture of the Nuclear Steam

| Supply System (NSSS). ARD is also specifIrally responsible for the design
and manuf acture of reactor and reactor enclosure systems, primary sodium
heat transport system, and related components and controls.

General Electric Corporation - Advanced Reactor Systems Deoartment
(GE-ARSD) - is a Reactor Manufacturer (RM) and is a major contractor for
the Nuclear Steam Suppller, and as such is responsible for the design and
manuf acture of -the intermediate heat transport system, and related systems
and controls.

Rockweli International Enercy Systems Group Atomics International
Division _ MSG-AI).- is a Reactor Manufacturer (RM) and is a major
contractor for the Nuclear Steam Suppller, and as such is responsible for
the design and manufacture of fuel handling systems, auxiliary sodium
systems, reactor plant malntenance, and related systems and controls.

Burns and Roe Corporation (BAR) - is the Architect-Engineer (AE) for the
overall plant including BOP and portions of the NSSS. j

Stone and Webster Engineering Corporation (S&W) - is the Plant Constructor
and will f unction as both a construction manager and a construction

\ contractor including Procurement of Construction materials and services
) | and selected BOP equipment.

17.0.4 Project Phase Aoproach

The Project Quality Assurance Program is planned and executed to match the
phases through which Project work activities will progress. These are design,
procurement, manufacturing, construction and operation.

| For SAR purposes, the Quality Assurance Program is described in two parts.
The first part includes those program practices that will be executed during
design and construction where construction includes procurement, manufacturing
and installation. This part is described in this PSAR. The second part will
cover plant operation including preoperational testing, start-up and normal
operations which will not be described until submittal of the FSAR, however,
this part will be executed under a Quality Assurance Program which complies
wIth Appendlx B of 10 CFR Part 50.

The Owner program has been described to cover all Project phases and therefore
includes practices applicable to design, construction, testing and operation.

17.0.5 AppiicabIIIty

The described Quality Assurance Program contained in this chapter, including
its Appendices, is intended for application to those safety-related

| structures, systems and components described in Sections 3.2, 7.1 and 9.13 and
/ also to the reactor core and reactor vessel internals. The wording of the
C descriptions of the major participant programs in the Appendices to this

17.0-3
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chapter have not been restricted to this application alone. Thus, the

practices described may be broader in scope and may be applied to areas of the
| plant other than those identified in Sections 3.2, 7.1 and 9.13 or to the

reactor core and the reactor internals.

The Quality Assurance Program description contained in this chapter including
its Appendices wilI as a minimum be revlewed and updated annually as
appropriate and resulting modifications and updates will be reported to NRC.
In addition, any changes to the Quality Assurance Progran af fecting this
program description which changes or af fects the authority, independence, or
management reporting levels previously established f or persons or units of the
organization performing quality assurance f unctions will be reported to the
NRC for review and acceptance prior to impianentation. Other changes in
organization elements will be reported to NRC within 30 days of such a change.

O

i

|

I
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9 17.1 OUALITY ASSURANCE DURING DESIGN AND CONSTRUCT 10E(V
17.1.1 Organization

17.1.1.1 Organization of Participants

The Owner role in the Project is the responsibility of DOE. To execute their

responsibilities, the CRBRP Project Of f ice has been established with staf f
provided from both PMC and 00E. Both PMC and DOE participate in CRBRP Project
Office activities with respect to their designated responsibilities. Through
this effort, the Owner role is f ul f illed.

The CRBRP Project Quality Assurance Program is being or will be planned and
implemented through the ef forts of the major Project participants. The
program will be established and conducted as described in Section 17.1.2.
While development and execution of selected major portions of the program have
been delegated to major Project participants, the etfectiveness and adequacy
of the program are the altimate responsibility of the Owner.

To f ul fill overall program responsiblity for assuring Quality achievement,
there are certain quality assurance functions the Owner will perform. These
are outlined in the Owner's program described in Appendix A of this section.
The Owner's organization, establishod to perf orm these quality assurance
functions, is al so descr:' th er e.

p For qual ity assurance pr<. gram purposes (i.e., the " assurance" f unction), the
quality assurance organizations of the major project participants are
responsible to the Owner' ; Quality Assurance organization. This arrangement
of major program particip p ts is illustrated in Figure 17.1-2.

17.1.1.2 Resoonsibilltv and Authority

Each major participant has assigned the overall management responsibility for
developing and executing its portion of the overall Quality Assurance Program
to one member of management. In each major participant's organization, that
Individual responsible for the quality assurance f unction (the Quality
Assurance Manager) resports directly to the Agency Official or Corporate
Operations Of ficer who has overalI responsibility for the Project (l.e.,
design, cost, schedule, administration, quality assurance, etc.)

The assignment of responsibility for program activities within each
participant's organization is defined using organization charts, narratives,
etc., with duties, responsibilities and authority of key personnel described
and illustrated for each organizational component. These are provided in each,

major participant's program description contained in appropriate appendices of
this chapter.

O
Ut
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17.1.1.3 Commun ica tions

The free, continuous, unimpeded flow of communications between major
participants both hor izontal ly as wel I as vertically between alI levels is
essent i al . The free exchange of information between responsible individuals
is essential to the expedient execution of quality assurance activities.

To promote the f low of communications and to assure the positive attention to
qual i ty probl uns, Iines of communication are established between major quality
assurance program participants in accordance with organizational arrangements
shown in Figure 17.1-2.

17.1.1.4 Interface Control

A program-wice management review practice has been established to f ul f ill an
interface coordination function. These reviews are executed at quality
assurance program management review meetings. They provide a means for
assessing project qual i ty accompl ishments, discussing program audits and
resolving management problems.

| These meetings are held quarterly with a schedule published on a yearly basis.
The Owner representative chairs each meeting and such meetings are attended by
management representatives of each major program participant. Any program
participant may request a review meeting for any special purpose or problem
should the need arise.

17.1.2 QualItv Assurance Program

17.1.2.1 Program Requirements

The Quality Assurance Program for the Project complies with the requirements
contained in RDT Standard F 2-2, " Qual ity Assurance Program Requirements" and
supporting standards RDT F 1-2, " Preparation of System Design Descriptions",
RDT F 1-3, " Preparation of Unusual Occurrence Reports", and RDT F 3-2,
" Cal ibration Program Requi rements". The program is in accordance with the
requirements of Contract AT(49-13)-12 between the United States of America as
represented by the United States Department of Energy and the Tennessee Valley
Author i ty, Commonweal th Edison Company and Project Management Corporation.

The individual in each major participant organization who is authorized to
control further processing, delivery or installation of a nonconforming item,
deficiency or unsailsfactory condition until proper disposition has occurreds

or to stop unsatisf actory work is required to be identified and the scope of
his responsibility is required to be documented in writing.

The Project requirements for calibration records for measuring and test
equipment are contained in RDT F 3-2 and are judged to include appropriate
techniques for a program to assure the accuracy of measuring and test
equipment and to provide contidence in the acceptability of items with
characteristics determined and verified by contrclled measuring and test
equipment. Project participant procedures are r equired to reflect those
requirements and are reviewed to determine that necessary activities are
pe;-formed and documented such that the ul timate objectives are attainable.
Participant implementation of procedures is monitored and evaluated to verify
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O adequacy of perf ormance. The specific Information to be contained in the
V records of the activity include the cata necessary to provide traceability

and to permit corrective action if such were to become necessary. the

Project's requirements and implementing practice provide methods for achieving
that goal.

The Projects' requirements include general requirements for qualif ication of
personnel such as those who perf orm inspection, examination and tests for
acceptance purposes, including a requirement that records of personnel
qualif ication status be maintained. While F 2-2 does noi specifically require
certification, it does not preclude the required records taking that form,
theref ore, persons who perf ccm inspection, examination or test for acceptance
purposes at the construction site shall be certified in accordance with the
requirements of Section 2.2 of ANSI N45.2.6-1973.

In each major program participant's organization, personnel are selected and
assigned their areas of responsibility based upon experience, education and
management's assessment of their performance capabilities. They are observed
f or perf ormance eval uation on a continuous basis by appropriate management.
On-going training and indoctrination programs are conducted as described in
the individual participants quality assurance program description.

ANSI N45.2.9 specif les requirements for collection, storage and maintenance of
records. RDT F 2-2 specifies records requirements also, however, the records
management system specif led by F 2-2 does not include the same level of detail
as the system speci f ied by N45.2.9. In establishing the details of theg) Project's records management system necessary to implement the requirements of(U F 2-2, the Owner has directed that "the records management practice
established as a part of each major participants program shall conform with
ANS I N45.2.9. "

RDT F 2-2 requires that qualif ication testing be directed "toward evaluation
of the performance capability under various conditions as required by the
design," and that it be conducted in accordance "with written and approved
specifications and procedures." F 2-2 does not identify the requirement that
qualif ication testing be performed to demonstrate adequacy of perf ormance
under the moat adverse design conditions. However, it does require that

specif ications and procedures identi fy the detailed testing requirements
including the most adverse conditions if they can bc determined and are
appropriate f or the test objective. This also includes use of scaling laws
and their verification when mock-ups are used in qualification testing.

The program described herein compiles with the NRC-licensing requiranents
contained in Appendix B to 10 CFR 50, " Quality Assurance Criterie for Nuclear
Power Plants and Fuel Reprocessing Plants."

The programs established by participants are structured to align with RDT
Standard F 2-2, 1973. However, for. ease of NRC-licensing review a matrix has
been prepared (Figure 17.1-3) to show correlation of RDT F 2-2 requirements
with the 18 criteria of Appendix B to 10 CFR 50. To further assist in
ilcensing review, the major program participants descriptions have been
aligned to correspond with the appropriate criteria of- Appendix B to 10 CFR

(o) 50.
v
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Al though the various provisions of the regulatory guides listed in Subsection
VI of the Standard Review Plan are not established as requirements for the
CRBRP Qual I ty Assurance Program, the Owner wil I accept practices that compiy
with these guides as f ul filling the like requirments of RDT Standard F 2-2
insof ar as the rcquirements of RDT F 2-2 are met. Therefore, in implementing

the program described herein, maximum recognition will be made of quality
assurance practices in accordance with NRC Regulatory Guides and nationally
recognized codes and standards such as ANSI N45.2, ASME Boiler and Pressure
Vessel Code, Section 111, Nuclear Power Plant Components, and others.

17.1.2.2 Iransfer of Recuirements to Lower Tier Participants

Quality assurance program activities required of participants will be
specified in contracts. These contracts will include the appropriate require-
ments of 10 CFR 50, Appendix B. These requirments may be specif ied directly
in contract scope of work statements, referenced specifications or referenced
code or standard. It is recognized that participants may have established
quality assurance programs in accordance with Appendix B to 10 CFR 50, ANSI
N45.2 or other nationally recognized codes and standards. These programs will
be recognized to the maximum extent possible as acceptable methods of
comply ing w ith the speci f led requirements.

17.1.2.3 Overall Ouality Assurance Program Conceot

To fulf11I the requirements for quality assurance, the Project has established
an overall integrated program of quality assurance plans and actions in which
every participant has a part. The policles and objectives of the program have
been defined as follows:

1. To assure the attainment of the level of quality necessary for the
accomplishment of the Project objectives commensurate with the Owner's
responsibiity for orotection of the public health and saf ety, and for
the protection of the environment.

2. To assure that facilities, structures, systems, components and
equipmen'; designed, procured, fabricated, installed, constructed,
tested, operated, or modi fied by or for the Owner conf orm to specif iedI

req u i rements.

3. To assure that appropriate quality assurance activities are
implemented by or for the Owner.

17.1.2.4 Organization of Ouality Assurance Program Particloants

'To conduct the overal l Qual ity Assurance Program, participation has been
| organized into three levels, as illustrated in Figure 17.1-4. By licensing

r eq u i reuent s, the Owner is responsible for the overall program and its
adequacy. The Owner portion of the program is at the third level and is

i primarily a management-type program with surveil lance, interface coordination,
'

and program integration functions. The second level of the overal l program
includes the other major program participants that have direct or indirect
interf ace with the Owner. These are:
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The Fuel Suppller (FS)
V | The Nuclear Steam Supply System Suppller (NSSS/ S)

The Reactor Manufacturers (RM)
The Architect-Engineer (AE)
The Balance of Piant Suppller (B0P Supply)
The Constructor (CONSTRUCTOR)

These portions of the overall program are also management-type progrms with
surveillance, Interface coordination, and lower tier program integration
functions. The first level of the overall program includes a multitude of

systems, component, material, and serv ice suppl iers. Their qual ity assurance
programs are primarily work practice-oriented programs concerned with direct
control and verification through inspection, examination and testing.

17.1.2.5 Organization of Oualltv Assurance Program Elements

The major elements of the overalI Quality Assurance Program are identifled in
Fi gure 17.1-1. These have been grouped by project phase or fLnction in which
they occur or to which they relate. This figure makes no attempt to identify
which program participant will perform which activity, but is intended to
illustrate the total overall scope of program activities that will be
performed during the life of the program. It should also be pointed out that

these elements are programmatic or management systems type activities and
should not be interpreted as containing all the detailed work practice
oriented activities for performing such things as special process controls or

p specific methods of inspection, examination, or testing. For ease of
communication and ref erence, each participant's portion of the overall program
is ref erred to as that participant's quality assurance program. It is

recognized that the scopes of these programs will vary widely. Each program.
was or will be developed and implemented consistent with the extent of,
participation. Each participant's program will include management practice as
described in RDT F 2-2, Section 2 and 8, and other programmatic practices as
appropriate to the scope of his participation.

Owner Program - Major elements of the Owner Quality Assurance Program are
shown in Figure 17.1-5. These include the management practice and those
unique activities of overall program responsibilities. This program is
described in Appendix A +o this chapter.

FS Proaram - Major elements of the FS Quality Assurance Program are shown
in Figure 17.1-6. These include the-program management practices
complimented by those practices unique to procurement and manuf acturing.
This program is described in Appendix B to this chapter.

BOP Sucolv Proaram - Major elements of the BOP Supply Quality Assurance
Program are shown in Figure 17.1-7. These include the management practice
compimented by those practices unique to procurement and manuf acturing.
This program is described in Appendix C to this chapter.

NSSS Sucoller/RM Proarams - Major elements of the NSSS Supplier /RM Quality
Assurance Progres are shown in Figure 17.1-8. These include the. manage-
ment practices complemented by those practices applicable to design,(q) procurement, and manufacturing. These progr es are described'in Appendix
D, ' NSSS Supplier; Apoendix 1, GE-RM; and Appendix J, Al/ESG RM.''
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AE Program - Major elements of the AE Qual ity Assurance Program are shown
in Figure 17.1-9. These include the management practice complEWnented by
those practices applicable to design, procurement and manutacturing. This
program is described in Appendix E to this chapter.

CONSTRUCTOR Program - Major elments of the constructor Quality Assurance
Program are shown in Figure 17.1-10. These include management practices
complemented by those practices unique to procur ment, manufacturing, and
construction. This program is described in Appendix F to this chapter.

17.1.2.6 Scope of Ouality Assurance Program Acolication

The overall Quality Assurance Program described in this section is, or will be
applied to the planning, design, procurment, manuf acturing and construction
of the saf ety-related parts of the plant identi f ied in Section 3.2, 7.1 and

| 9.13 and al so to the Reactor Core and the Reactor Vessel Internals. The
elements applied and the extent to which they apply will vary but all
saf ety-rel ated structures, systems and components Iisted wiII be covered.

17.1.2.7 Status of Project Work and Program Aoolication

On July 25, 1973, agreements were signed by the principal s in the Clinch River
Breeder Reactor Plant (CRBRP) Project, the U. S. Atcmic Energy Commission,
Commonwealth Edison Company of Chicago, and the Tennessee Valley Authority
of ficially forming the two, non-prof it organizations created in 1972 to carry
out the project: The Breeder Reactor Corporation, representing the sponsoring
utilities; and the Project Management Corporation, representing tM principal
electric industry and government agency partners. On November 14, 1973,
Project Management Corporation entered into the f irst of two prime contracts
for demonstration plant design services with Westinghouse Electric Corporation
which covers the design, manufacture, furnishing, and testing of the Nuclear
Steam Supply System (NSSS) for the 350 to 400 megawatt breeder demonstration
plant. Under the provisions of the contract, Westinghouse and its Advanced
Reactors Division are being assisted by the General Electric Company and the

| Atcmics International Division of Rockwell International as subcontractors.

The second prime contract for demonstration plant design services, with Burns
and Roe, Inc., as architect-engineer was signed January 25, 1974. This
contract covers management, enginoering, design and drafting services for the
overall plant and site layout, nuclear-island building arrangements and
general plant systems and structures. Actual project work was started by
Westinghouse and Burns and Roe in February 1973 under interim arrangements.
In March 1973, Westinghouse Environmental Systems Department was assigned
responsibility (with input from Project participants) for preparation of the
CRBRP Environmental Report. In early 1973, site investigation activities
commenced in order to gather data for the PSAR. In January, 1974, study
contracts were initiated with Combustion Engineering and Foster Wheeler
Corporation for major plant components. This same month, specifications were
prepared for the turbine-generator and requests for proposals were sent to
manufacturers, in March 1974, evaluations of the submitted turbine generator y

proposals were begun. Since then, a letter of intent has been signed with

General Electric Company for this procurment. In June 1974, Westinghouse
issued a report on the reference design for the plant. Preliminary site

investigations were also completed during this month. Commencing in October
i,
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1974, purchase orders for Iong iead materials were issued for reactor vessel-) steel plate material, lHX tube sheet forgings and stainless steel plates
material, stainless steel forging for the core support structure, forged '

flange and bar forgings for the IHX and stainless steel piping for the core
support structure. RFP's for the steam generator plant units were issued and
proposal s were received f rom Atanics international and Foster Wheeler

| Corporation.

Also, on October 15, 1974, the CRBRP Construction Permit and Operating
Licensing Application, supported by the Environmental Report, Chapter 2 of the
Prel iminary Saf ety Analysis Report, Statement of General Information and i
Description of Site Preparation Activities, was tendered with AEC Regulatory.

For quality assurance in particular, contract AT(49-18)-12 established the
requirements for the quality assurance program as RDT Standard F 2-2, quality
assurance program requirements. The program was established in 1973 with
participation organized into a three level structure as shown in Figure
17.1-4.;

in early 1974, the elunents of the overall program that should be in place to
cover early project design and procuranent activities were identified. Major
participants were required to have these practices in place by mid-May to
cover the design and early procurement activities. , Audits commenced in July
and August to determine if the requisite quality assurance program has been
implemented, and to insure the requirements of RDT F 2-2 are being met with

| respect to design control. Audit of forts were conducted on a continuing basis
in accordance with specific quality assurance plans and where a need was

| determined by PMC and/or the NSSS-LRP (DOE).

17.1.3 References Referred to in the Text

Standard RDT F 2-2, " Qual ity Assurance Program Rquirements", with*

Amendments I, December 1973, 2, March 1974, and 3, July 1975. (RDT F
2-2)

10 CFR 50, Appendix B, " Qual Ity Assurance Criteria f or Nuct ear Power*

Plants and Fuel Reprocessing Plants."

NUREG-0800, " Standard Review Plan for the Review of Safety Analysis*

Reports for Nuclear Power Plants," Revision 2, July 1981

ASE Code, "ASE Boiler and Pressure vessel Code," Section ill,
' *

Nuclear Power Plant Components,1974.

* ANSI N45.2 - 1971, "American National Standard, Quality Assurance
Program Requirements f or Nuclear Power Plants."

| Stc.ndard RDT F 1-2T, " Preparation of System Design Descriptions,"*'
March 1972, with Amendment 1 (RDT F 1-2T).

t <.

A
\v)

17.1-7
Amend. 70
August 1982



I Standard RDT F 1-3T, " Preparation of Unusual Occurrence Reports,"*

February 1974, with Amendment I and 2 (RDT F 1-3T).

| Stancard RDT F 3-2T, " Cal ibration Progran Requirments," Feburary 1973*

(RDT F 3-2T).

17.1.4 Acronyms used in Chapter 17 Text and Accendices '

ADM Administrative Procedures (WARD)-

AD/PR - Assistant Director for Procuranent

AE A/E - Architect Engineer

AEC - Atanic Energy Commission

AMEND - Amendment

ANSI - American National Standards institute

ANS American Nuclear Society-

APP Appendix-

ARD Westinghouse Advanced Reactors Division-

ARSD Advanced Reactor Systems Department (GE) -
-

'
ASME American Society of Mechanical Engineers-

ASTM American Society for Testing Materials-

I.

BOP - Balance of Plant

B&R Burns and Roe, Inc.-

BRC - Breeder Reactor Corporation

BRD - Breeder Reactor Division

CAR Corrective Action Request-

'

CECO - Commonwealth Edison Company

CFR - Code of Federal Regulations

CINDT Controlled information Data Transmittals-

CRBRP Clinch River Breeder Reactor Plant-

D Design & Drafting Procedures (B&R)-

DCC - Document Control Center (GE)
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[ '' DEC December() -
,

DOC Document-

United States Department of EnergyDOE -

'

E - Engineering

"E"*, - Equi pment

ECN - Engineering Change Notice

ECP - Engineering Change Proposal

EDL Engineering Drawing List-

For Example (exempli gratia)e.g. -

EM Environmental Monitor u-

EMP - Engineering Management Procedures (ESG)

ENG's - Engineering Procedures (GE)

ERM - Engineering Review Memorandum (GE)
s.

Energy Systems Group (Rockwel I international)ESG -

E-Specs - Equipment Specifications

and so forth (et cetera)etc. -

i
Fuel Suppller (Richiand Operations Office of DOE)J FS -

Final Safety Analysis ReportFSAR -

Fabrication and Test Procedures (GE)F&TPs -

GE General Electric-

GE-ARSD General Electric (Advanced Reactor Systems Department)-

'
ICD , - Interface Control Drawings

i.e. - that is - (id est)
,

IEEE - Institute of Electrical & Electronic Engineers

Licensing Procedures (B&R)L -

,

|
LRP - Lead Role Participant

,c\
( ) LX Project Internal Procedures (WARD)-

R. . '
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M&MM - Manufacturing Manual Procedures

MDMs - Material Division (Purchasing) Manual Procedures (ESG)

Manufacturing Process Instructions (GE)MPIs -

MPO - Manufacturing Production Orders

MPS - Management Procedures System

6H - Material Request

Nondestructive ExaminationNDE -

NIR - Nonconforming item Record (GE)

No. - Number

NFB - Nonconformance Rev iew Board

NSSS - Nuclear Steam Supply System

NSSS/S - Nuclear Steam Supply System Suppller
(Westinghouse-Oak Ridge)

NSSS - Nuclear Steam Supply System Suppller Suppller/RM
Reactor Manufacture Relationship

Overali Plant Design DescriptionOPDD-10 -

Operating Procedures (WARD)OPR -

Project Control Procedures (B&R)PC -

PMC - Project Management Corporation

CRBRP Project Management Directives (ESG)PMD -

Purchase Order Change NoticePOCN -

Program Planning instructions (GE)PPL's -

PRCN - Purchase Requisition Change Notice

Preliminary Saf ety Analysis ReportPSAR -

PSC - Project Steering Cmmittee

Purchasing ProceduresPUR -

Quality AssuranceQA -

QAOP - Quality Assurance Department Operating Procedures (ESG)
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|

Quality Assurance Acceptance Procedures (ESG)QAP's -

Quality Assurance Program & Procedures Index (GE)QAPI -

QAPP - ASE Code Section 111 Quality Assurance Procedure (ESG)

Quality Assurance Quality ControlQA/QC -

Quality Control Instruction (GE)QCl -

QCPP - ASME Code Section Vill Quality Assurance Manual (ESG)

Quality Methods and Procedures (WARD)QMP's -

QSI's - Quality Standing instructions (GE)

Reactor Development & Technology (Former Division ofRDT -

Atomic Energy Commission superseded by RRD of USERDA -
Standards Still Maintain RDT Title)

ReferenceREF -

RevisionREV -

Request for ProposalRFP -

Request for QuotationRFQ -

RIP - Receiving inspection Plan (GE)

| RL - Richiand Operations Of fice of DOE

Reactor Manufacturer (ARD, GE, ESG-AI)RM -

Reactor Research & Development Division of UnitedRRD of -

USERDA States Energy Research and Development Administration

Safety Analysis ReportSAR -

SDD - System Design Description

American Society - for Nondestructive TestingSNT -

American Society for Nondestructive Testing 1 ASNT-TC -

Recommended Practice
,

SOP's - Standard Operating Policles (ESG)

STPI's - Sodium Technology Process instructions (GE)

TVA - Tennessee Valley Authority

Unsatisf actory Condi tion Record (GE)UCR -
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U. S. United States-

VCR Vendor Case Record-

WARD - Westinghouse Electric Corporation Advanced Reactors
Division

WASH - Washirgton

O

|
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O CLINCH RIVER BREEDER REACTOR PLANT
V A DESCRIPTION OF THE OWNER

QUAL lTY ASSURANCE PROGRAM

0. INTRODUCTION

0.1 SCOPE

Contained herein is a description of the plans and actions by the Owner to
assure the qual Ity of structures, systems, and components of the Clinch River
Breeder Reactor Plant (CR3RP). These plans and act!ons constitute the Owner's
Qual ity Assurance Program.

0.2 BASIS

The program described herein has been planned, structured and defined to
f ulfill the responsiblity for ultimate ef fectiveness and adequacy of the
overal l Project Qual ity Assurance Program. Responsiblity for establishing and
executing portions of the overall Project Quality Assurance Program has been
or will be delegated to others participating in the Project with ultimate
responsibil ity for the adequacy of their perf ormance retained by the Owner.

0.3 APPLICATION

The Owner's Quality Assurance Program described herein is applicable to the
planning, design, procurement, manuf acturing, construction including testing,-

(s) and operation of those saf ety-related structures, systems, and components
\~ / | Identif ied in Section 3.2, 7.1 and 9.13 of this PSAR. For the Owner's

purposes the program described herein is not limited to this application
alone, however, end is or will be appropriately applied by the Owner to the
CRBRP in its entirety including all structures, systems and components where
satisf actory perf ormance is required for the plant to operate reliably, saf ely

- and with minimum environmental ef fects.
.

1.0 ORGANIZATION

The Owner is RESPONSIBLE for the overall management cIf the Project to design,
bu i l d, and operate the Clinch River Breeder Reactor Plant (CRBRP). The
execution of this responsibility rests with the CRBRP Project Director, who is
the principal operations of ficer of the Owner. Part of this responsibility is

to assure that the plant is designed, built and operated in a way that will
provide adequate conf idence that it will perf orm satisf actorily in service.
To provide f or this assurance,- the Project Director has directed the
establishment and conduct of an overall Integrated quality assurance program
which shall have the objectives, carry out the f unctions, and be executed as
hereafter defined.

1.1 FUNCTION

The f unctions that the Owner will perf orm in order to achieve the stated
objectives of the Quality Assurance Program and f ul fill its ultimate
responsibility for progran adequacy are as follows.

\--| ,
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1. Develcpment of an overall plan f or conduct of the quality assurance
program.

2. Assignment of program execution responsibility to appropriate program
participants. These incl ude the contractors and subcontracters who
participate in the Project, as well es service contractors who only
perf orm quality assurance activities.

3. Development of wcrking plans and procedures to conduct program
activities.

4. Organizing and staf fing appropriately to implement program f unctions.

5. Impl ementation of Owner program activities.

6. Interf acing of major participant programs with the Owner's program.

7. Integration, coordination, evaluation, and approval of major
participant quality assurance programs.

8. Development and implementation of major participant programs where
the Owner elects to retain execution responsibility in lieu of
assigning it to another organization, e.g., Balance of Plant
Supplier.

Those quality assurance f unctions which'have been delegated to other
organizations are explained in Section 2.3 of this program description.

1.2 EESRORSJBJLLTJ_AND_AUlbSRLTl
,

The Chief, Quality Assurance, serving as head of the CRBRP Project Of fice
Quality Assurance Division and reporting directly to the Project Director, is
assigned responsibil ity for devising, recommending, establishment of, and
assuring ef f ective execution of the overall Project Quality Assurance Program.
The Chief, Quality Assurance, is responsible that organizations, systems, and
procedures at all levels will provide assurance that the Demonstration Plant
is designed in accordance with requirements, is constructed as designed, and
is operated in accordance with plans and procedures to achieve the demonstra-
tion objectives. In carrying out these responsibilities, he is authorized by
the Project Director to:

1. Identi f y quality probioms.

2. Initiate, recommend, or provide solutions through designated
channels.

3. Verify Impicnentation of solutions.

4. Determine the adequacy of f acilities and equipment provided to carry
cut approved procedures and instructions.

5. Authorize issuance of special instructions necessary to execute his
responsi b i l i ti es.
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I
'6. Noti fy responsible management of unsatisf actory work or unapproved

- practices and i f necessary, stop unsatisf actory work or control
f urther processing, del ivery, or instal lation of nonconf orming
materials.

The Chief, Qual Ity Assurance, is responsibl e f or organiz ing the overal i
Project Qual Ity Assurance Progra and f or recommending f urther assignments of
execution responsibli Ity as approprlate. He shalI secure Charter statments
f rom other major program participants describing their responsibilities and
functions. He shall assure that in each major participant's organization the
person responsible for quality assurance is granted suf ficient authority to
Identify quality probIms; to initiate, recommend, or provide solutions; and
to verify implementation of solutions.

The Chief, Qual ity Assurance, is responsible for recommending to the Director
the organization and staf fing plan for the Quality Assurance Division in the
conduct of quality assurance practices necessary to f ut fili the Owner
responsibil itles f or establ ishment and adaquacy of the progrm, in this

position, he is responsible for the technical and administrative control
(except for DOE personnel) of Individuals and groups within the Quality
Assurance Division perf orming quality assurance activities or verifying
adequacy in the perf ormance of quality assurance related activities of others.
The Project Of f ice retains administrative control cf DOE personnel.

1.3 ORGANIZATIONAL ARRANGEMENTS

O) The Owner's organizational structure for performing quality-related activities(V associated with management, planning, design, procurement, construction and
cperation of the CRBRP and the responsibility and authority of key positions
within the organization are described in Section 1.4 of the PSAR. The Owner
organization is shown in Figure 1.4-1.

To perf orm the assigned quality assurance f unctions, the Quality Assurance
Division is organized as shown in Figure 17A-1. The Division is subdivided
along functional lines to perform quality verification, quality engineering
and qual Ity improvement. A description of the organizational elements are
contained in subsequent paragraphs.

The personnel of the division are located in Oak Ridge, Tennessee, in the
CEBRP Project Of f ice, located at Jef ferson Circle. All Owner progra activi-
ties wilI be executed by personnel working out of that of fice. Verification

that activities by contractors are in compliance with requirements will be
perf ormed through survell lance, inspection and audit practices by personnel
working out of the Project Office.

The staf fing plan for the division is based on the Project's work plan and
schedule, it reflects the planned scope of work to be performed and the -
quality assuring activities to be applied to that work. The number of people
and their required capabilities are Identified through this pit. ning,
scheduling, and resource estimating process.

A
( )v
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1.3.1 OualIty Verification Branch

The f unction of the Qual Ity Verif ication Branch is to maintain survell lance
over qual Ity assurance prograns of major Project participants and to verify
qual Ity ach ievement in thei r work perf ormance. This branch is also
responsible f or monitoring the Owner's Qual ity Assurance Progran to verify
overal I adequacy.

The Qual Ity Veri f Ication Branch perf orms three types of activities as
described bel ow:

1.3.1.1 Survel1 lance

Monitoring of the Project work and the quality assurance practices on that
work i s perf ormed through this activity, it also serves as the focal point
for Interf ace coordination between the Owner's Quality Assurance Program and
the qual Ity assurance prograns of other Project participants.

1.3.1.2 Insoection

inspection of items and services or the monitoring of Inspections by others is
accompi!shed through this activity. This activity incl udes perf ormance of
selected civil, structural, electrical, mechanical and welding Inspections,
and nondestructive examinations.

1.3.1.3 Audit

Planning and conducting internal audits of the Owner's Quality Assurance
Progran and external audits of contractor Quality Assurance Progra s is
accomplished through this activity. Scheduled and unscheduled audits are
conducted.

1.3.2 Oualltv Engineering Branch

The f unction of the Qual ity Engineering Branch is to plan, def ine, and develop
the overali Project Quality Assurance Program and the Owner's portion of that
progran. This f unction includes the preparation and maintenance of overall

| Project Quality Assurance Progran requirements and Internal plans and
procedures. This branch has lead responsibility for quality assurance progran'

progress and status reporting and quality records management.

The Quality Engineering Branch perf orms three types of activities as described
bel ow:

1.3.2.1 Planning

Planning, program development and the documentation of plans and procedures
for conduct of both the overal1 Project Quality Assurance Program and the
Owner's Quality Assurance Program are performed through this activity. A

knowledge of industry and government standards and their appropriate
application to the Project Quality Assurance Progran is maintained.

O
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1.3.2.2 Reoorts

Establishment of quality assurance program progress and status reporting
requirements and their maintenance is accomplished through this activity.
Collection of reports f rom branches of the Quality Assurance Division and the
preparation of the Owner Quality Assurance Program Progress and Status Report
Is el so perf ormed.

1.3.2.3 Records

CollectIor, fIl ing, and maintenance of quality records Is perf ormed through
th i s act i v i ty. The receiving, routing, and f ||Ing of wcrking documentation
within the Quality Assurance Division is performed. The Quality Records File
will ultimately include records of the overall CRBRP Project.

1.3.3 Ouality Imorovement Branch

The f unction of the Quality improvement Branch is to provide needed training
and Indoctrination for Quality Assurance Division Personnel and to coordinate
Project Of f ice and Project-wide training and Indoctrination activities for
personnel perf orming qual Ity-rel ated f unctions. This branch is also respon-
sible f or conducting activities wherein nonconformances are dispositioned and
corrections to program defIclencies are made to improve quality achievements
and to prevent recurrence of nonconf orming conditions.

The Qual Ity improvement Branch perf orms three types of activities as described
below:

1.3.3.1 Nonconformance Control

Collecting unusual or abnormal occurrence reports, deviation requests,
nonconf ormance reports, and def Iclency citations, and processing them to
satisf actory resolution is accompt ished through thIs activity. A Iog of
qual Ity problems identi f led internal ly and by major program participants wil I
be maintained and corrective actions recorded.

1.3.3.2 Trend Analysis

Activities, reports (audit, inspection, progress, status) and records are
monitored through this activity to identify quality problons. Probl ems
identified are studied and actions recommended to correct the problem, to
improve quality achievements, and to improve the ef ficiency and ef fectiveness
of quality assurance activities.

1.3.3.3 Trainino and Indoctrination

Actions to acquaint Project personnel with the various eltunents of the quality
assurance progran and the practices needed to assure quality achievement are
perf ormed through this activity. The certification of quality assurance
personnel qualifications is performed and personnel training and Indoctrina-
tion within the Project Of fice and within other Project participant
organizations is monitored to assure that:

O
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1. Personnel perf orming activities af fecting quality are appropriately
| trained in the principles, techniques and requiranents of the

activity being perf ormed.

2. Personnel perf orming activities af fecting quality are instructed as
to purpose, scope, and impicrnentation of governing manual s, pol icies,
and procedures.

3. topropriate training procedures are estabiIshed.

4 Indoctrination and training activities are conducted ir. an of fective
manner and achieve desired results.

5. For formal training and qualifIcatien programs, documentation
incl udes the objective, content of the program, attendees, and date
of attendance.

6. Prof Iciency evaluations or tests, as appropriate, are given to those
personnel performing and verifying activities af fecting quality, and
acceptance criteria are developed to determine if Individuals are
proper 1y tralned and qualifled.

7. Certi fIcate of qual If Ications clearly del inoates (a) the spect fIc
f unctions personnel are qualified to perf orm and (b) the criteria
used to qual ify personnel in each function.

8. Prof iciency of personnel performing and verifying activities af fect-
Ing quality is maintained through work experience or retraining with
continued prof iciency verif ied through reeval uating, reexaming,
and/or recertifying in accordance with Project requirements.

1.4 OUALIFiCAT10N REOUlREMENTS FOR OUALlTY ASSURANCE
MANAGEMENT P0SITlONS

|1.4.1 Chief. QualItv Assurance
The individual assigned to retain overall authority and responsibility for the

| Owner's Qual liy Assurance Program is the Chief, Quality Assurance, who is the
f unctional manager for directing and managing the Quality Assurance Program.
He w || | have the f oi lowing qual If Ications

i Education - He shalI be a graduate of a four-year
accredited engineering or science college or
university.

Exoerlence -

General - He shall have a minimum of 10 years experience in
qual Ity assurance or engineering, construction, or operation
activities associated with nuclear f acilities or equivalent heavy

Industry. A minimum of six years experience shalI be in quality
assurance.

17A-6
Amend. 70
Aug. 1982



. - ..

O Soecialty - He shalI possess a broad knowledge and understanding
of industry and government codes, standards, and regulations

,

def ining qual Ity assurance requirements and practices.

He shalI have a broad knowledge and understanding of quality
assurance methods and their appi! cation,

i He shall have experience in planning, def ining and performing
quality assurance practices and the application of procedures.

Managerial - He shall be experienced in organizing, directing and
administering an overall program of activity or a major portion of
an overall progran having broad scope and application.

He shalI have experience in the supervision of personnel and the
planning and management of other resources normally needed to
conduct an extensive qual Ity assurance' progran.

!

1.4.2 Chief. Qualltv Verification. Quality Engineering, and
OualItv Imorovement

The Individuals assigned to manage Quality Verification, Quality Engineering
and Quality improvement activities will have the following qualifications:

Education - He shalI be a graduate of a four-year
accredited science or engineering college
or university.

Exoerlence -

General - He shalI have a minimum of five years experience in
qual ity assurance or engineering, construction, or operation
activities associated with nuclear f acil Itles or equivalent heavy
Industry.

Soecialty - He shall have a broad understanding and knowledge of
appiIcable Industry and government codes, _ standards and

,

regulations def ining quality assurance requirements and practices.
He shal l have experience in planning, def ining, and perf orming
quality assurance practices and the application of procedures to
the area of work in which he is responsible.

Managerial - He shalI be ' experienced in organizing, directing, and
administering an overall program of activity or a major portion of
an overall progran having broad scope and application. He shal l
have experience in the supervision' of personnel and be capable of
directing and ' coordinating the activities of the contractors to
achieve objectives.

1.5 COM4UNICATl0NS

The f ree, continuous, unimpeded flow of communications, both horizontally and
| O vertically within organizations as weII as between the Owner and other progran
,

participants, is essential. The free exchange of information between'
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responsible Individuals is also essential to the expedient execution of
qual Ity assurance activities.

To promote the flow of comniunications and to assure positive attention to
qual Ity probians within the Project's Quality Assurance Progran, lines of
communication between the Owner and the organization of the other major
program participants are estabiIshed as foflows:

1. Communications by Senior Management - These communications
will deal with such matters as major changes in the scope of the
Qual ity Assurance Progran. Communications wil l be addressed to the
responsible senior management of ficial with copies to the major
progran participants cognizant of the subject.

2. Communications by Ouality Assurance Program Management - These
communications w il l prov ide a direct f ormal or informal exchange of
inf ormation between the Owner's Quality Assurance Chief and other
qual Ity assurance managers of organizations which have a direct
interf ace w ith the Owner. Copies of such communications will be
distributed to other major progran participants cognizant of the
subject.

3. Communications by Individuals - These communications are encouraged
to identi fy and evaluate quality problans and to initiate, recommend,
or provide solutions. Communications may also be formal or informal,
the choice of which shall depend on the significance of the subject
and the judgement of the individuals involved.

Communication of quality assurance related activities within the Owner's
organization is promoted through:

1. Periodic staf f meetings of the Project Director.

2. Monthly qual Ity assurance progran progress and status reporting,

j Communication of qual Ity assurance related activities between the Owner's
organization and the organizations of the majcr Progran participants is'

promoted through:

| 1. Quarterly management review meetings atter.ded by the Quality
Assurance Managers of the major progran participants.

2. Monthly quality assurance progran progress and status reporting by
major progran participants.

2.0 OUALlTVJSSURANCE PROGRAM

The Owner has established and is conducting e qclity assurance progran that
meets the criteria of 10 CFR 50, Appenoiv A. A description of the activities
of this progran is contained herein and is presented to demonstrate how the
Owner is meeting the applicable criteria.

O
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2.1 POLICY AND CBJECTIVES

The policy and objectives of the Project Quality Assurance Progrm are:

1. To assure the attainment of the level of quality necessary for the
accomplishment of the Project objectives commensurate with Owner
responsibility for protection of the public health and saf ety, for
the protection of the environment, and f or rel Table plant operation.

2. To assure that f acil itles, systems, components, and equipment
designed, procured, fabricated, Instal led, constructed, tested,
operated or modifled by or for the Owner, conform to specifled
req ui rments.

3. To assure that appropriate quality assurance activities are
impimented by or for the Owner.

2.2 RESPONSIBILITY

2.2.1 Owner

As described in Section 1.0 of this appendix, the Owner's principal operations
of ficer for the Project is the Project Director. The Director has day to day
management overview involvement in the Project Quality Assurance Progrm and
the execution of the Owner's portion of the progr m.

O Responsibility for the execution of the Owner progre rests with the CRBRP
d Project Of f ice organizational elements as detailed in the Owner's implmenting

procedures. The qual ity assurance progrm management practices are perf ormed
primarily by the Quality Assurance Division, while other Divisions of the
CRBRP Project Of f ice are primarily responsible f or perf orming selected
technically-related f unctions that are required for proper execution of
progra activities.

The technically-related f unctions that are performed by other Divisions of the
GBRP Project Of f ice include:

o Participation In'mul ti-dlscipt ine' audits and revlews. -

| o Review and acceptance of progra plans and procedures.

| o Review and concurrence with proposed corrective actions resulting f rom
audit findings of defIclency.

o Execution of certain-design control and document control activities.

o Execution of certain contracting control activities.

To determine progra status and to eval uate progra adequacy, the Owner,

executes an overall progrm review practice to assess the scope,
impiementation and ef fectiveness of . the Quality Assurance Progrm. This
review is perf ormed :by the Owner qual ity assurance organization at least |

O annually using resources and Information at its disposal, including the !
~

b results f rom surveil lance, inspection and' audit activities.
'
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The Project Director receives the results of these management reviews in the
| f orm of regular progress and status reports and other special reports as

approorlate. These reports outlir.e the progress and status of quality
assurance activities, problems and nonconf ormances, quality trends and results
of audits. The Project Director reviews these reports and initiates whatever
menagement action is required to improve conditions and f urther implement the
progr an.

In addition to the Project Director's review and assessment of the quality
assurance program, an annual rev iew and eval uation of the Project i ncl udi ng
the qual ity assurance program, is perf orned by a select committee appointed by
the Breeder Reactor Corporation (ERC). The program is also subject to
periodic rey!ew by the Project Steering Committee (PSC), see Section 1.4 of
the PS AR. This rev lew may be perf ormed by the PSC itsel f, or by some other
ceganization on an ad hoc basis as they may choose.

2.2.2 Particloants

Although the Owner retains the responsioliity for adequacy of the entire
Project Quality Assurance Program, other major participants are assigned by
contract the responsibil ity f or establ ishing and impl ementing particular
program practices. These delegated f unctions are described in Section 2.3.3.

Program participation responsibilities are organized in a three level
structure il lustrated in Figure 17A-2. The Owner portion of the program is at
the th ird l evel . The other majcr program participants shown at the second
l evel, and hav ing a di rect or indirect Interf ace with the Owner are:

| The NSSS Supplier (NSSS/ S)

The Reactor Manuf acturer (RM)

The Architect-Engineer (AE)

The Fuel Supplier (FS)

The Balance of Plant Supplier (BCP Supply)

The Constructor (CONSTRUCTOR)

The Operator (OPERATOR)

The Environmental Ptnitor (EM)

At the f irst level are the mul titude of systems, components, material s, and
service suppliers.

2.3 PEOUIREVENTS

2.3.1 Overall

The requirements f or the overall Quality Assurance Program are contained in
RDT Standard F 2-2, 1973, with knendments 1, 2, and 3, Quality Assurance
Program Requirements, and are il lustrated by the identification of the program
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(9 elanents shown in Figure 17A-3. Execution of a progran which meets these
V requironents will comply with 10 CFR 50, Appendix B, Quality Assurance

Criteria for Nuclear Power Plants and Fuel Reprocessing Plants.

2.3.2 Procram Elements Executed bv_the Owner

The clanents of the overal l Qual ity Assurance Progran which wil l be executed
by the Owner are those identi f led as "Overal | Program" and "Progran
Management" shown in Figure 17A-4 This is the Owner portion of the program,
and it will be executed in accordance with plans, procedures and management
practices of the Owner. Figures 17A-12 and 17A-13 contain an index of the
Owner plans and procedures and indicates the progran clanents as def Inod in
RDT F 2-2 and 10 CFR 50, Appendix B respectively that wil l be implanented in
accordance with specific documents. A listing of these procedures with a
brief description of each is contained in Attachment 1. These documents are
contained in the Owner's Manuals which have been developed to implanent the
quality assurance polIcles, goals and objectives of the Owner Quality
Assurance Progran.

2.3.3 Procram Elements Delegated to Others

The responsibility for execution of various other progran activities is
delegated by the Owner to other major progran participants and are applled to
their respective scopes of participation as appropriate. Those major
participants may pass along those activities to subcontractors so that each
activ ity can be porf ormed by those most qual if led. The ultimate responsi-,

[b bilIty for adequate implementation and performance by each participant is%

retained by the Owner. The Owner requires that each major participant docu-
ment his progran in appropriate descriptions, plans and procedures. Each
progran is initially evaluated and approved by the Owner. Subsequently, each
participant's rev ised, updated or new progran plans and procedures are review-
ed on an ongoing basis and are accepted for Project use contingent upon imple-
mentation resulting in conformance to Project requirements. Each major
participant's progran is monitored on a continuing basis through review and
audit to assess its adequacy and to verify compliance with Project require-
ments including provisions for special equipment, environmental conditions,
skil ls, or processes as may be necessary.

The major elements of the FS Progran are shown in Figure 17A-5. These include
the progran management practices complenented by _ those practices for

| procuranent and manuf acturing.

The major elements of the BOP Supply Progran are shown,In Figure 17A-6. Thess-
Include the program management practices complanented by those for procuranent
and manuf acturIng.

| The major elements of the NSSS Suppl f er/RM prograns are shown in Figure 17A-7.
These include the progran management practices complanented by those for

| design, procuranent and manuf acturing.

The major elements of the' AE progran are shown in Figure 17A-8. These include
the prograa management practices complemented by those for design, 'procurenentg

(v) | and manufacturing,
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The major elunents of the Constructor program are shown in Figure 17A-9.
These include the progran management practices complanented by those for

| procura-ent, manuf acturing, construction and installation.

The major elements of -the Operator program are shown in Figure 17A-10. These
incl ude the progran management practices complanented by those for operation,
maintenance and modi f ication.

The major elements of the EM progran are shown in Figure 17A-11. These
include the progran management practices complanented by those selected

| practices associated with design, procurenent and manuf acturing.

2.3.4 Transfer of Reauirements to Others

The delegation of execution responsibility for program elanents is
accompi ished through contracts. These contracts wil I speci fy appl Icabie
requiranents of 10 CFR 50, Appendix B, for contractor qual ity assurance
progr am s.

The Owner's contracting practice is executed under control led procedures
through which only prospective contractors who are judged to be capable of
perf orming to requisite qual ity standards are chosen to participate. During
the course of their evaluation and selection, the quality achievanent and
assurance capabil ities of prospective contractors are determined and verifled
through review and inspection and only those with demonstrated capability are
awarded contracts. Existing contracts that have been placed will be changed
only under controlled procedures.

2.4 SURVEILLANCE

Monitoring of the Project work by Project participants and the quality
assurance activities on that work wil l be performed to verify qual ity
achievement in their work perf ormance. included in this survelllance function
by the Owner-Is a regular management review practice of the quality assurance
progran to assess the adequacy of its scope, implementation and ef fectiveness,,

i Monitoring of the execution of the program wilI also be performed to verify
overal I progran adequacy.

|

To accomplish the survolliance function, Individuals of the Owner's quality
assurance organization are assigned to have cognizance over one or more of the
major participant qual Ity assurance programs. Each cognizant Individual
serves as a focal point to monitor program development and execution, and to
coordinate the participant's progran with the Owner's program on a day-to-day
basis.

The Owner survelilance f unction is one in which the Project performance and
the quality assurance progran activities of each contractor are monitcred to
verify that qual Ity assurance activities are, in f act, meeting their
objectives. To implement this function, the Owner has established and
impianented procedures:

For monitoring the project work plan as to what activities are being
planned, what activities are being achieved, and what activities have
been completed and their condition of acceptability.
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For monitering the planning aad impimentation of fIrst Iine qualityb assurance activity which verifles that plans are made and
activities are conducted in a timely manner, are meaningf ul, and
which provides verification that the work is actually achieving the
qual Ity requirement.

To assure control of approved changes in contracts and other procurment
documents.

( For assuring that activities related to quality such as Inspection and
test, are accomplished under suitable controlled conditions including the
use of appropriate equipment, a suitable environment such as adequate
cleanliness and compliance with necessary prerequisites for the given
acti v i ty .

For review of contractor or supplier-generated documents for complete-
ness, acceptabil Ity and conf ormance to contract requirements bef ore
accepting completed items.

For determining when independent inspections or reviews should be made
and ccnducting those inspections or reviews. To verify that ites,
documents, services, etc. conform to applicable codes and standards,
specifications and other contractual requirments.

For determining the need f or an audit of quality assurance activities and
scheduling the needed audits. ,g)

'U For maintaining cognizance over the work status and the status of
corrective action activities, for determining the ef fectiveness of the
quality assurance activities being performed; and to control and
determine disposition of contractor furnished Itms that do not conform
to contract requirements.

These basic elements of survelllance are perfccmed through such activities as
the monitoring of werk plans, progress and status reports, correspondence,
nonconformance reports, inspection reports, audit reports, open Itm reports,
deviation requests and critical item reports, direct surveil lance or
inspection of work or direct audit of activities, methods and products.

Personnel of the Owner's organization who are assigned responsibit ity for
verifying that contractor performance is in accordance with requirements are
selected and assigned to their area rf responsiblity based upon experience,
education, and management's assessrmnt of their performance capabilities.
They are observed for performance evaluation on a continuing basis by
appropriate management. On-going training and Indoctrination programs are
conducted to f amiliarize personnel with technical objectives of the activity
being monitored, the requirements that it must meet, the practices and
procedures to be executed in verifying conformance to requirements, and the
documentation of results.

2.5 INTERFACE COORDlNATION

Controls are established to cover interf aces between the physical items of the
V plant and to cover interf aces between Individuals or groups performing other
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activities as well as quality assurance activities. In general, interface
control consists of three elements. These are:

The control of documents through the implementation of document control
pr ocedur es.

.The control of communications using communication control procedures.

The perf ormance of, and participation in, technical reviews such as
de si gn rev i ew s.

A management review practice is established through which programmatic
Interf ace coordi nation i s accompl ished. These reviews are executed as quality
assurance program management review meetings which provide a means f or
assessing Project quality accomplishments, discussing program audits and
resol ving management probl ems.

| These meetings are held quarterly with a schedulo puolished on a yearly basis.
The Owner or his representative chairs each meeting which is attended by
management representatives of each major quality assurance program
participant. Any program participant may request a program review meeting f or
any special purpose or problem.

2.6 PROGRAM MANAGEMENT

Quality Assurance Program Management practices, which include those major
practices listed below are perf ormed as described in other sections of this
program description,

o Organization

o Progran

o Planning

o Document Control -

o Audits

o Reporting

o Nonconformance Control

o Corrective Action

o Records

The Owner has established a management procedures system in which significant
plans and actions are documented including those af fecting quality. This
system provides a mechanism wherein the policies and objectives of the Project
and the Project Quality Assurance Program are def ined, documented and
pronulgated throughout the Owner organization. Within this system detailed
procedures f or the mandatory actions have been prepared, approved, and issued ||
for use as described in Section 5.1 of this Appendix. These procedures def ine
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) both the action to be perf cened and the responsible person or group f or
' perf orming the action. The Management Procedures Procedure directs

Implementation of all Ol3RP Project Of f ice procedures when approved by the
Project Director. To provide positive identification and control of required
procedures f or qual ity assurance activities, manuals containing these
procedures have been assembled and issued and are closely controlled by the
Quality Assurance Division and the Administrative Services Division. These
manuals each contain copies of the quality assurance program implementing
dvcuments l isted i n Figures 17A-12 and 17A-13, incl uding a program description
f rom which the program description in this Appendix to Chapter 17 of the PSAR
was derived. A brief synopsis of those procedures is contained in
Attachment 1.

| The Quality Assurance Manual is controlled using a document control icg which
shows the distribution of each copy by copy number including the distribution
of revisions. The Quality Engineering Branch of the Quality Assurance
Division is responsible for this activity as well as the revision and
incorporation of changes to the manual defined and approved by the Chief,
Qual ity Assurance. The contents of the CRBRP Quality Assurance Manual are
reviewed and concurrence documented annually as a minimum and the manuel is
updated as required to maintain It current,

in the execution of the program, shoul d a disagreement arise f rom a di f ference
of opinion between quality assurance personnel and other Project Of f ice
personnel (engi neering, procurement, construction, etc. ), the principais

themsel ves try to work it out. Should they f all to resol ve the di f ferences,

(s-) the heads of the respective divisions are brief ed on the problem by the
principals and they attempt to resolve the dif ferences on their level. Should
they f all also, the problem is presented to 1he Project Director by the heads
of the Divisions involved, and he arbitrates the matter and renders a
decision.

A summary description is provided in Chapter 14 of the PSAR of advanced
planning for the control of management end technical Interf aces between the
Constructor, A/E, NSSS Vendor, and Owner during the phasecut of design and
construction and during preoperational testing and plant turnover.

3.0 DESIGN CONTROL

3.1 OWNER IMPLEMENTATION

The Owner perf orms no design in the Project but has assigned the design
responsibilty to other major participants in the Project. The Owner has
establ ished and specif ied the design guidel ines f or the CRBRP. In addition,

the Owner has established and specified the essential majcr plant parameters
to be incorporated into the design by the cognizant design participants. The
Owner monitors the development of the plant design through participation in
design pl anning, review, and development meetings with the appropriate design
organiz ati ons.

The Owner has established a Project-wide design control system that is based
primarily on a f amily of System Design Descriptions (SDD) as the majcr vehiclecs

,( ) f or design documentation, review and approval. Through the SDD, the cognizant
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design contr cciors are responsible f or the devcicpment and def initizing of the
Plart systerr.s und components design f or which they are assigned
responsibility. All SCDs are approved by the Owner. The Owner, theref ore,

n.ai ntai ns the itchnical supervision and ucministration of cverall aspects of

the CRDFP cesign. As such, the Owner has the responsibility, authority, and
accountebility f or all aspects cf the CRBRP cesign and design control within
the specified design, cost and schedule constraints f or the Project.

To implurent the design control functien, the Owner has established design
review and approval requirunents based upon a f our-level classif ication system
as listed below, and has pros iced f or both external and internal design
i nterf ace contr c I s. Externally, the Owner has def ined interf aces and provides
directicn to the responsible cesign organizations as f ollows.

Type 1 Dato - Rcquires Owner Approval
| Type 2 Date - Requires NSSS Suppller and/or AE Approval

. Type 3 Data - Requires RM or AE Approval
Type 4 Date - May be Suppller Approved

o NSSS Supplier - The Owner provices direction directly to the NSSS
Supplier. For systen s and equiptrent f cr which the NSSS Supplier has

' cesign responsibl i ty, he recommends approval of Type 1 Data directly
to the Owner and the Owner takes approval action. The NSSS Suppller
provides Type 2, 3, and 4 date to the Owner f or Inf ormation and the
Owner revicws and takes action ooly as appropriate.

Reactcr Manuf acturer - The Owner provides direction to the Reactoro
Manufacturers (RMs), who are major subcontractors to the NSSS
59 plier, ihrough the NSSS Supplier for Type 1 systems and equiprrent
cata. The RMs submit these data to the NSSS Supplier and the Owner in
paral t el, and r(quest appr oval from the NSSS Supplfer. The NSSS
Supplier ir iurn reviews and coniments on these data, and submits a
recccmendation to the Owner f or approval . The Owner approves or
alsapproves af ter recei pt of the recommendation. The RM initiates
inipiarentation of the activity upon receipt of the Owner approval. In
parallei, the NSSS Suppller issues a conf irmatory authorization f or
the Rti to proceed on the basis of the Owner Approval Action. The RM
provides Type 2, 3, and a Data to the Owner f or inf ormation and the
Owner reviews and takes action only as appropriate. (Normal ly, no
Owner action is required).

o Architect-Engineer - The Owner provides direction directly to the
Archi tect-Engi neer ( AE) . For systems and equiptrent f or which the AE
has cesign responsibility, the AE reccomends approval of Type 1 data
directly to the Owner and the Owner takes approval action. The AE
provides Type 2, 3, and 4 data to the Owner f or information and the
Owner reviews and takes action only as appropriate.

The Owner has established an overall Design Interface Control System for the
Prcject. The system provides for contrcl of system and equipment f unctional,
parametric, and physical interf ace requircments for all portions of the CRBRP.
Each design contractcr is required to assure the accuracy and ccrnpleteness of
interf ace data pertaining to systems and equipment under his cognizance.
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| Functional and permetric Interf aces are controlled thrc ugh the SDDs.
* Phy si cal Interf aces are controlled by Interf ace Control Drawings (ICD) or

appropriate vendor documentation. The ICDS identify phy sical interface
characteristics that are necessary to ensure compatabil i*y gecrnetrical ly,
functionally, and with processes and environment between the overall equipment
and its surrounding structure /f acility (including mechanical, electrical and
fluid requirements).

| In the Project Design Interf ace Control Systm the NSSS Supplier is
responsible for assuring that system-to-systm interf aces are established and

I maintained current and f or approving ICDS. The NSSS Supplier is responsible
f or assuring that the required Systm-tcr-Structure /Facil ity interf ace data are
provided to the AE and for approval of its use.

,

The AE Is responsible to Identify and schedule needed equipment to
structure /f acil ity interf ace data for design of interf acing systms, equipment
and structures under its cognizance. The AE has the same responsibil ity for

| BOP system-to-system interf aces as described above for the NSSS Supplier.

Each design contractor is responsible for managing, scheduling, preparing,
maintaining, and updating interf ace data and applicable ICDS f or mating
equipment, systms and structures under his cognizance.

The responsibility for performing Interf ace coordination is assigned to the
cognizant engineers of the responsible design organizations. The cognizant
engineer assures that:

()v a) Adequate Interf ace control -is exercised f or his area 'of cognizance.

| b) ICDS f or - his systm interf aces are identi f led, entered into the
Project documentation status reporting systs and produced.

| c) That ICDS reflect up-to-date inf ormation, and that systen/ component.
.

designs within his scope of -responsibility remains within constraints
i of approved SDDs and icds.

d) Interf ace requirements between equipment and other equipment /
f acil ities and/or structures, If appropriate, is included in the

- equipment speci f Ications. D,,
ao

e) That al| " HOLDS" that impose a constralnt - upon an actiyIty are -
properly ~ ldentif ied on the ICD and that these " HOLDS" are prepared
for input into the Project HOLD status systm.

. . I4'| f) -That all ICDS are approved in accordance with the approval
V requirement for Principal Design Data.

| g) That changes required to ICDS are processed in accordance-with Change
Control requirements.

The responsible cognizant engineer provides an up-to-date-list of Interf ace.
,

p - . requirements to other affected cognizant engineers and coordinates proposed
changes with them prior to implementation.t

<

'
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A supplier who is responsible f or component design wil l be required to develop
interf ace requirements that his component imposes upon any mating equipment.
The supplier is or will be required to provide this data to the responsible
design contractcr for use in developing the required interf ace.

Internally, the Owner exercises control over the CRBRP design by three basic
processes,

a. Review and approval of Principal Design Data and significant changes
of these data including the verification of design documents such as
SDDs, design input and criteria design drawings, design analyses,
computer programs, specif ications and procedures.

t. Perf ormance of Design reviews and overview of contractor Design
Review,

c. Technical Direction - In addition to scheduled reviews and approvals
(items a and b above) the Owner exercises design control by continual
eval uation of design contractors' technical accomplishments on a

| day-to-day worki ng l evel basis and by providing technical guidance as
necessary to meet Project technical, schedular and cost objectives.
This guidance may be provided by memorandum from the Owner, by
meeti ng agreements, which are conf inned f or implementation in writing
by the Owner, or by telephone conversations that are subsequently
conf inned in writing. Cognizant engineers maintain continuous
contact with cognizant contractor and f ield of fice counterparts to -

keep informed on status of work, actions being taken, and other <

'

signi f icant activ ities.

The review and approval of principal design data and the performance of design
reviews include cognizant personnel of the Engineering, Qual ity Assurance, and
Public Safety Divisions of the Project Office and the use and approval of
appropriate design review checklists to verify that:

1. Sultable design control s are applied to such disciplines as reactor
phy sics; sei smic, stress, thermal, hydraul ic, radiation, and the SAR
accident analyses associated computer programs, compatibillt/ of
materials; and accessibil ity for inservice inspection, maintenance
and repair.

2. Proper selection and accompilshment of design verification or
checking methods such as design reviews, alternate calculations to
include the development, control and use of computer code programs,
or qual if ication testing have been perf ormed by the cognizant design
cor tr actor s.,

|

3. When a test program is used to verify the adequacy of a design, a
qual if ication test of a prototype unit under adverse design
conditions i s used.

4. Individuals or groups that were responsible for. design verification
were other than the original designer and the designer's immediate
supervisor.

|
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|
|(''} 5. The applicable regulatory requirements and design bases are

g ,j correctly translated into the specifications and drawings and that
deviations f rom speci f ied qual ity standards are identif ied and
procedures are established to ensure their control.

6. Appropriate and required quality standards are specified in the
design documents.

7. Design and speci f ication changes, including f ield changes were
subjected to the same design controls and approvals that were
applicable to the original design.

8. Standard "of f the shel f" commercial or previously approved
materials, parts, and equipment that are essential to the saf ety
related f unctions of structures, systems, and components are
reviewed for suitability of application prior to selection.

9. Designs are reviewed to assure that design characteristics can be
controlled, inspected and tested, and Inspection and test data are
identified.

| 10. The selection of suitable computer programs, materials, parts,
eq ui pment, and processes f or saf ety-related structures, systems, and

| components has included the use of authorized computer programs,
valid industry standards and specifications, mcterial and proto1ype
hardware testing programs, and design reviews,

t\/ The Owner receives these documents into an engineering document control system
which insures accountability throughout the review process. Each design
document is assigned to a cognizant engineer of the Owner engineering
organization who reviews the design f or adequacy and coordinates that document
through the review process. He selects the additional reviewers necessary and

routes these documents through quality assurance f or f urther review. These
design oocuments and their revisions are distributed in a timely manner and

| the control system is so designed to prevent inadvertent use of superseded
mater i al . The cognizant engineer serves as a monitor for this process and
also assures that errors and deficiencies that adversely af fect safety-related
structures, sys,tems and components in tha design process, including design
methods (such as computer codes) are documented, reported according to code,
standard or regulation and followed up to see that appropriate corrective
action is taken. The cognizant engineer coordinates the resulting comments
and f orwards them through top management to the originator.

Changes in design documentation, incl uding f ield changes, _ are processed with
the same requirements as the original design. . The Owner monitors the design
control measures exercised through surveillance and audit as part of the
qual ity assurance program. Design documents, review records, and changes
thereto are collected, stored and maintained in a systematic and controlled
manner through the Owner design document control and quality records
activities._ These activities as well as the entire CRBRP design control

process are covered by written procedures and are executed to carry out design
activities in a planned, controlled and orderly manner.,_,

( )
LJ
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; The Owner has establ ished a Project-wide Design Change Control practice that
requires that changes to approved design data are processed as an Engineering
Change Proposal (ECP) receiving the required approvals based upon the Data
Ty pe i nvol ved. Once the change has been approved, documentation is issued
that defines and authorizes the change and directs implementation of the
change.

In addition to the activities already outlined f or technical d i rect i on, the

| Owner rev lews and accepts for Project use the programmatic documentation which
affects the design control activities. Owner procedures have been implemented
which assure that the applicable regulatory requirements and design bases are
correctly translated in the written procedures and Instructions of contractor
programs as wel I as with in the Owner's internal program. These procedures
al so assure that changes to requirements and qual ity standards are control led
and are properly implemented.

The Project design guidel ines were prepared, documented and issued under a
closely control led process. These guidelines are maintained by that same
control led process in accordance with establ ished procedures. The Owner

| quality assurance organization participates in and monitors the design control
practice and periodically audits this practice to assure implementation and
adequacy.

3.2 REOUIREMENTS OF OTHER PARTICIPANTS

CRBRP Project participants who are assigned design responsibilities are
required by contract to exercise design control practices in accordance with
speci f ied requi rements. These practices include the following:

o Design Planning

o Design Definition and Control

1. Design Criteria
2. Codes, Standards and Practices

| 3. Engineering Studies and Analyses
4. Parts, Materials and Processes
5. Design Descriptions
6. Specifications, Drawings and instructions
7. Identification

8. Acceptance Criteria
9. Interface Control

10. Engineering Holds
11. Calculations
12. Canputer Codes

o Document Review and Control

1. Document Reviews
: 2. Document Control
| 3. Engineering Drawing Lists

| 4. Drawing Checks

O
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o Design dovlews

Required design verification for the level of design activity
accompl Ished Is to be performed prlor to relcase -for procurment,
manuf acture, construction, or release to another organization for use
in other design activities. In alI cases, the design verification is

to be completed prior to relying upon the component, systm, or
structure to perform its function,.

o Development

(including provisions that prototype component or f eature testing is
perf ormed as early as possible prior to . instal lation of plant -
equipment or prior to the point when the Installation would become
i rreversi bl e. )

o Failure Reporting and Corrective Action

The required practices are to include the review of design drawings
and specifications by the QA organization to assure that the documents
are prepared, reviewed, and approved in accordance with internal
procedures and that the documents contain the necessary quality
assurance requirments such as inspection and test requirements,
acceptance requirements, and the extent of documenting inspection and
test results.

The Owner monitors majcr participant design control practices and periodically'

audits the participants practices to specified requirements to assure proper'

Implementation and adequacy of the practice.

4.0 PROCUREMENT DOCUMENT CONTROL ,,

4.1 OWNER IMPLEMENTATION-

'

| The Owner does not normally procure plant components directly,: but does so
through other Project participants. However, when the Owner does choose to
procure plant components directly, it accomplishes this action in accordance
with the same requirements as imposed on other Project participants. The
Owner has established and implemented a practice -for control of procurment
documents to assure that procurement functions are accompilshed.in accordance
with the appl icable contracts, . codes, standards, drawings, and speci f ications.
This practice is carried out under written pr.ocedures which provide for
coordination and implementation of procurement ' planning, procurment
activities among Project participants and review of procurment documents -such

.

as preprocurement plans and purchase orders, and changes and/or modifications
thereto by designated personnel to assure that these documents are complete
and correct.

Technical portions of procurement documents are prepared by the AE, RM's and!

| the Constructor, approved by the NSSS Suppl ter for RM ltems and submitted to'<

the Owner for rev iew and approval . When a plant procur ment document is
- received by the Owner, it is routed to the Assistant Director for Procurement

) (AD/PR).. The AD/PR coordinates the.0wner review In conjunction with the -
.

cognizant engf rieer. The review . Is conducted thoroughly but as promptly as
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possible. To conduct reviews and expedite approval of procurment documents,
a checklist is used by procur m ent document reviewers. These checkiists are
rather extensive and include such check points as whether or not the
procurment documents:

1. Identi fy the documentation (e.g., drawings, speci f ications,
procedures, inspection and f abrication plans, inspection and test
records, personnel and procedure qualifications, and material
chemical and physical test results) to be prepared, maintained, and
submitted as applicable to the purchaser for review and approval .

2. Contain or ref erence the design basis technical requirments
incl uding the appl Icabi e regul atory requi rments, components, and
material identif ication requi rments, drawings, speci f ication, codes
and industrial standards, test and Inspection requirments, and
special process Instructions for such activities as welding, heat
treating, nondestructive testing, and cleaning.

3. Identify the applicable 10 CFR 50, Appendix B, requirments which
must be complied with and described in the supplier's QA progran.

4. Identi fy those records which shal l be retai ned, control led,
maintained, or delivered to the purchaser prior to use or
installation of the hardware.

5. Contain the procuring agency's right of access to supplier's
f acil itles and records f or source inspection and audit.

6. Prov ide f or spare cr rept acement parts of saf ety-related structures,
systms, and components being subject to controls at least equivalent
to those used for the original equipment.

All changes and revisions to procurment documents are subject to the same
review and approval requirements as ihe original documents.

Procurment document revlewers are specif led by the AD/PR and the cognizant
~

engineer. Reviewers are selected on the basis of their qualifications and
their ability to provide a meaningf ul input to a particular document. The
selected Owner reviewers include as a minimum, the AD/PR or his designated
representative, the head of the Owner quality assurance organization or his
designated representative and the Owner cognizant engineer. The selected
reviewers also include contract and procurement staf f and, as appropriate
counsel, patent and finance representatives. The respective cognizant
engineer has the principal responsibility for determining the suitability and
adequacy of technical specifications included in procurments documents.

The quality assurance reviewer has the principal responsibility for
determining the adequacy of the procurenent documents regarding quality
assurance requirements. He is trained and qualified in quality assurance
practices and concepts to make this determination. Thi s rev iew is to

determine that qualify and quality assurance requirements are correctly
stated, inspectable, and controllable; there are adequate acceptance and
rejection criteria; and the procurement document has been prepared, reviewed,
and approved in accordance with QA progran requironents.
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( The AD/PR has the principal responsibility for determining the overall
U adequacy of administrative, financial, and contractual aspects of procurenent

documents.

Comments f rom reviewers of procurement documents are made in writing. After

receiving and resolving all comments, the AD/PR prepares formal correspondence
to the appropriate participant and ref lects comments, approval, or noti fies
the participant of the reasons for disapproval.

The Owner quality assurance organization both participates in and monitcrs the
execution of this practice. Periodically the Owner quality assurance
organization audits or arranges for Independent audit of this practice to
assure implanentation and adequacy.

4.2 REOUIREMENTS OF PARTICIPANTS

Each Project participant, who is assigned procurement responsibility is
required by contract to implement and maintain a procurement document control
practice that f ul fills the assigned quality assurance requirements. This
practice wil l include the preparation of procurement documents to contain the
following:

o Scope of Work
o Technical Requirements
o Qual Ity Assurance Progran Requirements
o' Right of Access

(V o Special Qual ity Assurance Requirements
o Documentation Requirements
o Nonconformance Control
o Transfer of Requirements to Lower Tier Participants

Thi s practics w il l al so i ncl ude:

o Procurement Document Review and Approval
o Document Control (Release, Distribution and Change)

e Owner monitors major participant procurement document control practices
ad periodically audits the participants practice to assure proper

implementation and adequacy.

5.0 INSTRUCT 10tlS. PROCEDURES AND DRAWINGS

5.1 OWNER IMPLEMENTATION

The Owner has established and implemented a practice of prescribing in
documentary form the required quality of plant structures, systems, and
components and necessary activities to assure attainment of requisite quality
through work activities. This practice includes specifying division of work
responsibilItles and the Project-wide pracilces to be implemented in execution
of those responsibil ities. Through this practice, the foilowing documents
have been prepared:

Om
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o Piant Design Guidelines

o Management Policies and Requirements

o Contract Statments of Work

o Environmental and Saf ety Analysis Reports

o PolIcles, Procedures and Instructions

o Reports

o Records

The Owner has prepared his procedures and Instructions in accordance with
procedures that prescribe the f ormat to be f ol lowed and the identif ication
systm to be used. These procedures cover alI activities of management,
engineering and design control, document rev!ew and control, procurment,
surveillance activities, audits, and records management. These procedures
prescribe methods f or perf orming qual Ity-related activities in conformance
with the requirements of 10 CFR 50, Appendix B.

The Owner procedures are organized under a Management Procedures System which
is administered by a procedures coordinator from within the Owner
organization. The procedures coordinator is assigned the function of
controlling the issuance of procedures to assure coordination and consistency
in format, content, etc. The procedures systm itsel f is organized along
div isional lines (Engineering, Procurment, Construction, Quality Assurance,
PublIc Saf eTy, Operations, Project. Control, Administrative Services, and
others) which give the responsible managers the responsibilItles for:

o Assuring that polIcles of a continuing nature are incorporated in the
Management Procedures System (MPS).

o incorporating applicable laws, standards such as 10 CFR 50, Appendix
B, Executive Orders, decis!ons and directives of the Project Steering
Cmmittee (PSC) into the procedures to the extent necessary to show
the requirments placed upon the Owner.

o Determining the coverage and content of management directives
necessary to carry out their assigned f ur.ctions, assuring the accuracy

; and currency of the procedures, and arranging for the cancellation of
| those that become obsolete.
|
| o Approving procedures f or which they are responsible. Obtaining

| review, comment, and document concurrences by other organizational
units when appropriate.

o Submitting to the Procedures Coordinator:

a. Draft Procedures for Review of Format
b. Final Procedures for Director Approval

I

| 1
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a

o Determining, with concurrence of General Counsel, what portions of

(''/)
procedures, if any, shal l be communicated to the contractors.

x, Furnishing to the Procedures Coordinator the names of contractor
personnel to whom such material together with any appropriate
supplementary explanation or instructions should to distributed.

The Procedures Coordinator: assures that style, format, content, terms, titles
and numbering sequence of all_ procedures conform to the requirements of the
Management Procedures System.

The Chief, Administrative Services, is the prime control of ficer for
procedures and as such:

i

o Ef fects the printing and distribution of the f inal approved procedures
and subsequent revisions,

o Maintains a master f ile of al l current approved CRBRP Project Of f ice
procedures and a reference f!!e of previously issued procedures and
their revision,

o Prepares and maintains an index of procedures.

Organization Unit Managers are responsible for writing and Implementing the
procedures necessary for their division. General Administration procedures
cover policies and procedures which apply to all anployees. The Project
Director approves f or issuance all CRBRP Project Of f ice procedures. The
Individual division procedures are approve ~d by the responsible Division

() Manager and recommended to the CRBRP Project Director for final approval.

Each new procedure or revision of existing procedure is prepared using the
Management Procedures System numbering code and f ormat.

Each division established steps f or the review of draf t procedures within the
division. If a procedure applies to more than one division, the other
divisions af fected receive the draf t procedure for review. A draf t is sent to
the Procedure Coordinator who reviews it f or format, style, and , numbering
sequence.

| The final procedure or revision of an existing procedure is approved by the
appropriate division manager responsible for that particular subdivision of

| procedures, is concurred in by the Chief, Quality Assurance, and is approved -
by the CRBRP Project Director, and released f or. Implementation.

Distribution of each procedure or revision of existing procedure is listed and
f iled with the procedure in the procedure master file. The register shows
which revision is current.

The Owner's practice for documenting, in written f orm, the requirements f or -
and results of activities af fecting qual ity is, . Itsel f, executed in accordance
with document control procedures identi f ied 'under Section 6.0, Document
Control.

The Owner's Quality ' Assurance Organization both participantes in and monitors
[vy

-

] ' the execution of this practice. Periodically the Quality Assurance

!
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organization audits or arranges for independent audit of this practice to
assure impimentation and adequacy.

5.2 EEQLLIREPBES_DE_0lHEILfMRTJfJfMES

CRBRP Project participants, who are assigned responsibility for perf orming
work activities af f ecting quality, are required by contract to establish and
impt unent a practice of prescribing those activities in documented f orm that
f ul f il l s the quality assurance requironents. This practice will include the
preparation of the f ollowing types of documents:

| o Policies, Procedures and Instructions

o Quality Records

o Quality Status Reports

o Desigr. Specif ications to include Quantitative Acceptance Criteria such
ds Dimensions, Tolerances, and Operating Limits

o Design, Manuf acturing, Construction and Installation Drawings to
include as-buil t drawings that accurately ref lect the actual plant
cont iguraticn

o System Design Descriptions

o Manufacturing, Construction, Installation, inspection and Testing
Specif Ications, Procedures, and Instructions to include Qualitative
Acceptance Criteria such as workmanship samples

o Test Procedures

o Topical Reports and input to SARs

The Owner rnonitors major participant documentation practices and periodically
audits the participants practice to assure proper implementation and adequacy
and to verif y that important activities have been satisf actorily accomplished.

6.0 DOCUMERT__CDRTR01

6.1 DWEEILIEP1EPaiIATJfN

The Owner has established and implarented a document control system that
f ulfii1s the quality assurance program requirements and applles to those types
of documents prepared by the Owner and laentif ied in Sections 3, 4 and 5 of
ihis description.

The controlled documents criginated by the Owner are processed in a controlled
manner to assure the f ollowing:

o Uni f ormity of f ormat of initial and subsequent issuances.

O
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(s -) o Proper identification as to the originator and date of origin of a
document, and a mechanism for verification of the authenticity of
I nf ormati on. -

o Positive review and approval by persons qualified to determine the
correctness of the inf ormation presented and to judge its ultimate
usefulness,

o Prompt and accurate issuance and distribution, including a mechanism
for receipt control, of both the original document and subsequent
revisions to prevent inadvertent use of superseded material and to
place documents in work areas in a timely manner.

o Ef ficient revision of documents when necessary to clarify, correct,
augment or up-date the content of a document, while preserving the
Integrity of originally approved and released information,

o Quality Assurance requiranents are properly stated, are adequate and
are included prior to implementation,

o Documents are available at the location where the activity will be
perf ormed prior to commencing the work.

Controlled documents are standardized by procedure as to identification,
format, and numbering. These documents are reviewed for adequacy by Division

f- g Chief s, and/or the CRBRP Project Director, as appropriate. The Chief of the
! 1 Division originating the controlled document detennines the extent of
'- ' necessary reviews. The draf t controlled document is routed to the appropriate

rev i ew i ng per sonne l / organ i z ati ons. Comments of reviewing personnel are
resolved prior to f inal approval of the document. A record of the review
sequence which has been accomplished is documented and retained. Changes or
revisions are reviewed and approved by the same Divisions that performed the
original review and approval. if the controlled document will be issued only
to personnel of the originating Division, the respective Division Chief may'

approve the document f or issue upon completion of necessary reviews, if the

controlled document is to be issued to personnel outside of the originating
Division, the respective Division Chief secures any necessary higher level
approvals. The Chief of the Division originating a controlled document
established an appropriate periodic review schedule for the approved document.
The primary purpose of these reviews is to determine if changes in Project
status have resulted in the need f or revisions to the controlled documents.

The originating Division establishes and maintains an appropriate listing of
1he distribution of the document upon issue. A receipt page is attached to
the transmitted controlled document which requests the person receiving the
document to sign and date the page and return it to the originating Division.
A designated person initials the respective distribution listing upon receipt
of the signed page to reflect accomplishment of transnittal and receipt. He
also reviews the Division's controlled document distribution listing at least

bi-monthly to f ol low-up on any del inquent receipt pages. This distribution
listing is a master list which is updated periodically to show current
revision, number distributed, location, etc. Revisions to controlleds

)
~~/
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documents are systmatically processed with the same procedure as the
original. Changes are also reviewed and approved by the same Divisions that
perf ormed the original review and approvals.

The Owner Quality Assurance organization both participates in and monitors the
execution of the Document Control Systm. Periodical ly the Qual Ity Assurance
Organization audits or arranges for independent audit of the Document control
Systm to assure implementation and adequacy.

6.2 REOUIREMEU'S OF OTHER PARTICIPANTS

Each Project participant is required to impiment and maintain a Document
Control System that f ul fills the assigned requirements imposed by contract and
to control these documents prepared as described in Section 5.2 of this
description. The Document Control Systm will incl ude elments of:

o Document Preparation

o Document identifIcat!on

o Document Review and Approval

o Document issue, Distribution and Storage

o Document Revision

The Owner monitors major participant Document Control, Systms and periodically
audits the participants system to assure proper impimentation and adequacy.

7.0 CONTROL OF PURCHASED MATERIAL. EOUIPMENT AND SERVICES
.

7.1 OWNER IMPLEMENTATION

The Owner has established a practice for control of contracting activities
associated with the major contractors participating in the CERP Project,
Including the direct procurment of components when the Owner chooses to be

| the purchaser. The contracting practice includes the foi lowing:

o Contract Document Preparation, Review and Change Control

o Selection of Contractors

|
' 1. Qual if ied personnel evaluate the contractors capabil ity to provide

services and products of acceptable quality.

2. The Quality Assurance, Engineering and Procurment personnel
participate in the evaluation of contractors.

3. The evaluation of contractors' include one or mere of the
foilowing:

a. The contractor's capability to comply with the elements of 10
| CFR 50, Appendix B which are applicable to the defined scope
' of work.
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O b. A review of previous records and perf ormance of contractors,
who have provided a similar scope of work to others.

c. A survey of the contractor's f acilities and quality assurance
program practices to determine his capability to perf orm the
required scope of work in accordance with requirements.
Results of those surveys are documented and f iled in the
Owner's office.

o Proposal Evaluation and Award

o Customer's control of contractor's perf ormance.

1. Surveil lance of contractors during design, procurement,
maintenance, Installation and operation of materials, equipment,
components and f acilities is planned and perf ormed with quality
assurance organization participation in accordance with written
procedures to assure conf ormance to specified requirements. These
procedures provide for:

| a. Specification of the activities to be monitored or otherwise
verified, and accepted; the method of surveillance and the
extent of documentation required; and those responsible for

| Implementing these procedures,

b. Audits and surveillance that verifies contractor compliances

I ') with quality and quality assurance requirement. Surveillance
\d is perf ormed on en on-going basis to verify acceptable

perf ormance,

o Acceptance of item or service by or for the customer

1. Activitlin at point of receipt of supplier-furnished material,
*equipment and services is perf ormed to assure that:

a. The material, component, or equipment is properly identified
| and corresponds to the identificati,on on the purchase document

and with the receiving documentation.

b. Inspection of the material, component cr equipment, and
acceptance records is perf ormed and judged acceptable in
accordance with predetermined' inspection Instructions, prior
to installation of use.

c. Inspection records or certificates of' conformance attesting to
the acceptance of material, components, and equipment are
available at plant prior to Installation or use.

d. Items accepted and released are identified as to their
inspection status prior to f orwarding them to a controlled.
storage area or releasing them for installation or further
w ork.-

,

.'t ) .
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e. Nonconf orming itens are segregated when practicable, |h
controlled, and clearly identified until proper disposition is
made.

o Corrective Action with regard to the contracting process

o Qual ity Assurance Records

1. The contractor f urnishes the fol lowing records, as a minimum, to
the customer.

a. Certi f ications that speci f ical ly identify (e.g, by the
purchase order number) the purchased material or equipment and
the speci f ic procurement requirements (codes, standards,

i speci f ications, etc.) met by the !tems.

b. Certifications that identify any procurement requirements
which have not been met together with a description of those
nonconf ormances dispositioned " accept as is" or " repair."

Review and approval of data by qualified personnel is perf ormed in accordance
with established procedures as described in Section 3.0 and 6.0 of this
Appendix.

Procurement of spare or replacement parts f or structures, systems, and
components important to safety is subject to present quality assurance program
controls, to codes and standards, and to technical requirements equal to or
better than the original technical requirements, or as required to preclude
repetition of defects.

.

7.2 REOUIREMENTS OF OTHER PARTICIPANTS

Project participants, who are assigned responsibility for procurement of
material, equipment and services, are required, by contract, to establish and
Implement a system for control of those procurements including interf aces
between design, precurement, and quality assurance organizations. Each system
will incl ude the fol lowing elements:

o Procurement Document Preparation, Review and Change Control

o Selection of Procurement Sources

1. Qualified personnel evaluate the supplier's capability to provide
services and products of acceptable quality.

2. The Quality Assurance and Engineering personnel participate in the
evaluation of those suppliers providing critical items.

3. The evaluation of suppliers is based on one or more of the
f ol low ing:

a. The supplier's capability to comply with the elements of 10
CFR 50, Appendix B, which are applicable to the type of
material, equipment, or service being procured.
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b. A review of previous records and performance of suppliers who

have provided similar articles of the type being procured.

c. A survey of the suppller's f acilItles and quality assurance
progran practices to determine his capability to supply a
product which meets the design, manuf acturing, and quality
assurance requirements. Results of these surveys are to be
documented and f Iled at the buyer's f acil ity. If an LCVIP
letter of conf Irmation or the " CASE" Register is used to
establish the qualif Ications of the suppl f er, the
documentation on f ile is to identify the letter or audit used.

o Bid-Eval uation and Award

o Purchaser's control of suppiler's performance.

1. Surveillance of suppliers during f abrication, inspection, testing,
and shipment of materials, equipment, and components Is planned

| and perf ormed with quality assurance organization participation in
accordance with written procedures to assure conformance to the
purchase order requi rements. These procedures provide for:

| a. Speci f Ication of the characteristics or processes to be
witnessed, inspected or verified, and accepted; the method of
surveliIance and the extent of documentation required; and

| those responsible for implementing these procedures.

b. Audits and surveillance which assure that the supplier

compiles wIth alI quality and quality assurance requirements.
Surveillance is perf ormed on those items where verification of
conformance to procurenent requirements cannot be determined
upon receipt,

c. Special quality verification activities to provide the
necessary assurance of an acceptable item for commercial
"of f-the-shel f" Items where speci f Ic qual Ity assurance
controls appropriate for nuclear applications cannot be
imposed by the purchaser in a practicable manner.

o Acceptance of item or service *

1. Receiving activities associated with supplier-furnished material,
equipment and services is performed to assure that:

a. The material, component, or equipment, is properly identified
and corresponds (to the identification on the purchase
document and) with the receiving documentation,

b. Inspection of the material, component or equipment, and
acceptance records is performed and judged acceptable in
accordance with predetermined inspection instructions, prior
to Installation or use.

-

V
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c. Inspection records or certificates of conformance attesting to
the acceptance of material, components, and equipment are
available at plant site prior to Installation or use.

d. Items accepted and released are identified as to their
inspection status prior to forwarding them to a controlled
storage area or releasing them for installation or further
work.

e. Nonconf orming itens are segregated when practicable,
controlled, and clearly identified until proper disposition is
made,

o Corrective action with regard to the procurenent process

o Qual ity assurance records

1. The supplier furnishes the following records, as a minimum, to the
purchaser.

a. Certi f Ications that speci f Ical ly identi fy (e.g., by the
purchase order number) the purchased material or equipment and
the speci f Ic procurenent requi renents (code, standards,
speci f ications, etc. ) met by the items.

b. Certifications that identify any procurenent requirements
which have not been met together with a description of those
nonconf ormances dispositioned " accept as is" or " repair."

The revlew and approval of suppl ter-furnished data by qualifled
personnel is perf ormed in accordance with established procedures.

Each major participant reviews'and provides appropriate approval of supplier
generated documentation, such as certifications, for completeness,

| acceptabil Ity, and conformance to contract requirements before accepting
| completed items. At receipt inspection, .each contractor routinely or

perlodically validates suppller-furnished material certifications by means of
Independent analysis or overchecks. The participants receipt inspection
planning defines the necessary inspections and tests and provides for
inspection density adjustment depending upon source, quality performance
history, lot size and other f actors.

| The Owner monitors major participant procurenent practices and periodically
audits the participant's practices to assure proper implementation and
adeq uacy .

8.0 IDENTIFICAT!ON AND CONTROL OF MATERIALS. PARTS AND COMPONENTS

| 8.1 OWNER IMPLEMENTATION
!

The Owner delegates execution responsibility for identification and control of
materials, parts and components to the other major project participants
through contracts.
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8.2 REOUIREMENTS OF OTHER PARTICIPATES

Each project participant, who has an assigned responsibility for materials
| (including consumables), parts and components including partially fabricated

subassemblies is required, by contract, to establish and implement
identif ication and control practices. The description of the practices should
i ncl ude organizational responsibil ities. Each participant's identification
requirunents are to be determined during the initial planning stages and their
practice will assure: that identif ication of the item is maintained, both on
or attached to the item and on records traceable to the item as required
throughout fabrication, erection, installation, and use of the item; the
item (s) can be traced to the appropriate documentation such as drawings,
specif ications, purchase orders, manuf acturing and inspection documents,
deviation reports, and physical and chemical mill test reports; that the
method and location of identif ication does not af f ect the f unction or quality

of the item being identif ied; and that the correct identif ication of items is
accomplished and verif led prior to the release for f abrication, assembly,
shipping and installation. These practices will be designed to preclude the
use of incorrect or def ective materials, and parts irrr ,rtant to the f unction
of saf ety-related structures, systems, and components.

The Owner monitors major participant identif ication and control of materials,
parts and components practices and periodically audits the participants'
practices to assure proper implanentation and acequacy.

9.0 CONTPDL_0f_SPECI AL PRQCESSES

U 9.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibility for control of special processesn
to the other major Project participants through' contracts.

9.2 REOUlREMB4TS OF_QItiEfLP1RT_LC_lfRES

Project participants who are assignad responsibility for activities where
special processes are involved, are required, by contract, to esiablish and
implanent practices to assure adequate perf ormance and control of special
processes such as welding, heat treating, nondestructive examination, bcnding,
coating, soldering, plating, hard surf acing and cleaning. These practices
will include the following elements:

o Description of the criteria for determining those processes 1het are
controlled as special processes. A listing of special processes,
which are generally those processes where direct inspection is-
impossible or disadvantageous, should be provided,

o Description of the organizational responsibilitles, including those
f or the quality assurance organization, for qualification of special
processes, equi ptrent, and personnel .

o Qualif ication of procedures, equipment, and personnel for perf ormance
of special processes in accordance with applicable codes, standards,s
quality assurance procedures, specif Ications, or supplementary

| req u i runent s. The quality assurance organization is involved in the
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qual if ication activities to assure that they are satisf actorily
performed.

Special processcs are perf ormed by qualified personnel using qualifiedo
procedures and equipment with established procedures for recording
evidence of acceptable accomplishment.

o Qual if ication records of procedures, equipment, and personnel
associated with special processes are established, filed, and kept
current.

The Owner monitors major participant special processes control practices and
periodically audits the participants' practices to assure proper
impl ementation and adequacy.

10.0 INSPECTION

10.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibility for direct inspection of Itans
and work practices to each major participant in his assigned scope of work by
contract. The Owner or his agent may perf orm limited inspection and witnesses
inspections on a selective basis. When the Owner elects to perf orm or have
his agent perf orm inspections, the practice followed will conform to the same
requirements imposed upon other participants.

|10.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each participant who is assigned responsibility for perf orming procurement,
manuf acturing, construction, or operation activities that af fect quality, is
required, by contract, to establish and implement an Inspection practice of
suf ficient scope to be f ully ef fective. The Inspection practice will identify
and verify conformance of items and services with the documented
specifications, Instructions, procedures and drawings f or accomplishing the

i required activitics. The program will assure that:

o Organizational responsibilities for inspection are described,
inspection personnel are Independent from the Individual or
group perf orming the activity being Inspected. If the individuals
perf orming Inspections are not part of the quality assurance
organization, the inspection procedures, personnel qualification
criteria, and independence from undue pressure such as cost and
schedule should be reviewed and found acceptable by' the quality
assurance organization prior to Initiation of the activity,

o Program procedures are developed with quality assurance organization
participation to provide criteria for determining the accuracy
requirements of Inspection equipment and the timing of required
inspection, or definition of how and when inspections are performed.

o inspection procedures, instructions, and checklists contain the
f ol low ing:
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a. Identif ication of characteristics to be inspected.

b. Identi f Ication of the individual s or groups responsible f or
perf orming the inspection operations.

c. Acceptance and rejection criteria.

d. A description of the method of Inspection.

e. Specification of the necessary measuring and test equipment,
including accuracy requirements,

f. Identification of required procedures, drawings and
specifications, including applicable edition or revision.

o inspection procedures or Instructions are available with necessary
drawings and specifications for use prior to performing Inspection
operations.

| inspectors (including NDT personnel) are qualified in accordance witho
appropriate codes, standards, and company training programs, and their

| qual if Ications and qual if ication records (certifications) are kept
current,

o Modifications, repairs, and replacements are inspected in accordance
with the original design and Inspection requirements or acceptable
alternatives,

o Provistons are estabiIshed that identify mandatory inspection hold
points beyond which work may not proceed until inspected by a
designated inspector,

o The individuals or groups who perform receiving and process
| verification Inspections are identified,

o Provisions are estabiished for indirect controf by monitoring
processing methods, equipment, and personnel if direct inspection Is-
not possible,

o inspection results are documented, evaluated and their acceptability
determined by a responsible Individual or group.

The Owner monitors major participant -inspection practices and periodically
audits the participants practice to assure proper Implementation and adequacy.

11.0 TEST CONTROL

11.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibliity for testing and test control
practices to the other major participants by contracts. The Owner wilI witness
tests by the major project participants on a selective basis and he or his

O- agent may, upon Iimited occasions, conduct independent tests of his own. When

the Owner elects to perform or have his agent perform tests, the test control

17A-35
Amend. 70
Aug. 1982



practices will conf orm to the same requirments imposed upon other
participants.

11.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each participant, who is assigned responsibil ities f or perf orming development,
procurment, manuf acturing, construction or operation activities that af fect
q ual i ty , is required by contract to establish required tests, including proof
tests prior to installation and preoperational tests and to estabiIsh a
testing control practice which wil l include the following elements:

o identification of required testing to demonstrate that the item
will perform satisf actorily in service and that testing activities are
identIfled, documented, and accompiIshed in accordance wIth written
controlled procedures.

o Written test procedures that incorporate or reference the requirements
and acceptance |Imits contained in applicable design
and procuranent documents,

o Written test procedures that include:

a. instructions for testing method and test equipment and
i nstrumentati on.

b. Provisions f or the f ol lowing as appropriate:

- Cal Ibrated instrumentation

- Adequate and appropriate equipment

Trained, qual if led, and i Icensed or certi fled personnel-

- Preparation, condition, and completeness of item to be tested

Sultable and controlled environmental conditions1
-

!

Mandatory inspection hold points for witness by Owner,-

contractor, or authorized Inspector

- Provisions for data col lection and storage

- Acceptance and rejection criteria

Methods of documenting and recording test data and results-

| Provisions for assuring test prerequisites have been met-

o Test results are documented, evaluated, and acceptance status
Identifled by a qualifled, responsible Individual or group,

o Modifications, repairs, and replacements are tested in accordance with
the original design and testing requirements or acceptable af ternates.
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The Owner monitors majcr participant testing and test control and periodically
audits the participants' test control practices to assure implementation and_

adeq uacy .

12.0 CONTROL OF MEASURING AND TEST EOUIPMENT

12.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibility for control of measuring and test
equipment to the other major Project participants through contract. In those
instances where the Owner elects 1o perf orm or have his agent perform
inspections, examinations, or tests, the measuring and test equipment will be
controlled in accordance with those requirements imposed upon the
participants.

12.2 REOUIREMENTS OF OTHER PARTICIPANTS

Project participants, who are assigned responsibil ity for perf orming
inspections, examinations, or tests, are required by contract to establish and
implement a system for calibration and control of measuring and test
equipment.

Thi s system w il l incl ude the f ol lowing elements:

o Procedures that describe the calibration technique and f requency,
maintenance, and control of all measuring and test Instruments, tools,,-_,

( ) gages, fixtures, ref erence and transf er standards, and nondestructive1

\s / test equipmeni which are used in the measurement, i n specti on, and
monitoring of saf ety-related components, systems, and structures. The
review and documented concurrence of these procedures is described and
the organizations responsible for these f unctions are identified,

~

Measuring and test equlpment is identified and the calibration testo
data is identified as to the equipment to which it applies.

o Measuring and test equipment is labeled or tagged or "otherwise
control led" to Indicate the due date of the next cal ibration. The
method of "otherwise control led" shall be described,

o Measuring and test instruments are calibrated at specified intervals
based on the required accuracy, purpose, degree of usage, stability
characteristics, and other conditions af fecting the measurement.

An investigation conducted and documented to determine ihe validity ofo
previous inspections perf ormed _when measuring and test equipment is
found to be out of calibration.

o Calibrating standards have an uncertainty (error) requirement of
one-fourth to one-tenth of the tolerance of the equipment being

calibrated. A greater uncertainty may be acceptable when limited hy
the " state-of-the-art." Cal ibrating standards have greater accuracy

c3 than standards being calibrated. Calibrating standards with the same-
( ) accuracy may be used i f it can be - shown to be adequate f or the'

requirements and the basis of acceptance is documented and authorized''''
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by responsible management. The management authorized to perf orm this
function is identified,

o Measures are taken and documented to determine the validity of
previous inspections perf ormed and the acceptability of items
inspected or tested since the last calibration when measuring and test
equipment is f ound to be out of calibration. Inspections or tests are
repeated on items determined to be suspect.

o Ref erence and transf er standards are traceable to nationally
recognized standards; or, where national standards do not exist,
provisions are establ ished to document the basis f or cal ibration.

The Owner monitors major participants calibration and control of measuring and
test equipment and periodically audits the participants' practices to assure
implementation and adequacy.

13.0 HANDLING. STORAGE AND SHIPPING

13.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibility for handling, storage and
shipping practices to the other major participants through contracts.

13.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each participant, who is assigned responsibility for manuf acturing,
f abrication or assembly, is required by contract to establish and implement
practices f or handling, storage and shipping of items. These practices wil l
incl ude the f ol lowing:

o Special handl ing, preservation, storage, cleaning, packaging, and
| shipping requirements are specified and accomplished by suitably

qualified Indiv'1uals in accordance with predetermined work and
inspection Instr . tions,

o Procedures are prepared in accordance with design and procurement
specif ication requirements to establ ish and describe control s f or the
cleaning, handling, storage, packaging, shipping, and preservation of
material s, components and systems to precl ude damage, loss, or
deterioration by environmental conditions such as temperature or
h um i di ty .

The Owner monitors major participant handling, storage and shipping practices
and periodically audits participant practices to assure implementation and
ad;q uacy.

14.0 INSPECTION. TEST AND OPERATING STATUS

14.1 OWNER IMPLEMENTATION

The Owner delegates execution responsibility for inspection, test and
operating status measures to the other major participants through contracts.
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14.2 REOUlREMENTS OF OTHER PARTICIPANTS

Participants, who are assigned responsibil ity for manuf acturing, construction,
or operation, are required to estabiIsh and impiment practicos to indicate
the status of inspections and tests performed upon Individual lim s throughout
fabrication, Installation and test by using such markings as stamps, tags,
label s, routing cards or other suitable means. These practices wil l incl ude
provisions f or:

o identi f ication of the inspection, test, and operating status of
struct ur es, systms, and components being known throughout
manufacturing and installation,

o The application and removal of Inspection and welding stamps and
status indicators such as tags, markings, labels, and stamps being
controlled.

Altering the sequence of or bypassing the required inspections, tests,o
and other critical or saf ety-related operations being control led
through documented measures under the cognizance of the QA
organ i z ati on. Such actions are to be subject to the same controls as
the original review and approval.

o The status of nonconf orming, inoperative, or mal f unctioning
structures, systms, or components being documented and identi f ied to
prevent inadvertent use. The organization responsible for this

O function is identified.
'd

The Owner monitors major participant practices for indicating inspection, test
and operating status and periodically audits participant practices to assure
impimentation and adequacy.

15.0 NONCONFORMING MATERIALS. PARTS OR COWONENTS

15.1 OWNER IMPLEMENTATION

The Owner has established and implemented practices for control, review and
disposition of nonconforming materials, parts or components. These practices
are designed to assure that measures are established to control materials,
parts, or components which do not conform to requirements in order to prevent
their inadvertent use or installation. The nonconformance control practice

incl udes the f ol lowing elements:

o EstabiIsh Disposttion

o Documentation and Reporting

o Review, Evaluation and Disposition

All reports of deviations that are proposed for disposition in such a way that
the fintshed Item er compieted service wIlI not conform to the approved
requirements are processed for approval in accordance with procedures-

h established to provide a level of approval equivalent to the original approval
d of the requirments that will not be met as a result of the proposed
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d i sposi t i on. These reports are part of the documentation required at the
plant site.

Errors or def iciencies f ound in design and construction reported to or
discovered by the Owner which could adversely af fect saf ety-related
str uct ures, systems or components and which represent a breakdown in the
qual Ity assurance program, def iciency in f inal design, def iciency in
construction or dev iation f rom perf ormance speci f ications are evaluated by
Engineering, Publ ic Saf ety and Qual ity Assurance f or consideration as a
reportable def iciency under 10 CFR 50.55(E). If it is concl uded that the
error or def iciency comes under this paragraph, the def iciency together with
the proposed corrective action is reported to the Nuclear Regulatory
Commission according to regulations. Def ects or noncompliance in the plant or
basic component supplied to the plant that are reported to, or discovered by
the Owner which could adversely af fect safety related f unctions of the plant
are eval uated by Engineering, Publ ic Saf ety, and Qual ity Assurance f or
consideration as a reportable def iciency under 10 CFR 21. If it is concluded
that the def ects or noncompl iance is reportable under part 21, the def iciency
is reported to the Nuclear Regulatory Commission according to regulations.
The def iciency, whether reportable or not, is f urther evaluated against the
procedur al requironents that should have prevented the occurrence. When the
procedural system is def icient, the af fected organization is required to take
whatever steps are necessary to achieve appropriate corrective action to the
systcm to precl ude recurrence of the def iciency. The def iciency is reported
within the Project via an unusual occurrence report as described in Section
16'

OThe Owner Quality Assurance organization also participa1es in and monitors the
execution of the nonconf ormance control practices and periodically audits or
arranges f or an independent audit of the control practices to assure
implementation and adequacy.

15.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each participant, who is assigned responsibility for procurement,
manuf acturing, or construction of items of the CRBRP, is required by
contract to establ ish and impl ement a practice f or the control of
nonconforming material s, parts or components. These nonconformance control
practices wil l incl ude the f ol lowing elements:

o The identification, documentation, segregation where practicable,
review, disposition, and notification of af fected organizations of
nonconforming materials, parts, components, or services (including
computer codes) is undertaken if disposition is other than to scrap.

o Documentation identifies the nonconforming item; describes the
nonconf ormance, the disposition of the nonconf ormance, and the
Inspection requirements; and includes signature approval of the
disposition. Nonconformances are corrected or resolved prior to the
Initiation of the preoperational test program on the item,

t
o Provisions are established identifying those Individuals or groups

delegated the responsibility and authority to approve the
| dispositioning and closeout of nonconf orming items.
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; o Nonconforming items are segregated, where practicable, from acceptable
J- Items and identified as discrepant until properly dispositioned.

o Acceptabil ity of rework or repair of materials, parts, components,
systems, and structures is verified by reinspecting the items as
originally inspected or by a meihod which is at least equal to the
original inspection method; inspection, rework, and repair procedures
are documented.

o Nonconformance reports dispositioned "use as is" or "use as repaired"
or "use as modifled" are made part of the inspection records and
forwarded with the hardware to the Owner.

o Nonconformance reports are periodically analyzed to show quality
trends, and the significant results are forwarded to management for
revfew and assessment.

These practices will assure that nonconforming items are reviewed and
accepted, rejected, repaired or reworked in accordance with documented
procedures. They wil I include measures which control f urther processing,
delivery or instalIation pending proper disposition of the def Iclency.

The Owner monitors the major participants nonconformance control practices and
periodically audits the major participant's nonconformance control practices
to assure implanentation and adequacy.

16.0 CORRECTIVEACTIO0

16.1 OWNER IMPLEMENTATION

The Owner has established and Implemented a system for corrective action
wherein conditions adverse to quality such as f ailures, nonconformances,
mal f unctions, def Iclencies, deviations and def ective material and equipment
that are required for rellable anc' saf e operation of the plant are reported to
the Owner through nonconformance and unusual occurrence reporting procedures.
Quality assurance activities found def Iclent by Owner reviews and audits of
the participants are also reported. The corrective action system Includes the
following elements:

Eval uation of nonconf ormances and determina't' ion of the need' f oro
corrective action in accordance with established procedures.

| o Prompt corrective action initiated and documented following the
determination of a nonconformance to preclude the recurrence of those
adverse conditions signif Icant to quality.

| o Follow-up reviews conducted by the quality assurance organization to
verify proper implementation of corrective actions and to close out
the corrective action documentation in a timely _ manner.

o Adverse conditions significant to quality, the cause of the
conditions, and the corrective action taken are documented and(3j-

l reported to appropriate levels of management for review and
D' asse ssment.
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I

The Owner Quality Assurance organization executes the corrective action system
and arranges for periodic independent audit of the system to assure
implementation and adequacy.

16.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each participant is required by contract to establish and implement a
corrective action system. Each system wil l include the f ol lowing elements:

o Eval uation of nonconf ormances and determination of the need f or
corrective action in accordance with established procedures.

| o Prompt corrective action initiated and documented following the
determination of a nonconf ormance to preclude the recurrence of those
adverse conditions significant to quality.

| o Follow-up reviews conducted by the quality assurance organization to
verify proper implementation of corrective actions and to close out

| the corrective action documentation in a timely manner.

o Adverse conditions significant to quality, the cause of the
conditions, and the corrective action taken are documented and
reported to appropriate levels of management for review and
asses sment.

The Owner monitors major participant corrective action systems and
periodically audits the participant's system to assure implementation and
adeq uacy.

17.0 00ALITY ASSURANCE RECORDS
-

17.1 OWNER IMPLEMENTATION

The Owner has established a quality assurance records system that provides f or
the collection, storage and maintenance of Owner prepared records in
accordance with approved records management procedures.

The Owner has delegated execution responsibility for other records preparation
and initial collection, storage and maintenance to the other major
participants oy contract. This includes those of ficial records directly

related to structures, systems and components of the plant that are prepared
by and used in design, procurement, manuf acturing, construction and operation.
in progressive stages as required by code, standard, regulation or
specification, these records will be turned over to the Owner.

The Owner Quality Assurance records system provides f or overall coordination
of records management practices as wel l as the col lection, storage and
maintenance of those records resulting f rom the Owner activities and those
records f rom major participants, as they are turned over to the Owner.

| Included are those records that are necessary to define the overall quality of
the plant and provide objective evidence of quality achievement. The system
includes provisions that ensure:
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o Records are maintained to provide documentary evidence of the quality
of items and the activities af fecting quality.

o QA records include: operating logs; resulis of reviews, i n specti ons,
tests, audits, and material analyses; monitoring of work performance;
qual ifIcation of personnel, procedures, and equipment; cal Ibration
procedures and reports, nonconforming and corrective action reports,
and other associated documents,

o Records are readily identifiable and retrievable.

| o Requirements and organizational responsibilities for record
transmittals, retention, and maintenance subsequent to completion of
work are conststent wIth applIcabie codes, standards, and procur ment
documents,

o inspection and test records contain the following:

a. A description of the type of observation.
b. Evidence of completing and verifying a manuf acturing, inspection,

or test operation,
c. The date and results of the inspection or test.

d. Inf ormation related to nonconf ermances and other conditions
adverse to qual Ity.

e. Inspector or data recorder identification,
f. A statment as to the acceptability of the results.

| g. Action taken to resolve any discrepancies noted.

o Record storage f acil ities are constructed, located, and secured to
prevent destruction of the records by fire, flooding, thef t and
deterioration by environmental conditions, such as temperature or

j hum id i ty .

The Owner Quality Assurance organization participates in and monitors the
Implementation of the records system. Periodically the Quality Assurance
organization audits or arranges for independent audit of the records systs to
assure implementation and adequacy.

17.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each major Project participant is required by contract to maintain a quality
assurance records system. Each records systs wilI contain provisions that
ensure:

o Records are maintained to provide documentary evidence of the quality
of items and the activities af fecting quality.

o QA records include: operating logs; results of reviews, inspections,
! tests, audits, and material analyses; monitoring of work performance;
| qualification of personnel, procedures, and equipment; and other

documentation such as drawings, spectfIcations, procurment documents,
calibration procedures and reports, and nonconforming and corrective

h. action reports.
%)

|
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o Records are readily identi f iabl e and retrievable.

o Requirments and organizational responsibilities for record
| transm i ttal s, retention, and maintenance subsequent to completion of

work are consistent with applicable codes, standards, and procurenent
documents.

o inspection and test records contain the following:

a. A description of the type of observation,
b. Evidence of compiett ng and verifying a manuf actoring, inspection

or test operation,
c. The date and results of the inspection or test.

d. Information related to nonconformances and other conditions
adverse to qual ity.

e. Inspector or data recorder identification.
f. A statement as to the acceptability of the results.

| g. Action taken to resolve any discrepancies noted.

o Record storage f acil Itles are constructed, located and secured to
prevent destruction of the records by fire, flooding, thef t, and
deterioration by environmental conditions such as temperature or
humidity.

The Owner monitors major participant quality assurance records systes and
periodically audits the participants' systes to assure implementation and
adequacy.

18.0 AUDITS

18.1 OWNER IMPLEMENTATION

The Owner has established and Impimented a quality assurance audit practice
which is used to provide a comprehensive independent verification and
evaluation, both Internally and externally, of the status and adequacy of the
overal i Project qual Ity assurance progrm methods, quality-related procedures
and activities. This practice includes the Owner progra as well as the
prograns of the other majcr program participants and their suppliers. This
practice is also designed to assure that procedures and activities are
meraingf ul and comply with the overal| Project Quality Assurance Program
req ui rments. The practice includes the following elments:

o Planning

o Evaluation of Quality Assurance Methods

o Activity Audits

o Product Audits

o Record Audits

o Reporting and Corrective Action
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O The Qual ity Assurance audit practice was' established during the project
| planning and conceptual design stage wIth the scope L and f requency of the

audits planned and scheduled based upon the rellable and saf e operation of the
plant and was initiated early enough to assure of fective quality assurance
practices during design, procuranent, ,manuf acturing, construction and
instal l sfl on, inspection and test. Audits are planned in a general way on an
annual basis wIth a more detalIed plan and schedule prepared and Issued on a

j quarterly basis. Audits are planned to cover not only the evaluation of
' internal practices of the Owner's Progra but also to cover the practices of

each of the major program participants at the second level of the progran who
have a direct interf ace with the Owner. The audit plan for each major
participant program is designed to include an objective evaluation of
qual ity-related practices, procedures and instructions; the ef fectiveness of
implementation; and the conformance with policy directives. These audits
include the evaluation of work areas, activities including personnel training
and Indoctrination, processes, and items; and the review of documents and
records to ensure that the quality assurance programs are ef fective and
properly implemented. In each major participant. program, identified elements
of interf ace control are evaluated with respect to each participant's internal
activities as well as interf acing activities with his customer and his
subcontr actor s. The audii plan is supplenented by unscheduled audits where
the need becomes evident.

/s
Each audit is conducted to pre-established written procedures and check Iists
that include a detailed plan for the audit with a prepared check list of Itans
to be investigated; a meeting with responsible management personnel before the

;) audit to review scope, purpose, and schedule of the audit and at the
| conclusion, to review audit findings with management having responsibility inv

the area audited. The need for any corrective actions is established and the
audit results are documented in a formal report. Each audit is conducted by
trained personnel that do not have direct responsibilitles in the areas being
audited.

Responsible management is then required to take the necessary action to
correct the defIclencies revealed by the audit and to provide the auditing
organization with a statement of proposed and completed corrective action
taken. Def icient areas are monitored and promptly re-audited, when necessary,
until corrections have been accomplished.

Audit summaries are provided in both internal and external monthly progress
and status reports. The audit reports and data are analyzed by the quality
assurance organization for quality trends Indicating any quality problans and
the ef fectiveness of the quality assurance program, including the need for
reaudit of deficient areas. These reports are provided to management for
rev low and assessment.

The Owner audit practice is performed as a minimum in those areas of the
Overall Project Quality Assurance Program where the requirements of 10 CFR 50,
Appendix B are being implemented. Each major Project participant has prepared
a matrix showing which procedures are used for implementation of each of the
eighteen criteria of Appendix B. The activities and practices which carry out

3 these procedures are audited on a pre-scheduled basis. These activities

) includey
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1. The preparation, review, approval, and control of the PS AR, designs,
speci f ications, procurement documents, instructions, procedures and
drawings.

2. The determination of site f eatures which af fect plant saf ety (e.g.,

core sampling, site preparation, and meteorology).

3. Request f or proposals and evaluations of bids.

4 Indoctrination and training prograns.
4

5. Interf ace control unong the applicant and the principal contractors.

6. Cal ibration and nonconf ormance control sy stem s.

7. SAR and SSAR commitments.

8. Activities associated with computer codes.

18.2 REOUIREMENTS OF OTHER PARTICIPANTS

Each majcr Project participant is required by contract to establish and
implement an audit practice that satisfies the quality assurance requirements.
Each participant's audit practice will incl ude the f ol lowing el ements,

o Pl anni ng
o Eval uation of Qual ity Assurance Methods |
o Activity Audits
o Product Audits
o Nondestructive Examination Audits
o Records Audits
o Reporting and Corrective Action

A periodic summar) of the actions and accomplishments of each major
participant's audit practicos is made to the Owner for review and evaluation.
The Owner monitors major participant audit practices and periodically audits
the participant's practices to assure implementation and adequacy.

,

,
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A-E PROGRAM ACTIVITIES

._ A.. . . _ _ _ _ _ _ __ - .

PROGRAM MANAGEMENT

CORRECTIVE ACTIONDOCUMENTA' lion * AUDITS AND REVIEWSGUALITY ASSURANCE * ORGAN!ZATION ***

PHOGRAM
ENGINEERING HOLDS*

1. PLANNING 1. RESPONSilllLITY AND 1. POLICIES AND 1. QUALITY AUDITS
AUTilORITY PROCEDURES 2. MANAGEMENT

2. QUALITY ASSUHANCE 2. TRAINING AND 2. QUALITY RECORDS HEVIEWS * UNUSUAL
PROGRAM INDEX INDOCTRINATION 3. QUALITY STATUS OCCURANCE

3. PERSONNEL HEPORTS HEPORTS

QUAllFICATION

t t t
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CONSTRUCTOR PROGRAM ACTIVITIES

PROGRAM MANAGEMENT

QUALITY ASSURANCE DOCUMENTATION * AUDITS AND CORRECTIVE* ORGANIZATION* * +

PROGRAM REVIEWS ACTION
1. PLANNING 1. RESPONSIBILITY 1. POLICIES AND 1. QUALITY AUDITS

AND PROCEDURES ENGINEERING+
2. QU AltTY 2. M ANAGEMENTAUTHORITY HOWSASSURANCE 2. QUALITY RECORDS REVIEWS

PROGRAM INDEX 2. TRAINING AND 3. QUALITY STATUS
INDOCTRINATION REPORTS UNUSUAL*

3. PERSONNEL OCCURRENCE
QUALIFICATION REPORTS

PROCUREMENT M ANUF ACTURING. F A8RICAilON. CONSTRUCTION AND
AND ASSEMBLY INSTALLAftON
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OPERATOR PROGRAM ACITIVITES

. . . . . .
- - -

_., .

PROGRAM MANAGEMENT

OUALITY ASSURANCE * ORGANIZATION* DOCUMENTATION AUDITS AND REVIEWS * CORRECTIVE ACTION* *

PROGRAM
1. PLANNING 1. RESPONSIBILITY AND 1. POLICIES AND 1. QUALITY AUDITS * ENGINEERINGliOt DS

AUTitORITY PROCEDURES 2. MANAGEMENT
2. QUALITY ASSURANCE 2. TRAINING AND 2. QUALITYllECORDS IlEVIEWS * UNUSUAL

PflOGRAM INDEX INDOCTRINATION 3. QUALITY' STATUS OCCURANCE
3. PERSONNEL REPORTS REPORTS

OUALIFICATION

t
OPER ATION. M AINTE N ANCE.

AND MODillCATION
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EM PROGRAM ACTIVITIES

PROGRAM MANAGEMENT

* QUALITY ASSURANCE * ORGANIZATION * DOCUMENTATION * AUDITS AND REVIEWS * CORRECTIVE ACTION
PROGRAM

1. PLANNING 1. ITESl<ONSIBILITY 1. POLICIES AND 1. QUALITY AUDITS * FNGINEERING if0LDS
'

2. QUALITY ASSURANCE AND AUTHORITY PROCEDURES 2. MANAGEMENT
PROGflAM INDEX 2. TRAINING AND 2. QUALITY RECORDS REVIEWS . UNUSUAL

INDOCTIUNATION 3. QUALITY STATUS OCCullANCE

2 3. PERSONNEL flEPORTS REPORTS

@ OUAllHCATION
lq _____

EP
1 r 1 r l '

N DESIGN AND DEVELOPMENT PROCUREMENT M ANUFACTUftlNG. FABRICATION.
AND ASSEMBLY-

Y DESIGN PLANNING PROCUREMENT PLANNING INSPECTION AND TESTS

DESIGN DEFINITION AND CONTROL PROCUREMENT REQUIREMENTS 1. PROCEDURES

1. ENGINEERING STUDIES PflOCUREMENT DOCUMENT flEVIEW
2. SPECIFICATIONS, DRAWINGS AND

INSTRUCTIONS EVALUATION AND SELECTION OF
"

DOCUMENT REVIEW ANQ CONTROL
1 DOCUMENT flEVIEWS
2 DOCUMENT CONTflOL ^ ^ ^ ^
3 ENGINEERING DRAWING LISTS 4. INTERCHANGE OF SOURCE

'

DESIGN flEVIEWS CAPABILITY INFORMATION --

FIGURE 17A-11 MAJOR ELEMENTS OF THE EM PROGRAMFg
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>

REP. ARKS
REQUIREMENT OF IMPLEY NTI E DOCUMENT

RDT T2-2

SECTION TITLE DOC. NO. TITLE INSTRUCT!0NS
REF. 00C. . ETC.frJ3ER r,

2. Management & Planning

2.2 Quality Assurance Program Quality Assurance Program Description
Quality Assurance Charter

2.2.1 Planning Quality Assurance Program Description
CRP-EN-09 Preparation and Painterance of the Project level 1 Schedule
CPP-PC-02 Preparation and Paintenance of the CRSRP Project Level 0 Schedule
CPP PC-05 Preparation and Paintenance of the Work Breakdown Structure (WBS)
CRP-QA-02 Activity Planning

e*

2.3 Organization

m 2.3.1 Responsibility and. Authority Quality Assurance Program Description
* Quality Assurance Charter Responsibility

All Procedures Sections
CRP-DR-02 Organization Plan and Functional State-ents

2.3.2 Training and Indoctrination CRP-QA-24 Personnel Indoctrication

2.3.3 Personnel Qualification CRP-QA-25 Administration of Fersonnel Certification and Records
CRP-QA-26 Personnel Certification

2.4 Documentation

2.4.1 Policies and Procedures Qpality Assurance Program Description
All Procedures Policy Sections
CRDPP #4nagement Policies and Requiremts

CRP-AA-01 Manew 2nt Precedures
CPP-AA-03 Preparation of roer--e-a

CRP-AA-ll Control of Project Office Procedures Manual

t nance and Control of Project Of fice Quality
ap 20 ar n Ma

Assurance Manual

Q'JALITY ASSURANCE PROGRAM INDEX VERSUS PEQUIREMENTS OF PDT F 2-2

RF
:+g Figure 17A-1_2 OWNER QUALITY ASSURANCE PROGRAM INDEX
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REQUIREMENT OF
RDT F 2 2 IfrLEMENTING 00CtMENT REMARKS

SECTION !MSTRUCT!0rts
NUMBER TITLE D0C. No. TITtE REF. 00C.. ETC.

2.4.2 Quality Records CRP-AA-02 Filing Procedure for Official Project Files
t

CRP-QA-07 Ouality Records
CRP-QA-23 Preparation. Iransfer. arul Receipt of Project Of fice !

'Quality Records
l

2.4.3 Quality Status Reports CRP-AA-07 Reports Control Program I

CRP PC-03 CRSRP Profect Monthly Progress Report
CRP-QA-01 Quality Assurance Program Managerent Review Meetings
CRP-QA-08 Quality Assuisnce Program Progress and Status Review and

Reporting

- 2.5 Audits and Reviews

5 2.5.1 Cus11ty Audits See Section 8
E 2.5.2 Manageernt Reviews CRP-QA-01 Quality Assurancc Program Managecent Review Peetiegs
to

2.6 Corrective Action CRP-AA-06 Centrallaed Action Correspondence Control System
CRP-QA-04 4' Corrective Action Requests
CRP-QA-05 V- Processing of Unusual Occurrence Reports
CRP-QA-06 Nonconfomance, Unusual Occurrence and Correctne

Action Analysis
CRP-QA-09 Quality Trend Analysis
CRP-QA-27 Unusual Occurrence Report Preparation and Disposition

2.7 Engineering Holds CRP-EN-01 Design Control Partially
CRP-EN-02 Processing Principal Design Documents Delegated

2.8 Unusual Occurrence Reporting CRP-QA-05 Processing of Unusual Occurrence Reports
CRP-QA-27 Unusual Occurrence Repos t Preparation and Dispositten

QUALITY A550RAleCE PROGRAM INDEX VERSUS REQUIREMENTS OF ROT F 2-2

h N-wg --

G .a Figure 17A-12 (Cont'd.). Owner Quality Assurance Program Index
$

,

|

. _ _ .



, _ . _ _ _ _ _ _ _ . _ _ - - _ _ . _ _ _ _ _ _ __

,

RIQUIREMENT OF IMPLEMENT!?G DCC MENT REI' ARKS

RDT F2-2

5ECTION TITLE COC. N0. TITLE INST E TICNS
2 3Et REF. 00C.. ETC.

3. Design and Developrent Partially Delegated

3.2 Design Planning CRP-AA-07 Reports Control Program
CRP-EM-09 Preparation and Maintenance of the Project Level 1 Schedule
CRP-PC-03 CRBRP Project Monthly Progress Peport
CRP-PC-05 Preparation and Mainterance of the Work Sreakdown Structure

(WBS)
w
N I 3.3 Design Definition and Control CRP-DR-01 Changes in Project Scepe or Major Deviations from The Referencep Design
cn CRP-EN-01 Design Control
w CRP-PC-05 Preparation and Maintenance of the Work Breakdown Structure

(WBS)

3.4 Document Review and Control CRP-AA-03 Preparation of Correspondence
CRP-AA-04 incoming Mail
CRP-AA-07 Reports Control Program
CRP-AA-11 reatrol of ProMet Office Procedures Manual
CRP-EN-11 Review Approval, and issuance of Construction Documentation

. Requiring Project Of fice Approval
CRP AA-14 Controlled Documents
CRP-CM-01 Processing of Construction Data Submitted by the Constructor
CRP-EN-02 Processing Principal Design Documents
CRP-EN-04 Processing Engineering Changes
CRP-EN-05 Configuration Control Board Actions
CRP-EN-07 Technical Control cf CRERP Test Programs
CRP-EN-10 Design Documer.t Control
CRP-OP-02 Operations Division Review and Concurrence with Engineering

Design Data
Operations Division Re'iew and Concurrence with Licensing DataCRP-OP-03 v

CRP-PC-06 Pevisten to the CRBRP Project Management Policies and
Requirements

CRP-PS-01 Preparation of Amendments to and Maintenance of the PSAR and ER
CRP-PS-02 Preparation of Responses to Nuclear Regulatory Cornission

Questions

QUALITY ASSURANCE PROGRAM INDEX VERSUS REQUIREMENTS OF RDT F 2-2

= 3" FIGURE 17A-12 (Cont'd) OWNER QUALITY ASSURANCE PROGRAM INDEXiE*
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SECT!Us INSi c ;Icss

U SER I!TLE DCC. *:C. ItTt ! REF. COC.. ETC.
| |

s

fusstr % u... (...ution. and Preparation ut Ne...onses to itRC's
CRP-PS-06 |0ffice of Inspection and Enfortement Bulletins. Circulars, and

. Notices 0

i
CRP PS-03 Prcriration and Approval of Responses to Recuest for Licensing

a93 Safety Information
CRP-PS-04 Preparation and Compliance with Non-NRC Permits. Licenses. and

Arprovals
CRP-PS-C5 Maintenance of Corsistency Getween the PSAR and the Project

Baselir.e Occu cr.taticn
CRP-CA-10 0 ality Assurance Review and Approval of Engineering Docur.ents
CRP-Ot-11 Quality Assurance Review cf Procurerent Cocurrents
CRP-CA-12 Review of Contractor Quality Assurance Plans and Procedures
CRP-CA-20- Precaratien. Paintenance and Centrol of Project Office Quality-a Assurance Manwal3>

-E 3.5 Cestgr. Review CRP-EN-03 * sign Reviewse
4

3.6 Develc; rent CRP-EN-06 Cevelo:: Tent Program Techr.ical Management
CRP-PC-05 Preparation and raintenance of the Work Breakcown Structure

('aiSS )
".PP-CA- 10 Quality Assurance Review and Approval of Ergineering Doceents
CRP-CA-12 Review of Contractor Quality Assurance Plans and Procedures

OXITY ASSIMAZE PROGV4'. !?.0E1 YER$"S RI'|UIRCOTS CF ROT F2-2

2=
.e
L.O s-
- .o.
e

FIGURE 17A- 1T (CONT'D. ) OWNER QUAllTY ASSURANCE DROGRAM INDEVmu-mo



I 9LEFE': TIN 3 000i''I'iT RD%RKS
TF22

I\STRUCTIONS

- TITLE 000. 10. T''LE REF. CO*.. ETC.,

!

| [a4 Procurement

4.2 Procure tnt Plannirg Ce ?-: :-09 Preperation and Pala'e-aate ef *be Frejer.* Levet 1 Schekle
W - C-03 ;?. .47 P*ejec t ** oat'ly E-c;-ess keoer t
CW C-05 Pecoaration and Paintenance of the Lcrk Sreatcown Stracts.re (h?S)
CRD-QA-02 Activity Planning

4.3 Procurenent Feovirements ;RP-Cli-01 . Processirg cf Constrs.ctior Octa Sutritted by the Ce structcr
CRMN 02 Processing Principal Design Decrents
Co- t *:- 04 ProcessMc :nt:ineering Chances

m1 raard *ctiar.sc -o. . .n Ce.<4~,...r- .

W 3/ 0C-L. Control of Modifications to Principal Project Agreements
N. CFP-CP-02 Opeestient h visten Gewi w and Concurrence witn Cogineering2

e Design Otta
* C?P-PR-03 Contract e c M.bcontract Keview Actionsm CPP-C/,-10 Cuality Assuraace Peview and Aoprovei of Enginee-ino Docmts

4.4 Procurement Coc rent Review CEP-CN-01 Processir; c' Ccastructier Cata Sutritted by the Corstructer
CRP-EN-C2 Frocess191 Frincical Cest n Docurents
C2P-: -M rrecesstnq tr w e.rine Cyrces

(W-E'i-05 Conf f euration Cen'.rol Peard Actions
CFP-PR-03 Centract ced Suttentract F.csiru Atticas
CFP-GA-ll Cuality Asst.rance Feview cf Frecure*ert Cecurects

4.5 Evaluation and Selection of
Procurecent Sources CcP.re-03 Cor,trect and Sattentract Pcvicw tcticns

QL'ALITY ASS'JRA*.CE PROGu'i I .0 x SE:s;.s . ;;:.Irt .:s o MT F 2-2
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REQUIREMENT OF |
ROT F 2-2 twPLEMENT!MG DOCU"ENT RE" ARKS

SECTIC1 INSTR:!Cil0%S
NUMBER TITLE 000, t:0. TITtE RE F . DCC. . E TC .

4.6 Control of Configuratton
'4.6.1 Contract Change Control CRP-CN-02 Processing of Field Change Requests

CRP.EN-04 Prccessing Engineering Changes
CRP-EN-05 Configuration Control Board Actions
CRP-0C-01~ Control of Podifications to Principal Project Agreements

[ CRP-PR-03 Contract and Subcontract Review Actions
- 4.6.2 ' As-Built verification CRP-CN-04 Construction Testing and Toroc,ver
G- CRP-QA-02 Activity Planning
[ CRP-QA-13 Parfomance at Project $urveillance

CRP-QA-16 Inspection. Enamination and Test

4.7 Measuring and Test Equipeent
Calfbration and Control CRP-QA-l? Measuring and Test Equipment Calibration and Control

4.8 Source surveillance and
Inspection CRP-QA-02 Activity Planning

CRP-QA 13 Performance of Project Surveillav.ce
CRP-QA-14 Processing of Responses to Nxlear Regulatory Comission

lespection Reports and Their Follow-L'p During Design and
Construction

CRP.QA-15 Arranging for Nuclear Regulatory Cornission Inspections
CRP-QA-16 Inspection. Examination and Test

QUALITY ASSURANCE PROGRAM INDEI VER$US REQUIREMENTS OF ROT F 2-2
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Figure 17A-12 (Cont'd.). Owner Quality Assurance Program Index
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REQu!RD4EMT OF
RDT F 2-2 IMPtD4ENTING 00CtMENT RD4 ARKS

SECTION l'v5TRUCT10M5

_ NUMBER TITt! 00C. NO. TITLE .atr. 00C.. tit.

4.9 Receiving Inspection

4.9.1 Planning and Inspection CRP-0A-02 Activity Planning
CRP-Q A-16 Inspection, tramination and Test

4.9.2 Documentation CRP-AA-04 Incoming Mail
CRP-AA-14 Controlled Mcwents
CRP-CM-01 Processing of Construction Data Submitted by the

Constructor
CRP-CM-02 Processing of Field Change Requests

w CRP-CN-04 Construction Testing and Turnover
N CRP-EN-02 Processing Principal Design Documents
Y CRP-OP-02 Operations Division Review anJ Concurrence with
c) Engineering Design Data
m CRP-OP-03 Operations Diviston Review and Concurrence with
7 Licensing Data

CRP-PR-03 Contract and Subcontract Peview Actions
CRP-QA-10 Quality Assurance Review and Approval of Engineering

Documents
CRP-QA-11 Quality Assurance Review of Procurement Docenents
CRP-QA-12 Review of Contractor Quality Assurance Plans and

Procedures

CRP. :*4-il 3, g; ,y ,j
4*Quirino Irnlect Office Aporn,a1

4.9.3 01sposttion of Received Delegated
items

c.10 Control of Wonconforwing
items CRP-QA-03 Control of Nonconformances

Delegated
4.11 Control of Received items See Section 8
4.12 Quality Audits

colegated
5. Manufacturing. Fabrication

y w@ and Assedlyc-
e n>

R QuAtlTT AS$uRANCE PR0 CRAM INoCx vtR5us RtQulRDitNTS Or Rei F 2-2-

g-
co u

FIGURE 17A-12 (Cont' d.) . 0WNER QUALITY ASSURANCE PROGRAM INDEX"
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L) )

REQUIREMENT OF IM'LEPENTING 00CLEENT REMARKS
10 CFR 50 APPEN0!X 8

CRITERION TITLE DCC. No. TITLE INSTRUCT!0%s
REF. 00C. . ETC.

! Organization Quality Assurance Program Descriptio's
Quality Assurance Charter

CRP-OR-02 Organf ration Plan and Functional Statements

CRP-QA-24 Personrel Indoctrination
CRP-QA-25 Administration o' Personnel Certiff cation and Records
CRP QA-26 Personnel Certification

[ !! Program Quality Assurance Program Description

[ Quality Assbrance Charter

$ CRP-AA-01 Manacerent Procedures

CRP-AA-06 centralized Action correspondence control system
CRP-AA-07 Pecorts Coetrol Program

CRF-AA-11 Control of Project Of fice Procedures Manual
LAP-AA-14 Controlled Documents
CRP-0C-01 Control of Modifications to Principal Project Agre*ments

CRP-EM-09 Freparatton and Maintenance of the Project level 1 Schedule
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ATTACHMENT 1

OUALITY ASSURANCE
PROCEDURE DESCRIPTIONS

Managea nt Procedures (CRP-AA-01)

This procedure defines the responsibilities and actions for the preparation,
review, approval, distribution and revision of CRBRP Project Of fice
procedures. This procedure establishes the framewcrk for the dissemination of
basic policles, information and procedural practices.

t

Filing Procedure for Official Project Files (CRP- AA-02)

This procedure defines the actions and responsibilities for establishing a
Project Of f ice-wide f ile identi f ication, collection, maintenance and retrieval
sy stem. The procedure detalIs the particulars for handling and fI|ing alI
official Project documents.

Preparation of Correspondence (CRP-AA-031

This procedure describes the approved format for the preparation and handling
of Project Office correspondence.

O
Incoming Mail (CRP-AA-04)

This procedure defines the actions and responsibliities for receipt and
control of mail incoming to the Project Office. The procedure also describes
the measures to be ef f ected for preparation, distribution and maintenance of
controlied documents.

Cegtralized Action Corresoondence Control System (CRP-AA-06)

This procedure covers the establishment of action correspondence
identification and control and the access of action correspondence status
information.

Reoorts Control Procram (CRP-AA-07)

This procedure defines the actions and responsibilities for the evaluation of
the usefulness of inter-Project Office reports. The procedure also describes
the process for approval of new reports and establishes a Project Office
Reports Directory.

Control of Project Office Procedurgs_ Manual (CRP-AA-11) ,

This procedure defines the actions and responsibilities for. the preparation,
maintenance, and control of the Project Office Procedures Manual which
contains copies of ali Project Of fice Procedures including those for quality

[,) assurance activities.
NJ
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Controlled Documents (CRP-AA-14)

This procedure defines the responsibilities and actions of Project Office
Divisions for controlled documents generated by Project participants.

Processing of Construction Data Submitted by the Constructor (CRP-CN-01)

This procedure defines the actions and responsibilitle; associated with
internal review and/or approval of data submitted by the Lonstructor.

Processing of Field Change Recuests (CRP-CN-0 H

This procedure defines the actions and responsibilities for control of field
change notices for the construction base line. The procedure also describes
the Project Office review process and coordina11on for approvals.

Construction Testing and Turnover (CRP-CN-04)

This procedure defines the actions and responsibilities of the Project Office
to ef f ect an orderly transf er of custoay from the constructor to the operator
for pre-operational and start-up activities.

Changes in Project Scope cr Major Deviations from The Reference Design
(CRP-DR-O H

This procedure defines the actions and responsibilities for the identification
of major changes in scope or deviations from reference design. The procedure
also descrites the process whereby the Project Steering Committee passes such
information to the Board of Directors of the Project Management Corporation.

Orcanization Plan and Functional Statements (CRP-DR-O H

This procedure defines the actions and responsibilities for maintenance of
functional statements for Project Of fice organization elements, delegations of
authority and organization charts. The procedure also describes the process
for securing apprw al for proposed changes.

Design Control ( CRP-EN-01 )

This procedure defines the actions and responsibilites necessary to provide
for a planned, disciplined approach to CRBRP Project Of fice control of design
data.

Processing Princloal Design Documents (CRP-EN-02)

This procedure defines the actions and responsibilities for conduct of
internal reviews, reconciliation of comments and final action on Data Type 1
documents. This procedure also covers the internal review of Data Type 2, 3
and 4 documents submitted for information.

O
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Design Reviews (CRP-EN-031

This procedure defines the actions and responsibilities associated with the
Project Of fice monitcring of f ormal design reviews conducted by the design
contractor. This procedure also describes the documentation of design review
activity by the Project Office.

Processing Engineering Changes (CRP-EN-04)

This procedure defines the actions and responsibilities for review and
approval of Class 1 Engineering Change Proposals (ECP) through the mechanics
of a Cont iguration Control Board (CG).

Configuration Control Boacd Actions (CRP-EN-05)

This procedure defines the actions and responsibilities of the Configuration
Control Board in handling and disposing of Engineering Change Proposals (ECP).

Development Program Technica! Management (CRP-EN-Ofil

This procedure defines the actions and responsibilities for managing and
coordinating the CRBRP contributing and applied base development programs.
The procedure also describes the process of Project Office approval of
Development Activity Descriptions (DADS) and Development Requirement
Specif Ications (DRS).

Technical Control of CRBRP Test Programs (CRP-EN-07)

This procedure defines the actions and responsibilities for planning and
performing preoperational, start-up, surveillance and inservice inspection
testing of CRBRP systems and components. The procedure also describes the
necessary documentation requirements.

Preparation and Maintenance of the Project Level 1 Schedule (CRP-EN-09)

This procedure defines the actions and responsibilitles for preparing and
maintaining the Level 1 schedule. The procedure also describes the processes
for monitoring, controlling, and documenting progress and changes.

Design Document Control (CRP-EN-10)

.This procedure defines the actions and responsibilities for control of
principal design documents to assure use of current, approved design
information. The procedure also describes the handling system for other
reference design and guidance documents.

Review. Aoproval and issuance of Construction Documentation Reauiring Protect
Office Acoroval (CRP-EN-11)

This procedure defines the actions and responsibilities for the review,n

( ) approval and issuance of baselined construction documentation.
v
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Control of Modificatisns to Principal Project Agreements (CRP-0C-01)

This procedure defines the actions and responsiblities for the administration
of the four party agreunents. The procedure specif ically addresses the
process of change control.

Opsrations Division Review and Concurrence with Engineering Design Dah
LCFf-0P-021

This procedure def ines the actions and responsibilities for the review and
concurrence for engineering data by the Project Office Operations Division.
The procedure also describes the method used by the Operations Division for
securing TVA Operations review and comments.

Ergparation and Maintenance of the CRBRP Project Level 0 Schedule (CRP-PC-02)

This procedure defines the actions and responsibilities for preparation,
review, approval and maintenance of the Project Level 0 Schedule.

CRBRP Project Monthly Progress Report (CRP-PC_QJ1

This procedure defines the actions and responsibilities for the preparation,
review, approval and distribution of the Project Monthly Progress Report.

Preparation and Maintenance of the Work Breakdown Structures (WBS) ( CRP-PC-05 )

This procedure det ines the actions and responsibilitles for preparation and
maintenance of the Project Work Breakdown Structure (PWBS); the review and
integration of contractor extension of structures (CWBS) as welI as the WBS
Dictionary.

Revision to the CRBRP Pro fect Manacement PoIIcles and Reauirements (CRP-PC-06)

This procedure def ines the actions and responsibilities for the preparation
and maintenance of ali sections of the Management Policies and Requirements
Manual. The procedure also describes the actions for coordination, review and
approval of anendments thereto.

Contract and Subcontract Review Actions (CRP-PR-03)

This procedure establishes the framework for Project Office implementation of
required DOE procurement regulations.

Preoaration of Amendments to and Maintenance of the PSAR and ER (CRP-PS-01)

This procedure defines the actions and responsibilities for preparation of
periodic amendments to both the PSAR and ER. The procedure also details the
actions for coordination, review and approval of PSAR or ER documentation
forwarded to NRC.

O
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Preoaration of Resoonses to Nu' clear Reculatory Commission Ouestions
( CRP-PS-02 )

This procedure defines the actions and responsiblities for review,
coordination and preparation of Project Of fice responses to NRC questions on
the PSAR. This procedure provides detailed guidance for the technical
response and priority of action.

Preoaration and Aoproval of Resoonses to Reauest for Licensing and Safety
I n f ormat ion ( CRP-PS-03)

This procedure defines the actions and responsibilities for evaluating
requests f or l icensing and/or saf ety information. The procedure also details
the steps for preparation, review and approval of responses prepared for NRC
or other agencies formally requesting information.

Maintenance of Consistency Between the PSAR and the Profect Baseline
Documentation (CRP-PS-05)

This procedure defines the actions and responsibilities f or the correction of
inconsistencies in the PSAR with all Project baseline documentation and other
errors in the PSAR.

Distribution. Evaluation. and Preoaration of Resoonses to NRC's Office of
'"} inspection. and Enforcement Bulletins. Circulars. and Notices (CRP-PS-06)

U
This procedure def ines the actions and responsibilities for the review,
coordination and preparation of Project Of fice responses to bulletins,
circulars, or notices issued by the NRC.

Quality Assurance Program Management Review Meetinas (CRP-0A-01)-

This procedure defines the responsibilities and actions for planning,
| scheduling, conducting and the reporting of results of the quarterly

Project-wide quality assurance program management review meetings.

Activity Plannina_ ( CRP-0A-02 )

This procedure defines the responsibilities ~and actions for the preparation of
plans for the conduct of discrete quality assurance activities. . The review of
these activities in accordance with an activity plan is a part of the overall
method for achieving quality.

Control of Nonconformances (CRP-0A-011

This procedure defines the responsibilities and actions for the handling of
nonconformances reported for itens and services 'provided on the CRBRP Project.
The procedure provides for the clearing or disposition of nonconf ormances
observed.

/ i
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Corr 3ctive Action Requests (CRP-0A-04)

This procedure detines the responsibilities and mechanics for initiating
actions to correc1 improper work or conditions observed during the normal
course of quality assuranco activities.

Processing of Unusual Occurrence Reports (CRP-0A-05)

This procedure def ines the responsibilities for evaluation of all Project
related unusual occurrence reports. The procedure also details the actions of
the Project Of fice Quality Assurance Division in terms of disposition.

Nonconformance. Unusual Occurrence and Corrective Action Analysis (CRP-0A-06)

This procedure def ines the responsibilities for analysis of selected
nonconf ormances, unusual occurrences, or corrective action reports f or
adequacy of corrective action proposed or taken. This procedure also details
the processes for internal handling of these reports.

Qual Itv Records (CRP-0A-07)

This procedure defines the actions and responsibilities for establishing,
implementing, operating and maintaining a Project Of fice Quality Records
Center. The procedure also detail s the criteria for selection of data
documents for cuality records retention.

Quality Assurance Program Progress and Status Review and Reporting (CRP-0A-08)

This procedure def ines the responsibilities and actions for the review of the
overall Quality Assurance Program on a monthly and semi-annual basis. These
reviews result in the preparation of comprehensive progran status reports for
the Project Director's information and action as appropriate.

Qual itv Trend Analysis (CRP-0A-09)

This procedure defines the responsibilities for continuous monitoring of
product and programmatic data to discern and identify quality trends. The
procedure also outlines the process for ir.itiating corrective action.

Quality Assurance Review and Aoproval of Engineering Documents (CRP-0A-10)

This procedure defines the responsibilities for review of engineering
specifications, descriptions, drawings and change proposal s f or adequacy in
terms of quality assurance requirements. The procedure also details the
process of documenting the review f ndings.

Quality Assurance Review of Procurement Documents (CRP-0A-11)

This procedere defines the responsibilities for review of procurement
documents for acequacy as related to quality assurance requirements. The

! procecure also details the process of documenting the review findings.
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v
Review of Contractor Ouality Assurance Plans and Procedures (CRP-0A-12)

This procedure defines the responsibilities for review of CRBRP participant
quality assurance plans and procedures to determine their adequacy. The
acceptance / approval process is also described.

Performance of Pro ject Surveillance (CRP-0A-131

This procedure def ines the responsibilities for the planning, conduct and
reporting of surveillance activities perf ormed by the CRBRP Quality Assurance
Division.

Processina of'Resoonses to Nuclear Reculatorv Commission Insoection Reoorts
and Their follow-uo During Design and Construction (CRP-0A-14)

This procedure defines the responsibilities and actions for the review of NRC
Inspection reports by the 09BRP Project Office. The procedure also details
the actions for preparation and coordination of the formal CRBRP Project
Of f ice response to NRC.

Arranging for Nuclear Regulatory Commission _lnsoections (CRP-0A-151

This procedure defines the responsibilities for ir.ternal handling of
notification of NRC inspections that are to be conducted. The procedure also

[~'\ describes the communication links and coordination channels for the necessary
b arrangements.

Inspection. Examination and Test (CRP-0A-L61

This procedure defines the responsibilities for the preparation for and
perf ormance of quality assurance inspections, examinations and tests during
design development, procurement, construction, installation, start-up,
operation, maintenance and modification of the CRBRP.

Measuring and Test Eautoment Calibration and Control (CRP-0A-17)

This procedure defines the actions and responsibilities for the verification
that measuring and test equipment used for inspections, examinations or tests
are properly calibrated and controlled.

Administration of Ouality Assurance Auditing (CRP-0A-19)

This procedure defines the responsibilities for the planning, conduct,
follow-up, and close out of qual ity. assurance audits. This procedure also
details the actions of the quality assurance audit administrator in
documenting the audit activity.

/~N
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Engparation. Maintenance and Control of Project Office Oualltv Assurance

Manual ( CRP-0A-201

This procedure def ines the actions and responsibilities for the preparation,
distribu tion, maintenance and control of the CRBRP Qual ity Assurance Manual .

Conduct of Product Audits (CRP-0A-12)

This procedure def ines the actions and responsibilities for the preparation,
conduct and reporting of qual ity assurance product audits by the CRBRP Project
Office. The procedure also details the actions of the audit team in the

course of the eval uation of selected products f or conf ormance to qual ity
req u i rements.

Conduct of Programmatic Audits (CRP-0A-22)

This procedure def ines the responsibil ities for the preparation, conduct, and
reporting of quality assurance programm.. tic audits by the CRBRP Project
Office. The procedure details the actions of the audit team in the course of
the evaluation of programmatic practices for conformance to the quality
assurance program requirements.

Preoaration. Transfer. and Recelot of Project Office Ouality Records
( CRP-0A-23 )

This procedure defines the responsibilites and actions to be executed by each |hProject Of f ice Division in the preparation and transf er of quality records to
the Quality Assurance Division. The procedure also defines the
responsibilities and action of the Quality Assurance Division when receiving
quality records f rom other Project Of f ice Divisions.

Personnel Indoctrination (CRP-0A-24)

This procedure defines the responsibilities and actions to provide for the
indoctrination of CRBRP Project Of fice personnel who carry out duties
af f ecting the qual ity of the CRBRP Plant structures, systems and components.

Administration of Personnel Certification and Records (CRP-0A-25)

This procedure defines the responsibilities for the administration of
certification for Quality Assurance Division personnel directly involved in
quality verif ication, testing, evaluation or audit activit;es. The procedure
also details the actions associated with collection and maintenance of records
pertaining to personnel certification.

Personnel Certi f ication (CRP-0A-26)

This procedure defines the responsibilities and actions necessary to identify
areas of quality importance f or which qualifications or certification of
personnel are required. The procedure also details the actions for verifying
the adequacy of personnel training programs, certi f ication practices and
documentation.
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Unusual Occurrence Reocrt Preoaration and Discosition (CRP-0A-27) ,

This procedure def ines the actions and responsibilities for documenting an4

unusual occurrence observed during the course of work on the CRBRP Project.
The procedure also details the action related to evaluation of the
reportability of the event to NRC as well as the channels for reporting to
NRC.
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O CL INW RIVER BREEDER REACTOR PL ANT
A DESCRIPTION OF THE BAL ANCE OF PL ANT SUPPLY

QUAL ITY ASSURANCE PROGRAM

0.0 INTRODUCT10N
j

0.1 SCOPE

Contalned herein is a description of the plans and actions by the Balance of
Plant (80P) Supplier to assure the quality of certain Balance of Plant (BOP)
components of the Clinch River Breeder Reactor Plant (CRBRP). These plans and
actions constitute the 80P Supply Quality Assurance Program.

0.2 BASIS

'

The BOP, as def inea by the Project, includes all other structures, systems and
components of the plant not included in the Nuclear Steam Supply System
(NSSS). The CRBRP Owner has assigned to other selected major Project
participants the action of supplying a large portion of the BOP equipment.
The CRBRP Owner has chosen to supply certain BOP equipment items and has
elected to retain the execution responsibility for this major portion of the
overal l Project Qual ity Assurance Program. Assisting the Owner in this
endeavor by perf orming supplier surveillance f unctions is Burns and Roe, Inc.
This combined organization is then oesignated the BOP Supplier with overall
responsibility for execution of the BOP supply quality assurance program.'

(
| The BOP Supply program requires that all technical documents for procurement

of equipment, such as drawings, specif ications and statements of requirements
are provided by other participants and are not covered by program activity.

0.3 APPL ICATION

The BOP Supply Quality Assurance Program described herein is applicable to the
procurement, and through contract to the manuf acturing, of certain CRBRP BOP
eq u i pment. It includes application to all B0P supplier f urnished structures,
systems, components and consumables (including those in Section 3.2, 7.1, and

| 9.13) whose satisf actory perf ormance is required .f or the plant to operate
reliably, saf ely, and with minimum environmental ef fects.

1.0 ORGANIZATION

The Owner is RESPONSIBLE for the overall management of the Project to design,
build, and operate the Clinch River Breeder Reactor Plant (CRBRP). The

execution of thIs responsibiiity rests wIth the CRBRP Project Director, who is
the principal operations of f icer of the Owner. Part of this responsibility is
to assure that the BOP equipment is designed, manuf actured and supplled in a
way that will provide adequate confidence that it will perform satisf actorily
in service. To provide assurance that the BOP equipment will be supplied so
as to perf orm satisf actorily in service, a quality ' assurance program has been
established which shall have the objectives, carry out the f unctions, and be

[] executed as hereafter defined.
\,3
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1.1 FUNCTION

The f unctions that the Owner will perf orm in orcer to achieve the stated
objectives of the BOP Supply Quality Assurance Program and f ul fill its
ul timate responsibil ity for program adequacy are as f ollows:

1. The development of an overal l ol ar f or the conduct of the BOP supply
portion of the quality assurance program.

2. The development of working plans and procedures to conduct the BOP
supply program activities.

3. Organizing and staf fing apr.copriately to implement the BOP supply
program activities.

4. The securing and directing of support services in the conduct of 80P
supply program activities.

5. The surveillance over and management coordination of supplier
program s.

6. The development and execution of program actiyIties to meet necessary
req u i renents.

1.2 RESPONSIBILITY AND AUTHORITY

The Manager of Quality Assurance for B0P supply is also the Chief, Quality
Assurance, serving as head of the CRBRP Project Of fice Quality Assurance
Division and reporting directly to the Projct Director. The Chief, Quality

Assurance, acting as the Manager of Quality Assurance for BOP Supply, is
assigned responsibility for devising, recommending establishment of and
assuring ef f ective execution of the BOP Supply Quality Assurance Program and
assuring that organization, systems, and procedures at all levels will provide
assurance that the 80P equipment is designed in accordance with requirements,
is manufactured as designed, and is supplied in accordance with plans and
procedures. In carrying out these responsibilities, he is authorized by the
Project Director to:

1. Identify quality problans.

2. Initiate, recommend, or provide solutions through designated
channeIs.

3. Verify implementation of solutions.

4. Determine the adequacy of facilities and equipment provided to carry
out the approved procedures and instructions.

5. Authorize issuance of special Instructions necessary to execute his
responsibilities.

O
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6. Notify responsible management of unsatisf actory work or unapproved
practices and if necessary, stop unsatisfactory work or control -

f urther processing, del ivery, or instal lation of nonconf orming
materi al s.

The Chief, Quality Assurance, is responsible for organizing the BOP Supply
Quality Assurance Program and for recommending assignments of execution
responsibility as appropriate. He shall secure charter statements from other
participants describing responsibilities and functions. He shall assure that
in each participant's organization the person responsible for quality
assurance is granted sufficient authority to identify quality problems; to
initiete, recommend, or provide solutions; and to verify impiementation of
solutions.

The Chief, Quality Assurance, is responsible for recommending to the Director
the organization and staf fing plan f or the Quality Assurance Division and f or
managing the Quality Assurance Division in the Conduct of those qualify-
assurance practices necessary to f ul fill the BOP Supplier responsibilities for
establishment and adequacy of the program. In this position, he is
responsible for the technical and administrative control (except for DOE
personnel) of individuals and groups of the Quality Assurance Division,
perf orming quality assurance activities, or verif ying adequacy in the
perf ormance of quality assurance related activities of .others. The Project
Director retains administrative control of DOE personnel.

The AE Project Quality Assurance Manager receives technical direction and
functional assignment f or the BOP Supply Program from the Chief, Qualityu
Assurance. Administratively he and his quality assurance groups are a part of
the AE Internal organization where he reports directly to the Vice President,
Breeder Reactor Division for quality assurance program ef f ectiveness.

The supplier surveillance f unction is delegated to the AE Project Quality
Assurance Section. The mant,f acturing f unctions of the program are or will be
delegated to the various equipment suppliers by contract. All organizations-
who are delegated quality assurance f unctions, report their progress and
quality achievm ent to the Chief, Quality Assurance.

1.3 ORGANIZATIONAL ARRANGEMENTS

Th s BOP Supplier organization f or perf orming quality-related activities -
associated with management, planning and procurement of BOP equipment and the
responsibility -and authority of key positions within that crganization are
described in Section 1.4 of the PSAR for the Owner and the- AE respectively.
The BOP Suppiler organization is shown in Figures 1.4-1 and 1.4-7 ' for the
Owner and the AE respectively. The organization that will manage and
implanent the BOP Supply Quality Assurance _ Program is shown in Figure 17C-1
and is a combination of the Owner Quality Assurance Division and the
Architect-Engi neer Qual ity Assurance Section.' The organization f unctions as a
joint unit with support being drawn f rcan the Owner's and the AE's quality

~

assurance staff. The organization is subdivided along f unctional lines to
perf orm quality verif ication, quality engineering, quality improvement, and AE

O quality assurance support. A description of ' the organizational- elunents are
V contained in subsequent paragraphs.
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1.3.1 Ouality Verification Branch

The f unction of the Quality Verif ication Branch is to maintain surveillance
over quality assurance programs of majcr contractors and suppliers and to
verify quality achievement in their work perf ormance. This branch is also

responsible f or monitoring the BOP Supply quality assurance program to verify
overal l adequacy.

The Quality Verif ication Branch perf orms three types of activities as
described bel ow:

1.3.1.1 Surveillance

Monitoring of the Project work and the quality assurance practices on that
work is perf ormed through this activity, it also serves as the focal point

f or interf ace coordination between the BOP Supply quality assurance program
and the quality assurance programs of other majcr contractors and suppliers.

The initiation, coordination and f ollow-up of inspections, reviews and audits
is perf ormed through this activity including making arrangements for support
needed f rom other sections in the quality assurance organization, other staf f
organizations or through service contracts.

1.3.1.2 inspection

inspection of items and services or the monitoring of Inspections of others is -

accompl i shed through thi s activ ity. This activity includes perf ormance of
selected civil, structural, electrical, mechanical and welding inspections,
and nondestructive examinations.

1.3.1.3 Audit

Planning and conducting internal audits of the BOP Supplier's Quality
Assurance Program and external audits of contractor Quality Assurance Programs
is accomplished through this activity. Scheduled and unscheduled audits are
conducted.

1.3.2 Ouality Engineering Branch

The f unction of the Quality Engineering Branch is to plan, def ine, and develop
the BOP Supply Quality Assurance Program. This f unction includes the prepara-

tion and maintenance of B0P Supply Quality Assurance Program requirements and
internal pl ans and procedures. This branch has lead responsibility for

quality assurance program progress and status reporting and quality records
managanent.

The Quality Engineering Branch perf orms three types of activities as described
bel ow :

1.3.2.1 Planning

Planning, program development and documentation of plans and procedures f or
,

conduct of the BOP Supplier Quality Assurance Program are perf ormed through'

th i s activ ity. A knowledge of industry and government standards and their
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(O) appropriate application to the Project Quality Assurance Program is
maintained.

1.3.2.2 Reoorts

Establishment of quality assurance program progress and status reporting
requirements and their maintenance is accomplished through this ac11vity.
Collection of reports from branches of the Quality Assurance Division and the
preparation of the B0P Supplier Quality Assurance Program progress and status
report is al so perf ormed.

1.3.2.3 Records

Collection, filing, and maintaining of quality records is perf ormed through
th i s acti v i ty. The receiving, routing, and f iling of working documentation
within the Quality Assurance Division is perf ormed. The qual i ty records f il e
will ultimately include records of the BOP Supply activities.

1.3.3 Ouality improvement Branch

The f unction of the Quality improvement Branch is to provice needed training
and Indoctrination f or the Quality Assurance Division and to coordinate
Project Of f ice and Project-wide training and indoctrination activities f or
personnel perf orming quality-related f unctions. This branch is also
responsible for conducting activities wherein nonconf ormances are disposi-

(''N tioned_ and corrections to program def iciencies are mode to improve quality(_,) achievements and to prevent > .currence of nonconf orming conditions.

The Quality improvement Br6nch perf orms three types of activities as described
below:

1.3.3.1 Nonconformance Control

Collecting unusual or. abnormal occurrence reports, deviation requests, noncon-
f ormance reports, and def iciency citations, and processing them to satisf ac-
tory resolution is accomplished through this activity. A l og of qual i ty
problems identified Internally and by Equipment Suppliers will be maintained
and corrective actions recorded.

1.3.3.2 Trend Analvsis

Activ ities, reports (audit, inspection, progress, status) and records are
monitored through this activity to identify quality problems. Probl ems
identified are studied and actions recommended to correct the problem, to
improve quality achievements, and to improve the ef ficiency and ef f ectiveness
of quality assurance activities.

1.3.3.3 Training and Indoctrination, .

!

Actions to acquaint Project personnel with the various elements of the quality
assurance program and the practices needed to assure quality achievement are

{'')}
perf ormed through this activity. The certification of quality assurance

%
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personnel qualif ications is perf ormed and personnel trai ni ng and indoctrina-
tion within the Project Of fice and within other Project participant organiza-
tions is monitorea to assure that:

1. Personnel perf orming activities af fecting quality are appropriately
| trained in the principles, techniques and requirments of the

activity bei ng perf ormed.

2. Personnel perf orming activities af fecting quality are instructed as
to purpose, scope, and implementation of governing manual s, policies,
and procedures.

3. Appropriate training procedures are established.

4. Indoctrination and training activities are conducted in an effective
manner and achieve desired results.

5. For f ormal training and qualif ication programs, documentation
includes the objective, content of the program, attendees, and date
of attendance.

6. Proficiency evaluations or tests as appropriate are given to those
personnel perf orming and verifying activities af f ecting quality, and
acceptance criteria are developed to determine if individuals are
properly trained and qualified.

7. Certif icate of qualif ications clearly delineates (a) the specific
functions personnel are qualif ied to perf orm and (b) the criteria
used to qualify personnel in each function.

8. Prof iciency of personnel perf orming and verif ying activities af f ect-
Ing quality is maintained through work experience or retraining with
continued prof iciency veri f ied through reeval uation, reexamining,
and/or recertifying in accordance wIth Project requirments.

1.3.4 AE Project Ouality Assurance Sect _inD

The AE Project Quality Assurance Manager is head of this section which f unc-
tions in conjunction with and provides services for the other three branches.

1.3.4.1 jatsrnal_AuAlt_and Survs1LLancs

This group perf orms periodic Internal audits and surveillances according to
the BOP Supply Program plans and schedules and special audits when directed by
higher authority. This group provides audit and surveillance services for and
f unctionally perf orms with the audit group of tae Quality Verif ication Branch.

| 1.3.4.2 Ouality Assurance Engineerina

This group reviews all applicable documents and provides quality assurance
it.put f or BOP Supply technical documents, procurment documents, change
requests, etc., to assure proper incorporation of quality assurance require-
ments. This group perf orms f unctionally with the planning f unction of the
Quality Engineering Branch.
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| 1.3.4.3 Vendor Audit and Surveillance Group$

This group schedules, plans and implements vendor pre-award and in-process
fabrication surveys and audits. The services of quallfled AE engineers are
utilized whenever the scheduled audit or survey requires such capability. The
group has authority to stop unsatisf actory or unapproved practices through
contractual channels by virtue of the Chief, Quality Assurance for BOP Supply
charter. ThIs group provides survellIance services f or and perf orms f unc-
tionally with the surveillance f unction of the Quality Verif Ication Branch.

1.4 OUALIFICATION REOUIREMENTS FOR OUALITY ASSURANCE MANAGEMENT
POSITIONS

1.4.1 OUALIF| CAT 10N REOUlREMENTS OF THE CHIEF. OUALlTY ASSURANCE

The individual assigned to retain overall authority and responsibility for the
BOP Supplier Quality Assurance Program is the Chief, Quality Assurance who is
the f unctional manager for directing and managing the Quality Assurance
Program. He will have the following qualifications:

Education - He shall be a graduate of a four-year accredited engineering
or science college or university.

Experience -

Os
General - He shali have a minimum of 10 years experience in quality
assurance or engineering, construction, or operation activities
associated with nuclear f acilities or equivalent heavy industry.

Specialtv - He shall possess a broad knowledge and understanding of
industry and government codes, standards, and regulations defining
quality assurance requirenents and practices.

He shall have a broad knowledge and understanding of quality
assurance methods and their application.

He shall have experience in planning, def ining and perf orming quality
assurance practices and the application of procedures.

Managerial - He shall be experienced in organizing, directing and
administering an overalI program of activity or a majcr portion of an
overall program having broad scope and application.

He shall have experience in the supervision of personnel and the
planning and management of other resources normally needed tc conduct
an extensive qual ity assurance program.

1.4.2 CHIEF. QUALITY VERIFICATION. 00ALITY ENGINEERING. AND OUALITY
_lMPROVEMENT

The Individuals assigned to manage Quality Verif ication, Quality Engineering
fi and Quality improvement activities will have the following qualifications:O
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Education - He shall be a graduate of a four year accredited science or
engineering college or university.

Exoerlence -

General - He shalI have a minimum of fIve years experience in quality
assurance or engineering, construction, or operation activities
associated with nuclear f acilities or equivalent heavy industry.

'

Specialty - He shall have a broad understanding and knowledge of
applicable industry and government codes, standards, and regulations
def ining quality assurance requirements and practices. He shal l have
experience in planning, def ining, and perf orming quality assurance
practices and the application of procedures to the area of work in
which he is responsible.

Managerial - He shall be experiencea in organizing, directing, admin-
istering an overa|| program of activity or a major portion of an
overall program having broad scope and application. He shal l have
experience in the supervision of personnel and be capable of direct-
Ing and coordinating the activities of the contractors to achieve
obj ecti v es.

| 1.4.3 OUALITY ASSURANCE MANAGER-AE SUPPORTED SERVICES

The individual responsible for management of the AE quality assurance support
services wil l have the f ollowing qualif ications:

Education - A BS degree in Engineering / Science or an equivalent
combination of education and experience is preferred.

Exoerlence -

General - He shall have a minimum of 10 years experience in quality
assurance or engineering associated with design, construction, or
operation of a nuciear plant f aciiity power generating station or
heavy industry.

Soecialtv - He shall possess a broad knowledge and understanding on
industry and government codes, stendards and regulations which def Ine
quality assurance progran reaut rements and practices. He shall have
a broad knowledge and understanding of quality assurance methods and
their application. He shall have experience in planning, def ining

| and implementing quality assurance practices and the application of
procedures.

Managerial - He shall have a minimum of eight years experience in the
supervision of personnel and the planning and management of other
resources needed to develop and operationally maintain a comprehen-
sive quality assurance program to satisfy contractually invoked j
requirements.

O
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|1.4.3.1 OUALITY ASSURANCE ENGINEERING GROUP - SUPERVISOR

The Individual responsible for supervising the AE quality assurance
engineering f unction will have the f ollowing qualif ications:

Education - He shall be a graduate of a f our-year accredi ted engineering
college or university.

| Experience -

General - He shall have a minimum of 7 years experience in quality
assurance or engineering associated with design, construction, or
operofion of a nuclear reactor plant f acility, power generating
station or heavy industry.

Soecialty - He shall possess knowledge and understanding of industry
and government codes, standards and regulations which def Ine quality
assurance requirements and practices. He shall be f amiliar with
methods of application of programmatic and special quality assurance
requirements in design and procurement documents. He shal I be
experienced in evaluating program plans, procedures and practices,
and subsequentiy verif yIng conf ormance.

Suoervisory - He shall be experienced in the supervision of technical
and administrative personnel engaged in quality assurance or
engineering activities.

u)
| 1.4.3.2 INTERNAL AUDIT AND SURVEIL'sANCE GROUP - SUPERVISOR

The individual responsible for staervising the AE quality assurance internal
auditing and surveillance f unction will have the following qualifications:

Education - He shall be a graduate of a f our year accredited college or
university, or be a high school graduate and have 10 years
experience in quality assurance / control in Ileu of a degree.

| Exoerlence -

General - He shalI have a minimum of 7 years experience .in quality
assurance or engineering associated with design, construction, or
operation of a nuclear reactor plant f acility, power generating
station or heavy industry.

Soecialty - He shall possess knowledge and understanding of industry4

1and government codes, standards and regulations which def ine quality
' assurance requirements and practices. He shal I be experienced com-

mensurate wIth the scope, compiexlty or spectal nature of -the activI- j
ties to be audited. He shall posress good communicative skills. I,

:
'

Suoer"Isory - He shall be experienced in the supervision of technical
personnel engaged in quality assurance auditing or surveillance
activities.

v
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1.4.3.3 YENDOR. AUDIT AND_S1)HYEILLANCE GROUP - SUPERVISDB

The individual responsible for supervising the AE vendor audit and survell-
lance function will have the following qualifications:

Education - He shall be a graduate of a four year accredited college or
university, or be a high school graduate and have 10 years
experience in quality assurance / control in lieu of a degree.

Experience -

General - He shall have a minimum of 7 years experience in quality
assurance engineering, inspection, supervision or testing associated
with design, construction, or operation of a nuciar reactor plant
facility, power generating station or heavy industry.

Specialty - He shall possess knowledge and understanding of industry
and government codes, standards and regulations which define quality
assurance requirements. He shall be experienced in establishing and
implementing programs, plans and practices for product inspection,
process surveillance, and auditing of vendor QA programs. He shall
have a broad knowledge and understanding of NDE, special processes
and equipment test methods, including evaluation of vendor
qualif ications and capabilities.

SupervisRfy - He shall be experienced in the supervision of technical
personnel engaged in inspection and test verification, vendor
surveillance or auditing activities.

1.5 COMMUNICATIONS

The free, continuous, unimpeded flow of communications both horizontally and
vertically within organizations as well as between the BOP Supplier's
organization and other program participants is essential. The free exchange
of information between responsible individuals is also essential to the
expedient execution of quality assurance activities.

To promote the flow of communications and to assure positive attention to
quality problems within the BOP Suppller's Quality Assurance Program, Iines of
communication between the Owner and the organization of the major contractors
and suppliers are established as follows:

1. Communications by Senior Management - These communications will deal
with such matters as major changes in the scope of the Quality
Assurance Program. Communications will be addressed to the
responsible senior management official with copies to the major
program participants cognizant of the subject.

2. Communications by 0uality Assurance Program Management - These
communications will provide a direct formal or informal exchange of
information between the Owner's Quality Assurance Chief and other
quality assurance managers of organizations which have a direct
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I ') interface with the Owner. Copies of such communications will be
''' distributed to other major program participants cognizant of the

subject.

3. Communications by Individuals - These communications are encouraged
to identify and evaluate quality problems and to initiate, recommend,
or provide solutions. Communications may also be formal or informal,
the choice of which shall depend on the significance of the subject
and the judgment of the individuals involved.

Communication of quality assurance related activities within the BOP
Supplier's organization is pronoted through:

1. Periodic staf f meetings of the Project Director.

2. Monthly quality assurance program progress and status reporting.

Communication of quality assurance related activities between the BOP
Supplier's organization and the Organizations of the major contractors and
suppliers is promoted through:

1. Quarterly management review meetings attended by the Quality
Assurance Managers of the major program participants.

2. Monthly quality assurance program progress and status reporting by

f''} major contractors and suppliers.
v

2.0 OUALITY ASSURANCE PROGRAM

2.1 PROGRAM REOUIREMENTS

The requirements for the BOP Supplier Quality Assurance Program are contained
i n RDT F 2-2, 1973, with Amendments 1, 2, and 3, Quality Assurance Program
Requi rements. Execution of a program which meets these requirements will
comply with 10 CFR 50, Appendix B, Quality Assurance Criteria for Nuclear.
Power Plants and Fuel Reprocessing Plants. A description of the activities of
this program is contained herein and is presented to demonstrate how the 80P
Supplier is meeting the applicable criteria.

2.2 PROGRAM ELEMENTS

The elements of the BOP Supplier Quality Assurance Program which will be
executed by the BOP Supplier organization are those identified as " Program
Management" complimented by those for design and development, procurerent and
manuf acturing shown in Figure 17C-2. This 'Is the BOP Suppiler portion of the
program, and it will be executed in'accordance with plans, precedures and
management practices of the BOP Suppl ier. Figures 17C-3 and 17C-4 contain a.
matrix of the plans and procedures and indicates the program elements as
det ined in 10 CFR 50, Appendix B and RDT F 2-2 respectively, _ that will be
implemented in accordance with specific documents. A listing of these
procedures with a brief description of each is contained in Attachment 1.

I') These documents are contained in the manuals of procedures which i: ave been
\/ developed by the BOP Supplier organizations to implement the quality assurancem

policies, goals.and objectives described in this program description.
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2.3 PROGRAM IMPLEMENTATION

As described in Section 1.0, of this Appendix, the BOP Supplier's principal
operations of f icer is the Project Director of the CRBRP Project. The Director
has day-to-day management overv iew involvement in the B0P Supplier Quality
Assurance Program and the execution of the program.

Responsibil ity f or the execution of the BOP Supplier Program rests with the
BOP Supplier Quality Assurance Organization. Theref ore, the qual ity assurance
program management practices are perf ormed primarily by this Quality Assurance
Organization. Other units of the BOP Supplier participant organizations
provide assistance f or quality assurance purposes, in the execution of program
activities.

To determine program status and to eval uate program adequacy, the BOP Suppl ier
executes an overall program review practice in the f orm of a regular
management review of the quality assurance program to assess the adequacy of
its scope, impl ementation and ef f ectiveness. This review is perf ormed by the
BOP Supplier Quality Assurance organization using resources and inf ormation at
i ts di sposal .

The Project Director receives the results of these management reviews in the
f orm of regular monthly progress and status reports and other special reports
as appropriate. These reports outline the progress and status of quality
assurance activities, problems and nonconf ormances, quality trends and results
of audits. The Project Director reviews these reports and initiates whatever
management action is required to improve conditions and f urther implement the |
progran.

In addition to the Project Director's review and assessment of the quality
assurance program, an annual review and evaluation of the Project including
the quality assurance program, is perf ormed by a select canmittee appointed by
the Breeder Reactor Corporation (BRC). The program is also subject to
periodic review by the Project Steering Committee (PSC), either by itsel f or
by some other organization on an ad hoc basis as they may choose.

1

The delegation of execution responsibility for program elanents is accomplish- |
ed through contracts. These contracts will specify applicable requirements of |
10 CFR 50, Appendix B for contractor quality assurance programs.

The BCP Supplier has established a management procedures system in which sig-
nif icant plans and actions are documented including those af fecting quality.
This system provides a mechanism wherein the policies and objectives of the
Project and the Project Qual ity Assurance Progran are def ined, documented and
promulgated throughout the BOP Supplier organization. Within this system,
detail ed procedures f or mandatory actions have been prepared, approved, and
issued f or use as described in Section 5 of this Appendix. Each procedure is
issued by a directive signed by the Project Director or by the AE Vice-
President, Breeder Reactor Division requiring implementation. These proce-
dures def ine both the action to be perf ormed and the responsible person or

group f or perf orming the action. To provide positive identification and
control of required procedures f or quality assurance activities, manuals
containing these procedures have been assembled and issued and are closely
controlled by the BOP Supplier participating organizations. These manuals
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(%) each contain copies as appropriate of the Qual i ty Assurance Program impi ment-
f

'' ing documents listed in Figures 17C-3 and 17C-4, incl uding the program
description contained in this Appendix to Chapter 17 of the PSAR. A brief j

| synopsis of those procedures is contained in Attachment 1.

The Quality Assurance Manuals are controlled using a document control log
which shows the distribution of each copy by copy number including the
distribution of revisions. The Quality Engineering Branch of the Project
Of f ice Quality Assurance Division is responsible fo- this activ ity as well as
the revision and incorporation of changes to the manual defined and approved
by the Chief, Qual ity Assurance. The contents of the Quality Assurance
Manual, including the progrm description contained in Appendix C to Chapter
17 of the PSAR is reviewed annually as a minimum and is updated as required to
maintain it current.

In the execution of the progrm, should a disagrement arise f ran a dif f erence
of opinion between quality assurance personnel and other Project Office
personnel (engi neeri ng, procurment, construction, etc. ), the principal s
themselves try to work it out. Shoul d they f all to resolve the dif f erences,
the heads of the respective divisions are brief ed on the problem by the
principals and they attempt to resolve the dif f erences on thelr ievel. Should
they f all al so, the probi m is presented to the Project Director by the heads
of the divisions involved, and he arbitrates the matter and renders a
decision.

(~] Personnel of the Owner's organization who are assigned responsibility for
(j veriiyIng that contractcr perf ormance is in accordance wIth requirments are

selected and assigned to their area of responsiblity based upon experience,
education, and management's assessment of their perf ormance capabil ities.
They are observed f or perf ormance evaluation on a continuing basis by
appropriate management. On-going training and indoctrination programs are
conducted to f amiliarize personnel with technical objectives of the activity
being monitored, the requirments that it must meet, Tne practices and
procedures to be executed in verif y ing conf ormance to requirments, and the
documentation of resul ts.

3.0 DESIGN CONTROL

The responsibility for execution of design control practices relative to B0P
equipment manuf acturing wil l be delegated to equipment suppliers by contract.

Each equipment supplier that is assigned responsiblity for design is required
by contract to exercise design control practices in accordance with specif led
req u i rments. These practices include the following, as appropriate:

o Design Planning

o Design Def Inition and Control
1. Design Criteria
2. Codes, Standards and Practices
3. Engineering Studies and Analyses

( ) 4. Parts, Material s and Processes
'

5. Design Descriptions
6. Specifications, Drawings and instructions
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7. Identi f ication ,

8. Acceptance Criteria
9. Interf ace Control |

| 10. Engineering Holds
11. Calcul ations |

12. Computer Codes |

| o Document Review and Control
1. Document Reviews
2. Document Control
3. Engineering Drawing L ists
4. Drawing Checks

o Design Reviews
(Required design verif ication f or the level of design activity
accomplished is to be perf ormed prior to release f or procurement,
manuf acture, construction, or release to another organization for use
in other design activities. In all cases, the design verif ication is

to be completed prior to relying upon the component system or
structure to perf orm its f unction.)

o DeveIopment
(including provisions that prototype component or f eature testing is
perf ormed as early as possible prior to installation of plant
equipment cr prior to the point when the installation would become
i rrev ersi b l e. )

o Failure Reporting and Corrective Action

The required practices are to include the review of design drawings
and specif Ications by the Quality Assurance organization to assure
that the documents are prepared, reviewed, and approved in accordance
with Internal procedures and that the documents contain the necessary
quality assurance requirements such as inspection and test require-
ments, acceptance requirements, and the extent of documenting
inspection and test results.

The BOP Suppller monitors major suppllers' design control practices and
periodically audits their practices to specified requirments to assure proper
impimentation and adequacy of the practice.

|
4.0 PROCUREMENT DOCUMENT CONTRQL

The BOP Supplier has established and impimented a practice f or control of
procurement documents to assure that procurment f unctions are accomplished in

|
acccrdance wIth the applicabie codes, standards, drawings, and specifications.

| This practice is carried out under written procedures which provide for
coordination and impimentation of procurment planning cnd review of procure-
ment documents such as preprocurment plans and purchase orders, and changes
thereto by designated personnel to assure that these documents are complete
and correct.

O
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(Og Procurement documents are prepared by the AE and submitted to the Owner for
review and approval. Th i s practi ce w il l include the preparation of procure-
ment documents to contain the f ollowing:

o Scope of Work
o Technical Requirements
o Quality Assurance Program Requirments
o Right of Access
o Special Quality Assurance Requirenents
o Documentation Control
o Nonconf orraance Control
o Transfer of Requirements to Lower Tier Participants

This practice will also include:

o Procurement Document Revlew and Approval
o Document Control (Release, Distribution and Changes)

This practice al so provides:

1. That procurement documents require suppllers to have and implement a
documented qual ity asurance program f or purchased material s, equip-
ment, and services te an extent consistent wIth thelr importance to
safely and utility;

2. That the purchaser has evaluated the supplier bef ore the award of the
'

s purchase order or contract to assure that the supplier can meet the
procurement requirements; and

3. That procurement documents for spare or replacement items will be
subject to controls at least equivalent to those used f or the original
equipment.

An integral part of The document preparation process is the provision that the
originating engineer is required to prepare a list of documents required by
the procurement actions including the location of the technical specification
requesting the document, together with the reason f or the request. This
information serves as the input to a vendor document control program maintain-
ed by the AE Computer Department. This computerized file maintains a continu-
ous record of the status of all documentation requested f ran the vendor.

Whenever there are no code requirements involved, the vendor is directed to
send copies of all documents to the AE for collection and eventual forwardi ng
to the Owner. Whenever code requirements are involved, the vendor is directed
to comply with the code f or the accumulation of documents and the storage
period required by the code. At the completion of the specified code storage
period, the vendor is contractual ly directed to contact the Owner f or
instructions concerning the disposition of alI records. The general and
special conditions to each procurement action include contractual requirements
granting the procurement agency's right of access to vendor f acilities and
records f or source inspection or audit.

V
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When acquisition of spare or replacement parts is a separate procurement |
action f rom that involved in procurement of original equipment, the procure-
ment action is subjected to the same system of internal technical and quality
assurance review as the original component. Al l qual ity assurance requi re-
monts and acceptance criteria are of the same level as the original procure-
ment action.

When a plant procurement document is received by the BOP Supplier, it is
routed to the Assistant Di rector f or Procurement ( AD/PR) . The AD/PR coordi-
nates the BOP Supplier review in conjunction with the cognizant engineer. The
review is conducted thoroughly but as promptly as possible. To conduct
reviews and expedite approval of procurement documents, a checklist is used by
procurement document reviewers. These checkl ists are rather extensive and
include such check points as whether or not the procurement documents:

1. Identi f y the documentation (e.g. , drawings, specif ications,
procedures, inspection and f abrication plans, inspection and test
records, personnel and procedure qualif ications, and material,
chemical and physical test results) to be prepared, mai ntai ned, and
submitted as applicable to the purchaser f or review and approval.

2. ContcIn or ref erence the design basis technical requi rements
i ncl udi ng the applicable regul atory requirements, components and
material identi f ication requirements, draw ings, specif ications, codes
and industrial standards, test and inspection requirements, and
special process instructions f or such activities as welding, heat
treati ng, nondestructive testi ng, and cl eani ng.

3. Identify the applicable 10 CFR 50, Appendix B requirements which must
be complied with and described in the supplier's QA program.

4. Identi f y those records which shal l be retai ned, controlled, mai ntain-
ed, or delivered to the purchaser prior to use or installation of the
h ar dw are.

5. Contain the procuring agency's right of access to supplier's
facilities and records for source inspection and audit.

| 6. Provide f or spare or replacement parts of saf ety-related structure,
systems, and components are subject to controls at lease equivalent
to those used f or the original equipment.

All changes and revisions to procurement documents are subject to the same
review and approval requirements as the original document.

Procurement document reviewers are specif ied by the AD/PR, and the cognizant
engineer. Reviewers are selected on the basis of their qualif ications and
their ability to provide a meaningf ul input to a particular document. The
selected BOP Supplier reviewers include as a minimum, the AD/PR of his
designated representative, the head of the BOP Supplier quality assurance
organization or his designated representative and the BOP Supplier Cognizant
Engineer. The selected reviewers al so include contract and procurement staf f
and, as appropriate, counsel, patent and f inance representatives. The
respective cognizant engineer has the principal responsibility for determining
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the sultabilIty and adequacy of technical specifications included ih
procurement documents.

The quality assurance reviewer has the principal responsibil ity f or deter-
mining the adequacy of the procurement documents regarding quality assurance
req u i rements. He is trained and qualif ied in quality assurance practices and
concepts to make this determination. This review is to determine ihat quality
and quality assurance requirements are correctly stated, inspectable, and
controlIabie; there are adequate acceptance and rejection criteria; and the
procurement document has been prepared, reviewed, and approved in accordance
with QA program requirements.

The AD/PR has the principal responsibility for determining the overall
adequacy of administrative, financial and contractual aspects of procurement
documents.

Al| BOP Suppller comments from revlewers of procurement documents are made in
writing.

Af ter receiving and resolving all comments, the AD/PR prepares f ormal corres-
pondence to the appropriate participant and reflects comments, approval, or.
notif ies the participant of the reasons f or disapproval .

The BOP Supplier organization both participates in and monitors the execution
of th i s practi ce. Periodically, the organization audits or arranges for

/G independent audit of this practice to assure proper implementation and

() adeq uacy.

The execution responsibil Ity for procurunent document control practices
related to BOP equipment manuf acturing is delegated io equipment suppliers by
contract.

5.0 -lNSTRUCTIONS. PROCEDURES AND DRAWINGS

The BOP Supplier has prepared his procedures and instructions-in accordance
with procedures 'that prescribe. the f ormat to be f ollowed and the identi-

fication system to be used. These procedures cover all activities of manage-
ment, document review and control, procurement, surveillance activities,
audi ts, and records management. These procedures prescribe methods .f or
perf orming quality-related activities in conf ormance with the applicable
requirements of 10 CFR 50, Appendix B.

The BOP Suppller procedures are organized under a Management'Proceduros System
which is administrated by a procedures coordinator f rom within the BCP
Suppl ler organization. The procedures coordinator, which is a staff function-
reporting to the Project Director, is assigned the function of controlling the
issuance of procedures' to assure coordination and consistency in format,
content, etc. The procedure system itself is organized along divisional ' lines
(Engineering, Procurement, Construction, Qual Ity Assurance, Publ ic Saf ety,
Operations, Project Control, Administrative Services and others) which give

~

the responsible managers the responsibilities f or:

/V) o . Assuring that policies of 'a continuing nature are incorporated in the
Management Procedures System (MPS).
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o incorporating applicable laws, standards such as 10 CFR 50, Appendix
B, Executive Orders, decisions and directives of the Project Steering
Committee (PSC) into the procedures to the extent necessary to show
the requirements placed upon the BOP Supplier.

o Determining the coverage and content of management directives
necessary to carry out their assigned f unctions, assuring the accuracy
and currency of the procedures and arranging f or the cancellation of
those that become obsolete,

o Approving procedures f or which they are responsible. Obtaining
| review, comment and document concurrences by other organizational

units when appropriate.

o Submitting to the Procedures Coordinator:

a. Draf t procedures f or rev iew of f ormat.
| b. Final procedures f or Director approval, issuance and distribution.

Determining, with concurrence of General Counsel, what portions ofo
procedures, if any, shall be communicated to the contractors.
Furnishing to the Procedures Coordinator the names of contractor
personnel to whom such material together with any appropriate
supplementary explanation or instructions should be distributed.

The Procedures Coordinator is the prime control of ficer f or 80P Supplier
Procedures and as such:

o Assures that style, format, content, terms, titles and numbering
sequence conf orm to the requirements of the Management Procedures
Control System.

o Af ter f inal approval, oversees printing and distribution of the
procedures,

o Assures that a master file containing the originals of all approved
CRBRP Froject Of f ice procedures and a log of issued procedures and
their revisions is maintained.

o Assures that the index of procedures is maintained current.

o Assures that all revisions and changes to existing procedures, are
distributed promptly, according to the distribution in the master
f il e.

Organizational Unit Managers are responsible f or writing and implementing the
procedures necessary for their division. General Administration procedures

cover policies and procedures which apply to all anployees. The Project
Director approves f or issuance al l CRBRP Project Of f ice procedures. The
individual division procedures are approved by the responsible Division

| Manager and are forwarded by the Procedures Coordinator to the CRBRP Project
Director f or f inal approval .
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V Each new procedure or revision of existing procedure is prepared using the
Management Procedures system numbering code and f ormat.

Each division establishes steps f or the review of draf t procedures within the
divisions. !f a procedure applies to more than one division, the other
divisions af fected receive the draf t procedure for review. A draft is sent to
the Procedures Coordinator who reviews it for format, style, and numbering
sequence.

The final procedure or revision of existing procedure is approved by the
appropriate division manager responsible for that particular subdivision of

| procedures, is concurred in by the Chief, Quality Assurance and is approved by
the CRBRP Project Directcr, and released f or implanentation.

Distribution of each procedure or revision of existing procedure is listed and
f I| ed w Ith the procedure copy in the procedure master f 11 e. The register
shows which revision is current.

The B0P Supplier practice f or documenting, in written form, the requireents
f or and results of activities af f ectIng quality is, itsetf, executed in
accordance with document control procedures identif ied under Section 6.0,

'

Document Control.

The BOP Supplier Quality Assurance crganization both participates in and
monitcrs the execution of this practice. Periodically, the Quality Assurance
Organization audits or arranc~ for independent audit of this practice to

d assure implementation and e ,

ResponsibIi1ty for prescribing in instructiens, procedures and drawings a
activities af f ecting quality relative to equipment manuf acturing will be ui

m

delegated to suppliers by contract. These activities include the assurance
that procedures are established and controlled to provide for the preparation
of as-buil t drawings and 'related documentation In 'a timely manner to

' accurately ref l ect the actual plant. conf iguration, e

6.0 DOCUMENT CONTROL

The BOP Suppller has established and implemented a document control ' system
that f ul flils the quality assurance program requirunents and applies to those
types of documents prepared by the BOP Supplier and identified in Sections 3,
4, and 5 of this description.

The controlled documents originated by the B0P Supplier are processed 'In a
controlled manner to assure the f olicwing:

o Unif crmity of f ormat of initial and subsequent Issuances.

o Proper identif ication as to the originator and date of origin of a
document, and -a mechanism f cr verif ication of the authenticity of '

,

information.

o Positive review and approval by persons qualif ied to determine the
V correctness of the information presented and to judge its ultimate

usef ul ness.
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o Prompt and accurate distribution, including a mechanism for receipt
control, of both the original document and subsequent revisions to
prevent inadvertant use of superseded material and to place documents

| In work areas in a timely manner.

o Ef f icient revision of documents when necessary to clarify, correct,
augment cr up-date the content of a document, while preserving the
Inteority of originally approved and released inf ormation,

o Documents are available at the location where ihe activity will be
perf ormed prior to commencing the work.

o Quality Assurance requirenents are properly stated, are adequate and
are included prior to implanentation.

Controlled documents are standardized by procedure as to identif ication,
format, and numbering. These documents are reviewad f or adequacy by Division

| Chief s and/or the CRBRP Project Director, as appropriate. The Chief of the
Division origir- sting the controlled document determines the extent of
necessary reviews. The draf t controlled document is routed to the appropriate
review ing personnel / organizations. The quality assurance organization reviews
and concurs wIth these documents wIti, regard 1o quality assurance rolated
aspects. Comments of reviewing personnel are resolved prior to final approval
of the document. A record of the review sequence which has been accomplished
is documented and retained. Changes or revisions are reviewed and approved by
the same divisions that perf ormed the original review and approval. I f the
controlled document will be issued only to personnel of the originating
Division, the respective Division Chief may approve the document for issue
upon completion of necessary reviews. If the controlled document is to be
issued to personnel outside of the originating Division, the respective
Division Chief secures any necessary higher level approvals. The Chief of the
Division originating a ontrolled document establishes an appropriate minimum
periodic revlew schedule f or the approved document. The primary purpose of
these reviews is to determine if changes in Project status have resulted in
the need f or revisions to the controlled documents.

The originating Division establishes and maintains an appropriate listing of
the distribution of the document upon issue. A recelpt page is attached to
the transmitted controlled document which requests the person receiving the
document to sign and date the page and return it to the originating Division.
A designated person initials the respective distribution listing upon receipt
of the signed page to reflect accomplishment of transmittal and receipt. He
also reviews the Division's controlled document distribution listing at least

bimonthly to f ollow-up on any delinquent receipt pages. This distribution
listing is a master list which is updated periodically to show current revi-
sion, number distributed, location, etc. Revisions to controlled documents
are systematically processed with the same procedure as the original. Changes
are also reviewed and approved by the same Divisions that perf ormed the
original review and approval s.

The BOP Supplier quality assurance organization both participates in and
monitors the execuilon of the document control system. Periodically the
quality assurance organization audits or arranges for independent audit of the
document control system to assure implanentation and adequacy.
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The responsibility for execution of document control practices relative to the
manuf acturing of BOP equipment is delegated to equipment suppliers by
contr act.

7.0 CONTROL OF PURCHASED MATERIAL. EOUIPMEt{I_MD SERVICES

The BOP Suppller has estabiished a practice f or controf of the procurunent
process in which material, equipment and services are purchased. The
procurement practice includes the f ollowing:

o Procurement Document Preparation, Review and Change Control

o Selection of Procurunent Sources

1. Qualifled personnel evaluate the suppliers capabiiity to provide
services and products of acceptable quality.

2. The Quality Assurance and Engineering Personnel participate in the
evaluation of those suppliers providing critical items.

3. The evaluation of suppliers is based on one or more of the
following:

a. The supplier's capability to comply with the elements of 10
CFR 5^, Appendix B, which are applicable to the type of

{J} material, equipment, or service being procured.
%

b. A review of previous records and perf ormance of suppliers who
have provided similar articles of the type being procured.

c. A survey of the suppller's f aciiities and quality assurance
program practices to determine his capability to supply a
product which meets the design, manuf acturing, and quality
assurance requirenents. Results of these surveys are to be
documented and f il ed at the buyer's f acil ity. If an LCV IP

! letter of conf Irmation or the " CASE" Register is used to
establish the qualif Ications of the suppller, the documenta-
tion on file is to identify the letter or audit used,

o Bid-Eval uation and Award

o Purchaser's control of Supplier's perf ormance;

1. Supplier's Quality Assurance Program is evaluated for
acceptabiIity by qualif led Quality Assurance Personnel and
approved prior to release of work activities that must be
perf ormed under the program.

!

2. Surveillance of suppliers during f abrication, _ inspection, testing,
and shipment of matrials, equipment end components is planned and

| perf ormed with quality assurance organization participation in
O accordance with written procedures to assure conformance to the:

! | purchase order requirements. Those procedures provide f or:'

|
'
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| a. Specif Ication of the characteristics or processes to be
w i t nes sed, inspected or verified, and accepted; the method of

,
surveillance and the extent of documentation required; and

| those responsibl e f or impi menti ng these procedures.

b. Audits and surveillances which assure that the supplier
compi les wIth al l qual Ity and qual ity assurance requirments.
Surveil lance is perf ormed on those items where verif ication of
conf ormance to procurment requirments cannot be determined
upon recei pt.

c. For commercial "of f-the-shel f" i tems where speci f ic qual i ty
assurance controls appropriate f or nuclear applications cannot
be imposed in a practicable manner, special quality verifica-
tion requirments shall be established and described to
provide the necessary assurance of an acceptable item by the
purchaser.

o Acceptance of Item or servico

1. Receiving activities associated wIth suppller-f urnished material,
equipmeat and services is perf ormed to assure that:

a. The material, component, cr equipment is properly identified
| and corresponds to the identif iction on the purchase document

and with the receiving documentation.

Ob. Inspection of the material, component or equipment, and
acceptance records is perf ormed and judged acceptable in
accordance with predetermined inspection instructions prior to
instal lation or use,

c. Inspection records or certificates of conf ormance attesting to
the acceptance of material, components, and equipment are
available at plant site prior to installation or use.

d. Items accepted and released are identified as to their
,

inspection status prior to forwarding them to a controlled
storage area or releasing the f or Installation or f urther
work.

e. Nonconforming items are segregated when practicable,
controlled and clearly identified until proper disposition is
made.

o Corrective Action with regard to the procurment process

o Quality Assurance Records

1. The supplier f urnishes the f ollowing records, as a minimum, to the
purchaser.

O
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p) a. Certif ications that specif ically identify (e.g., by thet

purchase order number) the purchased material or equipment and
the specif ic procuroment requirements (codes, standards,
specif Ications, etc.) met by the items.

b. Certif ications that identify any procurement requirenents
which have not been met together with a description of those
nonconf ormances dispositioned " accept as is" or " repair."

The review and approval of supplier-f urnished data by qualif ied personnel is
perf ormed in accordance with established procedures.

Review and appropriate approval is provided f or supplier-generated documenta-
tion, such as certif Ications, for completeness, acceptabil Ity, and conf ormance
to contract requirements bef ore accepting completed items. At recei pt inspec-
tion, the BOP Suppller routinely cr periodically validates suppller-f urnished
material certifications by means of Independent analysis or overchecks. The
receipt inspection planning def ines the necessary inspections and tests and
provides for inspection density adjustment depending upon source, quality
perf ormance history, lot size and other f actors.

Procurement of spare or replacement materials and equipment is subject to pre-
sent quality assurance program controls, to codes and standards, and to
technical requireaents equal to or better than the original technical require-
ments, or as required to preclude repetition of def ects.

The responsibil(ty for execution of practices for control of purchased
materials, equipment and services related to BOP equipment manuf acturing is
delegated to equipment suppllers by contract.

8.0 IDENTIFICATION AND CONTROL OF MATERIALS. PARTS AND COMPONENTS

The responsibility for execution of identif ication and control of materials,
parts and. components, is delegated to BOP equipment suppiiers and the CRBRP
site receiving organization by contract.

I Each supplier, who has an assigned responsibility for materials (including
;' consumables), parts and components incl uding partial ly f abricated subassem-

blies is required by contract to establish and implement icentification and
controf practices. The description of the practices shout d -Inct ude organiza-
11onal responsibil ity. Each suppller's identif Ication requirements are to be
determined during the initial planning stages and his practice will assure
that identification of the item is maintained, both on or attached to the item
and on records traceable to the item as required throughout f abrication,
erection, installation, and use of the item; the item (s) can be traced to the
appropriate documentation such as drawings, specifications, purchase orders,
manuf acturing and inspection documents, deviation reports, and physical and
chemical mill test reports; that the methcd and location of identification
does not af fect the f unction of quality cr the item being identified; and that
the correct identif ication of items is accomplished and verif ied prior to the
release for f abrication, assembly, shipping and installation. These practices

h) will be designed to preclude the use of incorrect or def ective materials and
'V parts important to the f unction of saf ety-related structures systems, and

components.
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The BOP Supplier monitcrs supplier ident|f ication and control of materials, |h
parts and components practices and pericdically audits the suppliers'
practices to assure proper implementatI< n and adequacy.

9.0 CONTROL _OF SPECIAL PROCESSES

The responsibility for execution of control of special processes during manu-
f acturing of BCP equipment, is delegated to equipment suppliers by contract.

Project suppliers, who are assigned responsibility for activities where
special processes are involved, are required, by contract, to estabilsh and
impicment practices to assure adequate perf ormance and control of special
processes such as welding, heat treating, nondestructive examination, bonding,
coating, soldering, plating, hard surf acing and cleaning. These practices
will incl ude the f ol l ow i ng el ements:

o Description of the criteria f or determining those processes that are
controlled as special processes. A listing of special processes,
which are generally those processes where direct inspection is
impossible cr disadvantageous, should be provided.

o Description of the organizational responsi bi l i ti es, including those
f or the quality assurance organization, for qualification of special
processes, equipment, and personnel,

o Qualif ication of procedures, equipment, and personnel for perf ormance
of special processes in accordance with applicable codes, standards,
quali ty assurance procedures, speci f ications, or suppl ementary
req u i rements. The quality assurance organization is involved in the
qualif ication activities to assure they are satisf actorily perf ormed.

Special processes are perf ormed by qualified personnel using qualifiedo
procedures and equipment with established procedures f or recording
ev idence of acceptable accompl ishment.

o Qualif ication records of procedures, equipment, and personnel
associated with special processes are established, f iled, and kept
current.

The BOP Supplier monitors supplier special processes control practices and
periodically audits the suppliers' practices to assure proper implementation
and adequacy.

10.0 JNSPECTION

The responsibility for direct inspection of items and work practices related
to BOP equipment manuf acturing, is delegated to equipment suppliers by
contr act.

The BOP Supplier organization will perf orm necessary inspections and will
witness selected inspections to verify that suppliers are providing items that
wil l meet specif ied requirements. Each supplier who is assigned responsi-
bility for perf orming procurement or manuf acturing activities that af f ect
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is required by contract to establish and implunent inspection prac-
| qual i ty,tices of sufficient scope to be fully effective. These inspection practices

wilI identif y and verif y conf ormance of items and services wIth the documented
speci f ications, instructions, procedures and drawings f or accomplishing the
required activities. The inspection practice perf ormed by either the BOP
Supplier or the Equipment Supplier as appropriate will provice that:

| o Organizational responsibilities f or inspection are described.
Inspection personnel are independent f rca the individual or group
perf orming the activity being inspected, if the Individuals
perf orming inspections are not part of the quality assurance
organi z ati on, the inspection procedures, personnel qualif ication
criteria, and independence f rom undue pressure such as cost and
schedule should be revlowed and f ound acceptabie by the quality
assurance organization prior to initiation of the activity.

o inspection procedures, instructicns, and check lists contain the
f oi l ow i ng:

a. Identi f ication of characteristics to be inspected.

b. Identif Ication of the Individuals or groups responsible for
perf orming the inspection operation.

c. Acceptance and rejection eriteria.

d. A description of the method of inspection.

e. Specif ication of the necessary measuring and test equipment
incl udi ng accuracy requirements.

o inspection procedures or instructions are available with necessary
drawings and specifications f or use prior to perf orming inspection
operations.

| o inspectors (Inct uding NDT personnel) c.re qual i f led in accordance wIth
appropriate codes, standards, and company training programs, and thelr-
qualif ications and qualif ication records are kept current.

o Modif Ications, repairs, and replacements are inspected in accordance
| with the original design and inspection requirements or acceptable
1 a l terna ti ves.
I

o Progran procedures are developed with quality assurance organization
participation to provide criteria for determining the accuracy
requirements of Inspection equipmeni and the timing of required
inspection, or def inition of how and when inspections are perf ormed,

o Provisions are established that identif y mandatory inspection hold
points beyond which work may not proceed until Inspected by a
designated Inspector,

o The individuals or groups who perf orm receiving and process
verif ication inspections at the construction site are identifled.

i
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o Provisions are established f or indirect control by monitoring,

processing methods, equi pment, and personnel it direct inspection is
not possible.

o inspection resul ts are documented, eval uated and their acceptabil ity
determined by a responsible Individual or group.

The BOP Supplier monitcrs supplier inspection practices and periodically
audits the suppliers practice to assure proper implomontation and adequacy.

11.0 TEST C0ftIFal.

The BOP Supplier delegates execution responsibility for testing and test
controf practices to equipment suppIiers by contracts. The BOP Suppiier wIII
witness tests by the equipment supplier on a selective basis and may, upon
|Imited occasions, conduct independent tests of his own. Each equipment
supplier, who is assigned responsibil ities f or perf orming procurment and
manuf acturing activities that af f ect quality, is required by contract to
establish required tests, including proof tests prior to installation and
preoperational tests and to establish a testing control practice. The testing

control practice f or testing perf ormed by either the BOP Supplier or the
Equipment Supplier as appropriate will include the f ollowing elanents:

o identif ication of rcquired testing to demonstrate that the item will
perf orm satisf actorily in service and that testing activities are
identif ied, documented and accomplished in accordance with written
controlled procedures,

o identif Ication of criteria f or determining the accuracy requiranents
of test equipment and criteria f or determining when a test is required
or how and when testing activities are perf ormed.

o Written test procedures that incorporate or ref erence the requiranents
and acceptance limits contained in applicable design and procurement
cocuments.

o Written test procedures that include:

|
a. Instructions f or tesiing method and test equipment and

i nstr umentation.

b. Provisions f or the f ollowing as appropriate:

- Calibrated Instrumentation
Adequate and appropriate equipment-

Tralned, qualifled, and iIcensed or certifled personnel-

Preparation, condition, and completeness of item to be tested-

Sultable and controlled environmental conditions-

Mandatory inspection hold points f or witness by purchaser,-

contractor, or authorized inspector
Provisions for data collection and storage-

Acceptance and rejection criteria-

Methods of documenting or recording test data and results-

1 - Provisions are assuring test prerequisites have been met
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o Test resul ts are documented, eval uated, and acceptance status
identif ied by a qualif ied, responsible Individual or group.

o Modif ications, repairs, and replacements are tested in accordance with
the original design and testing requirments or acceptable alternates.

The BOP Supplier monitcrs the suppliers testing and test control eno periodi-
cally audits the suppliers test control practice to assure impimentation and
a deq uacy.

12.0 CONTROL OF MEASURING AND TEST E01UfMj{J-

The BOP Supplier delegates execution responsibility for control of measuring
and test equipment to the suppllers through contract. In those instances
where the BOP Supplier elects to perf orm or have his agent perf orm inspec-
tions, examinations, or tests, the measuring and test equipment will be
controlled in accordance with those requirments imposed upon the supplier.

Each supplier, who is assigned responsibility for perf orming Inspections,
examinations, or tests, is required by contract to establish and impiment e
system for calibration and control of measuring and test equipment,

Thi s sy stem wIl l inct ude the f of Iowing elements:

o Procedures that describe the calibration technique and f requency,
maintenance, and control of all measuring and test instruments, tools,

[ gages, fixtures, ref erence and transf er standards, and nondestructive

( test equipment which are used in the measurement, inspection, and
monitcring of saf ety-related components, systems, and structures. The
review and documented concurrence of these procedures is described and
the organization responsible for these f unctions are identified.

o Measuring and test equipment is identified and the calibration test
data is identif ied as to the equipment to which it applies.

o Measuring and test equipment is labeled or tagged or otherwise
controlled to indicate the due date of the next calibration. The
method of "otherwise controlled" should be described.

o Measuring and test instruments are calibrated at specified intervals
based on the rquired accuracy, purpose, degree of usage, stability
characteristics, and other conditions af f ecting the measurement.

o An investigatien conducted and documented to determine the validity of
previous inspections rarf ormed when measuring and test equipment is
f ound to be out of calibration.

o Calibrating standards 'have an uncertai nty .(error ) requirment of
one-fourth to one-tenth cf the tolerance of the equipment being
calibrated. A greater uncertainty may be acceptable when limited by
the " state-of-the-art." _ Cal Ibrating standards have greater accuracy
than standards bei ng cal ibrated. Calibrating standards with 1he same
accuracy may be used if it can be shown to be adequate for the\(d requirements and the basis of acceptance is documented and authorized
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by responsibl e management. The management authorized to perf orm this
function is identified.

o Measures are taken and documented to determ.... the val Idity of pro-
vlous inspections perf crmed and the acceptability of items inspected
or tested since the lest calibration when measuring and test equipment
is found io be out of calibration. Inspections or tests are repeated
on items determined to be suspect.

Ref erence and transf er siandards are traceable to nationallys

recognized standards; or, where national standards do not exist,
provisions are established to document the basis f or calibration.

The BOP Supplier monitcrs the supplier's calibration and control of measuring
and test equipment and periodically audits the suppllers practices to assure

| impimentation and adequacy and of fectiveness.

13.0 BBOLIAG _SIGRAGE_R4D SHIPPING

The BOP Suppller delegates execution responsibility for handling, storage and
shipping practices to the suppliers through contracts.

Each supplier, who is assigned responsibility for manuf acturing, f abrication
or assembly, is required by contract to establish and impiment practices f or
handling, storage and shipping of items. These practices wil l incl ude the

folicwing:

o Special handling, preservation, storage, cleaning, packaging, and

| shipping requirmonts are specified and accomplished by suitably
qualified individuals in accordance with predetermined work and
inspection instructions.

o Procedures are prepared in accordance with design and procurment
specif ication requirments to establish and describe controls for the
cleaning, handling, storage, packaging, shipping, and preservation of
material s, components, and systems to precl ude damage, loss, or
deterioration by environmental conditions such as temperature or
h um i d i ty,

l The BOP Supplier monitcrs the Suppliers handling, storage and shipping
practices and periodically audits suppliers practices to assure impimentation
and adequacy.

14.0 _IllSPECJ_LOH, TEST Af0_fff.RAI_lf4G STATMS

The BOP Suppller delegates execution responsibility for inspection, test and
operating status measures to suppliers through contracts.

Suppliers, who are assigned responsibility for manuf acturing, are required to
establish and impiment practices to indicate the status of Inspections and
tests perf ormed upon Individual items throughout f abrication, assembly and
test by using such marking as stamps, tags, labels, routing cards or other
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suitabl e means. These practices w il l incl ude prov isions f or:

o Identif ication of 1he inspection, test, and operating status of
structures, systems and components being known throughout f abrication
and assembly.

o The application and rmoval of inspection and welding stamps and
status indicators such as tags, markings, labels, and stamps being
contro l I ed.

| o Altering the sequence of or bypassing the ra;uired Inspections, tests,
and other critical cr saf ety-related operations being contrclied
through documented measures under the cognizance of the QA
organi z ati on. Such actions are to be subject to the same controls as
the cr iginal rev iew and approval .

o The status of nonconf orming, inoperative, or mal f unctioni ng
structures, systems, or components being documented and identif led to
prevent inadvertent use. The organization responsible for this
function is identified.

The 80P Supplier monitcrs the supplier's practices f or indicating inspection,
test and operating status and periodically audits suppliers practices to
assure impimentation and adequacy.

15.0 N0'NCONFORMING MATERIALS. PARTS OR COMPOREllIS

The BOP Supplier has established and impimented practices f or control, review
and disposition of nonconf orming material s, parts or components. These
practices are designed to assure that tr.easures are established to control
materials, parts, or components which do not. conform to requirments in order
to prevent their inadvertent use cr instal lation. The nonconf ormance contr of
practice includes the f ollowing elments:'

o EstabiIsh disposition responsibility

o Documentation and reporting

o Review, evaluation and disposition

All reports of deviations that are proposed f or disposition in such a way that'
the f inished item or completed service will not conform to the approved
requirments are processed f or approval in accordance with procedures estab-
lished to provide a level of approval equivalent to the original approval of
the requirments that will not be met as a result of the proposed disposition.
These reports are part of the documentation' required at the plant site.

Errors or def iciencies f ound in design and' construction reported to or dis-
covered by the Owner which. could adversely af fect saf ety-related structures,-
systems or components and which represent a breakdown in the quality assurance
progrm, def iciency in f Inal design, def iciency in construction'or deviation

bsT f rom perf ormance specif Ications are eval uated by Engineering, Public Saf ety
b and Quality Assurance f or consideration as a reportable cef Iclency under 10

CFR 50.55(e). If it is concluded thet the error or cef Iclency comes under
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' this paragraph, the def Iclency together with the proposed corrective action is |f
reported to the Nuclear Regulatory Commission according to reguictions.
Def ects cr noncomplience in the plant or basic component supplied to the plant
that are reported to cr discovered by the Owner, which could adversely af f ect
saf ety-related f utct icns of the plant, are eval ua ted by Engineeri ng, Publ ic
Saf ety, and Quality Assurance f or consideration as a reportable def iciency
under 10 CFR 21. If it is concluded that the def ect ur noncompliance is
reportebl e under Part 21, the def iciency is reported to the Nuclear Regulatory
Commission accordi ng to regul ations. The def iciency, whether reportable ce
not, is f urther eval uated against the procedural requi r ements that shcul d have
prevented thc occurrence. When the procedural sy stem is deficient, th e
af f ected organization is required to take whatever steps are necessary to
achieve oppropriate corrective action to the system to preclude recurrence of
the def iciency. The def Iclency is reported within the Project via an unusual
occurrence report as cescribed in Section 16.

Each supplicr, who is assigned responsibil ity f or procurement, manufacturing,
or constructicn of itens of the BOP, is required by contract to establish and
impl ement a practice f or the control of nonconf orming material s, parts or
components. These nonconf ormance contrci practices wil l incl ude the f ol lowing
el ements:

| o The identi f ication, documentation, segregation where practicable,
review, disposition, and notif ication to af f ected organizations of
nonconf orming materi al s, parts, components, or services (incl uding
computer codes) is undertaken it disposition is other than to scrap.)

o Documentation identif ies the nonconf orming item; describes the
nonconf ormance, the disposition of the nonconf ormance, and the
inspection requirements; and incl udes signature approval of the
di spos i t i on. Nonconf ormances are corrected or i esolved prior to the
initiation of the precperaticnal test program on the item.

o Prov isions are establ ished i denti f y ing those individual s or groups
delegated the responsibility and authority to approve the

| dispositicning and close out of nonconf orming items.

| o Nonconf orming itens are segregated, where practicable, from acceptable
items, controlled and identif ied as discrepant until p 'perly
d i spos i ti one d.

o Acceptabil ity of rewcrk or repair of material s, parts, components,
systems, and structures is verif ied by reinspectir.; the item as
originally inspected or by a method which is at least equal to the
original inspection method; i nspection, rework, and repai r procedures
are documented.

o Nonconf ormance reports di spositioned "use as is," "use as repai red,"
or "use as modif ied" are made part of the inspection records and
f orwarded with the hardware to the Owner.

o Nonconf ermance reports are periodically analyzed to show quality
trends, and the signif icant resul ts are f orwarded to management f or
review and assessment.
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These practices will assure ihat nonconf orming items are reviewed and
accepted, rejected, repaired cr reworked in accordance with cocumented
procedures. They will include measures which control f urther processing,
delivery or installation pending proper disposition of the def iciency.

The BOP Supplier Quality Assurance organization also participates in and
monitors the execution of the nonconf ormance control practices and
periodically audits or arranges f or independent audit of the control practices
to assure implomentation and adequacy.

The responsibility to control nonconf orming material, parts and components
related to BOP equipment manuf acturing and resulting subcontracts, is
delegated to equipment suppliers by contract.

16.0 CORRECTIVE ACTION

A corrective action system has been established and implemented wherein
condi tions adverse to qual i ty such as f ail ures, nonconf ormances, mal f unctions,
def iciencies, deviations and def ective material and equipnent ihat are
required f or reliable and saf e operation of the plant, are reported to the
purchaser through nonconf ormance and unusual occurrence reporting procedures.
Quality Assurance activities f ound def icient by reviews and audits of
supplier's activities, are also reported to the Purchaser or by the
Purchaser's representative perf orming such reviews and audits. The system

.

Includes the f ollowino elanents:
P

o Evaluation of nonconf ormances and determination of the need f or~

corrective action in accordance with esteblished procedures.

| o Prompt corrective action initiated and documented f ollowing the
determination of a nonconf ctmance to preclude the recurrence of those
adverse conditions signi f icant to qual ity.

| o Follow-up reviews conducted by the quality assurance organization to
verify proper Implomentation of corrective actions and to close out

| the corrective action documentation in a timely manner.

o Adverse conditions significant to quality, the cause of the
conditions, and the correciive action taken are documented and
reported to appropriate levels of nenagement f or review and
as ses sment.

| The system f or corrective action is designed to respond -to the f ollowing
conditions:

o A repetitive or recurring def iciency in nonconf ormance reporis f or 1he
same operation or the same origin.

o Detection of a condition which can significantly degrade the quality
~

of a product or service.

(-~ o Procedural or oocumentation def Iclencies that can adversely af f ect
product quali ty or required records.'
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o Detection of an unsatisf actcry quality trend. |
o Unreported dev iations, f ail ures, mal f unctions or accident, or

inadequate f ollow-up to reported items to establish
corrective / preventive action.

o loof f ective procedures cr Jocumentation that govern products or
sy stem s.

o When an audit reponse has not been received in the oilotted time.

o When nonconf ormance review board actions determine that a corrective
action is required to cbtain a specif ic corrective / preventive action.

The responsibility f or execution of corrective action practices related to BOP
equipment manuf acturing is delegated to equipnent suppliers by contract.

17.0 RUALilLRiSURANCE RECOPJ)J

The BOP Supplier organization has established a quality assurance records
system that provides f or the collection, storage, and maintenance of BOP
Supplier prepared records in accordance with approved records management
procedures.

The BOP Supplier has delegated execution responsibility for other records
preparation and initial collection, storage and maintenance to the other
suppl iers by contrac1. This includes those of ficial records directly related
to structures, systems and canponents of the plant that are prepared by and <

used in design, procurement, manuf acturing, construction and operation. in
progressive stages as requirea by code, standard, regulation and specif ica-
tion, these records will be turned over to the Owner.

The BOP Supplier quality assurance records system provides f or coordination of
records management practices as well as the collection, storage and main-
tenance of those records resulting f rom the BOP activities that are necessary
to def ine the overall BOP Supply Program quality and provide objective

,

evidence of quality achievcment; however, the responsibil ity f or preparation'

and initial collection of record copies of documents related to B0P equipment
is delegated to equipment suppliers by contract. The system includes
provisions that ensure:

o Records are maintained to provide documentary evidence of the quality
of itans and the activities af f ecting quality.

o Quality assurance records include operating logs; results of reviews,
inspections, tests, audits, and material analyses; monitoring of work
perf ormance; qual if ication of personnel, procedures, and equipment;
and other occumentation such as drawings, spccif ications, procurement
cocuments, calibration procedures and reports, nonconf orming and

| corrective action reports, and other associated documents.

o Records are readily identif iable and retrievable.
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| o Requir(ments and organizational responsibil ities f or record
transmittals, retention, and maintenance subsequent to completion of
work are consistent with applicable codes, standards, and procurement
documents.

o inspection and test records contain the f ollowing:

a. A description of the type of observation.

b. Evidence of completing and verif y ing a manuf acturing, inspection,
or test operation.

.

c. The date and resul ts of the inspection of test,

d. Inf ormation related to nonconf ormances and other conditions
adverse to qual ity.

e. Inspector or data reorder identif ication.

f. A statement as to the acceptabil ity of the resul ts.

| g. Action taken to resolve any discrepancies noted,

o Record storage f acil ities are constructed, located, and secured to
prevent destruction of the records by fire, flooding, thef t and,,

(d) deterioration by environmental conditions such as temperature or
h um id i ty.

The BOP Supplier quality assurance organization participates in and monitcrs
the implementation of the records system. Periodically the quality assurance
organization audits or arranges f or independent audit of the records system to
assure impl ementation and adequacy.

18.0 AUDITS

The BOP Supplier has established and implemented a quality assurance audit
practice which is used to provide a comprehensive independent verification and
evaluation, both internally and externally, of the status and adequacy of the
BOP Supply quality assurance program methods, quality-related procedures and
activities. This practice includes the BOP Supply-Program as well as the
programs of the suppliers. This practice is also designed to assure that
procedures and activities are meaningf ul and comply with the overall Project
Quality Assurance Program requirements. The practice incl udes the f ollowing
elements:

o Planning

o Evaluation of Quality Assurance Methods '

o Activity Audits

[V)
'

o Product Audits

o Record Audits
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o Reporti ng and Correct ive Action

The Quality Assurance audit practice was established during the Project
{ planning and conceptual design stage with the scope and f requency of the

audits planned and scheduled based upon the importance of the activities being
perf ormed with regard to its ef fect upon the reliable and saf e operation of

| the plant and was initiated early enough to assure ef f ective quality assurance
practices during design, procurement and manufacturing, inspection and test.
Audits are planned in a general way on an annual basis with a more detailed
plan and schedule prepared and issued on a quarterly basis. Audits are

planned to cover the evaluation of I r.ternal practices of the BOP Supplier as
w el l as the practices of majcr equipment suppliers who have a direct interf ace
with #ie BOP Supplier. The audit plan f or each major equipaent supplier's
program is designed to include an objective evaluation of quality-related
practices, procedures and instructions; the ef f ectiveness of Imp t omentation;
and the conf ormance with policy directives. These audits include the
evaluation of work areas; activities including personnel training and
indoctrination; process and itens; and the review of documents and records to
ensure that the quality assurance programs are ef f ective and properly
impl emented. In each majcr equipment supplier's program elements of Interface
control are evaluated with respect to each suppliers Internal activities as
wel l as interf ac8 ng activities with his customer and his suppl iers. The audit

plan is supplemecited by unscheduled audits where the need becomes evident.

Each audit is conducted according to pre-established written procedures and
check lists the1 incl ude a detailed plan f or the audit with a prepared check
l i st of items to be investigated; a meeting with responsible management f
personnel bef ore the audit to review scope, purpose, and schedule of the audit
and at the concl usion, to review audit f indings with management having
responsibi l ity in the area audited. The need f or corrective actions is
established and the audit results are documented in a formal report. Each

audit is conducted by trained personnel that do not have direct
reponsibilities in the areas being audited.

Responsible management is then required to take the necessary action to
correct the def iciencies revealed by the audit and to provide the auditing
organization with a statement of proposed and completed corrective action
taken. Def icient areas are monitored and promptly re-audited when necessary
untII corrections have been accomplished.

Audit summaries are provided in both internal and external monthly progress
and status reports. The audit reports and data are analyzed by the quality
assurance crganization f or quality trends indicating any quality problems and
the ef f ectiveness of the quality assurance program, including the need f or
reaudit of def icient areas. These reports are provided to management f or
rev iew and assessment.

The BOP Supply audit practice is perf ormed as a minimum in those areas cf the
overall Project Quality Assurance program where the requirements of 10 CFR 50,
Appendix B are bei ng Impicnented. Each supplier as appropriate, prepares a
matrix shcwing which procedures are used f or implementation of each of the
eighteen criteria of Appendix B. The activities and practices which carry out
these procedures are audited on a pre-scheduled basis. These activities
include:
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,

1. The preparation, review, approval, and control of the PSAR, designs,
specifications, procurement documents, instructions, procedures and
drawings.

2. The determination of site f eatures which af f ect plant saf ety.

3. Request f or proposals and evaluations of bids.

4. Indoctrinatiot. and training progra s.
6

5. Interf ace control meng the applicant and the principal contractors.

6. Calibration and nonconformance control systems.

7. SAR and SSAR commitnients.

8. Activities associated with computer codes.

The responsibility for execution of audit practices related to BOP equiprtent
manuf acturing is celegated to equipment suppliers by contract.

O -

O
V
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Ovality Assurance Faaval |
BRD-PC-1.5 Procedure Preparation

EkO-PC-3.6 Cistribation
BRD-QA-1.2 Preparation. Coctrol aed Distribution of QA Instructions
BRD-CA-1.3 Preparaticn of QA Procee.:res
BRD-QA-l.19- Procedare Writing Format

- BP3-QA-3.1'J00 S-oject 59-velliance
y. BR3-0A-3.1000-1 P,eparstion of Project Surveillance / Acceptance Chect11sts.

Su rary & Report Foms
b
:N V! Document Control CRP-AA-01 Panagerent ProcedJres

CPP-AA-02 Filing Frocef are for Of ficial Project Files
CRP-AA-03 Preparation of Correspondence
CRP-AA-04 Inconing Mati
Cop-AA-11 Centeol of Project Office Procedures Manual
CRP-AA-01 deports Control Program
CRP-EWO2 Processing Principal Cesign Documents
CRP-PR-CA TVA Purchases of CFEtP ltems
CRP-QA-20 Preparattor., Maintecance and Control of Project Office

Quality Assurance *anual
BRD-C-2.4 Vendor / Contractor Documents

'Bf(D-PC-1.5 Precedure Preparation

BRD-PC-3.6 Distribution

VII Control of Purchased Pate-
rials. Equipment and Service CRP-AA-03 Preparation of Correspondence

QUALITY ASSURANCE PROGRAM IMDCX VERSUS REQUIREMENTS OF 10 CFR 50. APPENDIX B
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REQUIREMCNT OF REMARKS
10 CFR 50 APPEND!I 8 IMPfEMENTING DOCtPENT

INSTRUCTITIS

CR!iERION TITLE 00C. t:0. TITir Rfr 00C.. ETC.

CRP-AA-04 Incoming P411
CRP-LN-02 Processing Principal Design Documents
CPP-PR-02 TVA Purchases of CPBkP ltems
CRP-CA-01 Quality Assurance Prcgram P*anagement Revi*w Meetings
CRP-QA-02 Activity Planning

CRP-QA-07 Quality Records
CRP-GA-03 Quality Assurance Program Progress and Status Review end

Repoi ti r.g
CRP-CA-10 Quality Assurance 5-view and Approval of Engineering

Docueents
CRP-QA-Il Quality Assurance Raview of Procutencnt Documents
CRP-QA-12 Review of Cuntractor Quality Assurance Plans aad

Procedares
CRP-QA-13 Performance of Project Surveillance-'

'$ CRP-QA-16 inspa tion Esarination and Test
CRP-QA-18 Qaality Assurance Participatun in Preparaticn of

e

A Approved Source Lists
W BRD-E-2.2 Prequalification of Bidders

BRD-E-2.3 TecNatcal Evaluation of Bids
BRCs-E-2.4 Vendor /Cct. tractor Docunnts
BPD-QA-1.ll Vendor Qaality Assurance Prequalification Program
BRD-QA-1.11-1 Evaluntion of Prequalification Questionnaire
BED-QA-1.12 Vendor QR Qualification Survey
BRD-QA-1.12-1 Perfurrwnce. Evaluation and Reporting of Preaward Surveys
tiRD-GA-1.16 QA Review of Sute.ittals
BRD-QA-1.16-1 Review of Design / Document Submittals
BRD-QA-l.21 Sid Review of Quality Requirements
B00-QA-1 25 Non(cM * **' ca Davi*w Board (MRS)

BRD-QA-3.101 Source Surveillance
BRD-QA .101-2 Adninistration of the Source Surveillance Program

QUALITY ASSURANCE PROGRAM lhDEI VERSUL REQUIREMENTS OF 10 CFR 50, APPEND 118
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REQUIREMENT OF
10 CFR 50 APPENDIX 8 14PLEFENTING 00CtP8ENT REMApr5

!%!#V.T!%$
CRt1ER10N TITLE 00C. NO. TITLE H F . *u. . ETC.

BRD.QA-3.101-3 Preparation for and Parforsant.. of %,rvettlanc s

BRD *aA-3.101-4 rreparation and Issuance of Warc Survatilanres

Vit! Identification and Control of
Materials. Parts and Con 90-
nents

!! Control of Special Processes [*!eg a te s

X Inspectfon CRP-QA-02 Activity Planning
* CPP-QA-16 Inspection. Imamination and Test

$ 88t3-QA-3.101 Source Survet11ance
BRD-0A-3.101-4 Source Survet tlance Placntnq

i

4
4

XI Test Control CRP-1A-02 Activity Planning

CRP-QA-11 Fc-f t,41.ar.cc af Project Survelliance
CRP-QA-16 te..pection. ' sam ration and Test
8DD-E-2.4 Venoor/ Contractor Documents
BRD-QA-1.16 QA Review of SubTittals

XII Control of Measuring and Test
Equipment CRP-CA-l? Peasuring and Test Equipment Calftration and Control

XIll Handling. Storage and Shipping De!e ; ate:

XIV Inspection. Test and Operating BRD-0A-3 101-2 Administration Of the Source Surseillance Program
Status

QUALITY ASSURANCE PROGRAM INDt1 VERSUS REQu!REMENTS OF 10 CFR 50, APPEN0!I B
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|REQUIREMENT OF
10 C rR 50 APPEN9tX B !"PLEMENTING DOCtNENT RtuAers

!N51PUCTI075
CRITERf01 TITLE DOC. NO. TITLF R[F. DOC., (TC.

XV Nonconforming Materials CRP-AA-04 Incoming Mall
Parts and Coirponents CRP-EN-02 Processing Principal Design Documents

CRP-OP-02 Operations Diviston Review and Concurrence with
[ngineering Design Data

CRP-PR-02 TVA Purchases of CRBRP ltees
CRP-CA-03 Control of Nonconformances
CRP-QA-05 Processing of Unusual Occurrence Reports
CRP-QA-27 Unusual Occurrence Report Preparation a9d Dispositinn
BRD-E-2.5 Vendor / Contractor Walver Requests
BRD-QA-1.13 Corrective Action Reisest (CAR)

"y BRD-QA-l.25 Nonconformance Review B:,ard (03)
n BRD-QA-1.1003 Devtation Reporting and Control
g BRD-L-2.3 Reporting of Defects and Nancompliance

h IV! Corrective Action CRP-fN-0? Processing Principal Design Documents

Engineering Design Data
CRP-QA-03 Control of Nonconformarices
CRP-QA-04 Corrective Action Requests

CRP-QA-05 Processing of Unusual Occurrence Reports
CRP-QA-C6 Nonconfomance Unusuat Occurrence and Corrective

Action Analysts
CRP-QA 09 Quality Trend Analysis
CRP-QA-27 Unusual Occurrence Report Preparation and Disposition
8RD-QA-1.13 Corrective Action Request (CAD)
BRD-QA-1.25 Nonconfoisance Peview Beard (NRS)
BRD-QA-l.1000 Deviation Reporting and Control

QUALITY ASSURANCE PROGRAM thDEX VERSUS REQUIRIMENTS OF 10 CFR 50. APPINDit B
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| REQUIREMENT OF
10 CFR 50 APPEN011 8 IMPLEwENTIE DOCUufMT RE VRLS

:

I thS1RUCitCNS
'

CRITERt0N TITLE D00. %0. TITt[ Rfr. D0C.. Elc.

I
WI | Quality Assarance Rccerds CRP-AA-0) Filin; 'rocedare for Of ficial Project Files

(pr-AA-04 Incoming Pail
' CRP-CA-01 Qu.tlliy Records

| ERD-04 1.13 Training and Certification of CA Personrel
BRD rc-3.1 Filing

BRD-E-?.4 VenJor/ Contractor Documents

nll! Audits CRP-OS-19 Administration of Qaality Assurance Auditing-

y C RP-QA-21 Conduct of Frodact Audits
CRP-Q1-22 Condact of Progranratic Audits

i
A B RD-Q A-1.13 Corrective Action Regaest (CAR)

# BRD-QA-4.2 Audits

'
F
I QUALITY ASSURANCE PROGRAM INDEt VER$US REQUIREPENTS OF 10 CFR 50. APPEND!t B
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REQUIREMENT OF
' RDT F 2-2 IMPLEMENTING 00CtPENT REMARKS

SECTION INSTRUCTIONS
NtMER TITLE D00. NO. TITLE REF. 00C.. ETC.*

4.6 Control of Configeration Partially
Delegated4.6.1 Contract Change Control

4.6.2 As-Butit vertitcation CRP-QA-02 Activity Planning *

CRP-QA-13 Performance of Project Survet11ance
CRP-QA-16 Inspection. Examination and Test
BRD-QA-3.101 Source Surveillanceg

N BRD-QA-3.101-2 Administrative of the source Survetilance Progrse

A 4.7 Measuring and Test Equipment
* Calibration and Control CkP-QA-17 Hessuring and Test Equipmert Calibration and Control

4.8 Source Surveillance and
Inspection CRP-QA-02 Activity Planning

CRP-QA-13 Perforamnce of Project Surveillance
CRP-QA-16 Inspection. Enamination and Test

BRD-QA-3.101 Sourre Surveillance
BRD-QA-3.101-4 Preparation and issuance of Source Surveillance Reports

CRD-QA-3.1000 Project Surveillance
BRO-QA-3.1000-1 Preparation of Project Surveillance / Acceptance Clieck-

it sts. Sumary and Report forms

BR0-QA-3.101-3 Preparation for and Performance of Surveillances

QUALITY ASSURANCE PROGRAM INidt VER5US REQUIREMEN15 0F RDT F 2-2 i
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REQUIREMENT OF
RDT F 2-2 IMPltvNTING 00%a'ENT RPAtr$

SECTION INSTRUCTIONS

NUMBER TITLE 00C. NO. 11TLE REF. EN . , ETC.

4.9 Receiving Inspection

4.9.1 Plannir.g and Inspection CRP-QA-02 Activity Planning
CRP-QA-16 Inspection. EsaMnation and Test

4.9.2 Documentation CRP-AA-04 Incoming Mall
CRP-AA-14 Controlled Documents
CRP-EN-02 Processing Frtncipal Dasign Documents
CRP-0P-02 Operations Diviston Review and Cencurrence witt.

Engineering Design Data
TVA Pu chases of (RSRP ItemsCRP-PR-02 rw

N CRP-Q A-10 Quality Assurance Revtew and Approval of Erigf reering

Q Docipu nts

m CRP-QA-12 Review of Cor. tractor Quality Assurance Plans and
C3 Procedures

BRD-E-2.4 Vendor / Contractor Occuments
B RD-Q A-1.16 Quality Assurance Pevtew of Submittals
FRD-QA-1.16-1 Review of Design /Dccument Submittals

4.9.3 Disposition of Received Items
4.10 Control of Noncorforming

CRP-GA-03 Control of rionconromances Delegated
Itps

BRD-E-2.4 Vendcr/ Contractor Documents
BRD-QA-1.25 P:oncor.fcrinaxe Review Board (NRS)
BRD-QA-1.1000 Deviatien Reporting and Control
BRD-E-2.5 venfor/ Contract Waiver Requests
tRD-t-2.3 Reportir.g of Iefects and honcompliances
BRD-QA-1.13 Correr.tive Action Request (CAR)

4.11 Control of Received Items Delegated
,

4.12 Quality Audits See Section 8

QUALITY A$$URANCE PROGRAM INDEX VERSUS REQUIREMENTS OF R3T F 2-2
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" *- ~'' '' # : Ir1FLE:1EHTINI DCCLHE:4T RETARKS

P.DT F 2-2 1

IriSTRUCTIO::SSECTION
NUMBER TITLE COC. NO. TITLE RET 00C.. ETC.

8. Quality Assuran:s Audi s

8.2 Planning CRP-0A-19 Administration of Quality Assurance Auditing

l
._,

w
n
I
m

8.3 Evaluation of Cuality*

Assurance Fathods CFP-0A-22 Conduct of Programatic Audits*

ERD-QA-4.2 a,asts

8.4 Activity Audits CPD-QA-22 Conduct of Programatic Audits
BRD-QA 4.2 Audits

8.5 Product Audits CRP-QA-21 Cc9 duct of Product Audits

8.6 Nondestructive Examination
Audits CG-0A-22 Corduct of Prograrnatic Audits

1 0-0A-4.2 Audits

S.7 Record Audits 'RP-CA-21 Condact of Product Audits
.JP-0A-22 Coaduct of FregraTxtic Audits

, SPD-CA-4.2 Audits

E" n>N CUAL:~i A.tS'AA:;E Fr:3*J2 liGIX VERS''S f 1' IRE"E;US OF ROT F 2-2.
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RDT F-2 IMPLEMENTING DoctMENT REMARKS

SECI!0N INsTRETI N" I'
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TITLE D00. No. TITLE REF. 00C.. ETC.
.

8.8 keporting and Corrective !

Action CRP-QA-21 Conduct of Product Audits
CRP-QA-22 Conduct of Programatic Auditsy

y E RD-QA-1.13 Corrective Action Request (CAR)
n ERD-QA-1.10A Deviation Reporting and Control

h ERD-QA-4.? Audits |

e

!.

.

}__
| . auAt:TT AssunAnCt PaesnAn notx vEnsus acaulatMtnis or noi r 2-2
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ATTACHMENT 1

OUALITY ASSURANCE
PROCEDURE DESCRIPTIONS

Management Procedures (CRP-AA-01)

This procedure defines the responsibilities and actions for the preparation,
review, approval, distribution and revision of QBRP Project Of fice
procedures. This procedure establishes the f ramework for the dissemination of
basic policles, information and procedural practices.

Filing Procedure for Of ficial Project Files (CPP-AA-02)

This procedure defines the actions and responsibilities for establishing a
Project Office-ride file identification, collectlon, maintenance and retrieval
sy stem. The procedure details the particulars for handling and filing all
of f icial Project documents.

Preoaration of Corresoondence (CRP-AA-03)

This procedure describes the approved format for the preparation and handling
of Project Office correspondence,

incoming Mall (CRP-AA-04)

This procedure defines the actions and responsibilitles for receipt and
control of mail incoming to the Project Office. The procedure also describes
the measures to be effected for preparation, distribution and maintenance of
controlied documents.

Centralized Action Corresoondence Control System (CRP-AA-06)

This procedure covers the establIshmert of action correspondence
identification and control and the access of action correspondence status
i nf ormation.

Reports Control Procram (CRP-AA-07)

This procedure defines the actions and responsibilitles for the evaluation of
the usef ulness of inter-Project Of fice reports. The procedure also describes
the process for approval of new reports and establishes a Project Office
Reports Directory.

Control of Project Office Procedures Manual (CRP-AA-11)

This procedure def ines the actions and responsibliitles for preparation,
maintenance, and control of the Project Office Procedures Manual which-
contains copies of all Project Office procedures including those for quality
assurance activities.

O
()
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ControIIed Documents (CRP-AA-14)

This procedure defines the responsibilities and actions of Project Office
Divisions for controlled documents generated by Project participants.

Organization Plan and Functional Statements (CRP-DR-02)

This procedure defines the actions and responsibilities for maintenance of
functional statements for Project Office organizational elements, delegations
of authority and organization charts. The prccedure also describes the
process for securing approval for proposed changes.

Processing Princloal Design Documents (CRP-EN-02)

This procedure defines the actions and responsibilities for conduct of
internal reviews, reconcillation of comments and final action on Data Type I
documents. This procedure also covers the internal review of Data Type 2, 3
and 4 documents submitted for information.

Processing Engineer!ng Changes (CRP-EN-04)

This procedure defines the actions and responsibilities for review and
approval of Class | Engineering Change Proposals (ECP) through the mechanics
of a Configuration Control Board (CG).

Configntation Control Board Actions (CRP-EN-05)

This procedure defines the actions and responsibilities of the Configuration
Control Board in handiing and disposing of Engineering Change Proposals
(ECPs).

Preoaration and Maintenance of the Project Level 1 Schedu l e ( CRP-EN-09 )

This procedure defines the actions and responsibilities for preparing and
maintaining the Level 1 schedule. The procedure also describes the processes
for monitoring, controlling, and documenting progress and changes.

Operations Division Revies and Concurrence with Engineering Design Data
( CPP-OP-02 )

This procedure defines the actions and responsibilities for the review and
concurrence for engineering data by the Project Office Operations Division.
The procedure alt.o describes the method used by the Operations Division for
securing TVA Operations review and comments.

CRBRP Pro ject Monthly Progress Reoort (CRP-PC-03)

This procedure defines the actions and responsibilities for the preparation,
review, approval and distribution of the Project Monthly Progress Report.

O
17C-52a
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TVA Purchases of CRBRP ltems (CPP-PR-02)

This procedure defines the actions and responsibilities associated with CRBRP
Procurement activity assigned to TVA. The procedure also describes the review
and approval requirements.

Qual Itv Assurance Procram Management Review Meetings (CRP-0A-01)
'

This procedure defines the responsibilities and actions for planning,
scheduling, conducting and the reporting of results of the bi-monthly,
Project-wide quality assurance program management review meetings.

i

s

j
'
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Activity Pl ann i ng ( CRP-0A-02)

This procedure defines the responsibilities and actions for the preparation of
plans for the conduct of discreto quality assurance activities. The review of
these activities in accordance with an activity plan is a part of the overall
method for achieving quality.

Control of Nonconformances (CRP-0A-03)

This procedure defines the responsibilities and actions for the handling of
nonconformances reported for items and services provided on the CRBRP Project.
The procedure provides for the clearing or disposition of nonconformances
observed.

Corrective Action Reauests (CRP-0A-04)

This procedure defines the responsibilities and mechanics for initiating
actions to correct improper work or conditions observed during the normal
course of quality assurance activities.

Processing of Unusual Occurrence Reoorts (CRP-0A-051

This procedure defines the responsibilities for evaluation of all Project
related unusual occurrence reports. The procedure also details the actions of
the Project Of fice Quality Assurance Division in terms of disposition.

C
' Nonconformance. Unusual Occurrence and Corrective Action Analvsis (CRP-OA-06)

This procedure defines the responsibilities for analysis of selected
nonconformances, unusual occurrences, or corrective action reports for
adequacy of corrective action proposed or taken. This procedure al so detail s
the processes for internal handling of these reports.

Qual itv Records (CRP-0A-07)

This procedure defines the actions and responsibilities for establishing,
implementing, operating and maintaining a Project Of fice Quality Records
Center. The procedure also details the criteria for selection of data
documents for quality records retention.

Qualltv Assurance Proaram Proaress and Status Review and Reoorting (CRP-0A-08)

This procedure defines the responsibilities and actions for the review of the
overalI Quality Assurance Program on a monthly ano semi-annual basis. These
reviews result in the preparation of comprehensive program status reports for
the Project Director's information and action as appropriate.

Quality Trend Analvsis (CRP-0A-09)

This procedure defines the responsibilities for continuous monitoring of
product and programmatic data to discern and identify quality. trends. The'

[] procedure also outiines the process for initiating corrective action, q

'u j
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Oualitv Assurance Review and Aoproval of Engineering Documents (CRP-0A-10)

This procedure defines the responsibilities for review of engineering
speci f ications, descriptions, drawings and change proposals f or adequacy in
terms of qual ity assurance requirments. The procedure also details the
process of documenting the review findings.

Quality Assurar ce Review of Procurement Documents (CRP-0A-11)

This procedure defines the responsibilities for review of procurement
documents for adequacy as related to quality assurance requirements. The
procedure also details the process of documenting the review findings.

Review of Contractor Quality Assurance Plans and Procedures (CRP-0A-12)

| This procedure defines the responsibilities for review of CRBRP participants
quality assurance plans and procedures to determine their adequacy. The
acceptance / approval process is also described.

Performance of Prolect SurveIIIance (CRP-0A-13)

This procedure defines the responsibilities for the planning, conduct and
reporting of surveillance activities performed by the CRBRP Quality Assurance
Division.

Insoection. Examination and Test (CRP-0A-16)

This procedure defines the responsibilities for the preparation for and
performance of quality assurance inspections, examinations and tests during
design development, procurement, construction, installation, start-up,
operation, maintenance and modification of the CRBRP.

Measurina and Test Eauloment Calibration and Control ( CRP-0 A-17 )

This procedure defines the actions and responsibilities for the verification
that measuring and test equipment used for inspections, examinations or tests
are properly calibrated and controlled.

| Outlity Assurance Participation in Preparation of Acoroved Source Lists
( CRP-O A-18 )_

This procedure defines the responsibilitles for identifying qualifled sources
of supply for BOP items and services. The procedure also outlines the
processes and actions necessary for the evaluation of a prospective supplier's
qual ity assurance capabil ities.

Administration of Ouality Assurance Auditing (CRP-0A-19)

This procedure defines the responsibilities for the planning, conduct, follow-
up, and close-out of qual ity assurance audits. This procedure also details
the actions of the quality assurance audit administrator in documenting the
audit activity.

O
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O Preoaration. Maintenance and Control of Project Office Oualltv Assu-ance
Manual ( CRP-0 A-20 )

This procedure defines the actions and responsibilities for the preparation,
distribution, maintenance and control of the CRBRP Quality Assurance Manual.

Conduct of Product Audits (CRP-0A-21)

This procedure defines the actions and responsibilities for the preparation,
conduct and reporting of quality assurance product audits by the CRBRP Project
Office. The procedure also details the actions of the audit team in the
course of the evaluation of selected products f or conf ormance to qual ity
req ui rements.

Conduct of Programmatic Audits (CRP-OA-22)

This procedure defines the responsibilities for the preparation, conduct, and
reporting of quality assurance programmatic audits by the CRBRP Project
Office. The procedure also details the actions of the audit team in the
course of the evaluation of programmatic practices for conformance to quality
progru requirements.

Preoaration. Transfer. and Recelot of Project Of fice Ouality Records
( CRP-0 A-23 )

This procedure defines the responsibilities and actions to be executed by eachi

s_ Project Of fice Division in the preparation and transfer of quality records to
the Quality Assurance Division. The procedure also defines the
responsibilities and action of the Quality Assurance Division when receiving
quality records from other Project Of fice Divisions.

Personnel Indoctrination (CRP-OA-24)

This procedure defines the responsibilities and actions to provide for the
indoctrination of CRBRP Project Of fice personnel who carry out duties
af fecting the quality of CRBRP Plant structures, systems and components.

Administration of Personnel Certification and Records (CRP-0A-25)

This procedure defines the responsibilities for the administration of-

certification for Quality Assurance Division personnel directly involved in
qual ity verif ication, testing, evaluation or audit activities. The procedure
also details the actions associated with collection and maintenance of records
pertaining to personnel certification.

Personnel Certif ication (CRP-0A-26)

This procedure defines the responsibilities and actions necessary to identify
. areas of quality importance for which qualification or certification of

personnel are required. The procedure also details the actions for verifying
the adequacy of personnel training programs, certification practices and

(~,} documentation,

v

17C-56
Amend. 70
August 1982

1



Unusual Occurrence Reoort Preoaration and Disoosition (CRP-0A-27)

This procedure defines the actions and responsibilItles for' documenting an
unusual occurrence observed during the course of work on the CRBRP Project.
The procedure also details the action related to evaluation of the
reportability of the event to NRC as well as the channels for reporting io
NRC.

AE PROCEDURES

Procedure Preoaration (BRD-PC-1.5)

This procedure establishes the method for preparation, review, approval and
updating of all Project procedures except those numbered "BRD-QA-xx."

F i l i ng (BRD-PC-3.1 )

This procedure estabiishes the methods and categories to be used in Project
files; it contains provisions for a QA history f[le in compliance with
Criterion Vil of 10CFR50, Appendix B.

Distribution (BRD-PC-3.6)

This procedure establishes the method for maintaining distribution
requirements of Project documents.

Indoctrination and Training (BRD-PC-7.1)

This procedure establishes the requirements for Indoctrination of Project
personnel in the goals, polIcles and procedures of the Project, training in
the Project work methods and provides documentation of accomplishment of the
procedure activities.

Precual i f IcatIon of Bidders (BRD-E-L2.)_

This procedure establishes the method of prequalification of prospective
bidders for technical and financial capability, it also provides for

generation of a prospective bidder's Iist using the above information and data
accumul ated via BRD-QA-1.11.

Technical Evaluation of Bids (BRD-E-2.3)

This procedure defines the methods to be used for engineering review and
evaluation of bids.

O
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Vendor / Contractor Documents (BRD-E-2.4)

This procedure pt ovides the methods for receipt, logging, rev iew, processing
and return of vendor / contractor documents.

Vendor / Contractor Walver Reauests (BRD-E-2.5)

This procedure provides the method by which vendor / contractor waiver requests
are received, evaluated, dispositioned and the vendor notified of the results.

Reoorting of Def ects and Non-Compl iance (BRD-L-2.3)

This procedure establishes the method f or review of defects or non-compliance
as defined by 10CFR21 and significant def iciencies as def ined by Paragraph
50.55(e) of 10CFR50.

|
'

Preoaration. Control and Distribution of Qualltv Assurance Instructions
( B RD-0 A-1. 2 )

This procedure establishes the guidelines for preparation, issue, control and
use of quality assurance instructions by QA personnel.

Preoaration of OA Procedures (BRD-0A-1.3)

This procedure establishes the method for preparation and control of 'QA"
("') designated procedures.
V

Vendor Oual ltv Assurance Preaual if ication Program (BRD-C A,-1.11)

The procedure establishes the method of prequalifying a prospective bidder's
quality assurance program for a bidder's list.

Vendor Qualltv Assurance Oualification Survey (B RD-0 A-1.12 )

This procedure establishes the method and criteria for conducting a preaward
survey and evaluation of a prospective vendor's or subcontractor's quality
assurance / quality control system.

Corrective Action Reauest (CAR) (B RD-0A-1.13 )

This procedure establishes the methods and documentation used in requesting
corrective / preventive actions via a system of graded requests.

Qual ltv Assurance Review of Submittals (BRD-OA-1.16)

This procedure provides guidelines for a standard approach to quality.
assurance review of submitted documents.
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Training and Certification of Oualitv Assurance Personnel (BRD-0A-1.18)

This pro ^edure establishes the training and certification methods for quality
assurance personnel who perform nondestructive examinations and inspection of
material s, parts, structures or systems.

Procedure Writing Format (BRD-0A-1.19)

This procedure provides a guide to the standardized format to be used in
writing procedures for the BRD.

Bid Review for Quality Reauirements (BRD-0A-1.21)

This procedure provides guidelines for a standard approach for quality
assurance review of bids,

l Nonconformance Review Board (NRB) (BRD-0A-1.25)

This procedure provides guidelines for the composition, operation and
generation of documentation by the Nonconf ormance Review Board. It provides

for membership of the Authorized ASME Inspector when considering items under
the jurisdiction of the ASME Code.

Deviation Reporting and Control (BRD-0A-1.1000)

This procedure establishes the methods and documentation required to report
and disposition deviations.

Source Surveillance (BRD-0A-3.101)

This procedure establishes the scope, guidelines, responsibilities and contro
I

of source survelllance activities, from initial planning through release for

shipment.

| Project Surveillance (BRD-0A-3.1000)

This procedure provides a means and guidelines for examining the effectiveness
of The Project Quality Assurance Program on a less formal basis than auditing.

| Audits (BRD-0A-4.21

This procedure establishes the guidelines for auditing of the Quality
Assurance Program.
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Evaluation of Precual IfIcation OuestIonnaire (BRD-0A-1.11-1)

This instruction provides direction for evaluating a Q. A. Prequalif Ication
Questionnaire when considering the suitability of a vendor as an acceptable
source.

Performance. Evaluation and Recorting of Preaward Survovs (BRD-0A-1.12-11
|

This instruction defines the actions required in planning, performing and
reporting the results of a preaward survey.

Review of Design / Document Submittals (BRD-OA-1.16-1)

This instruction provides the ch9cklist that defines the minimum QA review of
design documents and vendor submitted documents.

PreoaratIon of Pro lect SurveIIIance/ Acceptance Checklists. Summary and Reporti

Forms (BRD-OA-3.1000-1)

This Instruction defines the roquirements for a surveillance checklists,
methods of summarizing the results and reporting them.

Quality Assurance Completion Record (BRD-OA-3.101-2)

This instruction provides for recording the condition of a component and its
documentation immediateIy prior to shipment.

Preoaration For and Perf ormance of Surveil l ance (BRD-OA-3.101-3)

This instruction describes the methods and considerations addressed when
I preparing and performing surveillance activities.

PreoaratIon and Issuance of Source SurveliIance Reoorts (BRD-OA-3.101-4)

This instruction definas the requirements and provides the guidance for
preparation and issuance of Source Survelllance Reports.
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. _ .

A
CL INCH RIVER BREEDER REACTOR PLANT

DESCRIPTION OF THE CX)NSTRUCTOR
QUAL ITY ASSURANCE PROGRAM

0.0 INTRODUCTION

Stone & Webster Engineering Corporation (SWEC) is the constructor for the
Clinch River Breeder Reactor Plant (CRBRP) Project. In this capacity, SWEC is
responsible for management and perf ormance of those tasks associated with the
overalI construction offort. This inct udes the responsiblIity to plan,

implement, and manage the Constructor portion of the CRBRP overalI quality
assurance program. This program will be applied to activities within SWEC's
contractual scope of work that affect safety related structures, systems, and
components and those important to saf ety (as detined in Section 3.2, 7.1, and

| 9.13).

The SWEC CRBRP Project Quality Assurance Program is based on the Stone &
Webster Topical Report, SWSQAP 1--74A, Rev. C, " Standard Nuclear Quality
Assurance Program." Although some organizational elements and
responsibilities have been shifted for this project, all-requirements
contained in SWSQAP 1-74A, Rev. C, which are applicable to SWEC's scope of
work will be implemented. By accomplishing this, the SWEC Quality Assurance
(QA) Program for CRBRP compiles with the applicable requirements of 10CRF50,
Appendix B and RDT F2-2. The correlation of 10CRF50, Appendix B and RDT F2-2

[s') is shown in Figure 17.1-3.
V

The changes that have been made in the quality assurance organizational
structure from that shown on SWSQAP 1-74A, Rev. C, have been made to respond
to project conditions where SWEC does not have responsibility for engineering
or design, as well as requirements of the Owner for the establishment of a
project quality assurance organization. As a result, the responsib!!Itles for

implementing some requirements contained in SWSQAP 1-74A, Rev. C, have been
shif ted within the organizational elements of the QA Department. These
changes in organization and responsibility are described in the following
paragraphs.

0.1 ORGANIZATION

0.1.1 Organizational Arrangement
~

The SWEC management organization, including quality assurance management for
the CRBRP Project is shown in Figure 17F-1. The QA Department organization is
shown in Figure 17F-2. Figure 17F-3 shows the Project Quality Assurance
Organization. The changes in ~ the quality assurance organizational structure
f rom that presented in SWSQAP 1-74A, Rev. C, for the Constructor program of
.the CRBP.P Project are:

A. Because SWEC has no engineering or design responsibility for CRBRP, these
organizatinal elements are not represented.

/~}U
|
,
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B. The position of CRBRP Project QA Manager has been created. The CRBRP
Project QA Manager, who will be located at the project site, has overall
authority and responsibility for qual: ty assurance f unction, both
administrative and operational, on the project. The Project QA Manager
receives quality assurance direction from, and reports to, the QA
Department Manager in SWEC Headquarters. The QA Department Manager
reports to the Vice President, QA, who reports to the SWEC Company
President. CRBRP Project policy is received through the interf ace shown
in Figure 17F-1 with the Project Managers and/or the Senior Project
Manager.

C. The position of QA Program Administrator will not be established for the
CRBRP Project. The Project QA Manager and the Project QA Staf f will
perf orm those f unctions normal ly assigned to the coordinator.

D. Field Quality control Division personnel at the site and Procuremeni
Quality Assurance personnel in the SWEC District Offices wiII receive
Project direction from the Project QA Manager. Corporate policy,
corporate administration, and corporate resource support will remai n with

| the parent Headquarter's divisions.

E. The Project QA Manager's Staf f will be established to perform both quality
assurance engineering and quaiity assurance management functions.

F. The Quality Assurance Cost and Auditing Division in SWEC Headquarters will
retain responsibility for audits of the overall SWEC CRBRP Project QA
Program. Additionally, the Project QA Manager wili staf f and conduct an
audit activity to perf orm required audits of subcontractors, the S&W CRBRP
FQC organization, and others as requested or directed by the Owner.

G. With respect to procurements, the site QA staf f wiII be responsible for
inspection planning normalIy parf ormed by PQAD and f or the evaluation of
risk reieases normally performed by Project Engineering. The field

!
Procuranent Department, in lieu of Project Engineering, will assume the

| responsibility for preparation of the Recommended Blader's List.

H. Since the engineering and design activities for CRBRP are the
responsibility of others, the assignment of dispositions to nonconforming
items identified by SWEC and which require an Engineering disposition will
be the f unction of others. To f acilitate inter-organizational processing, D

the SWEC Nonconformance and Disposition (N&D) Report System (referenced in
Section 15) has been modified. The new system, designated as the Fielo
Deviation and Disposition Report (FDDR) provides a method of interfacing
with all responsible parties in order to report, evaluate, and disposition
nor. conf ormances. PQA wil l continue to report shop nonconf ormances using
the SWEC N&D system.

O
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1. Additional Modifications to SWSOAP 1-74A. Revision C

1. Section 1, paragraph 1.3, revise to read - Individuals or groups who
audit, inspect, or otherwise provide acceptance verification of a
quality activity (except for design or start-up operations) shall be
f rom the quality assurance organization and shalI not be the same
individuals or groups responsible for perf orming the specific
activity.

2. Section 1, add paragraph 1.4 as follows: The quality assurance
organization shall be adequately staf fed throughout the lif e of the
project. This organization shall review the project scope, determine
the personnel requirements to support quality assurance activities,
and staff to provide required support. A Quality Assurance
Representative shalI participate in scheduling meetings and other
day-to-day activities at the site and Headquarters as necessary to
assure adequate qualified personnel, equipment, and procedures are
available to perf orm quality activities in support of the engineering
and construction schedule.

|

3. Section 1, paragraph 2.0 - In addition to the described tasks, the
Constructon Department shall develop management systems and methods to
implement the quality assurance program for Construction Department
activities.

s 4. Section 1, paragraph 2.0 - In additon to the described tasks, the
; Purchasing Department shall develop management systems and methods to

implement the quality assurance program for Purchasing Department
activities.

5. Section 2, add paragraph 1.10 as follows: All procedures which are
used to implement this quality assurance program shall be consistent
with the commitments of this program. -The QA Organization shall
review and concur with these quality related procedures in accordance
with Appendix VI. Documentation of the review and concurrence shall
be maintained.

6. Section 2, add paragraph 1.11 as follows: The status and adequacy of
the overall Quality Assurance Program, as described herein, shall be
assessed on a annual basis by the Stone & Webster internal Audit
Division or other organization having no direct relationship to the
SWEC Quality Assurance Orgaalzation. This annual assessment will be
achieved by an evaluation of compilance to and adequacy of corporate
commitments contained in SWSQAP 1-74A, implementing measures including
the project related assessments committed to in Section 18 of this
document. Reports of this essessment and recommendation shall be
submitted to the Of fice of i.Se Chairman and President of SWEC and the-
SWEC Vice President and Manager of Quality Assurance.

7. Section 2, paragraph 1.8, revise to read: Indoctrination, training,

and qualification programs shall be established and implemented as
appropriate, such that:

17F-3 -
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1.8.1 Personnel receive indoctrination and training to familiarize

them with the procedures and systems developed to govern and
support quality related and quality assurance activities,
including tests, inspections, examinations, and audits.

1.8.2 Formal training programs shalI be documented, including
objectives, content of the program, attendees, and date of
attendance.

1.8.3 Personnel performing qual ity assurance f unctions shall be
qual i f led, certi f led, and re-certi f led as required by
applicable codes and standards.

1.8.4 Certificates of qualification show the basis for
qualification, including testing or proficiency testing when
applicable, and the specific functions personnel are qualifled
to perform.

1.8.5 The training program cor. plies with the Regulatory Position in
Regulatory Guide 1.58, with alternatives as noted in Appendix
Vll.

8. Section 4, paragraph 2.0 - In addition to the described tasks, the
Construction Department is responsible for the preparation and
processing of Purchase Requisitions for permanent plant equipment,
materials, and services as assigned by the Owner or as necessary to
support construction phase activities.

9. Section 4, paragraph 2.1, revise as follows: First sentence - change
to read: Quality Systems Division, or other personnel authorized in
writing by the Chief Engineer, Quality Systems Division, shall be
responsible....

Second sentence - Review and approval shall verify that quality
requirements are correctly stated, inspectable, and controllable;
there are adequate acceptance and rejection criteria; and sufficient
information exists pertaining to codes....

10. Section 5, paragraph 2.0 - in addition to the described tasks, the
Construction Department shall prepare and publish appropriate
Construction Department procedures which govern the performance of
Construction Department activities af fecting quality.

11. Section 5, paragraph 2.0 - in addition to the described tasks, the
Project Management Departrr.ent shalI prepare a Project manual that
provides overall direction to Project personnel, reference applicable
detailed procedures and instructions, and contain Project unique
procedures and instructions.

12. Section 5, add paragraph 2.2.3 as follows: In addition to the
described tasks, the Project Quality Assurance Organization shall
prepare and publish procedures based on Quality Systems Division
procedures without degradation which shall govern the performance of
certain Project quality activities.
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g,,/ 13. Section 6, paragraph 2.0 - In addition to the described tasks, the
Construction Department shall prepare and issue procedures
establishing a document control system for documents received and
distributed f or use at the site which prescribe quality assurance
activities.

14. Section 6, paragraph 3.1, revise to read - Applicable procedures in
Section 5 of the Quality Standards Manual, Engineering Assurance
Manual, and the Quality Assurance Directives Manual establish the
requirements to maintain master indexes of instrucilons, procedures,
drawings, and procurement documents and to publish updated indexes in
a scheduled manner. For example, the Quality Standard entitled
" Qual ity Standards Procedural System" states as follows:

"7.1.7 A. Acolicability - The applicability of generic QS's to
a major project shall be established during the procedure
review cycle and documented in the Table of Contents and
Project Applicability Matrix. Actual usage in part or whole
will depend upon other project documents which establish the
scope of work to be done by Stone & Webster. This matrix
shall be reviewed and updated periodically depending on
activity, with an annual update as a minimum. Major projects
shall individually issue a Table of Contents for their Project
QS Manual which addresses every master generic and project
model QS applicable to the Project. The Table of Contents

s
j shal l stato adoption, projectization, and, if not used, shall

s/ so state. Further, if not used and_a substitute project
procedure is used (not a QS), it shall be noted in this Table
of Contents to ensure procedural coverage of all program
commitments."

15. Section 7, add new paragraph 1.7.1 as follows: Materla! procured with
a Certified of Conformance as documentation of quality shall be
receipt inspected periodically by Field Quality Control to verify
compl iance with procurement documents.

Renumber present 1.7.1 through 1.7.4.

16. Section 7, paragraph 1.7.1 (formerly 1.7.1), revise to read - Receipt
inspection status shall be documented and shall be identified by
markings, tags, or other appropriate means.

17. Section 7, paragraph 3.2 --In the third line, change " Test,
inspection, and Documentation Section of procurement
specifications...." to read " procurement documents and inspection
plans...."

18. Section 8, paragraph 2.0 - In addition to described tasks, the
Construction Department shall receive items at the site, verify proper ,

quantity, item type, and lack of shipping / handling damage, and notify j
'

FQC f or receipt inspection. Items which are awaiting FQC receipt
f-ss

( ) inspection for a period exceeding one working day shall be tagged with
. a Product Hold Tag by Construction and segregated when. practical,' - '

pending FQC receipt inspection.
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19. Section 10, paragraph I .2, revise f irst sentence to read - Inspection

requirements shall be translated into inspection procedures,
inspection plans, and inspection reports to provice documentation of
the inspection work required to ensure the specified quality.

20. Section 10, paragraph 1.3, revise to read - Sampling techniques may be
utilized for inspecting a group of homogeneous items. If sampling is
used to verify the acceptability of items, the sampling plan shall be
based on a recognized standard sampling plan (MIL-STD-105D for
attribute sampl ing, MIL-STD-414 f or variables sampl ing) cr other
nationally recognized and accepted technique. The method utilized and
conclusions obtained from sampling shall be documented to assure
correct interpretation of the plan and the results. Quality Systems
Division and Client approval of sampling plans for Category i Items is
required when the method is outsice the scope of approved procedures
or accepted techniques as described above.

21. Section 10, paragraph 2.0 - in addition to the described tasks, the
Construction Department is responsible f or notification to FQC when
work approaches HOLD points.

22. Section 10, paragraph 3.2.4, revise to read - A Descriotion of Method
of Inspections with Eculoment Requirements and Accuracy Criteria -
Delineated in the appropriate Quality Assurance Department document,
i.e., Qual ity Assurance Directive, inspection Plan, etc.

23. Section 12, paragraph 1.2, revise to read - The control program shall finclude the following and shall be implemented in accordance with
approved procedures.

24. Section 12, paragraph 1.2.1, revise to read - Positive icentification
of the equipment and its calibration status including the due date of
the next calibration.

25. Section 12, paragraph 1.2.2, revise to read - A f requency of
calibration schedule for <f pes of equipment based on required
accuracy, purpose, recognized industry standards, manufacturers'
recommendations, usage f actors, stability characteristics, and other
conditions af f ecting the measurement.

26. Section 12, paragraph 1.2.3, revise to read - Written prccedures
describing the calibration control system. Standards treceable to
national standards shall be used; if national standards do r.ot exist,

the basis for calibration shall be documented. Calibration standards
used shall be calibrated, where possible, using standards of a greater
accuracy, or when not possible, the basis of acceptance of the
calibration shall be documented. Calibration of equipment shall be
against standards that have an accuracy that assures the equipment
being calibrated will be within required tolerance. When possible,
calibration standards used shall have an cccuracy at least f our times
that of the equipment being calibrated. When this is not possible or

f easible, standards shall have a verif iable accuracy which will assure
that the calibrated equipment will be within required tolerances.
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27. Section 15, paragraph 1.4 - Add "and 10CFR21" to end of sentence.

28. Section 15, add new paragraph 1.5 as follows: Nonconforming items
shall either be corrected, or resolved as not having an adverse impact
upon the test or test results, prior to the initiation of the
preoperational test program on the item.

29. Section 18, paragraph 2.1, revise to read - The Vice President,
,

Quality Assurance, shall review the implementation of each project's l

quality assurance program for compliance with the Preliminary Saf ety )
Analysis Report and Appendix B to 10CFR50. This shalI consist of '

reviews of quality trend data, audit reports, and specific project
reports, and verification of impimentation of ef fective corrective
action. At least annually, a formal program audit of the specific i

project quality assurance program shall be perf ormed and documented to
evaluate program effectiveness and determine whether the Preliminary
Safety Analysis Report requirments are properly reflected in the
various quality assurance manuals and are being, or are capable of
being, fulfilled. These audits shalI include pertinent external
project-related activities such as, but not limited to, those
performed by Construction, Purchasing, and Project Management
Departments, and Engineering Assurance Division of the Engineering
Department. Appropriate corrective action shalI be identifled.
Copies of the program audit, and identified corrective action shall be
submitted to responsible management to implement corrective action.
Corrective action shall be tracked to completion.

30. Section 18, paragraph 3.2.1, line 2: Replace " total" with "each
project."

31. Section 18, paragraph 3.2.2: Replace second sentence with: This
evaluation shall be conducted by QACAD and reported to the Manager and
Vice Presicent of Quality Assurance. This progran feature shall be
assessed annually by the selected independent auditors identified in
item 0.1.1.l.6 above.

32. Section 19, paragraph 1.8, revise to read - Owner requirements and/or
additions to the Project QA Progran Manual shall be entered into the
Quality Assurance Program index (Division A of the Program Manual) or
in Part 4.0, " Client Considerations," within each section and shall
not be considered as a program revision.

33. Section 19, paragraph 1.9, add the following: in addition, any

changes to the quality assurance program description which is included
with the Saf ety Annlysis Report, and have been previously approved by
the NRC, wilI be submitted to the Iicensee for the purpose of
obtaining NRC approval prior to implementation. The licensee shall be
notified of organizational changes in the quality assurance
organization within 30 days af ter the announcement for the f urther
notif ication of these changes to the NRC.

O
N
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34. Appendix || - Add the qualif ication requirements of the Project QA |h
Manager f or the CRBRP Project as follows: A minimum of ten years in
quality assurance and related f ields including manuf acturing,
construction, and/or Instal lation activities. At least two years of
this experience shall be associated with the nuclear fielo in either
field or Headquarters project quality assurance assignments. He must
have a Bachelor of Science or Arts degree.

35. Appendix V I - Add Project QA hknager to the approval s f or: Project QA
Program Description, Quality Standards (other than QS 5.1), Quality
Assurance Directives, and Quality Control Instructions.

36. Appendix Vil, revise item D (Regulatory Guide 1.58) as follows:

Regulatory Guide 1.58, Revision 1, dated September 1,1980, ( ANSI
N45.2.6 - 19/8), "Qualif ication of Nuclear Power Plant inspection,
Examination, and Testing Personnel ."

SWEC's QA program requirements commit to comply with this Regulatory
Guide subject to the following alternatives:

1. ANSI N45.2.6 - 1978. Paragraoh 2.4. " Written Certification
of Initial Caoability"

ShEC Position: Initial capability will be determined by an
evaluation of the candidate's education and experience or by
testing. If the candidate f alls to meet the criteria established
in Paragraph 3.5, subject to our alternatives stated below in item
3, SWEC will evaluate the candidate by testing. Testing to
demonstrate proficiency will be accomplished by a practical
demonstration, oral or written examination, or by any suitable
combination of the three. In al l cases, the basis f or the

qualification and the results will be documented in an auditable
manner and retained in the candidate's qual if ication f ile.
Evaluation by testing may be optionally exercised at anytime in
lieu of verified education and experience.

2. ANSI N45.2.6 - 1978. Paragraoh 2.4. " Written Certificate of
Oualification"

SWEC Position: For purposes of certification, SWEC will use the
following disciplines on certificates of qualification to identify
activities certified to perform:

o Mechanical - (includes piping and instrumentation)

o Electrical - (includes controls)

o Civil - (includes concrete, structural and soils)

o Soecial Processes (except NDT - see below) - (includes
welding, painting, chemical, and cadwelding)
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() o Ouality - (includes supervising personnel who review or
acminister inspections, examinations, or tests over several
disciplines, as well as multi-disciplines, such as receiving
inspection, procurement quality assurance, documentation,
etc.)

o NDT Disciolines - (as delineated in SNT-TC-1 A-1975)

Certification will be accomplished either by (1) education, I

experience and training, or (2) testing. The method used will
be shown on the certificates. Results of testing and records
of education, experience, and training will be maintained in
the candidates qual if ication f il e.

1

3. ANSI N45.2.6 - 1978. Paraaraoh 3.5. " Education and |
Exoerlence - Recommendation" |

|
'

3.5.1 - Level 1

1. Same as Standard

2. High School / General Education Development equivalent plus six
months...cr

3. Four year college graduation, plus one month of related

O, experience or equivalent inspection, examination, or testing
activities.x

3.5.2 - Level II

1. One year of satisf actory perf ormance as Level I or five years
related experience in the corresponding inspection,
examination, or test category or class, or

2. High School / General Education Development equivalent plus
three years...or

3. Same as Standard

4. Sara as Standard

3.5.3 - Level |||

1. Six years of satisf actory perf ormance as a Level 11 or 15
years of related experience in the corresponding inspection,
examination, or test category or class...or

2. High School Graduation / General Education Development
equivalent pl us ten years. . .or

3. Same as Standard
A
(m l 4. Same as Standard
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37. Appendix Vil, add to Part 1:

L. Regul atory Guide 1.144, Rev. 1, dated September 1980 ( ANSI
N45.2.12 - 1977 ) , " Auditing of Quality Assurance Programs for
Nuclear Power Plants" - commit to comply with Guide, subject to
the following alternative:

Pre-audit and post-audit conf erences are normal ly hel d as required
by Sections 4.3.1 and 4.3.3 of ANSI N45.2.12 - 1977. In certain

circumstances, when audits are of a limited scope, a documented,
telephone conversation may be held in iieu of a face to face
meeting.

M. Regulatory Guide 1.146, dated August 1980 ( ANSI /ASME N45.2.23 -
1978), "Qualif Ication of Qual ity Assurance Program Audit Personnel
for Nuctcar Power Piants" - commit to compty wIth Guidos.

0.1.2 Resoonsibilltv and Authority

The shif t of quality assurance responsibilities to support the revised
organizational structure is as follows:

A. Because SWEC has no engineering and design responsibilitles, these
f unctions will be perf ormed by others designated by the Owner as described
in other sections of this PSAR. Additional ly, as-buil t conf iguration
Information is provided by SWEC to others as designated by the Owner f cr
incorporation in to the Project Baseline Documentation which will
ui timately ref Iect the as-buiI t conf Iguration of the overal I pl ant.

B. The Project QA Manager is responsible for perf orming the quality assurance
program management and administrative f unctions for the project quality
assurance organization, as delegated by the QA Department Manager, in
addltion, the Project QA Manager is responsible for those tasks normalIy
assigned to a QA Program Administrator. The QA Department Manager,
located in Boston Headquarters, will provide quality assurance policy and
guidance, the Interf ace with corporate management, and access to other QA
Headquarters divisions, in this position, the Project QA Manager has the
organizational f reedom and authority to identi f y qual ity probl ans,
initiate, recommend, or provice solutions through designated channels, and
verify ImpiementatIon of corrective action. The Project QA Manager is
also responsible for establishing necessary interf aces with other project
participants on both informal and formal basis as designated by the Owner.
The Project QA Manager shall also participate in the long and short range
planning and scheduling activities of the Project to assure that based on
Project goals and schedules, the overall quality assurance f unction has
adequate resources to support alI phases of Project work efficiently.

C. The Project QA Staf f will execute many of the Project QA Manager's
assigned tasks f or the Constructor Program.

O
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D. The Quality Assurance Cost and Auditing Division in SWEC Headquarters will
retain responsibility for audits of the overall SWEC CRBRP Project QA
Program. Additionally, the <roject QA Manager wilI staff and conduct an
audit activity to perform required audits of subcontractors, the SWEC
CRBRP FQC organization, and others as requested or directed by the Owner.

0.1.3 . aalification Reautrements of the Protect OA Manager^

The qualif Ication requirements of the Project QA Manager are described in
Section 1.4.4.6 and paragraph 0.1.1. l.34, above, j

0.2 PROGRAM

The Constructor Quality Assurance Program is a major poriton of the overall
Project Quality Assurance Program. The scope of the program and the type of
project participation covered by the program are shown in Figure 17F-4.

The major elements of the Constructor Program are shown in Figure 17F-5. SWEC
has been assigned execution responsibility for the f ull scope of the
Constructor program except the area of preoperational testing and start-up
activities. Responsibility for execution of activities related to those areas
has been retained by the Owner.

O
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U For the purpose of assessing the potential magnitude of a release of

radioactive species f rom the cold trap, a rupture of the crystallizer tank was
assumed f ol lowed by a sodi um f ire. The radioactive inventory in the cold trap
was assumed to be that resulting f rom 15 years operation with 0.5 percent
talled f uel . Leakage f rom the reactor containment building (RW) to the
conf inement annulus was based upon a very conservative estimate of the RW
overpressure. The mitigating ef f ect that the conf inement annul us has on
leakage to the atmosphere was neglected. Resulting irradiation doses were
calculated f or the site boundary location and a number of downwind locations.
Results f rom this analysis (provided in Section 15.7.2.7 of the PSAR)
indicated that large margins existed between the potential doses and the
applicable guideline values. It was concluded that a mal f unction of the cold
trap system would not result in a violation of the 10CFR100 and equivalent

,

guidel ines previously outl ined.

Radwaste System

The liquic radwaste system utilizes components such as evaporators,
domineralIzers and f 11 ters whose perf ormance has been demonstrated in LWR's.
Operating procedures and tests will assure that the system is performing as
designed and within technical specif ications.

Analysis has been performed for a postulated falIure of a tank containing the
largest inventory of radioactivity in the liquid radwaste system, i.e., the

radwaste collection tank. This analysis is provided in Section 15.7.2.5 ofs
a the PSAR. An analysis of the ef f ects and consequences of the event has been

performed assuming no credit for the cell floor drains or operator actions.'

Postuiated gaseous and iIquid reieases associated wIth thIs tank f alIure have
been shown 1 be well within specified limits.

| The gaseous radwaste system utilizes components such as cryostills and
charcoal absorber beds which process and purify reactor cover gas and, as
necessary, gas from inerted cells. Selected tests are to be perf ormed during
scheduled plant outage periods to ensure that components are performing
consistently within specif! cations.

Analyses have been perf ormed f or postuiated component f alIures f or equipment
which could contain significant inventories of gaseous radwaste. Design
features for the CRBRP include permissible leak rate containment
specif ications and testing provisions, as necessary, to achieve of f-site
consequences in compliance with Federal guidelines. Preliminary analyses
proviced in Section 15.7.2.4 of the PSAR Indicate that of f-site consequences
of postulated events for the gaseous radwaste system will be in conformance
with specifled limits.

;
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Primary Coolant

The primary coolant will become radioactive from activation of the sodium and
from release of radioisotopes frco fuel pins in the core. A program has been
established to assure the integrity of the primary coolant boundary (see
Section 1.6 of the PSAR, Ref erence 2). A sodium leak detection system is
provided to detect small leaks so that operatcr action can be taken to limit
leakage. In addition, inert atmosphere, cell liners and the containment

isolation system limit the consequences of postulated leaks to well below the
speci f ied l imits (see Section 15.6.1.4 of the PSAR) .

Reactor Core

Fuel located within the core represents a major inventory of radioactive
species. Prevention of the release of radioactive species f rom the core must

be accomplished by means of the reliable operation of the appropriate saf ety
related systems. This reasoning led :0 the m phasis in the Reliability
Program being placed on those systems, the malfunctions of which could lead to
a loss of coolable core geometry. Loss of coolable core geometry is believed

to occur f ollowing cladding melting. For the purposes of the Rel iabil ity
Program evaluation it has been conservatively assumed that loss of coolable
gemetry wIII occur at the onset of coolant bolIing.

Postulated events which could lead to the loss of coolable core geometry can

be divided into three categories. These are (a) events which resul t f rom the
f ailure to shutdown pcwer generation within the core when required, (b) events
which result in a failure to remove the residual heat f rom the core in its
shutdown condition and (c) fuel f ailure propagation. The systems designed to
perf orm f unctions which would prevent these f ailures are the Reactor Shutdown
Systems (RSS) and the Shutdown Heat Removal Systems (SHRS). The focus of the

Reliability Progrm activities is theref ore on reliability enhancement and
verif ication of these systems (RSS and SHRS). Interfacing equipment and
systems are included in the scope of the program when their malfunction could
result in a saf ety related mal f unction of either 1he RSS or the SHRS. Fuel
f ailure propagation evaluations presented in Section 15.4 of the PSAR

| eliminate consideration of that f ailure mode as a potential initiator of
significant radiological release.

The RSS is comprised of a primary shutdown system and a secondary shutdown
system. As a saf eguard agalnst common cause f ali ures, these systems dif f er
substantially both in design and mode of operation of electronic and
mechanical components. Major segments of the Reilability Program ere devoted
to the primary and secondary shutdown systems.

Shutdown heat removal capability is provided via f our redundant heat rmoval
paths. Three of these paths utilize the three heat transport loops. The
normal short term heat sink f or these loops during reactor shutdown is the
turbine generator condenser, in the event of f ailure of this heat sink, a

backup heat sink is provided. The backup heat sink utilizes steam release to
the atmosphere and an auxiliary f eedwater system to provide an initial high
capacity heat sink coupled with protected air cooled condenser heat exchangers
for long term heat rejection. The protected air cooled condenser hee
exchangers are also used during normal long term shutdown.
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The f ourth shutdown heat removal path is via the Direct Heat Removal Service
(DHRS). The DHRS makes use of the sodium overf Icw-makeup system to extract
hot sodium from the reactor vessel and return cold sodium. Circulation of

sodium through the core is achieved by means of forced circulation in the
primary loops. Heat extraction f rom the sodium overf low-makeup loop is

achieved via a heat exchanger located in the sodium makeup iine. This heat
exchanger is coupled to the EYST NaK cooling loops. Heat sink capability in

this system is supplied by the EVST air cooled heat exchangers.

C. I .3 Procram Design

The design of the CRBRP Rellability Program has been dictated by a number of
key requirements and constraints. Some of these requirements and constraints
would be common to any Reliability Program while others are unique to the
CRBRP. The f ollowing paragraphs (a) Identify some of the more important
f actors considered in the design of the program and (b) indicate how these
factors influenced the selection of program features.

C.1.3.1 Design Integration

A basic ground rule set prior to the initiation of design work on the
Reliability Program was that the primary objective for the program would be
reliabilltv enhancement in the RSS and SHRS. The intent of this ground rule
was to ensure a direct Integration of the Reliability Program and the
component / system design activities. The most readily visible progran feature

O stemming f rom this integration are the component level qualitative reliability
assessments and the system level Reliability Design Support Documents. These
documents are produced by the appropriate Design Engineering organization for
items listed on the Reliability Related Canponents List (def ined in Section
C.I.4). The document is subject to approval by the Reliability organization.
The requirement f or the Reliability Design Support Document has the ef fect of
ensuring direct Reliability Engineering involvement in the design process.

Reliability verification was set as a very important second objective.
Reliability verification is achieved by a combination of component and system
f eature tests run under both design conditions and overload conditions coupled
with qualitative rollability analyses at both the component and system levels
and quantitative analysis at the RSS and SHRS levels.

C.1.3.2 Oualitative Reliabilltv Analysis

i The initial step in the qualitative reliability analysis is a preliminary
I total system Failure Mode and Effects Analysis (FMEA) for both the RSS and

SHRS. Results f rom this analysis are used as a means of providing an Initial
identif ication of those system f eatures having a significant impact on the
overalI system rellabiiIty.

O
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Ref inoment of the system level FMEA is then achieved by rebuilding it f rm the
component l evel up. The basic building block used in this process is the
component level FMEA produced as a part of the component rellabil Ity

| qual Itative assessments. This procedure f or ref ining the system level FMEA
was adopted as a means of assuring that the technology used in the design of
many CRBRP components is reflected in an accurate and balanced manner in the
rel labil Ity eval uations. Examples of this new technology are the high
temperature design rules used in the design of outlet plenum and hot leg
components and the irradiation of fects (swel IIng, creep and ductil ity loss)
technology used in the design of core components. Application of this
technology is handled by specialists who are experts in their particular
field. By requiring that the system level FMEA be reconstructed using FMEA's
produced at the component level, the progran assures that al I necessary
special ists, especially those who are experts in these special ized areas, are
involved in the production of the FMEA building blocks. This process
minimizes the potential for f ailure mode caission in areas of specialist
knowledge.

At the component level, the f ail ure mode critical ity and probabil ity ratings
(det ined i n Section C.2.1) are related only to that portion of the RSS or SHRS
directly impacted by the failure. The component designer does not make final
judgments relative to the total systm response to the f ailure of his
component. This restriction is imposed to assure that component level failure
mode impacts are not distorted by judgments based on an inadequate
understanding of the system design.

The FMEA's contalned in the component ievel qualitative rollabi|Ity
assessments are used by the systm designers and rellabil Ity engineers to
buil d system level qual itative assessments. In using the component level
FMEA's to assess the system level ef fects, the systan designer working with
the rel labil ity engineer reviews each component level f ailure mode and may
modify its criticality and probability ratings based upon his knowledge of the
total systan response to the postuiated f alIure. Typical of the factors
considered in this reevaluation are system redundancy and the potential for

| common cause failures. The system level qualitative assessment is
continuously updated as the component level input data are updated. The
component level data are updated as the component proceeds through the various
stages of design, fabrication, etc. System level FMEA's are used to guide the
appi Ication of Rel labil ity Progran resources.

In perf orming the systan level qualitative rellabilIty analysis, special
attention is paid to any f ailure mode or initiating event which has the
potential to produce concurrent f ailure of more than one elanent of a systan
cr more than one systan. Failures in this category are termed common cause
f ail ures. Sana of the measures adopted in the Rel iabil ity Progran to provide
protection agaInst this type of f ailure include (a) Imposing a requirenent for
diversity in the design of the RSS and SHRS, (b) requiring that essential
saf ety related systems be redundant and have excess capacity and
(c) perf orming eval uations and recommending corrective action to mitigate the
consequences'of any feature of a syston or interf acing component which has

- | potentI al susceptIblI Ity to common cause f alI ures.

O
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OQ C.1.3.3 Quantitative Reliability Analvsis

Quantitative reliability analysis plays an important role in the CRBRP
Reliability Program. Its primary uses are (a) as a tool f or the eval uation of

| systems (b) as a means f or eval uating random independent f ailure modes, (c) as
a decision aid f er selecting between alternative designs, (d) as a guide for

I the design of the testing ano analysis program and (e) as the basis for
sensitivity studies to evaluate the range of unreliability due to
uncertainties. As part of these evaluations, a top level system f ailure
probabil ity is cal cuiated.

It is important to note that all the primary uses f or the numerical

reliability analyses are as aids in decision making. The analyses are not
intended to demonstrate compliance with a top level system f ail ure rate. The

| decision not to set a numerical f ail ure probabil ity requiranent f or the RSS
and SHRS is a reflection of the current developmental nature of numerical
ret lability analysis in the f Ield of nuclear saf ety systems.

An update of the ref erence (3) Pr el i m i nary Re l i ab i l i ty Pr ed i ct i on f or CRB RP
SHRS will be available in January 1983. This will be the final SHRS
reliability assessment update based on f ailure state block diagram modeling.
Subsequent quantitative assessments will be based on the SHRS f ault tree model
being constructed f or the CRBRP Probabilistic Risk Assessment. The primary
reason for basing future reliability program numerical predictions and studies
on the PRA f ault tree model is the potential for additional level of

() resolution being modeled for SHRS and the supporting systems. This level of
,

'V modeling will allow more extensive studies of potential for supporting systems
interactions.

C.1.3.4 Test Program Rationale

Major objectives for the test program are (a) an identif ication to the
appropriate design group of potential faliure points in the design of the
components / systems, (b) a deterministic evaluation of component / system
perf ormance margins as def ined by the dif f erence between the design operating
envelope and the success envelope as defined by the test and (c) where
possible to generate sufficient statistical data to be able to make meaningful
probabil istic predictions of the component / system perf ormance.

| Tests that support ihe Reliability Program can be placed in one of three
categories. These are: (a) component level or system f eature tests, (b)
system level tests and (c) materials tests. The tests are chosen on the basis

| of the criticality of the f ail ure modes lotmilf led by the FMEA.
A significant segment of the test program is devoted to component tests and
system feature tests. Tests performed at this level make possible the
investigation of a wide range of conditions including overload conditions up
to the point where f ailure may occur. A major objective for these tests is

O
(
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the identif ication of any areas of the design where reliability enhancement is
desirable or necessary. The tests also result in the def Inition of the multi-
dimensional success envelope for the component ce system feature. The
boundaries of this envelope can be compared with the bounderles of the design
envelope for the component or system f eature. Thls comparison provices a

y
deterministic measure of the perf ormance margin inherent in the component /
system teature design.

9
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System level tests are specifled as appropriate to evalmte wear related
phenomena, identif y any f ail ure modes which are real-time dependent (dormant
failures), identify f ailure modes related to manuf acturing variations,
evaluate the of f ects of maintenance and operating procedures and identify
f ailure modes associated with interf ace features not included in the
component / system feature tests. Particular mphasis in the system level tests
is placed on providing as exact a simulation as possible of the actual reactor
operating environment (e.g., large sodium loops are used to provide a dynamic
sodium environment in the case of the mechanical control rod system tests).
Accelerated lif e system level tests are run to beyond the design life for the
critical system components in order to conf Irm that the system design Iif e
does not lie close to a wear dependent f ailure boundary. Output f rom the
system level tests provides a deterministic confirmation of the margins
between the system design and success envelopes. The schedule for the system
level tests necessarily lags that f or the component and system f eature tests.
Any system level design probim uncovered in these tests, however, can still
be corrected prior to operation of the plant equipment.

C.1. 4 Program imolementation Procedures

Top level Reliability Program requirements for the RSS and SHRS in CRBRP are
cef ined in the overall plant design requirements documentation. These
requirements are interpreted by the Lead Reactor Manufacturer (LRM) In
consultation with the CRBRP Project Of fice (PO) and then placed as mandatory
requirements on the Reactor Manuf acturers (RM's) responsible for portions of

3 the RSS and SHRS. The LRM retains responsibility for overall coordination of[V the Reilability Program activities within the RM organizations. A key element
of the administrative procedures set up by the LRM to ' assure the correct
impimentation of the Reliability Program activities within the RM
organizations is the RM Reliability Engineering / Design Engineering interf ace
Definition Chart. When it is determined that interf acing f unctions f alling
under the responsibility of the A&E have a negative influence on acceptable
operation of either the RSS or SHRS, then the PO will provide the direction to
the LRM and A&E as necessary to reduce or eliminate this Influence. Essential
elements of this interf ace def inition are Illustrated in Figure C.1-1. The
balance of this section is devoted to describing the interface features
summarized in Figure C.1-1 and, where appropriate, providing the r ationale
backing the selection of the f.atures.

An early action required of an RM involved in the implementation of the
Reliability Program is a comprehensive review of the RM's Internal engineering
procedures. The purpose of this review is to identify all existing RM
engineering procedures which must be updated to assure implementation of the

G) -
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Rel iabil ity Progra requirments. Modi f ication of the engineering procedures
makes compliance with the Reliabil ity Progrm requirments mandatory and
assures a Quality Assurance and program control overview of the program
activities. Included in the listing of procedures which require modif Ication
are procedures relati ng to conf iguration control, design approval and supplier
nonconf ormance/ waiver approval . Modif ication of these procecures assures that

| Reliability organizations are involved in the approval of all aspects of the
design, fabrication, shipment, instalIatIon, operation and malntenance of any
item of equipment which is a part of or interf aces with the RSS or SHRS.

The procedures modif ications outlined above are prepared by the RM Reliabil ity
Engineering group working with the RM Design Engineering group. In addition

to the modif ication of existing procedures, impl ementation of the rel iabil ity
requirements necessitates that a new procedure be generated. The new
procedure requires and controls the generation and maintenance of a listing of
the equipment and systems to which the Ret lability Program requirments are to
be applied. This listing is known as the Reliability Related Components List
(RRCL). The list contains all items of equipment directly involved in the
operation of the RSS and SHRS. Important interfacing, supporting systems are
identif ied separately for appropriate reliability review.

Once the RM engineering procedure changes are in place, the Ret lability
| Program requirements are placed on the RM Design Engineering organizations.

The RM Design Engineering, Construction and Operation Organizations must then
implement the Reliability Program requirments through all stages of design,
procurement, f abri cati on, shipment, installation, operation and maintenance of
the equi pment. Verif Ication of the correct implementation of the program

requirements is obtained through the Quality Assurance review and audit
activities. Additional verif ication is obtained by means of (a) a Rel iabil ity
Engineering review of design review packages, waivers, nonconf ormance reports,
etc. and (b) by the mandatory inclusion of a rellability review in the formal
design reviews for each item of equipment on the Reliability Related
Components L ist.

One of the special requirments imposed by the modified RM engineering
| procedures is f or the production of a reliability document for each item of

equipment on the RRCL. These documents are used as building blocks to
construct a reliability evaluation of the total sy stem.

Coordination of the Rellabil ity Program output f rom the RM's is handled by the
LRM. The LRM uses this output to assess the overall reliabliity of the RCS
and SHRS. This assessment is used as an important indicator of the
acceptability of the design of these systems.

All Reliability Program activities perf ormed by ihe LRM and the RM's are
subject to the direction and overview of the P0. The P0/LRM interf ace
procedures used by the PO to direct and control the Rellability Program

O
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O activities are similar in concept to those used to control the interf ace
between the Reliability Engineering and Design Engineering groups within an RM,

organization. Details of the P0/LRM/RM interf ace are given in Figure C.1-2.

C.1.5 Apoendix Conte 21

The organization and content of the balance of this appendix are as outlined4

below. The intent of Sections C.2 and C.3 is to provide the background
material necessary to place the subsequent Reliability Program description
sections in the correct context.

Section C.2 provides a description of the analysis and testing techniques
employed in the program.

Section C.3 contains a brief description of each of the systems included in
the Reliability Program. The f unctions of the systems are described and the
component parts Icentified. This section is provided as a convenience to
eliminate the need for extensive ref erence to the main body of the PSAR.

Section C.4 provides the system designers' evaluation of their portions of the
,

RSS and SHRS. Areas of system perf ormance uncertainty are identif ied. A

definition is provided of the Reliability Program activities necessary for the
evaluation of the system perf ormance uncertainties.

Sections C.5 and C.6 contain descriptions of the Reliability Program

O activities initiated to resolve the uncertainties identif ied in Section C.4.
Results obtained to date from these activities are identified and discussed.
The schedule f or the production of results f rom activities still in progress
is also discussed.

Section C.7 provides an assessment of the overall Impact of the Reilability
Program to date. Principal conclusions and design modifications stemming from
the program activities are identified. The planned use of data f romj

Reliability Program activities not yet completed is defined.

Addendum 1 conteins a description of the test f acilities for primary and
secondary shutdown system tests.

1

J
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C.2.0 Proaram GuideIines

The purpose of this section is to review the process by which aspects of the
RSS and SHRS having potential to degrade saf ety related reliabil 11y are
identi f led and resol ved. Conventional tools of reliabil ity eval uation are,

bei ng used to accompl ish th is task. These incl ude Fail ure Modes and Ef f ects
Analysis (FMEA), common cause f ail ure analyses (CCFA), testing and other
metuodology.

Figure C.2-1 shows diagranatical ly where reliabil ity information is generated
at each level of design and where this information is used. The remainder of
this section provides a discussion of the activities shown in Figure C.2-1.

C.2.1 Comoonent Level Evaluations

Failure Modes and Ef f ects Analysis are tne isic tool of reliabil ity
evaluation. They form the foundation upon which higher level evaluations are

i built. Fail ures critical to operational success are systematical ly identi f ied
| and may be ranked according to both severity and probabil ity of occurrence.

These rankings are identi f ied in Table C.2-1. Because of the technology (high
temperature design, irradiation offects, etc.) involved in the design of
Individual components, it is essential that the component levei FMEA be
generated by the component design organization. To assure consistency of
approach and continuity between component and system level evaluations,
RellabilIty Engineering personnel are assigned to each component to support

j the evaluation. In several cases, a vendor with considerable experience in
building the type of equipment under evaluation, (e.g., instrumentation and' s

; control devices, steam generator modules, etc.) was contacted to support
| generation of the FMEA. Typical output of the component level FMEA is:

o A comprehensive Iist of failure modes

o A |Ist of potential causes

o Ccrnponent dosigners view of the f ailure ef fect and criticality

; o initial estimate of the probability of occurrence

This output provides the initial assessment of design weaknesses and may
( result in immediate modifications (refer to Section C.7). It also is the

f irst step associated with def ining 'a test program. However, although
| estimates of critical ity and probabil ity of occurrence may be- provided,f

!
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they may be modi fied when aspects of redundancy and diversity are incl uded in
the system level eval uation. Because of the wide range of component types
(structural members to electrical modules), the means f or estimati ng
probabil ity of f ail ure vary considerably. In some cases, meeting accepted
code requirements may be deemed suf ficient to indicate an acceptably low
probability of failure, in other cases, considerable analysis may be
required, especi al ly if the f ailure has high criticality. Methods which are
bei ng empl oyed to obtai n f ail ure probabil ity estimates i ncl ude stress / strength
overlap, generic data and special testing designed to probe particular f ailure
mech an i sms. A further discussion or hun estimates are made is provided in

| Sect ion C.2.2.

All components which have the potential to impact successf ul operation of the
RSS or SHRS are identi f ied on a Rel iabil ity Related Components L ist (RRCL)
produced by Rel iabil ity Engi neeri ng. An FMEA is perf ormed f or each of these
components which then becomes the basis f or categorizing the components
according to f ail ure mode ef fects. The rel iabil ity eval uation of each
component is summarized in the Rel iabil ity Design Support Document at the
canponent, component group, or sy stem l evel .

Each component on the RRCL can be categorized as (a) degrading the f unctioning
of the RSS or SHRS or (b) preventing the f unctioning of the RSS or SHRS.
Those components on the RRCL are given a thorough review. Review of RRCL
components incl udes al i maintenance, shipping, installation and operation
procedures, waivers and nonconformances as wel l as design documentation
(specifications, drawings, design support documents, Interface control data)
and changes to those documents. Reliability Engineering is a participant in
design rev iews f or al I components on the RRCL.

The Rel labli ity Design Support Document summarizes the activities perf ormed to
demonstrate achievement of reliability objectives. These reliabil ity
assessments are included as part of the equipment design support packages.
The assessments are simil ar in character and stage of development to the other
design support analyses in the package (e.g., stress, thermal / hydraulic,
shielding, etc.). Rel iabil ity assessments incl ude coverage and interpretation
of al l supporting development testing activities. Ty pical design support
documents incl ude (a) the FMEA's, (b) an assessment of critical f ailure modes
to show design f eatures to preclude or control the f ailure and (c) an
assessment of common cause f ail ure potential .

C.2.2 System Level Evaluations

System level eval uations are perf ormed to relate detailed f ailure In'ormation
to its impact on system perf ormance. Just as a component designer is most
qual if ied to assess the f ail ure mechani sms associated with his coroponent, the
system designer must place each f ailure mechanism in perspective relative to
overal l system objectives. Although a component designer may indicate on an
FMEA a high probabil ity of f ail ure or high criticality, when

O
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system considerations are incl uded, these f actors coul d change signif icantly.
Scme important considerations used to influence a change in criticality
between the component and system level evaluations include':

o Are other components which perfccm a similar f unction susceptible to
the same f ail ure mechanism?

o is the system in which the component is used redundant?

o Can this f ailure initiate other f ailures that may af fect the RSS or
SHRS?

o Can the component falIure initiate falIure of the entire RSS or SHRS?

A system viewpoint is especially important when determining if a design change
is required to achieve adequate rollabliIty. Both quantitative and

| qual itative eval uations are perf ormed at the overa! I system level .

C.2.2.1 Numerical System / Subsystem Evaluations

initially, a numerical evaluation is made based on random independent f ailure
potential using component f ailure rate estimates. While it is recognized that
random independent f ailure rates constitute only a part of the total failure

| probabil Ity, these assessments serve three important f unctions:

O 1) They provide an Indication of the inherent system rellability if
common cause failure potential is eliminated or controlled.

2) Components having greatest impact on predicted reliability are
highl ighted for priority attention in f uture evaluations.

3) They aid the designer as a decision-making tool for evaluating design
1 changes.

The analytical techniques which have been applied to the systen level
numerical evaluations are success state, failure state and Markov modeling.

| Success state or f ailure state modeling are techniques used to analyze a
system's rel labil ity on the basis of the system's and component's operational
states. A logic block diagran is produced to display the system components

I and the logic associated with their conf Iguration. From th is diagran,
dif ferent component f ailure combinations are evaluated to determine their
of fect on systen operation. By evaluating ali possible combinations of

| operational states of the system components that lead to successf ul or f ailed
system operation, it is possible to derive an expression giving the

| rel iabil ity of the systen. This method has had application in both the RSS,

and SHRS. Detail s are reported in Ref erences 2 and 3.

O'
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To evaluate repairs or system reconf igurations during the time of Interest
| (e.g. , a f ul l reactor operati ng cycl e), Markov modeling has been selectively

anp l oy ed. All states of the system are def ined along with the transitions
that can occur between states. This inf ormation is mathematical ly represented

by a series of first order linear dif ferential equations which def ine the
various states and the transitions into and out of each state. This method
has been used in conjunction with success state modeling in the evaluation of
the RSS. It is also being evaluated for use in the assessment of the SHRS.

Component f ail ure rate data required to support the systens evaluations is
obtai ned f rom many sources. Generic data used may be divided into two broad
categories, directly and indirectly applicable to the components considered.
Because certain elements of the RSS and SHRS are not unique to CRBRP, data
exist which can be applied with l ittl e modi f ication. This incl udes portions
of the SHRS which are on the water side, as well as sodium side equipment
which has been used in FFTF test f acil ities and sodium reactors such as SEFOR
an d EB R- i l , in the RSS, considerable data exist on roller nut type control
rod drive mechanisms which are very simil ar to the primary system mechanisms.
Further, the design of the PPS electrical equipment is very simil ar to that
developed and tested for FFTF. These directly appilcable data are being used
to the f ullest extent possible and are discussed f urther in Sections C.5 and
C.6. For other components, because their designs are relatively new, no
signi f icant f ail ure rate data have been accumulated. It is therefore of ten

necessary to derive component f ail ure rate estimates f rom lower level piece

| these eval uati ons (e. g. , WASH-1400, MIL-HDBK-217B, etc. ) .
part data. Mi l i tary, industrial and governmental data sources are used in

These data may be
modified using accepted reliabilliy derating f actor rules or engineering
judgment. When modi f ications to data are made, the basis is made visible by
thorough documentation.

Data avail able f rom components, subsystems and systems which are like the RSS
and SHRS clements are being used extensively in the early assessments of the
RSS and SHRS. This approach is particularly appropriate f or the electrical
systems because of the large bank of data available and the established
acceptabil ity of MIL-HDBK-217B methodology.

As the results f rom CRBRF test programs become available, these data are used
to supplement those currently available. For reasons described later, much of

the CR3RP testing wil I not yleid f ailure rate data directly. I nf ormation
obtained f rom some tests will be used to calibrate analytical techniques to
provide greater assurance that reliability characteristics are correctly
modeled.

C.2.2.2 Oualitative System / Subsystem Evaluations

| Qual itative system assessments are used to determine system adequacy. Canmon
Cause Fail ures (CCF) receive special attention because of their potential to
signi f icantly degrade RSS and SHRS capabil ity. The f irst step toward
elimination or

O
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(#Ny,) control ling.a specif ic f ail ure mechani sm is I de.nti f ication. Once the failure
'

mode and potential causes are identi f ied, corrective action can be def ined.
Resolution may take the form of elimination by design alterations, procedural
control or demonstration of an acceptably low probabil ity of occurrence.

Component level FMEA's are the starting point f or CCF assessment. They
provide a thorough listing of the f ailure mechanisms and associated causes f or*

the elements of the system and its interf aces. FMEA's are a source of data
for determining which system elements are susceptible to f ailure f rom common
Causes.

Past reactor operating experience plays an important part in the f ailure mode
identi f ication ef for t. Available operating experience is thoroughly reviewed
to uncover common cause initiators underlying previous reactor incidents. The
bulk of experience f or hardware systems designed and f abricated to meet
nuclear standards and codes lies in the domain of Light Water Reactors

| (LWR's). This body of data serves to identify potential component f ailure
modes, design errors, operating problems and the actions necessary to correct
these deficiencies. Output of the LWR incident survey includes:

o Review of reported incidents and identification of the information
source

o Selection of incidents having CCF potential and Identification of the
causative mechanism

From these considerations, a list of potential causative f actors is prepared4

which relate to LMFBR operating conditions. These causative f actors are used
as the basis f or an evaluation of CR3RP component and system designs. This
evaluation employs logic based on specific design f eatures. This approach
provides a systematic method f or reviewing each f ailure and the relevant
system f unctions required to successf ully mitigate the incident.

,

i
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As each f ailure is reviewed, protection provided against such f actors is
identified. The visibil ity of potential probica areas provided by the
approach being employed assures that each design area is thoroughly
investigated against the potential f actors f or common cause f ail ures.

C.2.3 Testing

The CRBRP test progran has as its objectives:

1) To identify to the appropriate design group potential f ail ure points
in the design of the components / systems

2) To assure the system design margins are adequate to meet the design
speci fIcations under the anticipated range of operating conditions

3) To determine the design margins against identi fled system weaknesses
with the potential to degrade RSS or SHRS perf ormance

4) To identi fy unknown system weaknesses

System level rel labil Ity eval uations were used to determine requi red testing.
Factors eval uated to determine the need f or testing incl ude:

Severity of the f ailure of fecto

o Ccmmon cause f alI ure potential

o Estimated probabil Ity of occurrence

Avail abil ity of applicable data f rom other sourceso

AvalI abii ity of verif led anaIysis techniques f or system perf ormanceo
ev al uation

*
,

O'
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A primary purpose of testing is to demonstrate the capability of critical
components to perform their f unction over as wide a range of operating
conditions as practical. In some cases, tests will be run to failure to

j establish margins above those defined by the operational envelope.

Design performance and most postulated failures are affected by variations in
the system operating environment. The fractional f actorial design of
experiments approach has been used in a number of instances in planning the
test program to investigate the of fects of variations in system environment.

Testing is performed at the component, subsystem and system level to explore
failure modes of concern. Higher level testing provides maximum feedback of
information concerning multiple failure modes and Interface problems. RSS

t testing includes individual tests of the complete Primary and Secondary
Control Rod Systems (drive mechanisms, driveline, absorber assembly and
interface simulation). The electrical subsystem tests include essential
system elements in a prototypic configuration, in the EHRS, testing above the
level of individual components (e.g., steam generatcrs, pumps, etc.) is
accomplished at the plant start-up stage. Since the connecting elements
(piping, wiring, etc.) are passive, component testing can provide a large,

| portion of the information necessary to deterministically confirm system
reliability. Supplemental testing and analysis is directed toward identifying
and resolving potential interface induced failure modes. An example of such
an activity is the piping integrity report, Reference 4. Where components,
subsystem and system level testing identifies interf acing f unctions f alling

Os under the responsibility of the A&E which would degrade RSS or SHRS operation,
then the PO will define any additional testing necessary to provide the needed
level of information for use in resolving the Identified degradation.

Accelerated Iife testing is employed to provide early feedback concerning
potential failures. In the mechanical systems, this includes cyclic induced
f ailures associated with the scram f unction under specif ied misalignments.
Thermal cycling tests are performed on electrical subsystem equipment to
accelerate the failure process involved in parts with latent time dependent
failure mechanisms. Burn-in tests are used to screen out defective parts.
Some failure mechanisms, however, cannot be investigated by performing
accelerated Iife tests. For example, failure mechanisms related to time or
operating conditions such as creep, self-welding and irradiation cannot be
simulated by such tests. These failure mechanisms require separate rests,
analysis or a combination of test and analysis for resolution. Time dependent
f ailure mechanisms are evaluated whenever possible by operation of test
hardware under prototypic conditions for extended periods of time. This
section of the test program includes testing of complete Primary and Secondary
Control Rod Systems under simulated prototypic operating conditions. In the

SHRS, extended real-time testing of critical components such as the steam
generator tubes will be performed.

C.2-7
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Certain failure mechanisms will be explored by testing hardware

that is not prototypic. However, this testing provides valid phenomeno-
logical information associated with these failure modes. Data obtained
will be used to verify calculational models which are used to predict
component behavior. Hardware and test fixtures specifically designed
to explore the mechanism of concern are being constructed. Included in
this category are irradiation effects, seismic induced loads and associated
component interface characteristics, friction couples which influence
unlatching and insertion, thermal striping and weld quality evaluation.

The impact of maintenance and operation on system reliability
has also been considered in the design of the test program. Proposed CRBRP
plant maintenance and operation procedures are employed whenever feasible in
the tests. This includes equipment replacement activities that can be
performed on both RSS and SHRS test hardware. Calibration procedures and
repair actions associated with the electrical subsystem equipment are fully
explored. Emphasis is placed on design feedback to reduce the potential of
failure due to human factors.

Details of specific tests, rationale for those tests and expected
outputs are described in Sections C.5 and C.6.

O
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\m / TABLE C.2-1

FAILURE RANKING CRITERI A

CRITICALITY RATING

Numbers * Definitions

5 Failure to Perf orm Saf ety Function

4 Degradation of Safety Function

3 No Ef f ect on Saf ety but Causes Unscheduled Outage

2 No Effect on Safety, Repair Deferred until Scheduled Outage

1 No Ef f ect on Saf ety or Operation

PROPABILITY RATING **

3 An Of f-Normal Condition Which Individually may be Expected to
Occur Once or More During the Plant Lifetime

2 An Of f-Normal Condition Which Individually is not Expected to

f-~g Occur During the Plant Lif etime; However, When Integrated Over

w_s/ all Plant Components and Systems, Events in this Category may
be Expected to Occur a Number of Times.

1 An Of f-Normal Condition of Such Extremely Low Probability that
no Event in This Category is Expected to Occur During the Plant
Lifetime But Which, Nevertheless, Represent Extreme or Limiting

Cases of Failures Which are identified as Conceivable.

*lnitial rankings are provided by the component designer and modified as
appropriate in the system assessment.

** Alternative numbering schemes have been used on certain FMEA forms. -The
definitions of the categories are identical, in addition, an alternate

approach which has been used is the actual estimated fallbre rates,
obtained from the data base, manufacturer's specifications, pertinent
literature, previous experience or tests.

%)
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C.3.0 Systems Descriotions

This section provides a brief description of the f unctions and ccenponent parts
of the systems included in the Reliability Program. This section is provided

as a convenience to eliminate the need for extensive ref erence to the main
body of the PSAR.

C.3.1 Reactor Shutdown System

C.3.1.1 Overall System Function

The Reactor Shutdown System (RSS) consists of two independent and diverse
systems which are capable of shutting down the reactor without exceeding

| specified limits. (See Section 4.2 of the PSAR).

C. 3 .1. 2 Design Descriotion

The systems and components which make up the RSS are shown in Figures C.3.1-1
and C.3.1-2. A brief description of the systems and components follows:

Primary Mechanical Subsystem

The Primary Mechanical Subsystem (PMS) of the RSS includes 9 Primary Control
Rod Systems (PCRS). Each PCRS consists of a Primary Control Rod Drive
Mechanism (PCRDM), a Primary Control Rod Driveline (PCRD), and a Primary

O Control Assembly (PCA). The PCRDM is mounted on top of the reactor vessel
closure head and provides mechanical actuation for Insertion, withdrawal and
scram functions of the control rod absorber. 'The PCRD connects the PCRDM with
the control rod absorber. The PCRD passes through the upper internals
structure. The PCA is located in the array of core assembiles and consists of
a movable control rod (absorber pin bundle) and an outer duct assembly.

The PMS provides the f unctions of reactor startup, operational control and
shutdown reactivity control. The primary function performed by the PMS which
is reliability related is reactor shutdown (scram) for all conditions. Scram
action is accomplished via disengagement of the roller nuts folicwed by
downward motion of the control rod and driveline. Downward acceleration is
acnieved by means of the combined action of gravity and preload f rom the scram
assist spring. All PMS f unctions are initiated by the primary electrical
portion of RSS.

A. Primarv Control Rod Drive Mechanism (PCRDM)

The PCROMs are divided into two majcr sections which are described below:

C.3-1
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The upper PCRDM assembly is an electro-nechanical actuating de-
vice which consists of a stator nounted on the outside of the notor tube
and a collapsible rotor and roller nut assembly mounted inside the motor
tube. The rotor assembly consists of a bearing mounted rotor tube and two
pivoted segment arms. On each segnent arm there are two roller nuts.
When the stator is energized, the upper ends of the arms are pulled outward
by the nagnetic field and the lower arms are pivoted inward engaging the
roller nuts with the threads of the leadscrew.

To produce a scran, the electrical power is removed from the
stator causing the nagnetic force field to collapse which releases the rotor
segment arms. Springs separate the lower end of the arms and disengage the
roller nuts from the leadscrew allowing the control rod to drop into the
reactor core. A scran assist spring in the lower PCRDM is provided to
supplenent the gravity drop. A synchronizer bearing is provided to assure
that both segment arms separate simultaneously. Anti-ejection pawls in
the segrent arms engage the leadscrew to prevent control rod ejection
in the unlatched condition. These pawls are spring loaded allowing them
to nove out of engagement during downward notion of the leadscrew.

The lower PCRDM assembly consists of an extension nozzle, torque
taker and tube, shield plugs, internal seal system and scran assist spring.

The extension nozzle is part of the pressure boundary and mounts
the PCRDf1 to the intermediate rotating plug. The torque taker and torque
tube constitute a torque restraint located in the space outside of the
large bellows which prevents the nechanisn leadscrew, bellows and PCRD
fron rotating. Keys on the torque taker slide in keyways in the torque
tube over the full length of the stroke. The internal seal system utilizes
three metallic bellows as well ar conoseals to separate the rotor assembly
and leadscrew fron the reactor cover gas environment, precluding possible
buildup of sodium frost on these components. The shield plugs provide
radiation shielding for the PCRDf1's and head access area.

B. Primary Control Rod Driveline (PCRD)

The PCRD consists of three concentric shafts: the driveline shaft,

the disconnect actuating shaft and the position indicator rod. The drive-
line is the load carrying member and the outermost shaf t. It connects
the PCRDf1 leadscrew with the control rod. The disconnect actuating shaft
(middle shaft) is used to disconnect the driveline from the control rod
for naintenance or refueling. The innermost part is the position indicator
rod which is used to verify that the control rod remains fully inserted
during refueling, uncoupling and withdrawal of the driveline.

A dashpot is included in the PCR0 to decelerate the driveline
and control rod during the last few inches of insertion. The dashpot

O
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The latch is located approximately five feet above the top of the

active core region during power operation. The latch is used to grapple the
coupling head and lif t the control rod out of the core and to release the
control rod for scram. The latch and the tension rod are the principal com-
ponents in the SCRS for performing the scram release function. A short
downward stroke of tension rod permits the latch grippers to move radially
outward and release the control rod coupling head.

Two pairs of bellows isolate the SCRD internals and the SCRDM
from the sodium vapor-argon cover gas environment below the reactor head.

C. Secondary Control Assenbly (SCAL

. The SCA consists of a movable control rod enclosed within a
! circular guide tube. The guide tube fits inside a hexagonal duct which is
| essentially identical to the fuel assembly ducts.

j Internal flow paths are used to direct high pressure sodium flow
against the hydraulic assist piston to generate the hydraulic scram assist
force. Sodium flow used for scram assist is directed downwards through the

! circular absorber guide tube. Flow channels located in the control assembly
i nosepiece vent the scram assist sodium flow to the low pressure passages in
j the core support structure. Flow is also provided through the control md

pin bundle for cooling purposes. The bottom of the channel contains a nose
piece which engages the high pressure plenum of the core support structure.;

The control rod consists of a bundle of pins containing boron
,

carbide (B C) as the neutron absorber. It is held in position above the'

4core by means of the coupling head which fits into the latch of the SCRD.
The control rod is free (when unlatched) inside the guide tube so that it

', will insert into the core by virtue of its own weight. Extra downward
force is provided by hydraulic assist.4

}
A damper mechanism is used to decelerate the descending control!

rod. The initial damping is provided by hydraulic dashpot action and the
;

i final portion of the descent is controlled by a hydraulic spring damper
device.'

;

i For further descriptive and functional details, refer to Section
1 4.2.3 of the PSAR.
t
: Electrical Subsystem ;

The Electrical Subsystem (ES) is part of the overall Plant Pro-
! tection System. It consists of two independent and operationally diverse

systems, the Primary Electrical Subsystem (PES) and Secondary Electrical!

Subsystem (SES) that monitor the condition of the plant and initiate scram
of the primary and secondary control rods, respectively. Each system can

; independently initiate shutdown of the reactor. Each system has three re-
| dundant instrument channels and logic trains that provide sufficient redun-

dancy to preclude degradation of either the PES or SES through a single failure.
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The three redundant channels of each system are physically and electrically
separated to assure that their independance is maintained. The ES is
11 l ustrated i n Figure C.3.1-2.

Electrical piece /part requirments heve been def ined to assure high
rel l eb i l i ty . Most resistors and capacitors in the ES comparators, calcul ation
un i is, logic and but f ers are MIL-SPEC or estabi Ished rollabil Ity components.
Most transistors and diodes used In the comparators, calculation units, logic
and buf f ers are quai Ifled to Mil Itary Standard-S-19500. Most integrated
circuits used are screcned, inspected and tested according to Mil Itary
Standard 883A, Method 5004, Level B. The vendor is also required to use
Mil itary Standard 454 as a specif ication f or electronic module construction.

To provide added assurance against potential degradation of protection due to
single f ail ures, f unctional and equipment diversity have been designed into
the ES. The PES responds to a dif forent plant parmeter than does the SES to
provido protection against common cause f ail ure of the sensing system. The
only exception to the use of f unctional diversity is in subsystems which
measure nuclear power. Since nuclear flux is the only parameter indicative of
nuclear power that is f ast enough to provide adequate protection, equipment
diversity rather than f unctional diversity is provided in the power
measurment system. Nuclear flux measurment is made in the PES using three
compensated ion chanbers and in the SES using three f Ission chmbers. Section
7.2 of the PSAR Includes Iists of the ES protective functions and the design
basis f ault events and the f Irst protective primary and secondary subsystem to
respond to each event. The PES and SES instrumentation used to determine of f
normal conditions are al so described in Section 7.2 of the PSAR.

The output signal from each of the three redundant sensors in each system is
amplif ied and converted to a standard input signal by signal conditioning
equipment. Where necessary, calculational units derive secondary verlables
f rom the sensed parameters. Where a single paraneter is used in a level trip
ty pe, no calculational unit is used. Where ratio iype trips are used,
calculational units are used to derive the appropriate ratio. A comparator in
each instrument channel outputs a trip signal when It senses that the
instrument channeI analog signal exceeds spect f led iimits.

For additional diversity, the PES is conf Igured using local coincidence logic
while the SES is configured using general coincidence logic, in the case of
the PES, each Instrument channel outputs three redundant signals corresponding
to olther the reset (not trip) or trip state. Light emitting diodes and photo
transistors are used to provide complete electrical isolation between
redundant instrument channels and logic trains. The three redundant
instrument channels are recombined as inputs to three redundant logic trains
arranged in two out of threi local coincidence. The 2/3 logic modules
determine if two or more trip inputs are received f rom the subsystem
comparators and then provide a trip signal to a 1/24 logic module. The 1/24
logic module outputs a trip signal if any of the 24 subsystems in a logic
train have tripped. These signals deenergize primary scran circuit breaker

O
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undervoltage trip coils. The five primary scram circuit breakers are arranged
so that when two or more logic trains trip, the scram circuit breakers
remove power to the PCRDM's releasing the primary control rods. Manual shut-
down and test capability is provided.

In the SES, each instrument channel comparator outputs a signal to
the 1/16 logic corresponding to either the trip or reset state. The second-
ary logic system consists of the 16 protective subsystems arranged in a
general 1/16 coincidence configuration. If any of the 16 channel A comp-
arators trip, the 1/16 logic module inputs a channel A trip to the 2/3 con-

51 | figuration of each of the six SCRDM solenoid operated valves. Similarly,
a trip signal from channel B or channel C comparators is transmitted to
the SCRDM solenoid operated valves by the 1/16 logic module. The SCRDM
solenoid operated valves are arranged in a 2/3 configuration such that a
trip signal from two or more logic trains vents the latch cylinder, un-
latches the control rod and allows it to be forced to its shutdown position.

C. 3.2 Shutdown Heat Removal System

C.3.2.1 Overall System Function

Sensible heat in the structures and sodium and core decay heat
are removed from the reactor following reactor shutdown by the Shutdown
Heat Removal System (SHRS). The SHRS utilizes the normal heat sinks or
alternate heat sinks to dissipate sensible and decay heat and prevent loss

O of coolable core geometry,

flormal heat removal paths are provided through three independent
loops of the Primary Heat Transport System (PH15) which transfer heat from
the reactor to three independent loops of the Intennediate Heat Transport
System (IHTS). Heat is removed from the IHTS by three independent loops of
the Steam Generator System (SGS) to the main condensers. Alternate redundant i

heat sinks are provided through the Steam Generator Auxiliary Heat Removal
System (SGAHRS) and the Direct Heat Removal Service (DHRS). SGAHRS provides
an alternate heat sink for the main condensers and DHRS provides an alternate
heat removal path and heat sink connected directly to the PHTS.

C. 3.2. 2 Design Description

The systems and components which make up the SHRS are shown in
Figures C.3.2-1 and C.3.2-2. A brief description of the SHRS systems and
components follows:

Primary Heat Transport System :

The Primary Heat Transport System (PHTS) transports heat from the
reactor to the Intermediate Heat Exchangers (IHX). The three PHTS loops
transport the sodium coolant from the reactor vessel to the IHX's which
connect the primary and intermediate loops. The three primary loops have
common flow paths through the reactor vessel, but are otherwise mechanically
independent and isolated in separate PHTS cells.
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Each PHTS loop contains a hot leg centrif Jgal sodium pump, a permanent magnet
fIowmeter, a cold Ieg check valve and an (HX. DetalIed descriptions of these

components are contained in Sections 5.2 and 5.3 of 9 PSAR.

Intermediate Heat Transoort System

| The intermediate Heat Transport System (lHTS) transports heat f rom the PHTS to
the Steam Generator System. The system consists of three essentially
identical, independent coo!Ing loops operating in parallel to circulate sodium
f rom the tube side of the IHX through the steam generators and back to the
IHX.

Each of the cooling Ioops contalns a cold ieg pump, an Intermediate sodium
expansion tank, a permanent magnet flowmeter and piping to transport the
sodium from the IHX outlet through the superheater and the two evaporators
oack to the IHX iniet. A detalied description of lHTS components Is contalned
in Section 5.4 of the PSAR.

Steam Generator System

The Steam Generator System (SGS) extracts heat f rom the IHTS sodium. There
are three independent SGS loops. Each loop consists of three steam generator
modules (two evaporators and one superheater), a steam drum, a reci rcul ating
water pump, a Sodium-Water Reaction Pressure Rei lef System, a Sodium Dump
Sy stem, a Water Dump System and a Leak Detection System.

The main Condensate and Feedwater System supplies f eedwater to the steam
drums. Superheated stem produced by each of the three SGSs loops is suppiled
to the single turbine generator. Feedwater is returned to the three steam

| drums f rom the condenser hot well by two condensate pumps and two of three
mal n f eedwater pumps.

The Sodium-Water Reaction Pressure Rellef System (SWRPRS) becomes operational
only in the event of a steam tube leak large enough to cause a rapid pressure
rise from a sodium-water reaction. The system provides protection f rom over-
pressure on the sodium side of the evaporator modules, superheater modules,
lHTS and lHX by the use of rupture discs on the piping adjacent to the
modules. The Water Dump System accelerates blowdown of the evaporator modules
through quick opening water dump valves at the inlet to each evaporator module
and reduces the extent of the sodium-water reaction. The Sodium Dump System

| provides sodium dump capability for the IHTS and 1he sodium side of the
evaporator and superheater modules.

The Stean Generator Leak Detection Systen monitors f or hydrogen and oxygen in
| the sodium in order to identify small leaks in the steam generator modules.

Detail s of the SGS components and subsystems are provided in Section 5.5 of
the PSAR.
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C.3.2.4 Electric Power Considerations |
3

|

The sources of electric (AC) power f or the SHRS are the pref erred and reserve i;

(of f-site) AC power supplies and the standby (on-site) AC power supply. The i
standby power supply consists of two independent diesel generators and the i

emergency batteries and converter. Power under normal operation is needed f or
the primary and intermediate sodium pumps and f or the steam generator
recirculation pump and the main f eedwater and condensate pumps.

For SHRS operation, standby power is supplied to the components of the PHTS,
lHTS, SGAHRS and DHRS to assure operation in the event of loss of the main

',
power supply. Standby power is provided to the two motor driven auxillary
feedpumps, the PACCs bl owers, the pony motors f or both the PHTS and IHTS
pumps, the primary sodium makeup pumps, the EVST NaK and sodium pumps and the
EVST air blast heat exchanger blowers, in addition, battery power is provided

| to the safety-related SGAHRS motor operated valves. The standby power supply
'is suf ficient to f acilitate and maintain adequate shutdown heat removal.

,

.

.

i

l
l
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C.4.0 Evaluation Focal Points

C.4.1 Reactor Shutdown System

This section provides the system designer's evaluation of areas of
system performance oncertainty. Failure Mode and Effects Analysis (FMEA)
coupled with FFTF testing and LWR operating experience were used to select
the principal areas for reliability emphasis. The initial FMEA's were
performed during the conceptual design stage. Identified potential scram
failure modes and associated causes were correlated with available test data
and analytical capabilities. Reliability emphasis was placed on credible
failure modes having the greatest imoact on scram reliability. Identified
areas of uncertainty are cross referenced to specific tests which are de-
scribed in Section C.S.

C.4.1.1 Primary Mechanical Subsystem (PMS)

This section describes the principal areas of the PliS identified
as requiring reliability testing and analysis. Emphasis is placed on
assessing areas which could cause failure of the PMS to perform its scram
function. Common cause factors which could potentially lead to multiple
PCRS failures and resultant shutdown failure of the Pf15 are identified for
reliability emphasis. The PCRS scram function consists of the roller nut
unlatching f rom the leadscrew and the translation of the leadscrew, drive-

/' line and control rod. Areas for reliability emphasis are identified
.

separately for these two critical functions.'

Areas Ideitified for Reliability Emphasis

A. Unlatching

The primary scram function of the PCRDM is to release (unlatch)
the leadscrew upon loss of electrical power to the stator. The magnetic
field of the stator holds the segment arms (rotor) radially outward which
compresses the segment arm springs and engages the roller nuts with the
leadsc rew. With the removal of electrical power, the segment arm springs
disengage the roller nuts and unlatch the leadscrew. PCRDM unlatching is
dependent on segment arm spring forces and outward parting load forces gen-
erated at the leadscrew/ roller nut interface. Forces retarding unlatching
consist of the magnetic moment based on stator current decay, friction effects
at the pivot pin and leadscrew due to roller nut contact, and inertia of the
segment arms.

Areas for reliability emphasis to assure unlatching include
investigations of: variations in friction coefficients, wear effects, manu-

facturing errors, internal misalignments, debris from leadscrew wear and
relaxation or breakage of the segment arm springs. An analytical dynamic
model is utilized to assure that adequate margins against these failure
causes are included in the PCRDit design. Since FFTF testing has been highly
successful and has provided a basis for analytical model verification, .
only prototypic PCRDM testing is considered necessary for reliability
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| ver i f icati on. PCRDM lif e tests beyond the design life are used to assess wear
of f ects and to conf Irm operation. Tests at worst case temperature and

| pressure limits establish sensitivity of scram components to PCRDM environ-
mental conditions. These tests are described in Sections C.5.1.2A and B.

Since the PCRS is required to scram during seismic events, verification of
unlatching capability during seismic excitation is necessary. Relative
lateral motions of the leadscrew and roller nuts, vertical acceleration and
potential structural f ail ures are the key areas f or rel labil Ity eval uations.
Shaker tests are planned to assess seismic perf ccmance and support analy-

| tical ly determined margins f or seismic conditions. The PCRS seismic test is
described in Section C.5.1.21.

If PCRDM bel lows leakage occurs, sodium vapor can enter the upper mechenism.
Sodium vapor can affect the unlatching function by increasing friction
coef f icients and sodi um sol idi f ication can occur in tight clearances between
moving parts. A f ailed-bel lows test wil l be conducted to conf irm accept-

ability of operation with a f ailed bellows. The failed-bellows test is
described in Section C.5.1.20.

The PCRDM/PCRDs are given acceptance tests at the vendor prior to shipment.
In addition, operati ona l tests are perf ccmed prior to initial CRBRP startup
and scran tests are perf ormed af ter each ref ueling. These tests provide a

basis for identification of manufacturing, installation and maintenance errors
af f ccting scran perf ccmance.

Human errors could occur during maintenance operations and could adversely
af f ect scram perf ormance. To minimize the potential for and the ef fect of
maintenance errors, maintenance procedures and tools wilI be developed in PCRS
tests. Prototypic maintenance operations wil I be perf ormed throughout the
PCRS tests to identi fy any ef fects on system perf ccmance.

B. Insertion

The PCRS scrar insertion f unction involves f ull stroke and partial stroke
motion of the connected leadscrew, drivelinc and control rod. The areas where
contact points and minimum clearances could af fect scran insertion are: the
leadscrew to PCRDM upper and lower bushings, the PCRD to lower PCRDM torque
taker keyway, the PCRD shaf t to the bottom of the dashpot cup, the PCRD piston
to dashpot cup (over the last few inches of Insertion), the control rod shaf t
coupling to the PCA scran arrest flange (over the last portion of insertion),
the control rod wear pads to the PCA outer duct and the control rod inner duct
to the PCA outer duct. In a seismic event, additional contact points may
occur between the PCRD and the PCRDM shield plug and the PCRD and the drive-
line shroud tube. Areas for reliability focus are the ef fects of misalign-
ments, seismic loadings, friction coefficient variation, wear, Irradiation and
manufacturing errors.

O
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PCRS misalignments are established f rom manuf acturing and installation<

tolerances and clearances between PCRS parts and Interf acing reactor system
components including the reactor vessel closure head, reactor vessel, core
support structure, core barrel with associated core former rings of the core
restraint system, core assemblies and the upper internals structure. An

j~
misal ignments for conf irmation of scram insertion perf ormance. Analysis of
analytical model is utilized to evaluate PCRS performance under varying

the interaction loads resulting f rom control rod system misalignments is a
complex process however, involving three dimensional mixed structural and
mechanical response of the interf acing components and the driveline/ control'

rod assembly. Existing structural analysis tools require the application ofi

engineering judgments to deal with mixed mechanical-structural response of
complex systems. To verify these engineering Judgments, test calibration of'

the analytical models is required. Misalignment tests of PCRS performance are
utii Ized to conf Irm scram capabil Ity.

Lateral seismic accelerations leads to a "rattiing" ef fect on the driveline

( with impulsive drag forces resulting f rom impact of the driveline/ control rod
wIth the surrounding structures. The frequency and magnitude of the impact
forces are influenced by fluid coupling between the driveline and guiding
structure, squeeze film fluid ef fects at impact and dynamic f riction

: coefficients. PCRS testing under conditions of simulated seismic excitation
wilI _ establish the magnitude of these of fects and permit callbration of the
seismic scram insertion analysis. The PCRS dynamic seismic f riction test is
described in Section C.5.1.2C, and the PCRS seismic test is described in
Section C.5.1.2.1.

Lateral loads on core assembly outer duct load pads during a seismic event
could lead to control assembly duct deformation or increased PCRS.
misalignments. The above core load pads are located in a region where
substantial irradiation Induced. ductility loss is anticipated. Brittle
fracture of the load pads must therefore be considered as a potential failure
mode. A duct' crushing test in support of CRSRP core assembiles has been
compl eted. Analyses of this test, which showed no. brittle f ailure of
irradiated ducts under loading conditions prototypic of. CRBRP seismic loads,
wili be used to confirm PCA design margins. The duct crushing test is
described in Section C.S.1.2L.

Wear ef fects between moving parts can lead to changes in scran speed as a
resul,t of changes in ef fective f riction coef ficients and clearances. Gal ling
of sliding surf aces can lead to significant friction increases and to seizing
of moving parts. Wear offects can best be evaluated by tests under prototypic,

conditions. PCRS testing in sodium loops is planned to evaluate wear ef fects -
on system perf ormance. -Testing exceeding the design basis service life-
(number of serans, feet of travel) wil I be perf ormed to establ.Ish |Ifetime -
margin relative to wear ef fects. Tests to investigate wear ef fects are
described in Sections C.5.1.2A and B.

i

, -

'

C.4-3
Amend. ' 70

- Aug.1982
__ _ . - , _ __ ._ . . _ . _ _



|
}

Control assembly outer duct galling was observed in FFTF testing as a result
of forced contact (beyond design basis) between the movable pin bundle wear
pads and the outer duct. The pattern of galling marks observed was consistent
w ith a torsional loading transmitted f rom the CRDM to the control assembly
cbsorber section. A rotational joint has been included in the PCA design to
minimize PCRDM iorque transmission and the resultant inner / outer duct contact.
Testing to verify rotational joint perf ccmance in sodium has been satis-
f actor i t y compl eted. The rotational joint test is described in Section
C.S.I.2F.

Irradiation ef fects on PCRS scran perf ormance must be considered in the PCA.
Irradiation could degrade scran perf ormance by reducing control rod to outer
duct clearances either as a direct ef fect of Irradiation induced swel ling or

as indirect ef fects of duct bowing. Reduction i n cl earances resul ti ng f rom
f ail ures of component parts due to ductil ity loss or inner duct distortion
f rcen pin bowing or pin ruptures must also be considered. Bowing o; the inner
and outer ducts resul ts f rom thermal and flux gradients across the ducts
leading to differential irradiation swelling combined with creep ef fects f rom
Interactions with adjacent assembl ies. Section 4.2.3 of the PSAR provides a

detalIed discussion of duct bowing. Dif ferential bosing between the inner and
outer ducts could, if the bcwing magnitude were suf ficiently Iarge, lead to
duct to duct contact with resultant increase in drag forces retarding scran
Insertion. CRBRP prograns to veri fy swel ling and creep correlations used f or
bowing analyses are underway. These progr'ams together with operational data
from other reactors (FFTF, EBR-i 1, etc. ) wiI I provide a basis f or establisnIng

| the magnitude of duct bowing. Analyses have been conducted to assure that
design envelope duct bows do not result in significant drag forces and that
margins exist against scran f ail ure. A duct bowing test using prototypic

| ducts has estabilshed scran limiting duct bows and determine duct bowing
margins.

Absorber pin ruptures could impact scran perf ormance due to reactivity less
from BaC washout at open cladding areas or due to inner duct def ormation f rom
pin f aTi ure gas pressure pul ses. Absorber pins are designed not to fall and
analyzed using conservative deterministic cladding criteria. Washout test
data for B C pel lets exposed to f lowing sodium must be eval uated. This

4eval uation is described in Section C 5.1.1. Reliability anphasis is placed on
pin rupture offects of mechanical def ormations that result f rom sudden release

,

| of pin internal pressure. Tests have been performed to determine inner duct
|
' def ormation (bal looning ef fect) from pin failure pressure pulses to envelope

worst case of fects of pin rupture. These tests have shown that pin ruptures
do not result in significant deformations and have a negligilble Impact or
scran perf ormance. The pin rupture tests are described in Section C.5.1.2J.
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Tanperature and flux gradients across an absorber pin produce pin bowing. Due
to dominance of the temperature gradient with higher temperatures at the
interior side of the pin bundle, the bow is nominally inward. With wire wrap
point load cor.straints, local outward deflections of the pins will occur.
This outward deflection coupled with pin swelling can close pin to inner duct
clearances and result in an outward pressure on the inner duct. The inner
duct is necessarily a thin wall member. It could therefore deflect outwards
under the action of pin bundle / duct interaction loads. Pin deflection effects
on the Inner duct could have an adverse Impact on scran performance due to a
reduction in duct to duct clearances. Analytical predictions of pin to pin
and pin bundle to duct Interactions are made. Data are available on this type
of interaction behsvi^r f rom FFTF f ueI pln testing. Wh!I e not prototypic,
this provides additional support to the analysis for the current design. The
behavior of the pin bundle is characterized by a mixture of structural and
mechanical response to the applied loading. Models using existing structural
analysis tools are however subject to uncertainties. A pin compaction test

| has been conducted to determine Inter-pin loads, pin to duct loads and pin
bundle compressibility to envelope the inner duct deformation that might

| result f rom pin bowing. Testing described in Section C.5.1.2G has provided
the data required to def Ine the pin bundle-duct Interaction analysis.

The impact of the driveline/ control rod on the PCA scran arrest flange must be
evaluated to verify that a brittle f racture of the Irradiated PCA outer duct
wIlI not occur. Transmitted and refIected (from core support structure)
stress waves can lead to a stress buildup and brittic f ailure of the

C irradiated duct becomes a potential faliure mode. The reason for concern wIth
( this f allure mode is that potential chips or duct distortion f rom the duct

f racture could retard scram insertion. To support analyses in this area, duct
| Impact testing was conducted to minimize analytical uncertainties and to

provide test conf irmation that brittle f racture wil l not occur. The duct
impact tests are described in Section C.5.1.2K.

The previously identified PCA component testing will provide data at an early
date which is directed at specific areas of reliability emphasis for feedback
into f inal PCA design. Based on preliminary analyses, testing is anticipated
to confirm a design lifetime of two years. To obtain direct irradiation
behavior data to conf Inn PCA 1 if etime capabil ity, Irradiation testing of a PCA
in FFTF is planned. Post Irradiation analysis wilI provide direct data on
duct bowing, pin pressures, Irradiation induced swelling, etc. prior to
extended power operation in CRBRP.

Manuf acturing, maintenance and procedural errors could af fect scram insertion
through f actors such as Internal misalignments of the assembled components,
incorrectly assembled joints or materials errors. These f actors could result
in increased Insertion drag f orces resulting in slowed scran insertion.
Vendor acceptance tests and development tests on prototype and plant manuf ac-
turing units wil I be perf ormed. These tests wilI make maximum practical use
of common materials for both test and plant units.
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C. Interf acino Cornoonents

Interf acing component f ailures can impact PMS scrm performance by increased
misalignments, temperature offects and flow changes. To I dent. ry f alI ures,

| f ail ure detection capabil ity and of fects on PMS performance, analysis of
interf acing component f ail ure modes and their ef fects are performed. This
analysis together wIth PCRS perf ormance evaluations agalnst Idet! f f ed f alIure
moaes is directed at ret labil ity enhancement.

C. 4.1. 2 Secondary MechenIcal Subsystem (SMS)

The SMS has been evaluated f rom a ret lability standpoint and the continuing
rel iabil ity ef forts wil l concentrate on the saf ety related f unctions, i.e.,

the unlatching and insertion of negative reactivity into the core (scrm).
This section describes those f eatures of the SCRS where design and rellabilIty
of forts are mphasized.

Areas identified For Reliabilltv Emohasis

Each of the three components of the SCRS has a f unction which is necessary for
successf ul scrm perf ormance. The SCRDM scr m function is to release the
pneumatic hol ding pressure thereby al lowing the tension rod to f al l. The SCRD
f unction is to allow the tension rod to drop a f raction of an inch to open the
gripper f ingers. The f unctions required to assure successf ul scram are
control valve and piston / cylinder operation, tension rod translation, latch
release and control rod insertion. Each of these is discussed pertaining to
f actors involved in the SCRS design and environment and areas of expected
rol labil ity activity.

A. Control Valve. Piston /Cvlinder Ooeration

A pneumatic actuator, connected by the tension rod to a gripper device latched
to the control rod, is vented when electrical power is cut of f to at least two
of the three solenoid operated control valves. Venting of the actuatcr allows
the tension rod to drop unlatching the gripper device f rom the control rod
coupiIng head.

Reliability Progrm activities on the control valves center on eliminating any
potential for jamming, sticking or slow operation. The possible long term
hold periods (up to one year between operations) could result in valve
degradation. Mechanical distortion caused by thermal ef fects or shock impact
in the valve assembly could cause binding forces in the pilot valves,
solenoids or main valves. Deposition of particulates in the pressurizing gas
could also lead to binding as well as to port and/or vent blockage. Thermal
degradation of valve seat material or the presence of gas contaminants could
jm or delay the operation of the valves and armatures. Variations in
f riction coef ficients, wear ef fects on the valves, manuf acturing errors and
internal misal ignments coul d impact proper valve operation. The effects of
galling and wear and the potential sodium vapor ef fects (caused by bellows
f ail ure) on clearances are areas of reliabil ity mphasis.
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Verification tests (see Section C.5.2.2J) will provide proof-of-

principle for the hydrai' assist and control rod insertion. Guide tube
,

deformation tests will used to determine the effects on rod insertion.4

These tests are described in Section C.5.2.2H. Guide tube distortion beyond
the maximum calculated value will confinn that performance margin exists.

I SCRS life tests wil' he used to provide wear data under prototypic environ-
! mental conditior;. !

E. Interfacing Components

The successful scram function of the SMS could be affected by
the reactor components which interface with the SCRS's. Interfacing components

,

could potentially' apply loads to the SCRS or allow displacements of SCRS'

components beyond design envelope misalignments which could prevent scram.
Examples of components which are in these two categories are the upper
internals structure, the reactor closure head, fuel assentlies and the
core support structure. Analysis of each interfacing component to detennine
its failure modes and their effects (FMEA) is used to identify areas where
adverse effects could exist. Analyses and test results will be used to
provide substantiation that interfacing components are not potential scram
failure initiators. Where the analyses indicate potential initiators, the
component design will be modified to remove or minimize the potential.

C. 4.1. 3 Electrical Subsystem (ES)

The systems and equipment covered in this section comprise elec-
tronic and electrical signal conditioning equipment with associated cabling,
instrumentation and switchgear needed to operate the mechanical shutdown
s ubsystems.

: System design features included in the CRBRP ES are similar to
those widely used in LWR's. These equipments are implemented using piece /
parts which have been proven in military programs. The equipment designs
for many of the electronic subsystems, while based on designs for FFTF,
have not been proven in an operating environment. As a consequence, re-
liability analyses and test programs are aimed at providing the same con-,

: fidence in operational reliability as now exists for similar equipment in
LWR' s .

To evaluate the reliability of the operation of the ES, the ES
is subdivided into three major areas of ir.terest: overall subsystem, instru-
mentation sensors, and electronic components and subsystems. These areas
are discussed in turn. The principal considerations affecting reliability
are reviewed along with the resulting conclusions concerning any additional
needs for analysis and testing.

;
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A. Overal! Subsystem

The Plant Protection System (PPS) design has a close similarity to systems
used in Light Water Reactors f or which there is an extensive background of
standards, regulatory guides and l icensing practice aimed at improving saf ety.
The basis f or the PPS design, the standards used and the supporting analysis
are described in Chapter 7 of the PSAR and are at least as stringent as those
appl icabl e to PWRs. The use of these standards, coupled with the simil arity

j of CRBRP and LWR designs f or the ES, is a major f actor contributing to the
progrm goal of achieving a level of reliab!Ilty in each of the ES subsystems
f or CRBRP comparable to that achieved in LWR systems.

Rel labil Ity is assured by a combination of design procedures, tests and system
reviews which ensure that the requirments of the standards have been
adequately met both within the ES subsystems themselves and with relation to
other interf acing systems and equipment.

Assurance of rel iabil ity in design f eatures within the ES has been met by a
combination of studies of f ail ure modes and ef fects (in order to determine the
results of single f ailures) and of common causative f actors which could result
in total system f ail ures.

The inaustry standards ref erenced in Table 7.1 of the PSAR provide for the
reltable operation of the ES equipment under accident conditions by placing
speci f ic requirments f or separation, environmental qual i f ication and testing.
For instance, in the case of separation of ES f rom others, f ulI compilance
with Regulatory Guide 1.75 is required in all relevant system design
descriptions. This has been impimented in the case of the ES by specially
designed buf fer circuits, by requirments for appropriate cable and tray
separation and f Inally by the use of separate upper and lower cable spreading
rooms f or the pritrary and secondary electrical subsystem cabl ing respectively.

The activities described previously are directed at assuring that reliability
is designed into the ES. The effectiveness of these design measures is
assessed in the ES rel labil Ity assessment. This assessment is conducted using
the techniques described in Section C.2. Particular attention is directed to
the rel iabil ity eval uation of many ES Interf aces with external components.
The ES rollabilIty evaluation is summarized in the ES ReilabilIty Design
Support Document.

Given the use of existing proven industry standards and design and reporting
procedures that ensures their ef fective impimentation, dif ference rmains
between CRBRP protection systems and those currently licensed f or LWRs. The
dif ference relates to the design of the protection logic systems. Although
these systems are based on the FFTF design, no overal I system operating
experience exists for this equipment. To provide the required operating
experience f or the CRBRP system, the Rel iabil ity Progrm pl ans long-term
testing of a compiete Electrical Subsystem. A description of lhIs test Is

contained in Section C.5.3.28.
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O B. Instrumentation Sensors

Instrumentation sensors to be used in the ES are based on designs
in which there is extensive previous experience from either Light Water
Reactors or other sodium systens such as EBR-II, Ferri-I and SEFOR. For
instance, in the case of the Power / Flow trips on which reliability interest
has been concentrated, there are four different types of sensors involved:
Neutron Flux lon Chambers, Neutron Flux Fission Counters, Electromagnetic
Flow Meters, and Sodium Differential Pressure Meters. The two types of
neutron flux sensors are similar in both construction and functional appli-
cation to sensors used in Light Water Reactors. Their reliability character-
istics are consequently well understood and can be factored into the overall
system design by means of accepted and proven redundancy concepts.

The electromagnetic flowmeters are based on instruments in which
operating experience exists in EBR-II and Fermi and operational sodium test
loops. The design utilized electrodes connected to the outside of pipes
and permanent magnets located again outside the pipes. The simplicity of
these sensors provides inherent high reliability.

In the case of differential pressure sensors, the similarity of
the instrument to those used for similar functions in operating sodium test-
loops provides assurance that their failure characteristics are well under-
stood.

OV In view of these considerations, it was concluded that an adequate
background of relevant experience existed on the sensors to support their
reliable operation in the CRBRP ES application. This conclusion also
applied to the sensors which initiate the shutdown heat removal system.
These sensors are similar to those now in operation in similar applications .

in the industry.

C. Electrical Components and Subsystems

The CRBRP ES design was based on a modification of the design pre-
pared for the FFTF project. A reliability enhancement study carried out
early in the program indicated what improvements could be most effectively
achieved by means of a component reliability program. This component re-
liability activity has ' taken the form of rigorous comprehensive specs which
include extensive use of MIL Specs and a component test program.

The component test program has two principal series. First, vendor
thermal screening and functional tests will be used to detect any design or
manufacturing deficiencies in the modified FFTF components. Second, extended
life tests will provide a high confidence level in the long-term reliability
of the components.

OG
Amend. 36

C.4-11 March 1977



_ _ _ _ _ _ _ _ _ _ _ _ _

C.4.2 Shutdown Heat Removal System

This section describes the areas of the Shutdown Heat Rm oval System ( SHRS)
where testing and analysis have been identified as desirable to support the
adequacy of SHRS rel iabil ity. These areas relate to uncertainties associated
wIth speci f Ic components and have been Identi f led af ter an eval uation of the
overal I system. Included are separate sections on the PHTS, lHTS, SGS and
SG AHRS, and DHRS.

Fail ure Mode and Ef f ects Analysis, numerical rel iabil ity predictions for
conceptual and preliminary design conf igurations and designer experience with
both sodium and water / stem systems and components were used to select the
initial areas f or rol labil ity attention. At the Initial stage in the

Rei labil ity Progrm, major development test progrms existed in the steam
generatcr systms and coolant boundary areas of the heat removal sy stms.
These areas were considered for reliability sphasis since defined tests will
provide inf ormation which coul d impact the re! !abil ity of the SHRS. The
initial FME As and rol labil ity assessments were perf ormed during the conceptual
end prel iminary design phase. The f ali ure modes and f c.Ii ure consequences and
simplif ied systems rel iabil ity model s were used to determine relative
critical Ity of f ail ure modes. During the design detail phases, the FMEAs and
CCFAs are upgraded to reflect design maturity and changes. These evaluations
conf im the appropriateness of ongoing heat transport system component
devel opment test s. Identi f ied areas of uncertai nty are cross-ref erenced to
speci f ic tests which are described in Section C.6.

C.4.2.1 Primarv Heat Transoort System (PHTS)

Areas identified for Reliability Emohasis

The CRBRP PHTS design basis and operational environment are similar to those
of FFTF. The primary pump and lHX designs as well as piping layout are areas
of major difference. FFTF experience in design, fabrication, shipping,
i nstal l ati on, inspection and operation will be utilized in the CRBRP
rol labil ity eval uations and in f Inal design impimentation.

One area of critical ity to PHTS f unction during shutdown heat rmoval
identi f ied f or rel iabil ity mphasis is the structural integrity of the primary
cool ant boundary. The FFTF experience wIi| be signifIcant to assessing the
reliability adequacy of this boundary and identifying appropriate activities
f or assuring its instal led integrity. Retention of the primary system coolant
inventory has critical importance to transporting heat f rom the core. Coolant
boundary Integrity is also important to the successf ul operation of DHRS since
some piping or vessel leaks may lower sodium levels below the sodium overflow
level which woul d terminate DHRS removal of heat f rom the reactor vessel .
Loss of primary system coolant inventory is Iimited by guard vessels and
elevated loop piping provided to maintain Independence of primary loops.
Leaks in one PHTS loop wil I not af fect Inventory in the other two PHTS loops.
Test progrms have been directed toward assuring adequacy of base material
( SS304, SS316 and Inconel 718) structural properties and the welded joint
design adequacy. Much of this information is being developed under on-going
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technology prograns described in Sections C.6.1.2H and L. Present prograns

may not provide suf ficient information on weld joint reliability and thermal
f atigue at locations where sodium streams with widely dif fering tanperatures
m ix. Testing in these areas is described in Section C.6.1.2A.

Pipe hangers and snubbers impose loadings on the piping and represent
potential f alI ure mode initiators f or the prirrary sodium boundary. Analy ses

4

of seismic response and expansion characteristics assuming f ailed hangers and
snubbers are being performed. Testing to qualify the hangers and snubbers
wil: be perf ormed. The testing is described in Section C.6.1.28.

l
The PHTS sodium leak detection system is a fundamental line of def ense in the
assurance of the primary coolant boundary Integrity. Development prograns are
in place as described in Section C.6.1.2D which will provide diverse sodium
leak detection methods and equipment with appropriate levels of sensitivity.

The PHTS pumps provide forced circulation and are important contributors to
the overal l rel iabil ity of the SHRS. Depending on the time af ter scran that
the DHP.S may be activated, oneration of one or more of the primary pumps at
pony motor speed is critical to the operation of the DHRS. Low speed pump
tests have been specif led. The primary pump development program incl udes
tests on pony motor operation and will provide information on pump bearing
wear characteristics at pony motor speeds. These tests are described in
Sectio.n C.6.1.2F.d

O The main heat transport system is designed to provide natural circulation heat
removal capabil ity in al I three loops. Testing is planned to conf Inn
operation in this mode and is described in Section C.6.1.2G.

C.4.2.2 Intermediate Heat Transoort System (IHTS)

Areas identified for Reliability Emohasis

The f unctional requirements for the IHTS and its hardware characteristics aret

simil ar to the PHTS. Therefore, PHTS materials properties testing, leak
detection testing and sodium pump testing are applicable to IHTS rellabilliy
assurance activities. The impact of intermediate system sodium leaks
introduces new variables for attention. The ambient air environment and the
material property dif ferences in the transition welds to the SGS and the
extensive length of piping runs are key areas of dif ference between the IHTS
and PHTS. The ambient air environment f or the IHTS introduces an increased

! level of corrosion potential around a small sodium leak. Sodium leak
detection testing must therefore be directed towards sodium to air leakage.
The material s property testing f or the PHTS, however, is applicable to IHTS
rel labi| Ity assessment.

1

O |

C.4-13
Amend. 70
' Aug. 1982

_. _ _ _ - _ _ __ .__ _ _ . _ _ _- _ _ . _ ,



The IHTS connections to the steam generator introduce two unique areas of
structural design. The transition weld joint at the piping connections to
steam generator modules and the mixing tee joints which tie the modules in one
loop back to a s'ngle pipe are areas with potential for loss of coolant
boundary I ntegr i ty . Development tests are underway for these two areas to
investigate their potential f or being a point of coolant boundary f ail ure.
These tests are described in Section C 6.2.2.

C.4.2.3 Steam Generator System (SGS) and Steam Generator Auxiliary Heat
Removal System ( SGAHRS)

Areas identified for Reliabilltv Emohasis

The steam generator systems have common elements in both the normal shutdown
heat ranoval mode, which uses the main steam piping and condenser as a heat
sink, and the auxil iary heat removal mode which uses SGAHRS to provide steam
venting and PACCs as heat sinks.

There are nine steam generator modules of common design, any one of which is
| adequate to renove shutdown heat. The designs potential f or common cause

f ailures in the modules and their associated systems, and steam generator
coolant boundary integrity is a primary focus of reliability activities.
Steam generator module tests are described in Section C.6.3.2A.

A shel l-side bydraulic model test is providing Inf ormation on the potential
for tube or tube sheet vibration in addition to shell-side flow distribution.
The "f ew tube" model tests provided inf ormation about tube expansion during
thermal transients. The potential f or thermal ly danaging the steam generator
tubes as a resul t of departure f rom nucleate boll ing (DNB) is al so bei ng
experimentally investigated within the steam generator development prograns by
exposing tubes to severe DN3 conditions. Descriptions of the steam generator
prototype test and "f ew tube" test are provided in Section C.6.3.2A.

The leak detection system has the potential for improving the , availability of
steam generator modules f or shutdown heat ranoval . This system is theref ore
of interest to rel iabil ity. The leak detection system signals that hydrogen

j or oxygen is present in the intermediate system sodium. The operator woul d
take action to isolate the water / steam side and may take action to dump the
sodi um f rom the af f ected loop. Such action would ranove the loop f rom heat
removal capabil ity. Early action by the operator may preserve the sodium
inventory by isolating the water /steem side. The early action may retain the

| loop f or heat renoval through the unaf fected modules. Testing has been
defined in support of leak detection f unction and is described in Section
C.6.3.28.

The burst discs in the SGS which Isolate the SWRPRS from the SGS are receiving
major attention since they introduce a common cause f ailure potential f or the

| three main heat transport systems. Inadvertent rupture of one pair of these
discs in each loop would eliminate redundancy in the SHRS (only the DHRS would
then be avaliable). The SGS development program is conducting tests to
demonstrate operation of the burst discs within the design specification limit
pressures. The testing f or burst discs is described in Section C.6.3.2C.
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h The shutdown heat removal function requires the integrity and operation of theD steam piping, main steam line valves, turbine bypass val ves, stem generator
modules and stean drums. All of these components include levels of redundancy
during shutdown heat removal. Light Water Reactor and conventional steam
plant experience and data as well as acceptance tests will be used to assure
that adequate SHRS reliability can be established without special testing
directed toward these components.

C.4.2.4 Direct Heat Removal Service (DHRS)

Areas identified for Reliabilltv Emohasis

| The DHRS incorporates two primary coolant ficw paths. An inner loop transf ers
heat f rom the core to the outlet plenum via circulation in the PHTS. Heat
rejection f rom the outlet plenum is accomplished via injection of cold sodium
into the outlet plenum via the makeup nozzle and extraction of hot sodium via
the overflow nozzle. An essential elment for the successf ul operation of
this system is the ef fective heat transf er between sodium circulating in the

| two paths. This heat transfer takes place by means of mixing of sodium from
the two circulation loops in the outlet plenum. The effectiveness of this
mixing mechanism has been demonstrated in the 1/21 scale water tests performed

| at ARD. Further conf Irination has been obtained f rom the 1/4 scale water tests
conducted in the Integral Reactor Flow bbdel at HEDL.

The DHRS uses the components of the primary sodium service system and the EVST
A cool ing systen. The DHRS Introduces only the overflow heat exchanger and
Q additional val ves. The Integrity of primary piping and other elements of the

DHRS coolant boundary will be supported by the materials testing prograns
identified for the primary coolant boundary in Section C.6.1.2. The perf or-
mance of DHRS will be supported by information f rom flow testing of the
reactor vessel outlet plenum described in Section C.6.1.2A. Other testing
incl udes perf ormance testing of active pumps and val ves; design verif ication
testing of the air blast heat exchangers and manufacturer acceptance testing
of the overflow heat exchanger and the air blast heat exchangers. The air
blast heat exhangers are similar to the FFTF air blast heat exchangers and
their rel iabil ity wil l be supported by testing done f or the FFTF. components.

O)Q
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C.4.2.5 Interfacing Systems

Areas ideatified for Reliability Emohasis

The SHR$ nas the capability of f unctioning in the natural circulation mode in
the primary, intermedlate and steam / water ioops. The requi rement f or elec-
trical power is that the battery supply be available to operate control
Instrumentation in the SGAHRS. The components of the power supply are of
conventional design, and generic reliability data are available to support
their rol labli Ity.

O

i
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C.5.0 Reactor shutdown _SysienLEvalua11on

A program element essential to meeting the objective of reliability
enhancement is the timely feedback of data from the program activities to the
plant equipment design, fabrication, installation and operation activities.
In the case of analytical asses sments, this is achieved by requiring that the
reliability assessments be a part of the design support package for eachi

component which is part of the RSS. Assuring timely feedback of data from the ,

test program, however, requires caref ul planning since in many instances test
crticles connot be made available bef ore a number of the design and
fabrication processes have been completed. In recognition of this problem,
the schedule for the Reliability Program test activities has been coupled to
that for the plant component design, f abrication, installation and operation
activities. All test activities will provide data in advance of operation of
the plant units. The testing schedule is such that positive response is
possible for the elimination f rom the plant equipment of any unacceptable
features uncovered in the test program.

I

.

l

] The analysis of the RSS includes: (a) qualitative analyses (FMEAs and CCFAs)
which icentif y potential random independent and common cause f ailures, (b)'

,

evaluations of failure consequences, (c) numerical reliability predictions of
potential failure modes to supplement design analyses, (d) evaluation of test
results to provide input to failure resolutions, (e) evaluations of design

#

changes or updated details for impact on failure modes, (f) continuing
, evaluations of critical dimensions or_ processes through manufacturing and
j installation to minimize potential errors and (g) assessments of interfacing'

components potential failure modes and consequences.

RSS analysis utilizes the preliminary FMEA as a starting point for further
analysis as well as test def inition. Based on this FMEA, failures having
common cause potential for scram failure of more than one control rod are '

identified. Priority is then given to the resolution of the common cause'

failures in both analysis and test efforts. Each failure mode is. analyzed to
determine design margins or design features which protect against_the failure
mode. Evaluations of test results are also factored into the failure mode
analyses. If marginal or inadequate protection against the failure mode is.

indicated, the system level consequences of the f ailure are evaluated to
determine need f or additional protection. This process is.used to assure
acceptably low likelihood for the failure, to determine acceptable

; consequences of the failure or to identify design changes for reliability-
' enhancement.

Initial FMEAs were utilized in the preliminary design' reviews of RSS
| components. Periodic updates of the FMEAs reflect new analyses, test data,

design improvements, etc. to show that f ailure modes _are precluded or their
i

<ss,

.,
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[ effects are nulIified. Each falIure mode identifled is being addressed to
ensure that it will not impact RSS reliability. Yaterial and process

j specifications and installation and operation procedures are being evaluated
f rom a rel iabi l ity viewpol it. Design changes, manufacturing waivers and

| nonconformances are also evaluated as appropriate to ensure RSS reliability.

C. 5 .1 Erimary Mechanical Subsystem Evaluation

C.5.1.1 Analy1Ls

Analytical models for the unl atchi ng and scram insertion functions have been
developed tu assess PCRS reilability. The impact of design changes or more
detailed component design features are assessed using these models. included
in PCRS cvaluations are updates of control rod system misalignments resulting
from inverfacing component design changes or updates of reactor system
installation detail s. Design changes not directly impacting unlatching or
insertion analyses are assessed to assure negligible Impact on the shutdown
systems.

Development of the analytical model to predict pin lifetime behavior and scram
perf ormance characteristics is closely allied to the test program. Data from
the control assembly tests, are vital to this model development which will be
used in the reliability and design analyses.

The reliability analysis and test evaluations will be summarized in the PMS
Reliability Design Support Document. FMEAs for each PCRS component are
prepared for component design reviews. Updates of the component FMEAs are to
be prepared to support significant component milestones (e.g., final design,

8 test program completion). The PMS Reliability Design Support Documents will
be prepared to encompass the entire, completed series of PMS reliability
analyses and testing activlties.

Table C.5-1 provides a summary of the principal PCRS scram f ailure modes
identifled from qualitative analyses. Actions to evaluate failure modes
includes assessments of design features, testing and supporting analyses.
These principal areas are detailed in Table C.5-1. Ccrnments are given in the
last column of the table to elaborate on the loentified areas for failure mode
resolution. Preliminary design analyses indicate acceptable scram performance
f or each of the Icenti t led areas. The reliability efforts are directed at
resolution of uncertainties in the design analyses and experimental test
confirmation of the design predictions.

Washout of B C f rom absorber pins under assumed f ailed cladding conditions iias
4

been evaluated. The predicted total loss of B C f rce one or two pins results3
in only a few percent loss in control rod reactivity worth. Washout test data
for B C pellets exposed to flowing sodium Indicated lo,< B C loss rates.3 4
Therefore, loss of B C from pin failure is not considered to be a significant

4failure mode.
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Numerical Assessments

Numerical analyses have been performed to determine (a) the
unlatching performance for FFTF test units to obtain an indication of the
PCRDM unlatching reliability, (b) the PCRDM time to unlatch and (c) the PCRS
tine to insert in order to assess the PCRS probability to meet design
requirements for negative reactivity insertion. These analyses assist
identification of potential problem areas for further design, reliability
evaluation and testinq emphasis. Sunnaries of these analyses are given
below and overall conclusions are given in Section C.7.1.1.

A. Unlatching Performance for FFTF Test Units

The FFTF CRD4 is essentially the same design as the CRBRP PCRDM
except for minor sizinq differences to meet CRBRP load requirements and
snall changes to the segment arm sprinqs and leadscrew hushings to enhance
the scran reliability. The failure nodes challenged in the integral CRD4
unlatching test included those associated with part failures, friction
coefficients, galling, design or manufacturing errors, leadscrew chips and
misalignments. On the basis of the design and manufacturing similarity
between the FFTF and CRBRP CRDM's, the FFTF test data provides a valid
indication of CRBRP unlatching reliability. No failures have been found in
3513 FFTF test scrams of the test unit. This compares with the 750 scran
events included in duty cycle for the CRBRP CRDM.

B. Unlatching Performance for CRBRP PCR9M

An analytical unlatching nodel of a CRDM was developed to predict
the CRBRP unlatchinq time and the standard deviation for the unlatching
time. The analytical nodel includes variables associated with the stator
field decay time, segment arm springs, friction coefficients and loading
conditions of the CRDM and leadscrew.

To get an accurate representation of the stator field decay, FFTF
motc* test data were used along with FFTF Environnental Life Test data.
These data were used to calibrate the stator current decay equation. A
sinqle decay equation was fitted to the nean of all test data for field
decay. Standard deviations were obtained by analyzing the spread of test
data compared to the mean curve. Variations in the field decay due to
temperature and critical current (two or three phase operation) were en-
compassed by the standard deviation. This procedure led to a conservative
standard deviation as the FFTF test variations in input current and stator
coolant flow lead to a broader distribution than expected for fixed. plant
operating conditions for these variables.

Mean friction coefficients based on naterial couples tests WE*e
adjusted to inprove agreenent between calculation and test results for rFTF-
unlatching tests. Friction coefficient distributions.were defined using
data obtained from material couples tests. The model and data were then used-
to predict FFTF unlatching test results. Predicted' unlatching times compared

Q well with test results. The predicted standard deviation was, however, con-
siderably larger than that obtained from testing.
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The unla1ching model was then updated to CRBRP PCRDM design parameters which
included preliminary electric current decay data f rom PCRDM motor test data.
This pr ocedure changed the mean f ield decay curve but the standard deviations
f rom FFTF tests were retained as a conservative envelope since the test
results covered a broader range of operating conditions.

The PCRDM model was used to alc assessments of scram time f ailure modes
associated with the springs, stator and CRDM f riction. Analysis predicted a
mean time to uniatch of 0.089 seconds with a standard deviation of 0.010
seconds. This uniatch time was combined with the scram insertion times (see
Paragraph C below) to provide a comparison with overall scram time
rcquirements. Since this analysis was completed, a design change was
implemented to reduce stator wire diameters (increasing resistance) and thus
cecreasing the unlatching time.

C. Scram insertion With Design Basis Misalignments

This analysis was perf ccmed to assess insertion reliability against potential
f ailure modes associated with variability of misalignments within the design
envelcpe, sliding f riction coef f icients, ficw parameters and scram spring
constants. Distributions were assigned to these variables which were then
Monte Carlo sampled to perform probabilistic analysis. The scram spring f orce
and misalignment distributions utilized for this analysis were based on the
design specified tolerances for the PCRS and interface components. For
individual parts, uniform probability distributions over the maximum drawing
tolerances were assumed f or each gap. This assumption of uniform
distributions is conservative compared to asymmetrical gamma distributions
(pealed towards smaller gap size) typically founJ for manufactured parts as it
leads to greater probability at the extreme tolerance limits. Since most
parts contributing to these misalignments have 100 percent dimensional
inspection requirements, there is a very low probability of a part exceeding
drawing tolercnces.

These distributions are then combined for all parts, leading to the overall
misalignment at a given elevation. The resulting distributions at a given
elevation approaches a truncated normal distribution. The extreme tail s of
the distribution are, however, included in the analysis for added
conservatism. The flow parameter distribution utilized uncertainties obtained
from the FFTF control assembly flow test. This test was run in water with a

| prototypic control assembly. The data was then correlated to flowing sodium
conditions. From this, a friction factor was derived. The percent error
based about the mean value was used to def ine uncertainties. Friction

,
ccefficients and associated standard deviations used for gamma distributions

'

were obtained f rom material couples f riction and wear tests perf ormed under
Base Technology programs.
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Those ar,alyses yield the probability of achieving the design requirunents for
scram insertion speed. Combining the uniatching time and insertion time
analyses for the time f rom start of stator field decay to insertion of 11 of
reactivity yielded a mean time of 0.338 seconds and standard deviation of
0.012. seconds. These resul ts indicate a normal scram probabil i ty of >0.999
(per challenge) satisfying the scram time requirements under operation within
the design basis and no structural fallares.

C. 5 .1. 2 Testing

|PCRStestshavebeenplannedtodeterminepossibledesigndeficienciesand
investigate postulated fal;ure modes. Testing is maximized under those
operating conditions postulated to cause failure, especially where it is
desired to supplement current data to determine design margins against
potential faliure.

Manufacturing processes have been considered throughout the test program
planning. Included in this planning are:

1) Piant unit specifications are used for all prototype procurunents to
assure resolution of potential fabrication problems. No prototype
exceptions have been permitted f or the PCRDM/PCRDs. For the prototype
PCAs to be used in sodium loop testing, the only exceptions are non-
prototypic pin internals (no B,C) and changes to material standards
(ASME standards substituted foF RDT standards) for absorber pin

/~g cladding and minor non-wear limited parts. Fabrication, inspection,
and acceptance test specif IcaTions are the same for prototype and
plant units.

2) Simultaneous material procurements have been made for prototype and
plant unit PCRDM/PCRDs. Potential plant unit f alIure resulting f rom
material variability should be minimized as material deficiencies are
expected to be identified in the prototype tests.

3) Acceptance tests for each unit will be performed by the PCRDM/PCRD
vendor prior to shipment. These tests will include functional tests
of the PCRDM to compare perf ormance with acceptance requirements.

To minimize potential failures resulting from installation and operation, the
following activities are planned:

1) Prototypic installation employing plant installation tools and
procedures will be used throughout the PCRS test program.
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2) Prototypic testing of all planned PCRS maintenance operations
empioying plant maintenance tools and procedures wiII be used to
search for human factors or design errors which could lead to scram
falIure.

3) CRBRP ctartup tests will include functional and scram tests to verify
shutdown performance prior to criticality and during power ascent.

4) CRBRP scram tests will be perf ormed af ter every reactor ref ueling
prior to approach to criticality.

5) Normal shutdowns will be completed by a scram test of control rods.
After control rods are inserted sufficiently to shut down the
reactor, the rods wil l be scramtr.ed to complete insertion to test

scram performance.

The folicwing paragraphs identify the individual tests and discuss the
engineering features of each tesi. The feedback to the plant equipment
development program is identif led together with the options available for
responding to the test data. A description of the test facilities to
implement these tests is included in Addendum 1.

A. PCRS Prototype Design Test

The PCRS Prototype Design Test includes four parts: the PCRDM Accelerated
Unlatching Life Test, the PCRS Prototype Design Test, the Disconnect Actuating
Tool (DAT) Test and the Maintenance Equipment Tests. In the unlatching test,

the PCRDM will be operated beyond the design lif e of unlatch and travel to
assure margins against wear relatec' f ailures and to eliminate design def ects.

| In this test, operating enviromeit extrmes such as mechanism misalignment,
temperature and pressure will be increased beyond design basis conditions to
evaluate design margins. The PCRS Prototype Design Test is a complete control
rod system (PCRDM/PCRD/PCA) test in a sodium environment. PCROM and "
performance data such as unlatching time and scram insertion time will be used
to assure that design specif ications are satisf ied under design basis
operating conditions of misalignment, sodium flow rates and temperatures. The
DAT and Maintenance Equipment Tests provide data which will be used to
thoroughly evaluate the maintenance procedures on prototypic equipment under
plant type operating conditions. These tests are to identify weaknesses in
the equipment design and the maintenanco procedures as well as to evaluate any
maintenance related failures.

Results f rom this test are available for the period of early 1976 through late
1980. The PCRDM/PCRD Final Design Review was held in October 1978, and data
f rom the CRDM Accelerated Unlatching Lif e Test was available for this design
review. By mid 1978, manuf acture of all prototype PCRON/PCRDs was completed.
Fabrication of the piant units progressing in parallel with the testing. Both
the test and plant units f abrication will be completed in late 1980. The
overlap of testing and fabrication has permitted PCRDM/PCRD design changes,
identified as desirable from the test program, to be incorporated into the
plant units. Design changes based on test results have been made to
facilitate installation and maintenance. Normal operation and saf ety-related
performance has exceeded design requirements.
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B. PCRS System Level Test

The System Level Test has elements concentrating on different aspects of PCRS
performance.

Part I is the Real Time Test of a prototype PCRDM/PCR0 and prototype PCAs.
Representative hold times (inactive periods during which the control rod is
not moved) are interspersed throughout the accelerated operations. The

| operating prof Iles of a Row 4 corner control rod are simulated at an
accelerated rate of cyclic operation because rods at these positions are not
used for daily power control and experience periods of inactivity during
normal reactor operation. Besides providing additional data to assure
manufacturing variations do not affect design margins against potential wear

| related f ailures, the hold times generate data to confinn that potential time
related f alI ure mechanisms such as sel f-welding are not signif Icant. Scram
times and other perf ormance data are used to conf Irm that design specif Ica-
tions are satisfied and to assure the reliable operation throughout the test.

| Part 11 is the Failed Bellows Test and consists of operating a prototype PCRS
for one ycar with an Intentionally failed bellows to determine potential
related f ailure modes for PCRDM unlatching and PCRS insertion. Bellows
failure will expose parts normally in an argon environment to sodium vapor.
Scram release time and wear will be monitored to evaluate design perf ormance
and margins under failed bellows conditions. By observing areas of sodlum
buildup or extreme wear, potential failure mechanisms resulting from a failed
bellows will be Identified.

The PCRS flow vibration test, Part ||1 of the system level test program,
utilizes accerterometers on the PCRD and shroud tube in the area of the
dashpot cup and on the PCA outer duct to tronitor flow vibration ef fects.
These data, together with past sodium test examinations of all test
components, are used to verif y acceptability of the PCRS design relative to
f low vibration ef f ects.

O
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Results from these tests will be available so that any plant unit modifica-

11ons can be implemented pricr to their shipment to the site. All reliability

testing will be comoteted prior to initial startup testing in CRBRP. Test
results can be factored into the PCA final design, scheduled for completion in
l ate 1981.

The PCRS System Level Test f acilities have been designed f or testing at the
extremes of the design operating conditions and beyond to induce f ailures and
tnus determine design margins to assure reliable performance. Maintenance
equipment including a simulated maintenance pit will be used in the system
level tests.

C. PCRS Dvnamic Seismic Friction Test

This test provides two pieces of inf ormation essential to the accurate
prediction of control rod scram insertion performance during a seismic event.
These are (a) the ef f ect of fluid coupling on the lateral translational
behavicr of a driveline and control assembly within their respective guide
members and (b) the ef f ective coef ficient of f riction between the interacting

ccaponents under conditions of short duration contact. Effect (a) is of

importence because it dictates the number and magnitude of the lateral
impulsive forces generated as selsnile excitation causes the driveline and
control assembly to " rattle" within their guide members. The frictional
component of these loads acts to retard scram insertion, hence their number
and magnitude reflects directly on the seismic scram insertion prediction.
Ettect (b) must be evaluated in order to reduce present conservatism in the
f riction assumptions used to convert the lateral impulsive loads into axial |h
loads opposing scrum insertion. During the brief perloa of lateral impact
loading, it is possible that squeeze film sodium lubrication will decrease the
ef f ective f riction coef f icient.

| The test provides data on the translational behavior and impact load behavior
of simulated rod /guice tube features when subjected to seismic excitation in a

j fluid environment. The impact load-time histories obtained are used to
calibrate analytical model s to assure the correct representation of entrained
fluid effects. Drop times are to be measured. These data, together with the
impact load-time histories has been used to determine the ef f ective coef f i-
cient of f riction under squeeze film lubrication conditions.

|
I
.
;

1

I
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Results from this test were obtained in the period early 1977 through early
i 1980. Most of the test resul ts were available prior to the PCRDM/PCRD Final

Design Review in 1978. Friction coef f icients f rom the test have been combined
with normal impact forces from seismic analyses to show that PCRS seismic;

scram speed requirements are satisf ied.
.

D. PCRS Friction Couples Test

| Data will be generated by these tests is used to evaluate f riction and
resultant drag forces that will be encountered during PCRS operation. The
materials used in the PCRS design have been caref ully selected, especially in

| the areas where contact during operation is anticipated. These tests provice

friction data on the material couples under vary ng conditions of contact
force, temperature, environment (liquid sodium, argon-sodium vapor and argon),
length of contact surf ace and time between operations. The maximum friction

| developed under these conditions has been incorpcrated into scram speed
1 analyses an analytical model to confirm design margins.

The test material samples consist of a pin and plate. These samples are

! placed in a f acility capable of providing reciprocating motion and recording
friction over the range of conditions specifled.i

j Results from these tests are currently available. These data are utilized
available for both the PCRDM/PCRD and the PCA Final Designs.

E. Control Assembiv Hydraulic Test (Flow Test)'

l | This test generates flow, vibration and pressure drop data to characterize the
hydraulic performance of a prototype PCA. These data are required to assure

that adequate design margin against control rod flotation is available. Flow
induced vibration will also be investigated to check the rod bundle response
to fIow turbulence up to 150 percent cf nominal fIow. The test faciiity wIlI

be a circulating water loop with the required flow and pressure drop
instrumentation.

'

| Results f rom this test are being utilized in the PCA final design evaluations.

F. Control Assembiv Rotational Joint Test'

| The purpose of the Rotational Joint Test was to verify the performance of the
rotational joint 'under expected operating environments. The objective of the

| test was to measure the torque transmitted through the joint under prototypic
temperatures and loads. In addition, the effect of scram impact dynamic

| loads, misalignment of input and output shaf ts and sodium soak were
determined. Finally, the effectiveness of the rotational joint in reducing

,

I
1
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| duct wear was determined by purposely inducing wear pad to duct contact and
cycling the rod until approximately six times the goal l i f etime travel is
achieved. Wear pad to duct contact was reestablished af ter every hal f
I if etime of travel . Data generated by these tests demonstrated the ef fec-
tiveness of the rotational joint to minim'ze control assembly wear.

G. Primary Control Assembiv Pin Bundle Compaction Test

Data generated by th is test is used to calibrate the pin bowing analysis.
Pre-bowed pins were compressed to the conf Iguration required by the control
rod inner duct. The f orces necessary to compact the pins to the bundle
dimensions will be measured and recorded to determine pin contact loads with

| the duct and with other pins. These data are combined with analysis to
establish potential outward def ormation of the control rod inner duct as a

| result of forces due to pin bowing. Resul ts f rom th is test are avail able f or
incorporation into f inal PCA design ef forts.

H. Control Assembiv - Drag Force for Bowed Duct Test

Control rod duct bowing resulting f rom Irradiation and thermal gradients is a
potential common cause f ail ure. To assure that adequate design margins exist
to el irr.inate th is source of f ail ure, drag load measurements during insertion
and withdrawal were made under various bow conditions and environments.
Prototype ducts were bowed in a test f acil Ity where the bow, inner to outer
duct orientation, flow rates and radial misalignments between a simulated

| lower drivel Ine and the outer duct were varied and recorded. The bow
conf igurations that can cause insertion f ailure due to excessive drag forces
were determined and the margin between f ail ure and worst-case design
conditions were establ ished. This test also showed that the three dimensional

mechanical / structural Interactions between the driveline/ control rod and
associated bushing / outer duct under misaligned conditions can be adequately
eval uated by two dimensional analyses. Ef f ects of the rotational joint in the
control rod shaf t (which reduces both lateral and rotational contact loads
between the control rod and outer duct) were included in the measured drag
forces. Measured drag f orces f rom this test have shown that duct bewing
causes neg!!gible drag f orces f or duct bowing exceeding worst-case design
predictions. Bcwing does not induce large retarding f orces until the design
criteria limit of forced three point contact between the control rod and outer
duct is exceeded.

Results f rom this test wil l be produced f rom early 1977 through early 1978.
Data wIlI be incorporated into f Inal PCA design ef forts.

| | 1. PCRS Selsmic Test

| To provide data that wil l confirm design margins against scran f ailure during
an OBE or SSE, a prototype PCRS wil I be mounted in a test f lxture coupled to

O.
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| eight vibration generators in a water environment simulating sodium levels.
The unlatch time will be measured and recorded with various vibratory inputs.
The PCRDM will be mounted on a three-dimensional shaker table to evaluate the
unl atch ing perf ormance. The shaker table, together with an additional five
lateral shakers, are planned for evaluation of scran Insertion perf ormance.
The data will be assessed to discover design deficiencies and establish design
margins. This test is primarily oriented toward providing unlatching and
scran insertion data for verif ication of analysis methods. Sinusoldal inputs

typical of the acceleration levels under OBE and SSE conditions will be
util ized f or these tests. Results f rom this test will be available by late

1979. At this time, the plant unit PCRDM/PCRDs will have been completed and
wil l be ready for shipment. Any need for modif Ications can delay shipment
since site Installation does not occur until late 1981.

J. Pin Ruoture Test

Pressure pulses f rom absorber pin rupture could result in suf ficient inner
control rod duct def ormation to cause a scran f ailure. Data generated by this

| test are combined with analysis to confirm design margins are adequate against
this postulated f ailure mechanism. Pins at different locations in the pin

| bundle were intentionally faulted and ruptured in prototypic ducts to obtain
data such as pressure pulse magnitude, duration, pin plenum pressure decay and
duct def ormation. The resulting duct deformations have been found to be small
and pin ruptures have negligible potential for causing a scran f ailure.

K. Duct Imoact Test

A PCRS scran is terminated by impact of the driveline and scran arrest flange
at velocities Iess than 14 inches /sec wIth the scran arrest fIange welded to
the PCA outer duct. Since the PCA duct loses ductility from Irradiation,
impact tests on irradiated ducts are planned to assess the potential for
brittle f racture due to scran impact loads. Impact tests in support of the
FFTF progran were perf ormed wIthout f alIure on an irradiated EBR-1I controf
rod thimble at ambient temperature conditions (750F). Tensile data generated
at temperatures (10000F-14000F) higher than the irradiation temperature
( 7000F) have shown a reduction in ductility which can be lower than the
anblent temperature ductil ity. Since CRBRP control rod ducts can be impacted
at up to 10000F during scran operation af ter being irradiated at lower
temperatures, impact test data are required to conf Irm scran impact
acceptability.

The Duct impact Test simulated scran impact by dropping known weights from
varying hetghts on'an Irradiated EBR-1I duct. The test included impact Icads
resulting in stresses wel I in' excess of stress conditions expected in PCA
aucts. Tensils test, data f rom the ducts were also obtained to, assist post
'snalysis of the test and extrapolation to PCA conditions. This' test wil l be'

used to def ine design mT gins against PCA duct f ailure due to scran impact.'
s

,Results f rom this test are currently' available and are being used to evaluate'

,
i PCA design impact.
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L. Duct Crushira Test

The purpose of the Duct Crushing Test is to investigate the f ailure mode of a
highly irradiated hexagonal duct segment when subjected to lateral loading
similar to that experienced by the above core load pads on CRBRP during
seismic excitation. Material used in these tests is taken f rcrn EBR-li gntrol
rod thimbles prev!ously irradiated to a guence of approximately 1 x 10
total fluence and between 4 and 5.7 x 10 fast fluence. The material is in
the f orm of hexagonal duct sections, similar in prof ile to the CRBRP core duct
profits. The test material theref ore incorporates the f eatures which
introduce uncertainty into the duct crush strength analysis. These are (a) a
much reduced ductility with the attendant potential for brittle fracture, (b)
strain concentrations at the duct corners and (c) plane strain bending
stresses (the available ductility data on irradiated stainless steels have
been obtained t rcen tests in which the stresses were uni f ormly tensile).

Sections of an irradiatec EBR 'I SS304 duct were loaded in a transverse
alrection between two Jaws to :imul ate in-ser v ice seismic load!ng. In
addition, tennio and bending test specimens were machined f rom the duct to
prov ide basic vaterial s data f or use in analy tical predictions of duct
response to trensverse loading f or subsequent comparison with test data.
Temperature end strain rc.te were varied over 'a range consi stent with expected
CRBRP condi11ons to determine if any combination of these parameters would
lead to a brittle fracture. Test temperatures were chosen to bo higher than
the average irradiation temperature of the duct, since the results of the
prior EBR-1I duct eval uation indicated a decrease in material' ductility wIth
an increase ir. test temperature above~ the irradletion temperature. Results
f rom this test are currently evaliant e and are befr.g used to eval uate PCA duct
design.

C. 5 . 2 Secondarv Mechanical Subsystem Evaluation

' '
C.S.2.1 Analysis

,

A summary of the principal SCRS scram f ailure modes laentif ied f ran
tqual itative er,alysos is provided in Table C.5-2. The areas of.. testing, design

f eatures to ml11 gate consequences or prevent the f ailure, and supporting
analyses which are impcetan f to f ailure moda resolution are ref erenced in
Tabl e C.5-2. Identif(cation and evaluation of these f ailure modes have
provided guidarice f or it'e cppropriate corrective or~ preventive actions to
minimize the impact on SCR3 / scram f unction. Further efforts are directed at
resolution of uncertainties'ir the design analyses and at experimental test
callbration of the design prediction methods.
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Numerical Assessments

Available data indicate that the f requency of spurious scrams is highest at
the beginning of operation of a reactor and decreases thereaf ter because of a,

learning process. The number of scr es which a reactor will see through its
lifetime can theref ore be estimated by the use of a mathematical model which
takes into account this learning process. The current rel iabil ity assessment

of the SCRS design using this model is that the design is adequate in terms of
safety-related reliability.

C.5.2.2 Testina

The testing of the SCRS and its components is orientated to design
verification; i.e., a determination of the capability of the design to meet
its f unctional requirements. Data resulting from the design verification
tests w11I al so be analyzed f rom a rellabiiity viewpoint, and rellability

. deductions will be made as the data permits.

The following paragraphs identify the individual tests and discuss the
engineering features of each test. A description of test facilities for these

tests is included in Addendum 1.
;

A. Latch Real Time Test

This test permitted evaluation of sel f-welding in this critical component

early in the development cycle. Environmental conditions for the test were
more severe than those predicted for the latch in reactor service.

| The test articles were subjected to less vibration, a constant f orce, a higher
and more stable sodium temperature and a longer time between scrams than will
occur in the reactor environment. This provided accelerated testing of the
potenti al for the sel f-weld mechani sm. This test allowed the latch test units-
to remain dormant in the latched condition for a f ull year. A dead weight was -
hung f rom the latch to simulate the gravitational and hydraulic loads of f ull
power operation. To achieve a baseline for assessing the impact of the

| dormant period, . friction coef f icient were determined prior to the start of the'

dormant period.

This test was successfully completed in January, 1980. There was no evidence
of setf-welding or bonding. From the initial evaluation of the results of
this test, including a range of coefficients of friction value, it can be
interred that the SCRS latch system of the configuration and materials tested
will uniatch in a prototypic environment after prolonged exposure to high-
purity, high temperature sodium.

| B. Latch Scram Test

The Latch Scram Test demonstrated the performance of the latch assembly under
normal and overstress operating conditions. The test al so determined the
extent of wear between the contacting surf aces of the latch assembly as a

Two latch units were-tested| f unction of the number of operating scram cycles.
|
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in the f Inal conf Iguration in the test, and other units are being tested in
the system tcst. Data f rom th is l atch test did not identi fy any latch f ailure
modes and established the latch cyclic life capability as being well beyond
the design life.

Latch / col let assembi les were tested in i Iquid sodium with operating tanpera-
tures ranging f run 400cF to 10500F, Each test unit was exanined bef ore and
af ter testing to assess the condition and degree of degradation. During the
tests, al l external ly monitored paraneters were checked f or out-of-limit
conditions to provide a continuous assessment of test rig and latch
per f ormance. Latch scran test #1 was successf ully completed in eariy August
1979, af ter being subjected to 1987 total scran cycles, a number equivalent to
approximately five times the latch service life. Analysis of test data,
primarily coef f icient of f riction val ues, Indicated no signi f icant ef f ect on
latch performance of wear due to repeated scran cycles. Distributional
characteristics of the data when compared with the specified coef ficient of

O

|
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friction Iimits were favorable. Post-test examination of the parts did not
reveal signif icant wear at any of the critical Interf aces.

Latch scrm test #2, using a di f ferent test unit, was successf ul ly completed
in mid-Septanber 1979, af ter accumulating 3795 total scran releases. This
number corresponds to approximately ten times the latch service life. Noth ing

,

observed during the course of testing, or as a result of analysis of.the
coefficient of friction data Indicates any significant affect of wear on scram

;

performance. Latch release occurred in all cases within the lower third of'

the specified range for coefficient of friction,

j C. DrIvelIne Lower Beilows Test

The primary objectives of these component level tests were to assess bellcws'

design adequacy and to obtain information on component life in a prototypic
env i ronment. The tests reproduced the bel lows motion involved in scram
actuation and recoupl ing. Test items were f ully prototypic of the CRBRP S(RS
design in al I aspects, incl uding conf Iguration, material construction,
dimensions and clearances.

Two sets of bellows were each tested in three phases. Phase I simulated
ref uel ing conditions, Phase 11 simulated f ul l power conditions, and Phase 111
was the |Ife test. Each set of bellows was cycled more than 3600 times,
equivalent to ten times the design iIfe. Based on the successful tests of
both items it has been inferred that the bellows design is adequate and that

Q l if etime characteristics are satisf actory.

O
| D. Pneumatic Valve /CvlInder Test

Both cyclic and real time f ailure mechanisms are being evaluated in a proto-
typic environment in this test. Units tested are cycled to several times the
design | If e cr to tall ure, whichever comes f Irst to provide f ailure Inf orma-
tion and prototypic ccmponent perf ormance data.

Pneumatic Valve / Cylinder Assemblies are being tested in two phases as follows:

1. . Cyclic Testing - One assembly was cycled at approximately two-hour
Intervals until 900 cycles (five design service lifetinies) were
completed. A cycle consisted of ten consecutive poppet valve
checkout cycles fofIowed by a scram cycle. Scran time, val ve poppet
opening times, cylinder leak rate, and val ve . temperatures were
recorded at periodic intervals.

This test of Valve / Cylinder #1 was successf ully completed in March
1980. The test objectives were achieved and no saf ety-related
f alI ures were encountered. NothIng observed durIng the course of the
test would have af fected the ability of the valve to operate reliably
from a safety (scran) viewpoint in a prototypic environment.
RellabilIty analysis of the test data indicated adequate operating
and design iIfe margins. Analyses of valve /cyiInder seran time to
provide distributional cha acteristics showed a high probability of
the valve to support the SCRS scran time requirement.'
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'2. Real-Time Testing - A second assembly will be held in the operating
mode f or about 12 months. At the end of the hold period, the test

|
article will be test cycled 900 times or to f ailure, whichever occurs i

first. The val ve poppet opening time, cylinder leak rate, and
temperature will be recorded at intervals during the cyclic portion
of the test. Scran time at the end of the operational hold testing
will be measured. Upon conclusion of the test, the resulting data
will be analyzed and conclusions drawn regarding operating and design
iIfe margins, standby rollabilIty and perfccmance rellabilIty (!.e.,
the abil ity to meet specif ied scran time requiranents). Checkout of
this assembly commenced in October 1980.

O
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O)(, E. SCRS Failed Bellows-Extended Limits Test

This test is intended to evaluate the capability of the design to meet its
functional requirements f or periods up to 11 months under adverse operating
conditions associated with f ailed tellows. The main shaf t bellows and the
driveline lower bellows protect the Secondary Control Rod Drive Mechanism
(SCRDM) and Secondary Control Rod Driveline (SCRD) from sodium vapor. The
major concern resulting f rom a bellows f ailure is exposure of the SCRDM and
SCRD internals to sodium vapor. Condensed sodi um vapor between close-f itting
moving parts could result in potential interf erences which coul d, in turn,

cause degradation in the perf ormance of the latch release action. This test
will be run with both the Mainshaf t Bellows and the Driveline Lower Bellows
del iberately f aul ted to simulate the expected mode and magni tude of bel lows
failure. The test will demonstrate the extent to which sodium vapor can
dif f use through the argon cover gas, onto the surf ace of moving parts of the
SCRDM and SCRD, and the degree to which perf ormance may be degraded.

Except for the purposely damaged bellows, the test article will be of the
pl ant unit design.

Testing to be perf ormed includes characterization testing at various sodium
f l ow rates and temperatures, system hold and scram testing, motor test,
position Indication iest, LVDT displacement test, and pneumatic scram valve
poppet movement test. Analyses of test data will be made to draw inferences
concerning saf ety, design margin, and scram perf ormance. The test data will

(''} also contribute to reliability assessment of the pneumatic valve / cylinder and
\s ,/ the latch.

| F. Bowed Guide Tube Bowed Test

This test will determine the amount of def ormation that the guide tube can
accommodate without adversely af f ecting scram time. Distortion of the guide
tube beyona the design limit could degrade or prevent insertion of the control
rod after unlatching is completed. This test will provide data regarding
scram times where a control rod is interacting with a deformed guide tube.
Water will be enployed as the testing fluid. The guide tuba boy will be
incrementally increased until control rod insertion is prevented or substan-
tially affected. A scram wil l be perf ormed f or each distortion increment.
The hydraulic assist f orce, the water temperature and the argon pressures will
be monitored during the test. The scram time, guide tube def ormation, degree
of insertion of the control rod, and the guide tube and control rod dimensions
will be recorded. The results f rom this test will be produced in 1981 and
1982. Scram time data will be analyzed to assess to probability of exceeding
maximum allowable scram times versus a given degree of bowing.

G. SCRS Prototvoe-1 Test

The f irst SCRS prototype system test (P1) was successf ully canpleted in
December 1978. -The objectives of this test were to provide a proof-of-
principle demonstration of the design, to identify operating characteristics
and provide a basis for assessing operating margins, and to expose failure

['')T
mechanisms that had not previously been predicted. The test was carried out

(- over a wide range of temperature and flow conditions, both above and below the
anticipated operating range. The Prototype 1 test article successfully
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compl eted 1570 f ul l scram insertions, which is more than twice the 700 scrams
expected of the SCRDM over the 30 year plant life.

At the end of these extensive tests, Prototype 1 was still performing within

speci f ication requirements. No saf ety related f ail ure modes occurred during
testing, and there was no evidence of incipient failure encountered upon post-
test disassembly and inspection. The test data and the post test
observations, theref ore, support the conclusion that the design is sound and
incorporates adequate margins for the intended use of SCRS.

The P1 test results identif ied several areas in which design improvements
could be made to enhance fabricability, maintainability, and performance.

| These changes, as well as others, were included in the Prototype 2 test
i article.

H. SCRS Prototype-2 Test

The majcr objectives of the recond system test, SCRS Prototype, are to verif y
the ability of the SCRS design to meet its f unctional design requirements
under expected operatir.g conditions, to identify operating margins, to
evaluate design improvements incorporated as a result of the P-1 experience.
Testing will be performed to verify satisfactory operating under prototypic
conditions, and to determine sensitivity to variations in such operating
parameters as sodi um fl ow and temperature, control rod elevation, misalignment
and scram cy linder pressure. Repetitive scram cycles will be conducted at
various combinations of these parameters. Hol d testi ng wil l mai ntain the SCRS
in the ready-to-scram gosition at combinations of sodium flow rate and
temperature of 10%/400 F and 110%/1050 F. A series of scrams will be
perf ormed bef ore and af ter each hold period. Throughout the test, the
pneumatic scram valve will be periodically subjected to poppet movement tests.

Data f rom the P-2 test will be analyzed f or inf erences pertinent to overell
scrar, rel iabil ity, rel iabil ity of saf ety-rel ated P-2 design changes, saf ety-
related design margins and operating margins. Data f rom th i s test w i l l al so'

ccntribute to evaluation of critical components such as the pneumatic valve /
cylinder, the latch and the bellows.,

4

1. SCRS Prototvoe-3 Test
:

The objectives of the Prototype 3 (P-3) test are to verify the ability of the
design to meet f unctional design requirements under design operating
conditions, to identify operating margins by testing in excess of normal
design operations, to expose potential failure modes which may not have been
previously predicted, to evaluate the cyclic f ailure mechanisms in a
prototypic environment and to demonstrate the ability to perf orm required
maintenance operations.

During the course of this test, repetitive scram cycles will be conducted at a
variety of sodium flow rates, sodium temperatures, and misal ignments. The
ef f ect on scram perf ormance due to these variations as well as changes in
control rod elevation and pneumatic cylinder pressure will be determined.
Hold testing will maintain the SCRS in the ready-to-scram position for
combinations of sodium flow rate and temperature of 10%/400 F and 110%/1050 F.
A series of scram cycles will be perf ormed bef ore and af ter each hold period.
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Throughout the course of the test, the pneumatic scram valve will periodically
undergo poppet movement tests.

The test data will be analyzed to provide inf erences regarding scram
capability, operating margins, and design margins. Test data w i l l al so
contribute to an assessment of the pneumatic valve / cylinder, the latch, the
bellows, and other saf ety-related components.

J. SCRS Prototvoe-4 Test

The objectives of the Prototype-4 (P4) test are similar to those given for
P-3; This test, however, is the final system test prior to operation of the
plant units and it is intended as the final checkout for the system and to
demonstrate the ability to perf orm required maintenance operations.

The P-4 test article will be scram cycled so that all components undergo a
number of scrans greater than their design service life. Testing will be
perf ormed to determine the system perf ormance sensitivity to variations in
operating parameters. The unit will also be held in the parked position for
11 months at prototypic f ull power conditions to expose passive-state f ailure
modes and mechan!sms.

Data from this test will be analyzed for inf erences concerning system scram
capabiiity, standby rellabi|Ity, design margins, and operating margins. This
test data will also contribute to a reliability evaluation of the pneumatic

O valve / cylinder, the latch, the bellows, and any other saf ety related
v ccmponents.

C. 5 .3 Electrical Subsystem Evaluation

C. 5 . 3 .1 Analysis

To supplement a system level FMEA, qualitative end quantitative reliability
| analyse,s are performed on each module in the Electrical Subsystem. The

quali tative analysis consists of an FMEA at the piece pa.-t level which
considers identifiable f ailure modes of the piece parts. This analysis lists
assumptions rc.ede during the analysis such as piece part f ailure state and the
ef f ect of the assumed f ail ure. The FMEAs will be updated as needed to
document the current status of the design.
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The qualitative analysis also consicers the ef f ects of the assumed f ailure on
other piece / parts in the circuit and whether the assumed f ailure has the
potential to cause additional part f ail ures or overstress conditions in the
circuit and whether these f ail ures would be saf e or unsaf e. The quantitative

analysis, using part stress analysis techniques, is performed on a module
basis. A reliability prediction of each module is being made using MIL-
HDBK-217B or other data sources as appropriate. The information from the FMEA
is then used in conjunction with quantitative analysis to predict the unsaf e
failure rate of each module.

Numerical Assessment

A current numerical assessment documented in Reference 2 includes a
quantitative evaluation of the primary and secondary electrical subsystems in
relation to their ability to f unction.

A model was developed to evaluate the reliability of the primary and secondary
subsystems as they f unctioned under a specif ied set of plant operating
conditions and procedures. Input data to the model consisted of component
failure rates, test intervals and other parameters characteristic of ES
eperation. Fail ure rate data used was based on either detailed predictions

using MIL-HDBK-217B or other reliability studies conducted f or the FFTF
program which are appropriate f or CRBRP equipment. Other model input
parameters were based on planned operating procedures.

Numerical assessments have been conducted at both the module and system level.
Resul ts f rom this analysis indicate that the ES is not a signif icant
contributor to the saf ety-related unreliability of the plant. Data obtained
f rom the ES test program will provide f urther support for the f ailure rates
used in this assessment.

C.5.3.2 Jesting

The test program for the ES equipment is made up of two basic types of tests:
qual if ication tests and extended operations tests. Qualification tests will
be perf ormed by the vendor primarily at his f acility. Qualification tests
provice evidence that the as-built equipment meets the requirements of the
procurement specification. Extended operations tests will be perf ormed.
These tests provide a means by which extensive operating experience can be
accumul ated, resul ting i n both rel iabil ity growth and reliabil ity
demonstration. Reliabil ity growth resul ts f rom Identifying and correcting any
design, f abrication or maintenance weaknesses bef ore the equipment is
i nsta l l ed i n CRBRP.

A. Cualification Tests

The qualification tests can be classified as preproduction, productior or
acceptance tests. lnese tests are described below:

.
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1) Precroduction Tests

Prototype modules undergo a series of tests to verify that the design meets
alI the requirunents of the procurement specif Ication.

The preproduction tests are implemented by first testing each prototype module
so that a set of baseline data can be developed. Later test data are compared
with these baseline data so that any degradiation can be detected.

Each prototype is then subjected to thermal conditioning to detect any
failures due to design, fabrication or workmanship problems. During this
thermal conditioning, each prototype module will be subjected to 10 thermal

1
i

cgcles in which the temperature is varied f rom -30 F to 150 F at rates between
; 9 F/ minute and 30 F/ minute. The temperature is held at the high and low

extremes for a minimum of 30 minutes with power applied to the modules for
intervals over this range. The modules are then baked at 150 F for 200 hours.
These test conditions are substantially more severe than the specific design
conditions f or the modules.

Af ter thermal conditioning, each prototype module will undergo f unctional and
perf ormance checks while subjected to worst case environments including
temperature, humidity, power supply voltage and f requency, electrical noise
and vibration.

These tests were completed in early 1977. Design and component changes
[) required as a result of the prototype preproduction tests were factored into
V' the manuf acture of the production units.

2) Production Tests

Af ter the project was sett sfied that the design and manuf acture of the
prototype modules met ciI functlor,al, performance, quality and relIabiiIty
requirements, the production modules were manuf actured. The production
modules include plant equipment, spare equipment and equipment to be used in

| the extended operations test.

| Each production module underwent a tt.ermal screen consisting of a 36 hour
period of power of f, temperature cycles between the limits of -4 F and 185 F.

| Each module was then subjected to f ull functional and perf ormance testing to
verify that each module meets its requirements.

These tests were completed in mid 1977 in the case of the reliability units
and in mid 1978 in the case of the plant units.

,
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3) Acceotance Tests

| The plant equipment undergoes acceptance tests in addition to the production
tests. in acceptance testing, the modules are installed in their respective
panels and the complete system wired together. A full set tests which verify
wiring insulation strength. The equipnient will be operated in this
configuration for a minimum of 125 hours.

| These tests were completed by the vendor in early 1980.

B. Extended Ooerations Tests

Extended operations tests will be performed. For these tests, the modules are
connected to f orm a complete electrical system. Additional modules are al so
interconnected to simulate subsystems of the electrical system, such as
additional logic trains. Conf iguring the modules in this manner allows data
on long-term ef f ects of operations on perf ormance parameters to be collected.
These data can be used to determine calibration and test periods and will be
f actored into the plant operating procedures. These long term performance
measurements provide additional supporting data to conf irm that the
performance characteristics and propagation delays assumed in the analysis are
conservative.

Maintainability information is being generated on these prototypic system
conf igurations and can be used to conf irm maintenance design plans and also as
a basis for preparing maintenance procedures. Maintenance and calibration
procedures from the vendor supplied manual will be followed, where
appropr i ate, to provide assurance of thelr validity. Also, troubte shooting
procedures f rom the manual wil l be f ollowed when f ail ures are detected.
Probians detected f rom use of these procedures wiII be f actored into the
preparation of the plant operations manual.

I
Functional and perf ormance tests, as lis+ed Ir 'c?t!o C.5-3, wil l be perf ormed

on the primary and secondary subsystem components. The purpose is to
determina wheiner they complete their !r ter. dad f uncticr. when called upon to do
so and to check if the f unction is completed within specified

O
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time l imits. The f unctional tests consist of providing voltage pulses or
switch closures, as appropriate, at the inputs of the test components and
checking the response f rom the appropriate outputs. The perf ormance test
includes measurment of propagation delay. This is done by inserting voltage
pulsos at the inputs and checking the response of the test systems.

As a minimum, functional pulse testing will be completed on each test
component once a shift. The f unctional tests which require input f rom an

,

operator (e.g., manual trip, bypass Instatement) wil I be perf ormed once a
| week. The flux signal transmitters will be checked for signal propagation.

The propagation delay tests are perf ormed once a shif t in conjunction with the
component functional tests. The propagation delay of the breaker is tested
and recorded weekly. Performance tests are completed once a week on alI
components except the f lux drawers which are checked daily. The frequency of
the f unctional tests will be increased if the environmental paraneters drif t

| beyond spectfled Iimits.

Test Failure Recorring. Analvsls and Corrective Action

| A closed Ioop f aliuro reporting and corroctive action systm has been
impimented to assure that any hardware rellabilIty problans encountered are
corrected and to f orce rel labil Ity growth. Failures and discrepancies

| occurring are documented in f ailure/ discrepancy reports. Rol lebi l ity
Engineering is the focal point for the f ailure reporting and corrective action

O system. The f ailures reported will be screened and f ailure analysis
perf ormed, as appropriate, to identi fy underlying f ailure mechanisms. Eech
identif ied f ailure mechanism will be evaluated to assess the need f or

| corrective action and the type of correction action required.

C.5.4 Interfacing Comoonents Evaluation

C. 5 .4 .1 Analvsls

A Rel iabil ity Design Support Document wil l include assessment of the f ailure
of fects of alI of the RSS interf acing components and systens that appear on
the Rol labil ity Related Components List. The interf ccing component
assessments include FMEA's and resolution of the f ailure modes through design
margins and system features Iimiting the consequences. Shutdown system
perf ormance evaluations will determine the consequences of potential
interf acing component f ailures. Since the interfacing component failures are

|
potential causative f actors f or common cause f ailures of the shutdown systems,
Interf ace component assessments wil l be given high priority. The Initial
rel iabil ity reports wil l be completed, reviewed and updated (as applicable)
prior to the components' design reviews.
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Through the FMEA's f or interf acing components, f ailure modes have been
identif ied which have the potential to degrade the conbined PCRS and SCRd
insertion f unction. Examples of 1hese include:

1) Large and/or intermediate plug rotation with rods withdrawn

2) Secondary control assembly flow starvation

3) Upper Internal s structure sheds fragments f rom thermal striping
effects

Each of these f ail ure modes has been assessed and has associated corrective or
preventive actions to precluoe adverse impact on canbined PCRS-SCRS
reilability. The following presents examples of the results of the
assessments.

Postulated rotation of either the large or intermediate rotating plugs results
in misalignment of both PCRS and SCRS. Several degrees of rotation may be
sufficient to influence PCRS insertion. The SCRS, being less susceptible to
misalignment, requires a larger amount of plug rotation to prevent insertion.
Action relevant to this f ailure mode consists of the incorporation of a series
of mechanical locks installed prior to reactor operation and designed to
resist all forces that could conceivably cause rotation including motor
tcrque.

Hydraulic assist is used in the SCRS to accelerate the control rod downward
during a scram. While the control rod will insert without the hydraulic
assist, its insertion time is extended. To assure that the SCRS always
operates at maximum efficiency, it is necessary to assume that the design
sodi um f l ow is available at the SCA nozzle during power operation. The
required f l ow is assured by means of features incorporated in the design of
the core support structure. Flow blockage prevention is achieved by a
combination of debris barriers and auxiliary flow ports. A description of the
f l ow blockage prevention f eatures is provided in Section 4.2 of the PSAR.

Fragmentation of 1he metal surf aces of the upper internals structure could be
caused by therma! striping. Metal fragments could become lodged in any
control assembly duct and adversely af f ect the rod's ability to insert.
Actions relative to this f ailure mode included a design change f rom stainless
steel to inconel 718 f or upper internals structure component parts. Items
such as instrument posts, chimneys and shroud tubes exposed to thermal
striping conditions are being made of Inconel 718. Analyses of the upper
internals have shown that margins against this f ailure mode ere now adequate.

|Each interf acing component will be analyzed in a reliability assessment as
described in Section C.1.3.2. Failure modes described above would be
addressed in reports associated with the reactor closure head, core support
structure and upper internals structure, respectively.
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TABLE C.5-1 PmS FAILURE M) DES AND RESOLUTION SUMY

Scran General Test Anal y ti cal
Component Failure Mechanism Causative Factor Design Feature Veri f ication VerifIca+1on Comments

PCROM . Excessive retard- a) Excessive f r ic- Increated de- Life Unlatching increased sognent arm spring
Ing f orces pre- tion or wear sign margin Model force margin
vent or slow un- b) Failed bellows Purge gas failed Purge gas alnimizes sodium
latching Bel lows vapor In Pm0M

Increased Bellows stress and f ailures
bellows con- reduced by increased convo-
volutions lutions

n tating plug Unl atching Rotating plug locks preventc) Misalignment o
docks Model accidental plug rotation

d) Installation Maintenance Maintenance tools and pro-

and Mainten- Procedures cedures tested in system

ance Errors level tests

e) Magnetized Real Time Post Test Magnetization can be checked
Components Life inspection by its effect on unlatch time

i b Part f ailures .a) Wear Life Testing exceeds required wear
b prevent unlatch- life for each CROM

| Ing b) Selsmic Selsmic P mS Seismic' Margin Shield and Seismic Supportm
5support Analy si s Structure limits lateral de-

flection ,

c) Menufacturing Prototype Manufacturing Testing of units frca prote i

Errors Unit Testing type and plant unit manuf ac-
turing sequences to Identif y
potential manuf acturing
errors

PCR0 Excessive re- a) Excessive fric- Large clear ,' Life Insertion Lif e tests exceed required

fording forces tion or wear ances Models wear life

prevent or slow.. b) Selsmic Dynamic Margin Shaker tests to obtain friction

Insertion Friction Analyses data and to calibrate seismic
insertion analyses

PCRS Selsmic
f

c) Misalignment UlS key lat- Prototype
eral restraints Testing insertion Misalignment test

Models
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TN3LE C.5-1 (Cont'd)

Scram General Test Anal y tical
Camponent Failure Mechanism Causative Factor Design feature verification Verification Comments

POD Jemming of dash- a) Foreign parti- Startup Life Special core assemblies have

pot cup or piston cles filters f il ters f or Initial sodium
cleanup

Inlet module inlet modules provide debris

f eatures barr:ers and strainers

b) Galling Life Test
Evaluations

c) Flow induced Shrouded P m D PCRS Flow Test PO S sodium loop

vibration de- Vibration Evaluations tests provides an extended test

formation period to evaluate vibration
effects. Vibration measured in

IRFM PCR$ Flow vibration test phase
integral Reactor Ficw Model
provides vibration data

PCA Duct def ormation a) Irradiation increassa Duct Bowing Bowing Duct Bowing test to establish

P retards or pre- Induced bow- clearances Margins drag forces and f ailure point

cn vents insertion Ing for varying duct bows

k b) Scr e impact Duct impact impact Completed duct impact test

cn on irre11ated Evaluation shows no f ailure even at im-
duct pact loads in excess of de-

sign values
c) Pretsure pulse Design for Pin Rupture Test Pin rupture test to establish

from pin fall- % failures Evaluation inner duct def ormation f or

ure distorting postulated pin f ailures

Inner duct
d) Selsmic loads Heavy duct Duct Crushing Crushing Test provides data support f or

on outer duct wall at pads Margins analyses of all core assemblies

load psds
e) Swelling and Pin to duct Pin Compact- Design and Test to correlate analyses f or

bowing of pins clearances ton Test Analyses pin Interactions and bundle
deforms Inner compressibility

duct
f) Weld f ailure Lif e, FFTF Post-test Quality control during wel ding

due to improper irradiation Inspection to prevent poor welds

weld
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TABLE C.5-1 (Cont'd)

Scram General Test Anal y tical
Camponent Failure Mechani sm Causative Factor Design Feature Veri f ica tion Verification Comments

PCA Excessive retard- al Galling or wear incorpor ated Rotational Post-test Added rotational joint with
ing f orces prevent of outer duct rotational Joint and Evaluation supporting test to minimize
or retard Inser- Joint Life wear pad to outer duct loads
tion b) Seismic Dy namic Margin Shaker test to obtain friction

Friction Analyses data and to calibrate seismic
PCRS Selsmic insertions analysis

c) Foreign parti- Startup fit- Life Lif e tests will simulate
cles ters and talet effects of design basis so-

module features dium Impurities such as
oxygen content

d) Misalignment Passive core Prototype insertion Passive core restraint elim-
restraint Testing Models Inates potential f or inad-

vertent errors In core re-
straint adjustments
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TADL E C.3-2 SQS FAILURE >0 DES AND RESOLUTION S'JMMARY

|

Scr am Gener al Test Analytical
Component f ailure Mechanism Caesativ / actor Design Feature ver i f ica tion Ver i t iration Canments

SCHDM Malfunction of a) Foreign material Cylinder piston Valve /cylln- Post test Valve / cylinder will be tested
scram valves or bellows seal der inspection beyond design life.
pneumatic ac-
tua tor sl ow s Redundancy: SCRS Proto- Valve design includes testable

I unletching. 3 out of 5 ty pe f eature f or In plant online
poppets to ch eckou t.
Scran

b) Part f ailures Redundancy : Valve /cylln- Post test Testing of component beyond
3 out of 5 der, SCR$ Pro- Inspection design life will identify
poppets re- totype, potential f ailure modes.
quired to
Scran

c) Manufacturing Valve /cylln- Post Test Testing of components and
errors der Inspection system will identify potential

manuf acturing errors.

|
SCRS Proto-c7

* typen
s

[j SCRDM/SCRD Excessive retard- a) Thermal large clear- SCRS Proto- SCRS struc- Testing of units at prototypic
ing f orces slow effects ances to type tural temperatures to support analysis
unlatching. accommodate analysis

thermal ef f ects

b) Argon contam- Filtar Val ve/Cy l l n- Post test
ination der Inspection

Buffer gas failed-Bel-
lows

c) Excessive fric- Hardened wear SCRS Proto- Post test Testing of SCRS units will

I tion * rom wear, surfaces type inspection Identify potential wear and
galling galling.

High actuation Actuation f orces are high and
foi es will tend to overcome f riction.

f orces
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[TABLE C.5-2 (Cont'd)'
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|
Scran General Test Anal y tical

Component Fallure Mechanism Causative Factor Design Feature Verification veri f Ication Comments

SCRDM/SCRD Redundancy Tension rod moves relative to
sensing tube which moves

i relative to driveshaf t. |
1

f d) Falled timit stops Falled Post test Components bellows test alli .

!

|
bellous and guides bellous, SCRS Inspection Identify cycle life

Prototype
Structural
and f atigue

analysis

el Manufacturing SCRS Post test Testing of SCRS units will
orrors Prototype Inspection Identif y potential manufacturing

er r or s.

f) Misalignment Rotating plug M!saligneent Rotating plug locks preventing
locks analy si s accicental plug rotation

.r4
.

'e'
Misalignment test will Icentify
saf ety margin and complement

[j analysis. ,

j SCR0 Excessive retard- ' al Excessive f ric- High actuation Latch SCRS struc- Component and system tests will

Ing f orces slow tion f rom wear, forces Scram, tural analy- determine amount of and effect'

tension rod drop galling SCRS sis of wear
4

Prototype
Post Test

1 inspection ;

b) Def ormation of High strength SCRS struc- s
'

drivellne (ther- materials and tural enety- '

,

mal, vibration) heavy sections sls

i '

c) Seismic Selsmic Setsmic
4

i suppor t analysis

d) Misalignment Rotational SCRS struc-
and axial tural analy-

guides sls ,

i
.
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TABLE C.5-2 (Cont'd)

Scram General Test Analytical

Component Failure Mechanism Causative Factor Design Feature Verif f cation V eri f i cati on Comments

SCRD Guide tube and Latch, SCRS Post test

rod flexibill- Prototy pe i ns pec t i on
ty

UlS lateral
key restraints

I e) Manufacturing Manufacturing Post test Testing of components
errors inspection and SCRS units will identify

potential manuf acturing errors.

Excessive fric- a) Self-welding 1718 material
tion slows latch com surf aces
release.

Slight pivot Latch Latch design Resul ts of component test.ng

of gripper pads and test sh ow no indication of sel f-weld-

break potential repor t Ing.
[7 I welds

| SCRS Latch and SCRS unitscn
j, Prototype will identify effect of

c) sel f-welding if it occur s,

b) Misalignment Heavy cross- SCRS struc-
section drive- tural analy-
line at latch sl s
area

c) Particulate Plant sodium Latch and Post test Latch and SCRS units testing

deposition cleaning SCRS Inspection in prototypic liquid sodium

system Prototype will identif y ef f ect of poten-
tial particulate deposition

SCA Duct or guide tube a) Irradiaticn Clearance be- Guide Tube Destga Testing will support analysts

def ormation slows Induced bowing tween guide Bow ing Analyses
i nser t ion. tube and con-

trol rod

b) Sei smic Heavy duct sec- Guide Tube SCRS sei smic
tion at load Bowing analysis

@f [[ Pads
n)

u.3 :3
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TABLE C.5-2 (Cont'd)

i

!
|

Scram General Test Analytical ,

1

Component Fail ure Mechent se Causative Factor Design Feature Veri f ication Verification Comments

i
i

SCA c) Swelling and Low flux at Design
bowing of pins lower pin area analy ses

when in parked
position

. Stiff bundle
tube

Emcessive retard- a) Excessive Hardened wear SCRS Proto- Post test Test will determine wear ef f ects

ing f orces slow friction from pads ty pe Inspection and operating margins

insertion wear, galling
Hydraulle
assist f orce Design

analysis

Clearance

b) Particulate Plant sodlum SCRS Proto- Post test Testing in prototypic sodium

[n
deposition cl eani ng ty pe inspection will Identify ef f ects ofc7

system potential particulate
a deposi tion

'd.>

c) Seismic Hydraulic assist SCRS Selsmic
f orce, adequate analysis
clearance

d) Irradiation Parked position Scram clear-
swelling of raised ance analysis
control rod

e) Manuf acturing SCRS Proto- Manuf acturing Testing of units will Iden-
errors ty pe tify potential manuf acturing

errors.
Pre and post
test inspec-
tion

Loss of hydraulic al Flow blockage or Gemetry or Exit flow Component and Sms flow tests

assist slows in- maldistribution f low pa th blockage will support analysis,

sortion opening min- analysis
> mizes blockages

3* 3?c =>
um m Gravity drop

[[ capability*

>.
d)
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| TABLE C.5-3
.

ELECTRICAL SUBSYSTEM MODULE FUNCTIONAL & PERFORMAN TESTS |

L
,

Camponent FunctionaLlests M f.ormance Testse

|
t

Trip Comparator o Trip / Reset Sequence o Trip / Reset Accuracy [
I o On-Line Test Sequence * o Propagation Delay *

+

{
o Bypass Sequence

f

o Manual Trip Function
fo Setpoint Adjustment
I
-

I Bypass Camparator o Bypass Permissive Sequence o Bypass Instatement / .

,

o Removal Accuracy *

|
1

I Butfor o Signal Transmission o Accuracyn
*

o isolation
' 8
' w

w
Calculation Units o Signal Transmission o Accuracy

o Potentlaneter Adjustability o Propagation Delay |
r

-Logic o Logic Function o Propagation Delay ;

Breaker o Trip / Reset functIone o Propagation DeIay*
9

i

| Flux Dramers o Signal Transmission o Accuracy

o Propagation Delay (

*These tests are for the primary subsystem only. All other tests

3$ are for both primary and secondary subsystems.! . c
. e. m'

3
*

1 Q
W*

I @
CO N*

NO
,

*
r
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! TABLE f.5-4
i

i "ECTf:ICf.L SU0S"STC:' XSIS" DI'!OISTY

l
i PCRS SCR$

j _ _ _ _ _ . _

Control Assmbly (CA)
|

. Absorber Pin 37 31

1
Control Rod Geonetry Pexannnal Circular

2
j 51 i Number of CA 9 6

i special Feature Rotational joint in control rod shaf t Latcn loca'. ion at top of CA -

,

i i i

Control Rod Drivol_ino_1CRD] _

i Couplinq to control rod Riqid couplinq - released only durinq flexible collet - rod is released at
i refueling this point for scram and refuelinq by

1 internal CRDM action.

' w
I

w Connection to CR P CR0 leadscrew to CRD9 collapsible
" rotor roller nuts Pemanent connection to CRDM carriaqe

which traverses only durino start up
and shutdown

Disconnect {roncontrolrodfor Manually - requires special tool Automatic - sane as stran with CRDM
refueling deactivation of collet.

.

1

I 5Special features Heavy CRD wall in the
i Upper Internal Structure and CA parting

plane.
i

i

j . _ _ _ _ _ _ _ _
3

! 'As a result of the dif feronce in control rod neometry, absorber loadinq and enrichrient requirments and effects
of transients, the control rod and absorber pin designs in the two systms are completely dif f erent.

i 2
|

The larger number of I-CNs generally provide for greater redundancy in shutdown tapabilities.
! mP 1

@Q The PCA rotat m.at joint et tminates CPD and control rod r otational binding.'

' I$ The SCRD automatic disconnect feature greatly reduces the per mechanism time for preparation for refueling
i t- CPD he u s will i m e w.r, t he nirgin aga inst u rato 1.itc h tension rod drag due to gross Upper Internal Structureg
to . . . , , . nm.,s- .

1

!. O O O
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C.6.0 lluttdown Heat Removal System Evaluation

The rol labil Ity activity associated with the Shutdown Heat Reoval Syste
] (SHRS) is the identification of critical f ail ure modes which incl udes common
'

cause f all ure modes. Addltional ly, through feedback of rel labil Ity Inf orma-
tion and data to engineering, design changes to improve rellabilIty can be
made. Rel labil ity analysis provides an assessnent of the adequacy of the SHRS
design to perform its Intended f unctions of decay and sensible heat renoval,
according to establ Ished requirements. Conf Irmation of design adequacy wil I,

i be achieved by means of development, acceptance and qualification testing, of
sel ected key items.

i

| To assure timely feedback of data f rom the test progran, the schedule for test
activities has been coupled to that for the plant component design,
f abr icati on, Installation and operation activities. The testing schedule is
such that positive response is possible for the elimination f rom the plant
equipment of any unacceptable f eatures uncovered in the test progran. The

| design and procedural utilization of data from each of the tests is identifiedi

at the conclusion of each of the test activity description sections.

C.6.1 Primarv Heat Transoort Svstem (PHTS)

C.6.1.1 Anaivsis

Rel labil Ity eval uations are being performed on selected SHRS f ailure modes and
components. Two significant evaluations are presented in References 3 and 4.

Ref erence 3 investigates the probabil Ity of loss of the total shutdown heat,

removal system capabil Ity. The f ailure criterion was assumed to be the bulk'

in-vessel sodium temperature exceeding 12500F. This sodium temperature is too
low to be associated with in-core sodium bolling and is associated primarily
with the abil Ity of reactor and piping structures to retain a pressure

~

i boundary and to support the core. Further mitigation is provided by the
Direct Heat Removal Service (OHRS) that Iimits the temperature to 11400F.
Estimates of leakage and rupture of the PHTS and reactor vessel are very low,

| as documented in Ref erence 4.;

Ref erence 4 provides an overal I assessment of primary piping integrity and
focuses on the design, quality assurance, stress analysis and service
conditions of the primary piping in terms of the role that each plays in
ensuring adequate def ense against loss of piping integrity. Supplementing
this approach, single point f ailure reliability analyses were made for the
worst locations and loading conditions leading to pipe rupture. Under the'

assumed presence of a sizeable flaw, calculations of the growth show thei

critical crack size would not be reached for conservative imposition of
loadings. Ref erence 3 and 4 together provide a total reliability assessment -
of both system and component f eatures of the SHRS. Both of these documents
are updated as the @BRP Project progresses.

'
,

!
,

O
~
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C.6.1.2 Testing

The currently identified testing relating to the PHTS can be divided into two
majcr categories: (a) component perf ormance and acceptance testing and (b)
meterial devel opment tests. Testing in each area has been initiated during
the FFTF design phase and is continuing in support of CRBRP. A review of each
of these areas Is provided below.

.Comoonent Testing

Canponent perf ormance and acceptance PHTS tests on the reactor vessel, primary
piping, col d l eg check val ve, leak detectors, the IHX and the primary ptrnps
are al I contributing inf ormation in support of SHRS rol labil ity.

A. Reactor Vessel

Cmponent testing supporting the reactor vessel design centers on the outlet
nozzles, the sodium makeup nozzle and the upper Internals structure (UIS).
Conponent tests of vessel nozzles are in progress as part of the " Val Idation
of High Tanperature Design Methods and Criteria" test program. The objectives
center on design verification of creep ratchetting due to thermal transients.
Strain histories wil l be recorded at critical nozzle locations. This work
wil l be performed at the Creep Ratchetting Test Facility (CRTF) at ARD.
Testing of nozzle attachments is being performed at ORNL in the "High
Tunperature Structural Design" test progran. The emphasis of these tests
centers on the inelastic behavior of nozzle attachments.

Numerical studies have been performed to assess the adequacy cf the design for
the FFTF reactcr outlet nozzle. However, the design detail of the QBRP
nozzle | Iner wil I be di f ferent f rom FFTF and additional analysis and/or
testing will be required to support the CRBRP reliability assessment.

} Supporting analytic studies are necessary to evaluate the of fect of the
thermal fluctuation. Material properties needed in this evaluation will be
made available in a timely manner fran planned test prograns.

Prototyp!c 1/21 scale tests to conf Irm the thermal adequacy of the location of
the DHRS overflow and makeup nozzles has been perf ormed at ARD. These tests
have demonstrated that thermal "short circuiting" is about 5 or 6 percent
which is considerably less than the 20 percent value to which DHRS is
designed. Therefore, the DHRS is conservatively designed.

The 1/21 scale model wilI also be used in a series of tests to establish the
behavior of the outlet plenum flow field in the region of the makeup flow
i nj ect i on. This test is designed to assess the potential of thermal striping
ini ti ated f ail ure.

Flow Induced vibration has been considered as a potential initiator of failure
in the upper internal structure. Outlet pienun, flow simulation testing has
been perf ormed at HEDL which involves a 1/4 scale

|

9
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/N F. Sodium Pumns

The primary and intermediate sodium pumps have major development tests
scheduled which will contribute to assuring the reliability of the plant
units. A prototype pump sodium test will provide confirmation of design and
manufacturing. If unsatisfactory performance is encountered, the data will
provide inputs for corrective action to the plant pumps. The corrective

actions will be conf inned by water testing the plant units and in-plant sodium
testing prior to plant full power operation.

The prototype pump will be subjected to the temperature transients for which
the plant units are being designed up to the capability of the test facility.
Tests will include endurance runs, thermal transients, speed transients,
hydraulic perf ormance, control response and coastdown measurements. These
prototype pump sodium tests, curently planned for the time f rame late 1981 to
mid 1983, may impact the design of the plant units. Design and/or fabrication
changes which may be identif ied by the prototype sodium tests would be retro-
fitted in final stages of fabrication of plant units. if the water tests

indicated problems in the plant units, it would require retrofitting to units
in fabrication prior to-site delivery.

G. Natural Circulation Verification

The important design f eature of natural circulation will be verif ied through
combined,compuier model development and test verification. Verification of

CRBRP's natural circulation capability will be provided by validation of the
FORE-2M, DEMO and COBRA-IV computer codes through component iest data

i

| (pressure drops, pump coastdown tests, decay heat experiments, etc.) and
extensive analysis of various aspects such as IHX performance at natural'

circulation conditions, piping stratification ef f ects, etc. Test and analysis
will provide information to verify that natural circulation through the core,
primary loops, intermediate loops and steam generators is adequate to remove
core heat to the ultimate heat sink. The natural circulation decay heat
removal verif ication plan is presented in Ref erence 7.

Material Testing

Numerous development programs are also in progress which contribute in a more
generic way to reliability assurance of the PHTS. The areas of testing

related to reliability include the following:

o Weld joints

o Corrosion effects

o Erosion effects

,

O
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o Thermal fatigue
'

o Cr eep rupture and f att gue /'

<,

Descriptions of the test prograns and the data relative to reliabil',ty are *'

prov ided i n the f ol low ing di scussions. '

H. Weld Joints
,

in the area of wel d rel iabil ity, tests are in progrers at ORNL to both devolcd
wel d procedures f or transition joint welding and study the ef fectiveness of ' I

nondestructive testing on transition welds. Wel d rel iabil t ty is being
Investigated at ORNL as part of the "CRBRP Transition Joint Wel ding Progran."

| Cr-Mo steel to stainless steel, Cr-Mo steel to al loy 800H and al loy 800H to
stainless steel wel ds are to be investigated in this study.

(
Testing of weldmenis to be used in the design of the reactor vessel thermal
1iner wil I be perf ormed at ORNL and ANL. 16-8-2 wel d material wIl I be tested

,

extensively to provide data on hardness, tensile properties, creep-ruptur 3
properties, creep-f atigue properties, f atigue and metal lographic composition.-

,

These data wil l be used to val Idate the use of 16-8-2 wel dments. ' '-

1

Three additional areas of welding will be closely examined for their ef fect on 'c
structural I ntegr i ty .

1) Material behavior including material properties In the heat af fected
zone

| 2) Non-uni f ormities in geanetry incl uding "wel d shrinkage" '

3) Wold condition including porosity, lack of fusion, cracking and
.'

sensitization

l. Corrosion Effects

Corrosion of LMFBR material is the subject of three planned test programs.
Inconel 718 is being investigated under the " Component Materials Compatibility
Progr an. " Also, SS304 and SS316 are being tested as part of the..
" Characteristics of Corrosion Due to Leakage of Sodium from e Pipe into Air
Test Progran. " Although the PHTS wil l exist in an inert environment,
corrosion rates identif ied in air tests will provide conservative data for
leaks in the inert environment. In addition, stress corrosion crocking In
SS304 is to be examined under the " Caustic Corrosion Product Assisted Fatigue
Growth Progran. " Loading f requency and tanperature wil l be vc,ried in . sodium
env I ronments.

O
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J. Erosion Ef_fects
'

A j ,,
<

Erosion was ((dMtified as potentially being sionificant in manyt.
''

<

] reactor vessel structu?al' members. Data exists which suggests that theret

is ip noticeable erosion effect in sodium flow for velocities below 50 ft/sec.\
s' s

It was detepined that erosion could pose a potential threat to structural -
.

' irdagrity at hiaher veiocities. Consequently, the core flow of CRBRP is i

designed cork ervat.| veld so that the maximun velocity at critical locatious \ i ,
'

-
<

\'
is less ,than 25 f t/(r., and the maximum core sodi'im velocity is 50 fthec.. v .

1 ,

@. D ermal Fatigue . J ;
,

. t t

( ddntikicati'qi f f thermal Yatigue limits is necessary for reli- L 'o

ability f.stessments. Cfracterization of nsterial properties is being in- a
,

vestigated under the prgiram entitled "Hi'gh Temperature Tests for Time- |

of Materials .in Sor;ium" at GRD and ANL. The
| Dependent Characteristic)ds assessing the adequacy of the ASME Code criteria

'

testing is oriented towcr;,i
anJMDT Standards for design of critichl CfMP components in sodium environ-
ments. Tubular and plate specimens are f.o t% te'sted. Specifically, thermal

Structural Depjv. Program" at ORNL in,tebW[he%rbi'stigation of, thermalfatigue will behtudied. Additional irt b e "High Temperature
iolv,es 1.

*
,i sj,ratchetting 'irt seamless SS316 pipe. <

,

,- s 4 ,
1, . Creep Rupture and Fatigue

4{ g ' -
r

,
,

. Currently at ARD, creep tests with basic { s>pecimens and large
. components are being conducted alonswith testing of pre-exposed specimens

to assessk.he effect of long-term en'vironmental effects. Conservative
min,imun creep failure times are also used in the ASME Code, Section III -N

Case 1592 for high temperature design applications. When the phenonenon of
fatigue occurs ip high temperature environments, a creen-Stigue interaction
may reduce DLigue life. The magnitude of the life redt.ctiorg depends on the '

hold times under load in the fat $ya cycle. The effect of multiaxial stress
N states on creep-fatigue on SS304'ap $S316 is being studied at ORff/it the'

"High Temperature Design Program." Qn addithn, the effect ofi long ter# 4
exposure on creep-fatigue and multiaaial stres3 4tates are under investi-'

gation at ARD under the "Conypnent MateriallkCompat'ibility Program." . 3
,

These planned test programs a're. adequate to support conservative reliability
analysis.

.\ jf a( '; *
ts ,

4 '
s.

<C fatigue has been extensively c.tudied.%larrent testing at ARD is
oriented towards determining long-term effects on fatigue life by testing

s ;|,
'

| samples of SS316 pre-exposed to sodium [.% At',0Rf?, the "High Temperature
y

*

' Tesign Prylram" will provide data from i'nditigations of (fatigue at higA N / .
temperatures \, <fopently work is being done at AHL to st'udy low cycle \ /\t

6

effects on fatique'of roughness, sodium environment, agingynd annealing ,the / * /,
fatigue behavior df SS304 and SS316 at,high tem'peratures. Specifically, ( p

'-

''are under l'nvestigation. N
I I'

, c, 3 % ; y >< c

\y ( '( ("'
3
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Tne analysis of stress rupture depends on the adequate quantif ication of
n atur i al proporties. Two programs at ORNL involve testing to determine
tensile stress rupture propertion in calaxial tests. In the "High Temperature
Design Program" tests, the mate".ci behcv f or of SS304 and SS316 wil l be
studied. Another program at CRf.L '"Mechce: cal Properties for Structural
Materials" is specif Ically tailored to study the material characterization of
5S304 and SS316 reference heats. The heat-to-heat variations in mechanical
properties is al so under study in t1is program. The programs in progress
along with existing data will be odequ6te for reliability data needs.

The matcrial data development programs described under items H through L will
provide the inf ormation to f urther qual ify the material s and weld processes
for the reactor vesset, PHTS piping and lHTS piping. These programs are a
part of continuing material technology programs that were initiated f or the
FFTF program. The data are expected to icentify additional margin in the
structural components which have been designed on the conservative rules
established by the early data and in large part embodied in ASME Code Case
1592. The reactor vessel is in f abrication f rom early 1976 to early 1980.
The PHTS and IHTS piping spcol pieces are expected to be in fabrication not
earl ier than 1982. The data f rom the material s testing programs have been
schedulod to support these schedules.

C.6.2 . intermediate Heat Transport System (IHTS)

C.6.2.1 Analvsis

The purpose of the IHTS rel iabil ity evaluation is to identi f y those f eatures h
of the IHTS which have the maximum impact on system reliability and thereby to
permit design action to enhance the reilability of the IHTS piping, the
intermediate sodium pump, the expansion tank and the drain valves.

The FMEA for the IHTS is presented in Ref erence 3. Those f ailures of the IHTS
which result in f ailure to remove decay heat were analyzed. Results of the
FMEA indicate that there are five failure modes which can prevent or adversely
affect SHRS operation. These failure modes are: (1) external leakage of
sodium piping, (2) significant tube leakage in the IHX, (3) external leakage
of the intermediate sodium pump, (4) external leakage of l&C penetrations and
(5) external leakage of sodium drain valves. Each of these has been evaluated
and does not signif icantly af fect the SHRS f unction of the IHTS.

The CCFA for the IHTS and its interf aces is in preparation. The significant

failure modes which have been identified are: (1) inadvertent operator action
or f alse signals to the actuators of the dump valves, (2) loading from a
seismic event and (3) extreme pressure transients.

Postulated cumping of the sodium in all three IHTS loops due to operator error
or f alse actuator action requires the assumption of multiple f ailures of
equipment er mul tiple operational errors. At least two operations on separate
equipment are required to dump a single loop. Postulating this simultaneously
for all three loops is not credible, it should be noted that the DHRS will'

adequately runovo the decav heat f or postulated events involving the draining
of one or more loops.
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f'' The IHTS has been conservatively designed to withstand the ef fects of a
conservatively specified earthquake. Thorof ore, only sel unic events'

substantially greater than the SSE could be postulated to potentially cause
f ailure of all three IHTS loops. Theref ore, the potential for comnon cause ,

:

! f ailure due to loadings f rom seismic events is suf ficiently remote. Testing
j of specific components is planned to verify the capability to withstand the

SSE imposed loadings (see Section C.6.3.2D).

An extreme IHTS pressure transient could cause f ailure of the SWRPRS rupture
i discs.

.

Numerical Assessment

The quantitative assessment of the probability of f ailure of the IHTS was
determined by inserting predicted equipment f ailure rates and operational
paraneters into a mathematical model of the system. The predicted f ail ure
rates and corresponding evaluation are presented in Ref erence 3. The failure

1 probability of the IHTS equipment is low because the mission to remove reactor
: heat following shutdown requires only the natural circulation capability of

the PHTS or the IHTS.

C.6.2.2 Testing

The currently scheduled IHTS testing included main circulation pump testing
(di scussed i n Section C.6.1.2), transition joint development testing and
mixing-tee testing.

!
A. Transition Joint Weld Assembiv Tests

The transition joint development is directed towards obtaining information
which will provide high confidence in the transition weld region of the IHTS ,

piping. This transition weld is placed in the piping to reduce the
dif ferences in thermal expansion between materials to be joined by welding.
The 21/4 Cr-lhb material of the steam generator nozzle is joined to alloy
800H which is then welded to the SS316 of the IHTS piping. There are two
groups of tests planned f or these joints. A group of joints will be exposed
to temperature and mechanical load transients more severe than those for which
the plant is being designed. The tests will be run to f ailure and the
dominant mode of f ailure Identi f ied. The tests will be accelerated so that
f ailure occurs in about one year rather than the design life. In addition to

these complete transition weld assembly tests, there are tests being conducted
to establish the proper weld design. This work will contribute to producing
wold designs that are appropriate f or the transition assembly tests. The
transition joint weld design will be completed in late 1978. Fabrication of

,

all spool pieces will be completed in late 1980.'

As a final proof test of the transition weld design, prototypic transition
joints will be f abricated and used in the prototype steam generator test4

progran. These joints will be exposed to the accelerated testing planned f or
the steam generator modules and will provide the desirable final confirmation
of the transition joint assembly design adequacy.

O
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B. Mixino-Tee Tests

The mixing tee tests were conducted to assure adequate mixing of the two
sodium strom fIows f rm each evaporatcr prf or to returning to the
intermediate systm pmp. The temperature dif ference in the two flows is
normal ly less than 200F, but can be large if the heat transfer process in one
evaporator is interrupted f rom one of several mal f unctions. These tests were
conducted to develop a fee which will accommodate these large temperature
dif ferences without incurring thermal f atigue f ailures, should a standard tee
design prove to be ir. adequate.

The initial tests were being run using an 8 inch ditzneter scale model of the
perf orated plate mixing tee currently being considered for use in the CRBRP.
These tests were conducted with hot water simulating sodium. Tests conducted
in water have been demonstrated to be a valid Indicator of the mixing
characteri stics of sodi um. The Information gathered consisted of tmperature
fl uctuation (ampl itude, spatial distribution and f requency), pressure drop
across the fee and perf orated plate vibration.

The mixing tee development testing is completed. This Inf ormation, coupled
with other sodium mixing tests which have been reported in the iIterature,
wil I be used to establ ish the f Inal design.

C. 6. 3 Steam Generator Svstem (SGS)

C.6.3.1 Analvsis

O
Analysis of the SGS wilI consist of (1) a determination of the relative
probabil ity of occurrence of critical failure modes, (2) further refinement
and verif ication of f ail ure rate data, (3) eval uation of the rel iabil ity
impact of repairs and (4) analysis of SGS f ailures that incapacitate one or
more heat transport loops.

The FMEA presented in Ref erence 3 Indicates that a potential f ailure mode of
the SGS is a water-to-sodium leakage at 1he tube to tubesheet weld joints.
Other f ailure modes with the potential to adversely af fect the f unction of the
SHRS are: (1) external leakage of the stem generatcr modules, (2) leakage or
inadverient rupture of the rupture discs in the SWRPRS, (3) Inadvertent water
dump (operator error of f alse signal of rupture disc burst), (4) leakage or
rupture of water dump valves, (5) leakage or rupture of the sodium drain
valves, (6) operator action incapacitating SG loop due to a f alse signal frcrn
the hydrogen l eak detecti on systern, (7) leakage, rupture, or internal f ail ure
of the stem drum, (8) external Isakage or rupture of the recirculation ptrnp,
(9) external leakage or rupture of the isolation valves, (10) leakage or
rupture of the power relief valves, (11) f ail ure to close the saf ety val ves,
(12) external leakage or rupture of the steam or water piping and (13)
external leakage cr rupture of the instrumentation penetrations. These
f alIures could potentIally result in Ioss of one of the three main HTS heat
removal paths, but Independence of the IHTS and steam / water loops precludes
loss of the other two loops. These f ailure modes will be addreseed in the
design of the equipment and the operating procedures.

A CCFA identified that one of the most significant common cause f ailures could
be simultaneous rupture of the rupture discs in SWRPRS under seismic load. A
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f ailure of this type could result in draining of the sodium inventory frm allO three main heat transport loops with subsequent Inability to rmove heat.
Reliability and design verification analysis has been conducted which shows
that adequate design margin exists between the peak seismic pressure and
minimum disc burst pressure.

Other signif icant common cause f ailures which could adversely af fect SHRS
rel iabil ity are: (1) Inadvertent water dump (f al so signal s to all three
loops), (2) 11 advertent closure of Isolation valves (f alse signals to all
three loops ar d (3) water-to-sodium leakage in stem generator modules.

The following paragraphs address measures taken to eliminate these potential
common cause f ail ure modes.

A. Inadvertent Water Dumo From False Signals to all Three Looos

The water dump valves are in series, and opening requires either (1)
Individual manual operator switching actions of guarded switches or (2) a

| signal Indicating SGS reaction products vent flow. Each steam generator loop
has a separate Class IE logic train f or automatic operation making common

| f ailure of all three loops highly improbable. Many actions in the proper
paired relationship must be taken by the operator to initiate this f ailure
mode.

B. Inadvertent Closure of isolation Valves From False Signals to All
Three Looos

Isolation valves f alI open f or both Ioss of eloctrleal power and pneumatics.
Autcmatic closure signals result f rm Indication of initiation of SWRPRS. The
most probable cause of isolation valve closure, a f alse SWRPRS signal, af fects
only one steam generator loop. Simultaneous f ailure of all three loops

'

initiating circuitry causing closure of isolation valves in all three loops is
suf f Iciently remote.

C. Water-to-Sodium Leakage in Steam Generator Modules Due to Excessive
Thermal Cvc|Ing

Thermal cycling and severe transients produce creep-f atigue damage accumu-
lation in the sodium-to-water boundary. The steam generator design and
analysis accounts f or this ef fect. In the event that the rate of creep-

fatigue damage accumulation is greater than predicted, through-the-wall cracks
in the sodium / water boundary could be generated. The occurrence of a through-
the-wall crack during plant operation wil l be detectable. The sensitivity of

the detection equipment is such that, under most cases, the leak will be
detected at a level where the sodium-water reaction will not result in
signi f icant pressure surges. In certain locations, a crack could reach the

through-the-walI stage such that a pressure surge occurs bef ore the leak is
detected, or bef ore shutdown coul d be completed. The overpressure protection
system is designed to protect the sodium-to-air boundary and lHX boundary from
excessive loading from the pressure surge.

in most cases, the leakage rate will be small enough that operation for heatO

D) rmoval would be continued unless larger leaks developed during the requiredt

normal module shutdown and Isolation. Since the initial leakage rate through
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cracks f ormed by the thermal fatigue mechanism Is very smal I, and the
probabi i Ity is extrmely smal I that the through-the-wal I stage wii l be reached
simul taneously in 2 or more locations, the loops would not f all
si mu l taneous l y . This interpretation of the nature of steam generatcr sodium /
water boundary f ail ure is consistent with the experience on LMFBR steam
generator leaks in Europe.

The CRBRP SGS is designed to mitigate the hazards associated with a sodium-
water reaction as described in Section 5.5 of the PSAR.

Numerical Assessments

Quanti f Ication of stem generator systm rol labil Ity has been accompl Ished
utilizing (1) block diagrms that do!Ineate the redundant and sequential
relationships of the SGS constituents, (2) a mathmatical model and (3)
appropriate equipment f alI ure rate estimates. A calcuiation of the random
independent f ail ure probabil Ity of the SGS has been made (Ref erence 3) . This

j quantitative assessment of stem generator systorn reliabil ity was used to
identi fy key areas of the SGS requiring f urther attention.

C.6.3.2 Testing

There is in place a substantial development test progran addressing the stem
generator modul es, sodium-water leak detection and protection against of fects
of sodi um-water reaction. This progr m is a significant source of inf ormation
f or assessing SGS rel labil Ity.

A. Steam Generator Module

There are substantial materials properties and weld development programs which
support the development of a reliable heat transfer surf ace for the steam
generator module. The f ol lowing two tests al so provide inf ormation applicable
to the stem generator module reliabil Ity.

1) ShelI-Side Hydraulic Model Test

The shel l-side flow and tube vibration test were completed in June 1976. This
test incl uded a f ul l diameter 757 tube bundl e in a shel l-side water flow test.
Flow rates up to 32,000 gpm were used. Local tube cross flow Reynolds numbers

5were as high as 2 x iO . The test included simulated (air / water) two phase
stem / water fIow to determine the significance of tube side vibration
exci tati on. Data have t een eval uated f or application to both protctype and
plant unit design. The twt uations indicate adequacy of the design with
respect to f alI ure modes resulting f rom vibration or shel 1-side fIow
distribution.

2) "Few-Tube" Model Test

"Fow-Tube" test model stem generator tests have resulted in design changes
which wil l assure that tubes wil l be f ree to expand'and contract during
thermal transient wIthout undue rubbing or galiIng.

O
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3) DtB Corrosion and Heat Transfer Ef f ects Tests

Two test programs have been conducted in support of the CRBRP evaporator
design in the areas of heat transfer and corrosion offects. Tests at Argonne

;

j National Laboratory (ANL) over the period of January - December 1976 with a
42 ft (12.8 m) long single tube sodium heated test section produced data to
characterize Departure from Nucleate Boiling (DfE), DfE-associated thermal4

oscillations and post-DtB heat transf er. Subsequent tests conducted in the GE
DtB Ef fects Test Loop during 1976 produced heat transf er data complimentary to
the ANL tests and demonstrated that operation with DtB in the evaporator would
not produce excessive corrosion under worst case CRBRP thermal oscillations
and water chemistry conditions. Following the heat transfer tests, an
endurance test was performed during the March - November 1976 period in which
the test section was exposed to 4181 hours of steaming time of which 2820
hours were with DtB held within a 24-inch (0.61 m ) test zone. Post-test

j examination showed no localized or accelerated corrosion and based on the
uniform corrosion found, a long term life of about 30 years would be predicted
for the CRBRP evaporators.'

B. Steam Generator Leak Detection System

The steam generator leak detection system development pr ogram includes
development of instrumentation to (1) detect hydrogen in sodium and (2) detect
oxygen i n sodi um. Programs are in place to develop the detection elements.
The detection levels and decision logic for use la the system will also be
estabtished,through these tests. The tests include operation of the detection

s
system on the "Few-Tube" Test, and at the Experimental Breeder Reactor || at
idaho Falls, Idaho.

C. Burst Disc Testing

The steam generator development program is providing the information for
assessing the reliability of burst discs. Tests have been conducted by the
manufacturer to confirm that the as-built burst disc design will funtion
within specified burst pressure tolerances for the large size discs required
in CRBRP. Additional tests are being conducted in conjunction with steam
generator component tests. Multiple disc assemblies similar in design to the
OBRP, are being installed in the large leak test rig. Performance of the

! double reverse buckling disc will be measured during these tests. Results are-

expected to confirm the design.
I

C.6.4 Steam Generator Auxiliary Heat Removal System (SGAHRS)

C.6.4.1 Analysis

The SGAHRS provides an auxiliary heat sink for the postulated loss of
feedwater or loss of main heat sink. The SGAHRS evaluation will assess the
rellability of the Auxiliary Feedwater System ( AFWS) and the Protected Air
Cooled Condensers (PACCs). The reliability of the main feedwater system and

I the main heat sinks was evaluated to properly assess SGAHRS.
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Potential failure modes icentified in Reference 3 include (1) failure of the
two AFW motor driven pumps to start and take load, (2) failure of the AFW
turbine driven pump to start and take load, (3) failure of the PACCs to
operate (includes associated piping and valve failures), (4) failure of the
AFW isolation valves to cycle open, (5) external leakage or rupture of AFW
piping and valves and (6) external leakage or rupture of the PWST. These
f ailure modes are being addressed in the design of SGAHRS equipment and will
be f ully resolved in the associated Rel iability Design Support Document.

Common cause f ailures have been evaluated regardless of their probability of
occurrence. Parameters considered were common processes, common design
properties, common location, common handling, human error test and maintenance
acts, external events and extreme environments. Common cause failures
identified to date include: (1) AFW control valves fall to remain open due to
miscalibration of AFW flow transmitters or l&C on the steam drum, (2)
insuf f icient water due tc PWST level miscalibration, (3) AFW isolation valves

tall closed due to operator action and (4) PACCs fall due to environmental
abnormalities. A major f actor contributing to the reliability of the AFWS is
its similarity to systems incorporated in current LWRs. The technology used
in the design of the AFWS for CRBRP is essentially identical witt. . hat used in
LWR AFWS design.

O
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O Evaluations have been made of the ability of the PHTS, the reactor vessel and
the core support structure to sustain an in-vessel sodium temperature of
1140 F. in-vessel sodium would be over 900 F for less than 100 hours with
DHRS operation. Creep rupture times exceeding 50000 hours for the reactor
vessel and core support structure and 5500 hours for the PHTS were calculated

: for the most highly stressed conditions. These results indicate an adequate

! lifetime capability for the reactor system components under DHRS operating
conditions.

C.6.5.2 Testing

The 1/21 scale outlet plenum model tests described in Section C.6.1.2A were
used to initially evaluate DHRS nozzle locations to assure adequate mixing of
the DHRS flow with the PHTS flow. Final conf irmation of the thermal adeq uacy
of the location of the CRBRP reactor vessel sodium make-up and overflow
nozzles for DHRS was obtained by 1/4 scale model flow tests in the IRFM at
HEDL. The DHRS operation was simulated with flows, temperatures and coolant
conductivity measured at specif ic points in the model. Coolant and component

| surface temperatures were measured in the outlet plenum region and combined
with loop coolant temperatures and flow measurement data to provide an
analysis base. This experiment confirmed the adequacy of upper plenum mixing
for DHRS. Testing is also being conducted on active pumps and valves.

C.6.6 Interfacing Systems

C.6.6.1 Analysis4

Assessments are being conducted that provide treatment of all potential
f ailure modes of SHRS interf acing systems or equipment. Prel iminary numerical
analyses have focused on critical systems and interf aces. Updating of these
analyses is a continuing effort.

The SHRS depends upon groups of normal plant operating equipment to provide
shutdown heat removal. Important interf aces are described below:

A. Plant Deoendence on Electrical Power

For normal plant operation at power, the main feedwater pumps, condensate
pumps, condenser circulating water, condenser vacuum pumps, steam generator
circulating pumps, primary sodium pumps and intermediate sodium pumps require
AC power which is provided by th ' normal and reserve plant electrical power
sy stems. All sodium primary and intermediate pump pony motors, protected air
cooled condenser f ans, the motor driven auxiliary feed pumps, the DHRS EM pump
and DHRS ABHX f ans are provided with both normal and emergency electrical
power. All essential instrumentation and control is powered from

non-interruptable power suppl ies."

8. Instrumentation and Control

The reliability of the control and instrumentation involving air supplies,
electrical devices, sensing equipment, etc. will be assessed. The DC and AC
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power subsystems are being analyzed and combined with the Instrumentation and
control rol labil ity analysis.

C. Balance of Plant (BOP) Svstems

One of the key interf aces is the main Condensate and Feedwater System. This
systm has been subjected to preliminary assessments used in current
activities. An assessment to determine the reliability of this systm in its
role as a heat sink during SHRS operation is being conducted. The Turbine
Bypass valving, the condenser and related BOP components are integrated in
rol labil Ity assessment activities.

SHRS equipment is designed for rollable operation over the full range of
operating environments expected within the equipment cells during normal
operati on. Env ironmental conditions beyond those specif ied f or the cel ls
could cause degradation of the BOP control sy ste s. The environmental
conditions of concern are temperature and chmical contaminents. The offects
of these f actors on BOP control system rel iabil ity is bei ng eval uated.
Design, instal Iatt on and operational features and procedures for these systems
wil l ref lect the f indings of the eval uations.

C.6.6.2 Testing

Testing identif ied f or interf acing systems is comparable to that associated
with current LWR practices augmented by consideration of the potential sodium
contam i nati on.

C.6.7 Common Cause Failure Analvsis

Results of the preliminary systm ievel study of common cause f aliures are
summarized below.

A. Calibration

All calibration actions are controlled by maintenance and Installation
procedures. These procedures give detailed Information for the calibration
and verification of the checkout of each piece of equipment. In addition to
accurate and periodic calibration of test equipment and test meters to
national standards, calibration of critical sensors to manuf acturer's
speci f Ications Is periodical ly perf ormed.

Examples of saf eguards against inadvertent miscalIbration included in the
current design are (1) critical instrumentation racks will be locked with one
set of keys under administrative control, (2) all valves lef t in the test
position rather than run position af ter checkout will trigger a warning signal
in the main control rocm and (3) stem lock needle valves that f ree wheel until
a set screw is tightened will be used.

Procedures will be verified during manuf acturer's checkout testing, and many
of the procedures will receive trial usage in the system level reliability

| tests. Therefore, a miscalibration could only result f rm a series of
systematic errors caused by the persons involved in the calibration f unction.
The use of these controls makes the IikelIhood of miscalIbration improbable.
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B. Environmental Conditions Within Control Room (sl

included in this category are such f actors as temperature and humidity in the
area as well as other f actors that might be responsible for some local .

'

abnormal conditions, such as proximity to heated pipes, magnetic disturbances,
etc. Itans sensitive to these conditions include: (1) power supplies, (2)
switchgears, (3) relays and (4) meters.

>

A worst-case environment is assumed in these areas and the equipment located
there is qualif ied to operate correctly over the range of environmental
conditions specified. Accordingly, as long as the area environment remains
within the worst-case limits, the equipment should not be expected to f all for
environmental reasons.

C. Failure of Common Air Sucolles

The probability of an air supply f ailure can be made negligible by proper
location of equipment and air piping runs. Backup air bottles are proviced on

| safety-related systems (the turbine bypass valves are not saf ety-related) that'

must cycle during cooldown. Saf ety-rel ated val ves incl ude accumulators and
check valves to protect against an air leak upstream of the check valve (s).
Up to ten cycles of operation are available from these backup air bottles.
Additionally, to assure that proper installation has been obtained and joints
are secure, over-pressure leak checks are planned.

D. Vibration Induced Effects~s

The components sensitive to vibration will undergo vibrational tests during
development testing. Identification of undesirable response characieristics
during testing will result in equipment modification so that equipment (e.g.,
electric equipment cabinets) delivered to the plant will not be inherently
vulnerable to vibration.

E. Electrical Power Suoolv

Certain components in the SHRS require electrical power for proper operation.
Power is supplied by the preferred and redundant reserve power lines, the
redundant diesel generators and battery supported buses for certain equipment.

The diesel generators and battery supported buses are designed for or
protected from the effects that could cause simultaneous failure of both
pref erred and redundant reserve power lines (seismic, tornado, grid blackout
and out of tolerance power). The design of the diesel generaters and support
equipment to the requirements of IEEE-308 ensures independence of these
redundant equipment. Therefore, the potential for common cause f ailure of <

necessary electrical power has been made suf ficiently remote by the design
features included.

f

.
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Due to the critical nature of supplying power, continuing relia-
bility emphasis will be placed on ensuring the sufficient remoteness of com-
mon cause failure as the detailed layout of components and routing of the
wiring develops.

O
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C.7.0 Program Evaluation

C.7.1 Reactor Shutdown System

C.7.1.1 Primary Control Rod System

This section summarizes the principal conclusions f rom analyses and tests
perf ormed in support of PCRS reliability assessment.

Analvsis

Reliability assessments of the PCRS and interf acing components have verified
the reliabil ity adequacy of the system. These analyses have identified those
components, features and phenomena upon which the PCRS reliability most relles
and/or within which significant uncertainties exist. Supporting analyses and
tests have been initiated to resolve uncertainties and establish design

margins to conf Irm PCRS rellabilIty. Design changes have been incorporated to
enhance rellabilIty by preventing the occurrence of certain f ailures or
precl uding the f ailures f rom having a signi ficant impact on scran, insertion.
PmS design improvements and interf acing component design features f or
rel labli Ity enhancement are given in Tables C.7-1 and C.7-2, respectively.

Numerical analyses performed for the PCRS have led to the following
conctusIons:

1) Misalignments within the design envelope resulted in low normal forces

O retarding scram insertion and.should not significantly impact scran
rellabilIty.

2) Suf ficient margins exist on normal scran sliding f riction coef ficients
such that uncertainties on these data have a negligible of feet on
scran insertion. Existing LWBR Base Technology prograns wilI provide
acceptable data for CRBRP rollabil Ity conf Irmation.

3) Analyses of CRBRP PmDM unlatching show acceptable design parameters
to achieve uniatching time requirements.

4) Based on analyses and applicable FFTF test data, random independent
f ailure modes for the PCRDM have insignificant impact on scran
rel labi l Ity. Emphasis will be placed on resolving potential common
cause failures.

Testing

Conclusions from these tests are summarized below:

Cb
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A. Duct Crushing Test

The Duct Crushing Test was perf ormed to provide data to support analyses for
crushing of core assembly ducts under seismic loading conditions. This test,

completed at HEDL, invol ved transverse loading of EBR-Il Irradiated ducts.

No brittle f racture was observed in any of the tests. Two bending specimens
were loaded to f ailure. The crush tests (transverse loading) Indicated duct
def lection capabil ity exceeded def lections predicted f or CRBRP seismic
conditions. Comparison of avalIable tens!Ie test data for 20 percent CW SS316
and SS304 Indicates that SS316 ducts have greater def ormation capabil ity than
SS304 ducts. The test conditions and loading in this test were based on
radial blanket environments. Control assembly ducts have much less severe
loading conditions and environments. The tests established that load pad
brittle f racture is not a I !miting f actor in control rod system perf ormance.
The ducts can def orm to a point where al I control rod to duct clearances have
been el iminated with no evidence of brittle f racture.

B. Duct imoact Test

The Duct impact Test to verify the capability of the PCA ducts to accommodate
scran arrest impact loads has been completed at HEDL.

in those tests, Irradiated EBR-1I ducts were impacted by known welghts droppeJ
f rom a range of heights to simulate prototypic and overload conditions.
Interim and f Inal examination of both EBR-Il ducts tests revealed no f ailure
initiation or cracking of these components. Strain measurenents on the two
ducts were consistent with each other and increased with increasing Impact
load. This observation supports the repeatability of the findings. Scanning
electron f ractography performed on high fluence tensile specimen fracture
surf aces at equivalent duct impact strain rates and test temperatures revealed
that transgranular channel fracture dominates over al l Impact conditions.

Results f rom the duct impact tests have demonstrated that the PCA ducts are
not susceptible to brittle f racture under prototy.nic and overload scran arrest
impact Icading.

C. Rotational Joint Test

The rotational joint f eature was introduced into the PCA design to preclude
the transmission of torsional loads from the PRDM via the PCRD to the PCA
control rod. It was these torsional loads which led to galling of the control
rod outer duct during tests of the FFTF control rods. The rotational joint in
the CRBRP control assembly is intended to |Imit torque transmission to a

| maximum value of 20 in-Ib. At this level of torque transmission, the control
rod / outer duct Interaction loads are too low to produce galling. Test results
have shown that the rotational joint f eature iImits the maximum breakaway
torque to 17 in-lb. During normal operation, the torque transmitted

O
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tQ by the joint is f urther reduced to 8 in-lb max. The tests have demonstrated
V that the rotational joint ef fectively precludes the potential for galling of

the PCA ducts due to torque loading.

D. Duct Bowino Test

The duct bowing test was conducted to assure that adequate design margins
exist for worst case duct bowing predictions and to confInn analytical models
for predicting the ef fects of duct bowing.

The results of this test show that drag forces resulting f rom duct bowing are
negligible ( 25 lbs. or less) prior to the design Iimit criterion for three
point forced contact between the control rod and outer duct. Worst case
design bowing predictions are much less than the design limit criterion.
Analysis show that geometrical clearance evaluations can accurately (within
0.005 inch clearance) predict the three point f orced contact conditions
resulting in increased drag forces. Analysis methods conservatively predict
the bowing drag f orces. Test result show that flow and control rod velocity

have negligible ef fects on f rictional drag forces. The forced contact point
occurs at or near f ull rod insertion with clearances increasing significantly

with withdrawal such that negligible drag occurs prior to the last six inches
of rod insertion. Consequently, large margins exist for bowing induced
f ailure to shutdown the reactor from both predicted clearances to forced
contact and that even af ter forced contact, the control rod would insert
suf fIclently to shutdown the reactor.

E. Pin Ruoture Test

The pin rupture test was performed to determine the magnitude of control rod
duct def ormation resulting f rom potential failure of the absorber pins having
high Internal pressure due to hetlum release from B-10 neutron captures.

The test results show acceptable ( 0.030 inch maximum deformation) Inner duct
deformation for ruptures of pins containing pressures up to 5000 psi. At
expected end-of-lif e pressures of less than 3500 psi, the duct def ormations
were even smal ler. Ruptures of intentionally faulted pins at dif ferent
locations within the pin bundle showed no indications of pin deformation as a
result of the pressure pulses. These test results show that pin ruptures have
negligible for causing a scr e failure.

F. Pin Comoaction Test

The pin bundle compact test was performed to assess bowed absorber pin
interaction of fects with the Inner duct, pin bundle compressibility and pin to
pin contact loads in order to aid verification of analytical models.

Pins prebowed to conditions exceeding design predictions were compressed to
design pitch at the top and bottom end caps. Resulting bundle compressibi-
lity, pin shapes and typical pin loads were measured. The test results show
that the pin bundle is suf ficiently compressible that pin bowing will cause
negligible deformation of the Inner duct and that pin loads are acceptable.

C. 7-3
Amend. 70
Aug. 1982



G. Dynamic Seismic Friction Test |
The dynamic f riction test was perf ormed to obtain ef fective f riction
coef ficients under impact conditions typical of seismic events and to provide
data to assist conf innation of analysis methods.

Geometries tested were a cylindrical rod in three bushings and a hexagon in
hexagon conf iguration. Environments tested were air, argon, water and sodi um.
A shaker mounted to the test vessel provided the vibrational input at multiple
accel eration l evel s. Measuronents incl uded rod drop times and impact load
time histories at the bushings. Ef f ective f riction coef f icients were obtained
by simple analyses utilizing the measured Impact loads and rod drop times, to
check methods used f or PCRS seismic scram analyses, these methods were used to
predict the impact loads. Ef fective f riction coef ficients were than also
obtained by utilizing the calculated impact loads with measured rod drop
times. Good agreement was obtained between the f riction coef ficients obtained
f rom measured and cal cul ated impact l oads.

The resul ting ef fective f riction coef ficients were on the order of 0.5 or
l ow er. Utilization of these friction coef ficients f or PCRS seismic scram
speed analyses has shown that design requirements f or seismic scram insertion
are satisfied.

H. PCRS Friction Couoles Tests

Pin or plate f riction measurements were obtained for PCRS material couples to
obtain sl iding f riction coef f icients f or use in normal screm analyses.
Util Ization of these f riction coef ficients in scram analyses has shown that
scram speed requirements are satisfied even when maximum (3 l evel ) friction

coefficients are used in the analysis,

l. PCRS Prototyoe Design Tests

The PCRDM Accelerated Unlatching Test was perf ormed using a prototype PCRDM/
PCRD with a weight simulation f or the control rod. Prototypic PCRDM argon and
temperature environments were ue,ed with a water f il led vessel for the PCRD
dashpot function. More than twice the design basis lifetime of scrams and
travel were completed by including 1868 rod drops and 35, 451 feet of travel .
Conditions on nozzle tanperatures, nozzle misalignment, in ternal CRDM pressure
and stator cooling beyond the design basis were tested and showed no
detrimental ef fect on PCRDM perf ormance. All tests met design requirements
f or unlatch time, position indicator accuracy, dashpot f inal impact velocity
and CRDM seal leak rates. Where over twice the service life had no
signi f icant ef fect on PCRDM perf ormance. Post-test inspections conf inned that
the testing produced no component f ailures, no excessive wear and no unusual
or unexpected wear patterns.

Phase I of the PCRS Prototype Design Tests has been completed including 470
scrans and 5962 feet of travel. Prototype PCRS components (PGDM/PCRD/PCA)
were tested in a sodium environment under design basis conditions f or
temperature, fl ow and misal ignment. Sodium exposure, wear and a 42 day hold
period had no ef fect on PCRS perf ormance. Perf ormance characteristics
incl uding scram times, position Indicator accuracy, dashpot seal leak rates
satisf ied design requirements.

C.7-3a
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~N Maintenance tests using a prototype Disconnect Actuating Tool (DAT) and plant
maintenance tools were conducted using draf t plant procedures f or the tests.
Control rod disconnect, installation, removal and power driveline replacements
tests were perf ormed. Procedure improvements were identi f ied f or DAT and
sodium removal operations. Minor lower PCRDM design changes such as more
extensive dianeters and small reductions in external shielding dimeters were
identif ied to f acil itate instal lation. These features have been included in
plant units and one prototype test unit. No maintenance relation probians
were identified that would af fect PCRS f unctional or scram performance.

J. PCRS System Level Tests

Phase i for both the Real Time and Failed Bellows Tests have been completed,
under prototypic conditions. The Real Time Test included 368 scrans and 6053
feet of travel while the Failed Bellows Test included 676 scrans and 9360 feet
of travel . Phase i of the Failed Bellows Test was performed to characterize
PCRDM perf ormance prior to Intentional ly f all ing the bel lows for Phase 11 of
this test. Hold time tests including 35 day and 117 day (30 days at f ull flow
conditions) hold periods 1;nder various sodium conditions were performed. For
all hold time tests, scran times before and af ter the hold were not
signi f Icantly (<0.025 seconds to f ul I insertion) dif ferent wIth these time
variations being typical of normal variations. Scram times and normal
perf ormance f or al l tests satisf ied design requirements. Prototy pic
maintenance operations for DAT disconnects, installation and removal were
perf ormed and showed no impact on PCRS f unctional or scram perf ormance.

C.7.1.2 . Secondary Control Rod System

This section summarizes the conclusions of the reliability evaluations and
tests performed in support of the SCRS design.

Analvsis

Reliability assessments of the SCRS and Interf acing components are being
conducted to verify the reliability adequacy of the system. These analyses
have identi f ied those components, features and phenomena upon which the SCRS
rellabilIty most relles and/or wIthin which signifIcant uncertainties exist.
Supporting analyses and tests have been initiated to resolve uncertainties and
establ Ish design margins to conf Irm SCRS rel labil ity. Design changes have
been incorporated to enhance rellability by preventing the occurrence of
certain f ailures or precluding the f ailures f rom having a significant impact
on scran Insertion. SCRS design improvements and design features for
reliabil ity enhancement are given in Table C.7-3. The interf acing component
f ail ure modes and design f eatures are I isted in Table C.7-2.

Numerical analyses have been performed for the SCRS. The following
concl usions have been reached:

,

1) Suf ficient margins exist on irradiation creep deformation such that
control rod duct and guide tube deformation wIIi not exceed clearances
provided and Impact scram insertion.

2) Based on analyses, random independent f ailure modes are assessed to
V have negligible impact on scram reliability.

C.7-3b-
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The SGS rollability evaluation will be reviewed and updated as required
throughout the SCRS development cycle as additional data is made available
f rcrn testing and f rcrr the continued data search and analysis of fo-t.

Testing

SG S testing to date has been directed toward design verification. Four tests
have been completed and two are in progress. Design tests of the damper, coil
cord, position Indication system and the argon system have been completed.
The results f rom these tests were used to optimize the design of the
Individual component f eatures. Tests in progress are the Latch Test and Latch
Seal Test. Results of the Latch Test to date indicated that the latch as
currently designed wil l perf orm the saf ety function.

O

O
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C.7.1.3 Electrical Subsystem

Rol labil ity assessments of the ES and Interf acing components have verified the
rel labil Ity adequacy of the subsystem. These analyses have identi f led those
component s, features and phenomena upon which the ES reliability most rolles
and/or with in which signi f icant uncertai ntles exi st.

Numerical analyses perf ormed f or the ES have led to the f ollowing concl usions:

1) Suf ficient f ailure rate data exists on electronic components to

perf orm meaningf ul assessments of the random independent failure rate
for each of the primary and secondary eloctrIcal subsy stems. This

data is taken from FFTF prototype, qualification and acceptance
testing results as well as system and module FMEAs and a numerical
module f ail ure rate prediction (using Mll.-Il[BK-217B as a data source).

2) The redundancy provided in each ES is adequate to reduce random
independent f ail ure probabil ity to an appropriate level .

3) Instrument channel monitoring provides significant reduction in
dependence on sensor / electronics f ail ure rates.

4) Components with maximum impact of reliability due to f ailure rate were
identi f ied f or design consideration (e.g., upgraded MIL-SPEC
specif ication and piece /part changes).

Common cause f ailure considerations have resulted in the specification of
b diverse primary and secondary electrical subsystems. Significant conclusions

f or the hardware impiementation resul ting f rom common cause f alI ure
considerations to date are discussed in the subsequent section.

A resulting recommendation from ES evaluation was that an extended operations
test should be carried out on primary and secondary electrical subsystems.
These tests wil l include all RSS signal conditioning and logic train
subsy stems.

Svstem Reliability Enhancement Features

A number of rellabilIty improvements over FFTF have been incorporated into the
design. For example, the number of primary logic trains has been increased
f rcm 2 to 3 to add the capabil Ity for on-line testability without bypass.

Design of the FFTF equipment has undergone extensive qualification testing and
environmental cycling tests for extended time periods. A rellabilIty

enhancement study of the FFTF system was performed by the equipment vendor.
The rellability enhancement study determined that the most signifIcant
rel iabil ity improvement could be gained by increasing the piece /part quality
levels and/or the levels to which the piece / parts are

b'G
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O s c reened. Implenenting changes to the CRBRP ES equipment based on this
study have raised the inherent reliability of the CRBRP equipment.

Piece /part quality levels are provided by using military quality
components in major portions of the ES. The use of MIL-SPEC components
provides assurance of consistent quality and control during the component
manufacturing process.

Preliminary analysis showed that a loss of the -15 volt input to
a comparator would tend to prevent that comparator from tripping when re-
q ui re d. Even though this single failure would not prevent a reactor scram
since the three redundant comparators are powered by separate power supplies,
power supply monitors were added. If -15 volt power is lost, all power to
the comparator would be cut off by the power supply monitor. Since a removal
of all power to the comparator propagates a trip signal on that channel (a
safe failure), the effects of a loss of the -15 volt comparator input has
been minimized.

-

The comparators have been designed to minimize the effects of
failures in the setpoint circuit. The most likely failure modes for these
components were determined and the comparators designed to trip (fail-safe)
upon occurrence of these most probable failures.

The packaging of the modules was also modified to increase in-
herent reliability. Early designs of trip comparators had approximately

,) 130 handwired connections in each module. This has been reduced to six
in the present design. Reliability enhancenent is realized by the fact
that machined, soldered connections are more reliable than handwired con-
nections. The reduction of wiring also minimizes the potential for human
error either in initial wiring or future maintenance.

C.7.2 Shutdown Heat Removal System

This section sumuarizes the principal conclusions from analyses
and tests performed in support of the reliability of the SHRS.

Analysis

The analysis that has been completed to date consists of the system
j level RiEA, system level assessments and probabilistic and structural
: assessments in support of definition of structural failure in the primary

system. These assessments have contributed to the existing base of design
information available on SHRS and have supported the identification of
changes to design and development programs to enhance SHRS reliability.

i

!

O
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Feferences 3 and 4 prcvided substantial design and reliability inf ormation to
support the concl usion that large pipe ruptures in the primary system
resul ting f rom crack growth due to material flaws can be made suf ficiently
improbabl e to excl uce l arge pipe breaks f rom being a signi ficant probi cm. The
rol iabil i ty eval uations i denti f ied the importance of the role of the leak
detection system and quality assurance in attaining the desirable low
probabil ities f or lerge pipe breaks.

| Peterence 3 provides the overall numerical assessment of the SHRS rel iabil ity.
In the report are both a single polni estimate of the probability of SHRS
perf orming its mission and signi f icant sensitivity evaluations. The
a s se s sment is that with proper attention to design and development activities
adequate SHRS reliabil Ity can to achieved. The contribution made by CHRS is
identified in the report. This f inding was part of the Inf ormation which
supported upgrading OHRS to DHRS.

Tabl e C.7-4 provides a l ist of f eatures which address critical failure modes
w hich have been i denti f ied. Table C.7-5 provides a summary IIst of
Interf acing systems f ail ure modes and design f eatures f or reliabil ity
enhancement.

Testing

Many of the material s testing programs contributing inf ormation to support the
design of SHRS have provided Interim data that have been used in the PHTS,
lHTS and steam generator system equipment design. A major output f rom these
programs was the 21/4 Cr - 1 f.b constituent equations for application to the
design of the steam generators.

The shel 1-side f low and tube v ibration test (hydraul ic test model) nas been
completed. The test demonstrated that no adverse vibration ef fects or flow
conditions are present in the ref erence steam generator module design. Low

amplitude (corresponding to low stress levels) vibration was present, however,
it was f ound to have no ef fect on the reliabil ity of the steam generator
module.

The DtB testing f or detennination of corrosion of fects has been completed.
Prel iminary f indings show no evidence of accelerated corrosion or other
anomolles.g

The integrity of the Sodium to Water / Steam boundary of the steam generator is
es senti al f or rel iabl e SHRS operation. The use of microf ocus x-ray for 100%
examination of steam generator tube-to-tube sheet wel ds has provided assurance
that the welds are f ree of def ects, which would lead to boundary violation.

Testing of tube-to-tube sheet weld development samples has demonstrated that
the wel ds are of the same or greater strength than the parent materials.

L LTR tests have resul ted in assurance that the main pressure relief burst
discs will limit over-pressures due to sodium / water reactions and that the
dual disc design will provide timely pressure relief while providing loop
iniegrity during normal operation. These tests have al so shown that multi-
tube leakage is highly improbable, even f ollowing a guil lotine rupture of an
adjacent tube.

C.7-6
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TE LE C.7-3

SCRS DESIGN FEATURES FOR RELIMiLITY ENHAN IENT

Failure Mode Deslan Features

Scram valves jam or stick Control valve system redesigned with 3
solenoids operating main valves to allow
periodic checkout of each electrical
channel without causing scran.

Pneumatic actuator piston Dashpot type actuator mechanism design
sticks due to galling replaced by an all metal bellows type

design so that the sliding seals are no
longer required.

Bel icws leak permitting Lower drivel Ine bel lows between tension
sodlum vapor in SCRDM rod and sensing tube raised to lower

head area region f rom above I etch to
,

lower temperature.

Pneumatic cyiInder Jans due Sensing tube and pneumatic cyiInder
to broken spring debris assist springs eliminated.

Tension rod binds to sensing Wear resistant guide bushings added to
tube /driveshaf t due to gal ling maintain position between sliding parts.

Tension rod binds due to increased drivelIne cross section to
lateral distortion resist lateral displacement.

Col let gripper f ingers set f- Inconel 718 used to resist sel f-welding.
weld to coupling head Cam surf aces are curved to cause sever--

Ing of any bonds that have developed.

Control rod duct distortion Duct to guide tube clearance design is
retards scran suf ficient to minimize contact.

" Parked" position of control rod raised
to a hal f inch above the top of- the core
to reduce temperatures and fluence.

O
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TABLE C.7-4

SHRS DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Failure Mode Design Feature

Primary System Leakage Guard vessels with elevated piping re-
duced probability of loss of coolant in-
ventory

Intermediate System Leakage Three independent intermediate system
loops are provided in isolated cells.

Loss of Cooling Water Three independent steam-water heat ex-
changer systems are provided. Water
supplies are provided to assure supply
of water to one or all of the three
sodium-to-steam / water heat exchanger systems.

Failure of Redundant Forced Natural circulation capability in PHTS,
Circulation Systems IHTS and steam-water system

Common Cause Failure of DHRS provided to maintain core coolable
Independent IHTS Systems geometry

Failure of Electric Motors Battery power supply for short term
from AC-Power Loss forced circulation cooling redundant

to natural circulation and steam turbine
driven AFWS

Failure of ill Feedwater DHRS provides redundancy. PACC's provide
Systems long term air cooling following initial

cool down.

O
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TABLE C.7-5

SHRS INTERFACING SYSTEMS DESIGN FEATURES
FOR ENHANCEMENT OF REL i ABIL lTY

Failure Mode Design Features

Failure of Coolant Boundary Ability of piping to tolerate specified
Component Supports snubber and hanger failure.

'

Off-site AC Power Failure Redundant diesel generators and short
term battery power supplies.

Instrument Gas Supply Systems Fall-saf e designs with backup bottle
Failure supply.

Operator Error Controlled access to critical oper-
,_

ations.

Sodium-Water Reaction System Intermediate System cells provide iso-
Failure lation for independent IHTS systems.

Sodium Fire in lHTS Cell Which PACC airflow shuts off when Na fire
Degrades PACC Operation residues are sensed at PACC inlet to

O prevent PACC fouling. Operator can
override erroneous shut-off signal.

.

|

()
-i
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\ A separate argon supply system similar to but of lower capacity than that
described above is provided for GPL-1 because of the remote location of this
f ac i l i ty.

Argon gas f rom these systems is sampled periodically fcr impurities such as
oxygen, moisture, etc., to verif y the purity of the gas being supplied to the
Individual tests.

The Argon Supply Facility is used to provide cover gas for GPL-2 and SASS
sodium supply systems, it is also used to supply purge gas for the articles
tested in these test rigs. The separate argon supply system located at GPL-1
is used to supply cover gas to GPL-1 for the Dynamic Seismic Friction Test.

E. Sodium Cleaning Facility

The sodium cleaning f acility is a separate on-site all-weather f acility
providing equipment and processes suitable for saf e removal and disposal of
residual sodium from various sized sodium loop components or test articles.

The f aciIity Is equipped primariiy to perform sodium removal by motst argon
(stean), alcohol and delonized water rinse processes. Equipment is also
available for draining sodium from components and for vacuum or inert gas
drying of processed components.

The second floor of the facility is equipped with a 2 ton capaJ ty overhead
monorail and hoist system for handling and processing componente before andm

l after cleaning and also provides a general equipment storage er.d clean room'

area for the facility. The first floor features a 350 gallon Iquid capacity
stainless steel cleaning vessel (LCV) capable of accommodating components up

| to 20 feet long and 2 feet in diameter.

The S' odium Cleaning Facility will be used to clean test articles and equipment
used in the Dynamic Seismic Friction Test and the PCRS System Level Tests.

F. Hydraulic Facility

The hydraulic facility at ARD is a water test facility capable of flow rates
up to 5500 gpm at temperatures f rom 90 to 190 F and pressures up to 200 psi.
The f acility is comprised of the MPHL and ThNL (defined below) test loops to
supply city or demineralizer water at controlled pressures, temperatures and
flow rates to various test assemblies and a DAS (defined below) to accept,
conditio,n, record and analyze a variety of analog data signals.

This hydraulic f acility and the remainder of the hydraulic f acilities and data
acquisition system described below are used for the Dynamic Seismic Friction
Test, the Pin Rupture Test, the Bowed Duct Test and the Control Assembly
Hydraulic Test.

O
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G. Thermal Mixin1 Hydraulic Loop (TMHL)

TMHL is an open recirculation water loop with a 3000 gallon vertical
storage tank, a 2000 gpm, 220 foot head centrifugal pump, 3 inch and 6 inch
orifice flow meter sections and associated pipe, valving and instrumentation
to provide flow and pressure control for a test section. Flow rate can be
controlled and monitored from 26 to 2000 gpm within an accuracy of + l.0

_

percent of the actual flow rate and the pressure drop can be monitored from
0.27 to 100 psid within an accuracy of + 2.0 percent of the actual pressure
difference. The water temperature can be controlled from 90 to 180 F. Pump-
inq power is the source of heat input with the temperature being controlled
by varying the flow rate to a secondary water-to-water heat exchanger.

H. Multi-Purpose Hydraulic Loop (MPHL)

The MPHL is an open recirculation water loop with a 1000 gallon
vertical storage tank, three 2000 qpm, 220 foot head centrifugal pumps,
6 inch and 12 inch orifice flow meter sections and associated pipe,
valving and instrumentation to provide flow and pressure control for a test
section. The pumps can he arranced to provide maximum flow capabilities
of 5500 gpm at 100 psid pump head or 2000 gpm at 200 psid pump head. The
water temperature can be controlled from 90 F to 180 F. Pumping power is
the source of heat input with temperature being controlled by varying the
flow rate to a secondary water-to-water heat exchanger.

I. Data Acquisition System (DAS)

The DAS is located within a controlled atinosphere enclosure in
the hydraulic facility. The system is designed to service various test
assemblies to provide excitation, conditioning, amplification recording

*and analysis of data signals.

The system contains signal conditioning instrumentation for
resistance bridge, piezoelectric, eddy current and LVDT types of transducers.

Data recording is performed by an FM magnetic tape and an oscillo-
graph chart. Connectors will be provided on all transducers at the individual
test area to facilitate maintenance and calibration.

A transducer patching system is used to permit maximun utilization
of the signal conditioning for several test programs and to simplify system
calibration. An intermediate patch system will provide quick changeover of
amplifiers for scalinq various levels of input signals and will provide input
to the system for high-level transducer signals.

Both the transducer and intermediate patch panels will incorporate
test output and input provisions to facilitate calibration and fault isolation.

O
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A high-level patching system is used for routing conditioned
O signals to the appropriate recording device. The high-level patch permits

,

routing of data to any channel of the recording instruments.
.

Recorded FM tape data can also be reproduced on the oscillograph
.

or spectrum analyzer using this patching scheme.

Component Test Facili ties

A. Dynamic Seismic Friction Test Facility

The Dynamic Seismic Friction Test will use a facility capable
of providing (1) support for the test section, (2) a test fluid and (3)
a vibration excitation. The test program is subdivided into three phases
of which Phase I and III use water as the test fluid. These phases will

;
' be carried out in the Hydraulic Facility with the Thermal Mixing Hydraulic

Loop described earlier as the source of controlled water flow. Phase II
!

uses a static pool of liquid sodium as the test fluid which will be
provided by GPL-1.

| Other facilities needed for this test are:

1) Large reaction mass

2) Reciprocating hydraulic actuator (10,000 cound caoacity) for
the seismic vibration loads

OJ

3) Argon supply system for the Phase II sodium test

4) Pressure for the water test
,

5) Pressure vessel for the sodium test

6) Mechanical actuator for lifting the rod

Test" data will be obtained by numerous instrumentation sensors
such as accelerometers, displacerent and pressure transducers, and strain
gages. Analog signals will be conditioned, recorded and analyzed by the

, Data Acquisition System.

: B. Pin Rupture Test Facility
;

The Pin Rupture Test will use a facility capable of providing;'

(1) support for the test section, (2) a static pool of water and (3) a
controlled helium pressure capable of bursting an absorber pin. The test
will be located in the Hydraulic Facility described earlier.

\
'

|

|
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The f acil itles needed f or this test are:

1) Support structure

2) Test vessel

3) Hel lum supply system

4) Booster pump f or pressurization of the pin

This test w il l be perf ormed i n the Mul ti-Purpose Hydraul ic Loop f acil ity.

C. Pared Duct Test Facility

The Bowed Duct Test wil l use a f acilliy capable of providing (1) hoisting of
and support f or the test section, (2' lateral forces f or bowing the test
sect i on, (3) a mechanism for Inserting and withdrawing the inner test section
and (4) a water test f luid at control led pressures and f low rates. The test

wil I be perf ormed in the Hydra.ilIc Facil Ity with the TMil as the source of ,the +

water test fIuid.
,

The test facilitles needed for this test are: s
I,

'

1) Support structure

2) Test vessel with flexible end sections .,

3) Hydraul ic actuator with pump, val ves and piping

4) Outer duct bowing device

5) Inner duct bowing mechanism

| D. PCRS Seismic Test Facility

The PCRS Seismic Tests will use a f acility where a prototype PCRS may be
mounted in the vertical position under prototypic support conditions. Seven

electro-hydraulic shaker will be coupled to the support structure and will
provide vibration inputs to the PCRS. The test f acilIty is currently under -

,.

constr uction.

E. Control Assembiv Hydraulic (Flow) Test FacIIItv

The Hydraulic Ficw Test will use a f acility capable of providing:

1) Support structure with positioning capabil Ity

e
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b) ' Water loop to 1 ovide flo% rates required
,

3) Instrumentation to record control assently response such as
. ' ' ' pressure drop, vibration ,

s ,

F. ContrulussenE.y' Pin Compaction Test
- , '

'
!

IThe test facility will be equipped to pro.'ide:'

,
,

'
1) tieans ,tri pre-bow the absorber pins to specified conditions.

2) Tekt rih to hobd the bottom plate and " blossomed" pin bundle { 4
l

With a mechanism to compact; the pin bundle to prototypic '

'

. i conditions.
r ,

( 3 4

'I 3) Instrumentation to measure pin performance as'specified. '' ,

'; ;, :

i T G. Control Assenbly Rotational Joint Test

(< k - Sihe following 'faciliti'e's are needed:
'

,' -

\. ; 1~ '
.
.'

'7 N ' 1) Test vessel for the torque transmission tests in sodium.
o ,

2) Test vessel to complete accele, rated life test in sodium.

3) Tept f(xture to perform im ct tests.

4) CleaH,r'g and inspection facilifies to perform wear inspection.
,

'i. y

5) Instrumbntat. ion to record specified parametersQ,

'ystem Level Testkadilities
, '

Y! t
The system level test facility is composed of the features described.

in the, remainder of this section.
C e.

,A.j ,T est Structure and Enclosure ; j,
s

A tall test structure supports three test control rod test sections
and provides a limited area for maintenance and handling.- The enclosure
provides a sealed containment around the entire test structure and a ventil-
lating system maintains a slight negative jressure within the enclosure forp
safety purposes. , % ,y

'r. ~q j~
< g

^ 'B. Test Vessel //
'

\
b ,k;. - The test vessel houses a completely prototypic PCRS. Angular |y

of the test articles can be accomplished as- ''

ant lateral mi,salignmentst'o , testing under a variety of sodium flow,' level
and[ Cal conditions prior t
init c

temperature conditions - that simulate in-plant operations. Angular 'and 1

lateral misalignments are controlled by three separate vessel features.-
O S: ) d.!
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1) Eccentric Flange Interf aces - The test article vertical centerline
war of f set 1 inch reiative to the vessel vertical centerline. By
al igning the drivel ine and control assembly directl) under the CRDM,
the test articio can be Instal led in perf ect vertical alignment. The
clamping conf Iguration permits any angular displacement position
providing lateral m!salignment capability within a 0 to 2 inch range
al lowed by eccentricity.

2) Misalignment Devices - Misalignment devices are similar in
conf Iguration to the stem and operator of a conventional nuclear
grade val ve. Positioning accuracy was obtained by using a worm gear
drive to operate a ball screw, which in turn will cause the anti-
rotated bal I to translate to the desired position. The irreversible
characteristic of the worm gear autcmatically locks the position of
the bal I screw nut.

3) Sucoort/ Position Plates - Simple machined guide plates were designed
for both supporting and positioning the lower end of the CA and lower
end of the lower shroud tube. Access to adjust or replace these
plates is obtained by their close proximity to the vessel ledge ring
and retained by a washer and def ormed pin combination that precl udes
the use of threaded f asteners in sodium.

The CRD test article assembly is provided with upper and Icver shroud tubes,
| which are prototypic in f unction and design to the CRBRP plaqt. units' shroud

tubes.

The upper shroud tubo is mounted on a support ledge in the vessel head adapter
and extends downward'2J3.47 inches where it f orms a slip connection socket f or
the lower shroud tube. - The vessel head adapter mounting provides capability
for positioning and alignment of the shroud tubes relative to thes control
assemb ly . The upper shroud will be f abricated from Type 316 SS pipe, in the

OBRP, this shroud tube will be f abricated from inconel 718.

The lower shroud tube is mounted in the lower shroud tube guide plate with its
lower end f ixed at reactor baseline elevation (-342.15 inches). From this
elevation, the lower shroud tube extends upward 128.5 inches to its slip fit
connection with the upper shroud tube. The lower shroud tube guide plate
provides positioning and alignment of the shroud tube assembly to ensure a
prototypic clearance envelope around the driveline and to maintain a sodium
inlet ennul us which, in conjunction with exit ports in the upper, shroud tube
will ensure prototypic sodium flow through the shroud tubes. The lower shroud
tube w il l be f abricated f rom inconel 718.

C. Sqdlum Sucoly System and Auxiliary Eauloment

The sodium supply for the subsystems test utilizes both the GPL-2 and the SASS
described earl Ier. Argon cover gas supply for; thl's test is

'
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AMENDMENT 70

List of Responses to NRC Questions
Received Since the Fall of 1981 and ,

Located Chronologically in Volume 25

QCS220.1 QCS220.24
QCS220.2 QCS220.25
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QCS220.4 QCS220.27
QCS220.5 QCS220.28
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,
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Ouestion CS220.1

Standard Review Plan Sections 3.3, 3.4, 3.5.3, 3.7, (3.7.1 to 3.7.4) and 3.8
(3.8.1 to 3.8.5) have been rev ised. Your conformance to the revisions in al I
of the above mentioned sections of SRP is requested.

Resoonse

1. SRP Section 3.3

PSAR Section 3.3 is consistent with the revisions in SRP Section 3.3.

2. SRP Section 3.4

PSAR Section 3.4 is consistent with the revisions in SRP Section 3.4

3. SRP Section 3.5.3

PSAR Section 3.5.4 has been updated to be consistent with the revisions in
SRP Section 3.5.3. Spect f Ical ly, PSAR Sections 3.5.4.5 and 3.5.4.6 have
been updated to be consistent with Appendix A to SRP Section 3.5.3. Table
3.3-1 to PSAR Section 3.3 wil l not be updated to be consistent with Table
2 to SRP Section 3.5.3. Missile Spectrum A in the November 24, 1975
version of SRP Section 3.5.1.4 was used for design and is acceptable
according to the new SRP Section 3.5.1.4.

[7 4. SRP Sections 3.7.1 to 3.7.4
%)

PSAR Sections 3.7.1 and 3.7.2 is consistent with SRP Sections 3.7.1 and
3.7.2 except that for soll (or rock)-structure Interaction analysis only
one method was used. The Seismic subsystem analysis in PSAR Section 3.7.3
is consistent with the revisions in SRP Section 3.7.3. PSAR Section 3.7.4
Is consistent with the revisions in SRP Section 3.7.4

5. SRP Section 3.8.1

This section is not applicable to OERP.

6. SRP Section 3.8.2

PSAR Section 3.8.2 is consistent with the revisions in SRP Section 3.8.2
with the exception of secondary stresses for Levels A, 'B and C Service
Limits which are being studied as part of the response to Question -

CS220.25.

7. SRP Section 3.8.3

PSAR Section 3.8.3 is consistent with the revisions in SRP Section 3.8.3
except for the following PSAR subsections which have been updated to be
consistent with the SRP.

a. PSAR Sections 3.8.3.2 and 3.8.3.3 reference compliance with ACI-349
h and RG 1.142 as given in subsections 11.2 and |1.3 of SRP Section
k/ 3.8.3. ;
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b. PSAR Appendix 3.8-D has been added to incorporate the requirenents of
Flasonry Wal i s.

8. SRP Section 3.8.4

PSAR Section 3.8.4 is consistent with the revisions in SRP Section 3.8.4
except for the foi lowing PSAR subsections which have been updated to be
consi stent w ith the SRP.

a. PSAR Sections 3.8.4.2 and 3.8.4.3 ref erence compl iance w Ith ACl-349
and RG 1.142 as given in subsections 11.2 cnd |1.3 of SRP Section
3.8.4

b. Appropriate sections of PSAR have been updated to add requiranents of
Blasonry Walls to be consistent with Appendix A to SRP Section 3.8.4.

9. SRP Section 3.8.5

PSAR Section 3.8.5 is consistent with SRP Section 3.8.5.

O

O
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Ouestion CS220.2 (3.5.4.1 & 3.5.4.2)

The revised Petry equation for penetration depth as a f unction of velocity
seems to have been copied incorrectly in that the term in the exponential is
dimensionally incorrect and the term V', which is a logarithm, is given with a
dimension (the velocity dimension should be incorporated in K). Further the K
in the text does not agree with the K in Figure 3.5-1. It is requested that
corrections be made. Indicate how you calculate dm f or a noncy l indrical or
nonspherical projectile?

Also indicate if the wall thicknesses you determined meet the requirements as
shown in Table 1 on Page 3.5.3-6 of the revised SRP Section 3.5.

Resoonse:

PS AR Section 3.5.4.1 wil l be revised to show that the term V' ooes not have
the dimension f t/sec ond that the tenn a should be equated to Tp/KApV'. The
val ue of K in PS AR Figure 3.5-1 wil I be corrected to 2.76 x 10-3 to agree with
PSAR Section 3.5.4.1.

For a noncylindrical or nonspherical projectile or missile, d
by determining the equivalent diameter of a noncircular misslie:is calculated

d, =

where A = cross-sectional area of missile

(' The wall thicknesses determined in the CRBRP design are consistent with the
requirements shown in Table 1 on page 3.5.3-6 of the revised SRP. Fors._

concrete strength of 4000 psi, the minimum wall thickness designed is 27"
which is greater than the required minimum thickness of 20". The minimum roof
thickness of 27 as designed is more than the required minimum thickness of
16".

)
v
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Ouestion CS220.3 (3.5.4.5)

On page 3.5-13b ductil ity ratios f or concrete and steel are i Isted. Scme of
these ratios are di f ferent f rom those specified in Appendix A to SRP Section
3.5.3. Conf ormance to SRP Section 3.5.3 ductil ity ratios is requested unless
justi f ication f or deviation i s provided.

Resoonse:

PSAR page 3.5-13b is revised to incorporate ductil Ity ratios used in the
design of concrete and steel structures.

O

O
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Question CS770.4

Seismic design is presented in Section 3.7 supplemented by Appendix 3.7-A.
However, a review of the section and its Appendix will reveal that there is
quite some repetition in the Appendix of the materials presented in the body
of the section.

The Appendix also mentions loads and load combinations which are delineated in
Section 3.8. The presentation of the materials in this manner not ony
consumes ef fort in preparation by you and in review by the staf f
unnecessarily, but also may lead to contradiction and conf usion, it is

, therefore proposed that Appendix 3.7-A be revised to eliminate materials which
are not contained in Section 3.7 and 3.8.:

Resoonse:

Appendix 3.7-A is a sel f-contained appendix to the body of the PSAR Section
3.7. As an appendix, it is, by its very intent, not required to eliminate4

Information presented in the body of the PSAR but to supplanent it with more
detai l s. This necessitates a certain amount of duplication and repetition.
We bel leve that the additional inf ormation wil I be helpf ul in the NRC review.
To assist the NRC staf f in their review, the appilcant has prepared a cross
ref erence (ref. Table CS220.4-1) of Information for your use.

O

!

r
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TabIe CS220.4-1

stb JECT PSAR SECT 10N(S)

1. SEISMIC DESIGN PARAE TERS 2.5, " GEOLOGY AND SEISMOLOGY"
3.7-A PARAGRAPHS 3 AND 4, " SITE
DESCRIPTION" AND "0PERATING BASIS
FOR SAFE SHUTDOWN EARTHQUAKES".

1. DESIGN GROUND MOTION

a) Design Responso Spectra 2.5.2.10 and 2.5.2.11
3.7.1.1 and 3.7.1.2

b) Design Time History 3.7-A.4.3
3.7.2.1.1, 3.7.2.1.2 and 3.7.2.3

2. CRITICAL DAMPING VALUES 3.7.1.3

3. SUPPORTING MEDIA FOR 3.7.1.5, 3.'.1.6
CATEGORY l STRUCTURES

O

O
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SU3 JECT PSAR SECTION(S)

O .II. SEISMIC SYSTEM ANALYSIS

1. SEISMIC ANALYSIS METHODS

a) Dynamic Analysis Methods 3.7.2, 3.7-A.6 and 3.7-A-A

b) Equivalent Static Load Method 3.7.2.1.2 and 3.7.A.2

2. NATURAL FREOUENCIES AND 3.7.2.2
RESPONSE LOADS

3. PROCEDURES USED FOR 3. 7- A- A
ANALYTICAL MODELING

4. S0ll-STRUCTURE INTERACTION 3.7-A-C, 3.7.1.6

5. DEVELOPMENT OF FLOOR RESPONSE 3.7.2.6
SPECTRA

6. THREE COMPONENTS OF EARTHOUAKE 3.7.2.1.1 and 3.7-A-B
MOTION

7. COMBINATION OF MODEL RESPONSES 3. 7- A- A.1. 3
3.7.3.7

8. INTERACTION OF NON-CATEGORY I 3.7.3.13 and 3.7-A.6
\ STRUCTURES WITH CATEGORY I

STRUCTURES

9. EFFECTS OF PARAMETER VARI ATIONS 3.7.2.1.1 and 3.7.2.8
ON FLOOR RESPONSE SPECTRA

10. USE OF EOUlVALENT STATIC 3.7.3.9 and 3.7-A-A.2
FACTORS

11 METHODS USED TO ACCOUNT FOR 3.7.3.11
TORSIONAL EFFECTS

12. COMPARISON OF RESPONSES 3.7.2.11

13. ANALYSIS PROCEDURE FOR DAMPlNG 3.7.2.14

14. DETERMINATION OF CATEGORY l 3.7.2.13
STRUCTURE OVERTURNING MOMENTS

nuj
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SU3 JECT PSAR SECTION(S)

111. SElSMIC SUBSYSTEM ANALYSIS

1. SElSMIC ANALYSIS METHOD 3.7.2.1

2. DETERMINATION OF NUMBER 3.7.3.1
EARTHOUAKE CYCLES

3. PROCEDURES USED FOR 3.7-A-A
ANALYTICAL MODELING

4. BASIS FOR SELECTION OF 3.7.3.2
FREOUENCIES

5. ANALYSIS PROCEDURE FOR 3.7.2.14
DAMPING

6. THREE COMPONENTS OF 3.7.2.1.1 and 3.7-A-B
EARTHOUAKE MOTION

7. COMBINATION OF MODEL 3.7.3.4
RESPONSES

8. INTERACTION OF OTHER 3.7.3.13
SYSTEMS WITH CATEGORY I
SYSTEMS

9. MULTIPLE-SUPPORTED EOUlPMENT 3.7.2.14 and 3.7.2.7
AND COMPONENTS WITH DISTINCT
INPUTS

10. USE OF EOUIVALENT STATIC 3.7.2.1.2 and 3.7-A.2
FACTORS

11. TORSIONAL EFFECTS OF 3.7.3.11
ECCENTRIC MASSES

12. CATEGORY I BURIED 3. 7- A-C. 3
PIPING. CONDUIT AND
TUNNELS

13. METHODS FOR SEISMIC 3.7.2.12
ANALYSIS OF CATEGORY l
DEMO.

O
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!

SUB JECT PSAR SECT 10N(S)

,

_ _______________ __-
- _ _ _ _ .

IV. SEISMIC INSTRUENTATION'

i

1. COMPARISON WITH REG. 3.7.4.1'

1 GUIDE 1.12
4

!

2. LOCATION AND DESCRIPTION 3.7.4.2
0F INSTRUMENTATION

I 3. CONTROL ROOM OPERATOR 3.7.4.3
NOTIFICATION

!
'

4. COMPARISON OF MEASURE AND 3.7.4.4
PREDICTED RESPONSES

5. INSERVICE SURVEILLANCE INSERVICE INSPECTION PROGRAM FOR
SEISMIC INSTRUENTATION WILL BE
PROVIDED IN SECT 10N 16.4 0F THE-
PSAR IN A FUTURE AENDMENT.

<

4

i

i

O
i

i
j-
!

2

|

i

;

!

;

i
i

|
'

,
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Oyestion CS220.5

O The majcr seismic Category I structures of the CRBR plant are supported on a
common basemat f ounded on competent rock with an embedment of 100 f t of back

) fill. Under such a condition, it appears most appropriate to consider the,

structures as f ixed at the f oundation.

I The unbedment ef f ect can be accounted f or by considering the soll-structure
interaction between the lateral earth pressure and the structure in contact.

,

The seismic input motion should be applied at the foundation level. The
! applicant has considered an analysis in which there is soll (rock) structure

interaction at foundation level as well as on the lateral side with the
seismic input trotion applied at the finished grade level. In staf f's opinion

such an analysis does not represent the realistic condition and the complexity
of the analysis as used by the applicant precludes a prior assessment of the
adequacy of the method f or staf f review. As a resolution of staf f's concern

; it is required that seismic Category I structures, systens and components be
designed to seismic ef fects obtained by enveloping the results of applicant's
and the f ixed base approach as stated above or equivalent.

Resoonso:

The major Category I structures of CRBRP with the exception of the Diesel
Generator Building, are supported on a common basemat founded on rock with an
average shear wave velocity of 4000 f t/sec. The material above the elevation
of the foundation mat (the embedment material) consists of sound and weathered
rock, lean concrete fili and compacted Class A backfIl1.

The input motions were applled at the foundation level and not at arade level
(Section 3.7.1.1 of the PSAR).

,

f

The justi f ication f or using lumped springs and dashpots in l ieu of "f ixed"
base for rock-structure interaction is given below.

1) In the seismic analysis of the CRBRP Nuclear Island, the actual stif fness
of the foundation material was evaluated in tenns of equivalent springs
and dampers and on this basis the seismic analysis was performed.

2) In the CRBRP seismic analysis it was considered that using a fixed based
;

analysis was unwarranted, since due to the large size and stif fness of the
structure that is comprised of all the Nuclear Island buildings, some
interaction was expected between the foundation rock and the structure.'

This was confirmed by the calculated responses at the foundation mat which
- di f fered f rom the "f ree field" responses (Figure Q220.5-1)

Additional analysis, using a dif ferent analytical approach (the Computer
Progran FLUSH) showed that the free-fleid and in-structure seismic

: responses at the foundation level dif fered, confirming that rock (soll)
structure interaction wil I occur (Figure Q220.5-2).>

,
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3) To calculate the foundation springs, because of the irregular layering of |
the site, and variation of foundation properties, a static f inite elment j
method was used. ( Section 3.7.1.6 of the PS AR) . '

4) Calculations using the theoretical hal f-space equations were also
perf ormed (Response to NRC Question 130.53). The results of the elastic
hal f-space cal culations veri f ied, with in reasonabl e l imits, the val ues
obtained f rom the static f inite element calculations.

5) To account f or uncertainity in foundation material properties three sets
of spring stIffnesses were calculated: f or upper bound, average and Iower
bound of material properties. Analyses showed that responses with average
f oundation material properties were enveloped by those for the upper and
lower bound. Two complete analyses were then performed using the upper
and lower bound material properties and the responses were enveloped.

6) The radiation damping was calculated based on the hai f-space equations for
equivalent material properties deducted f rom the spring constants obtained
by the f inite element calculations. This approach was validated by the
f act that the results f rom the f inite elanent and hal f-space calculations

were in good agreanent.

SRP 3.7.2 of NUREG-0800 def ines various acceptable methods f or model ing
and analyzing soll structure interaction ef fects. As described above, the
QBRP seismic design conforms to acceptable methods that are repre-
sentative of the site geologic conditions and the Nuclear Island
str uct ures. Appropriate conservatism has been included in the model to
account for a range of foundation material properties that were developed
f rom a rigorous subsurf ace investigation. The SRP def ines "a f ixed base
assumption" as an acceptable basis f or modeling if the structures are
supported on rock. Such an assumption is not considered reasonable for
QBRP since analysis has conf irmed that interaction wil I occur and a more
real istic and conservative representation of the rock and embedment
conditions has been accounted for in the seismic design. The average
shear wave velocity of 4000 f ps is not characteristic of a hard rock
material that would be consistent with a "f ixed" base assumption.

The requirunent of a fixed base approach for QBRP is inappropriate and
arbitrary. The analysis of a "f lxed" base model, theref ore, wil i not be
considered f or CRBRP.

o The Iargest historical earthquake in the tectonic province was
assumed to occur in the CRBRP site.

o SSE maximum ground acceleration was increased f rom 0.18g to 0.25g.

O
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i

l

o Design Response Spectra consist of wide band envelope spectra
( based on statistical studies of many past earthquake records,

o Artificial acceleration time-histories used in the seismic
analysis envelope and f or most f requencies are above the Design
Response Spectra.

o Floor response spectra are envelopes of two independent analyses
using lower and upper bound of soil-rock properties,

o Floor response Spectra were widened at peaks and smoothed.

An Independent finite element analysis using the FLUSH program was
perf ormed to compare floor response spectra with the CR3RP design
s pectr a. The CRBRP spectra in essence envelopes the calculated
spectra and spectra generated f rom the 013RP and f inite element
analyses are very similar (Figure Q7?0.5-3).

l

O

O
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RESPONSE SPECTRA AT RCB OPERATING TIDOR (EL. 816')
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Ouestion CS220.6 (3.7.1.1 )

O
(_,/ It is stated that for e lumped-mass-spring type of models the seismic design

response spectra will be applied at the foundation. The mathematical models
as shown in Figures 3.7-16, 3.7-16A, and 3.7-16B are the l umped-mass-spring
ty pe. Indicate how the springs and dashpots representing so!! are derived
f rom a static f inite el ement model . Provide a description in detail.

Further, the mathematical models in Figures 3.7-16, 3.7-16A, and 3.7-16B lack
numerical detail s. No one could Judge the adequacy of plans for a plant model
based on the material given on these diagrams. A f ul l discussion with tables
shoul d be provided del ineating the numbers, their meanings, etc.

Resoonse:

A detailed description on how foundation springs and dashpots were calculated
is given in Section 3.7.1.6 of the PSAR (Pages 3.7-3a, 3.7-3b, 3.7-3c, and
3.7-4.)

The attached diagrams are the updated mathematical models used in the seismic
analysis of the Nuclear Island buildings. Figures 3.7-16, 3.7-16a and 3.7-16b
show respectively the mathematical models for the analyses in the North-South,
East-West and Vertical directions.

The mathematical models consist of four main parts:

_ 1) The Reacta- Service Building

(d 2) The Conf inement Structure

3) The Reactor Containment Building

4) The Steam Generator, Electrical Equipment and Control Buildings

The Reactor Vessel and the polar crane are coupled by means of simplified
l umped-mass model s.

The nodes or mass points correspond to the locations of centers of mass and
were selected in general, at the floor elevations. For each of the horizontal
analyses (North-South or East-West) three dynamic degrees of freedom per node
were al lowed (translation, rotation and torsion). For the vertical analysis,

one dynamic degree of f reedom (translation) was al lowed. The beam elements
which connect the dif ferent nodes vertically are located at the shear centers
of their sections and are characterized by areas, shear areas and moments of

|
;

l

("~) !
%J
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inertia (for bending and torsion) of the members and by the modulus of
elasticity and Poisson's ratios of the material. The ends of bem elements
are connected to the mass points by horizontal rigid members. The four parts
of the model are supported by the foundation mat which is assumed to be rigid.
This assumption is justified because the mat acts as a diaphragm and is
stif fened by the vertical walls of the buildings. The buildings above the mat
are Interconnected by flexible ties which include cross-coupling between the
interconnected nodes. The Reactor Containment Building is connected to the
other elements only at the mat and operating floor levels. In the analysis
for the vertical direction, the steel containment dome was idealized by using
equivalent springs which account for the " breathing" of tho dome during a
vertical vibration. ' Breathing" is a shel I mode of vibration 1 hat the dome
experiences under a vertical motion.

Figure 3.7-16c shows a plan of the Nuclear Island and the system of
coordinates. Table 3.7-7 gives the coordinates of the mass points (nodes).

PSAR Section 3.7.2.1.1 and the referenced tables and f Igures have been updated
to include the design information discussed above.

O
.

O
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Ouestion CS770.7
,

() In Table 3.7-2A damping values are related to the shear strain values.
Indicate how such relations are obtained.

Resoonse:
,

The dynamic properties for compacted granular fill used in seismic des.,' were
established based on laboratory and in situ testing on compacted granular 'lli
used at another nuclear plant site. Details were provided in response to
Question CS324.7 and were subsequently f a-arporated into Section 2.5.4.5.1.5
of the PS AR.

PSAR Table 3.7-2A has been revised for consistency with values in Section
2.5.4.5.1.5.

O

:

'
.

O
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Ouestion C9270.8 (3.7.1.6)

O- ( j lt is stated that the input motions shall be applied at the surf ace level
(finished grade) on an assumed rock outcrop and shal I consists of the rock
motion used in the analysis of the Nuclear Island and that no credit shall be
given f or soli cover on overburden in the deconvol ution. Clarify this
statement and provide a f ull discussion on how the analysis will be done.

Resoonse:

The application of the input motion at the top of an assumed rock outcrop is
the result of NRC Instructions (Ref. QCS220.8-1) with regard to a FLUSH
analysis of the Nuclear Island contempla1ed during 1976.

For consistency in the input, this method was used in the analysis of the
seismic Category lli structures (Turbine Generator and Radwaste Buildings,)
adjacent to the Nuclear Island. The computer program FLUSH was used in these
ana l y ses.

The deconvolution consists of determining the input motion to be used at the
base of the FLUSH mathematical model (of the soil-structure system) for an
input motion def ined at the surf ace. This was doen by using a prof ile
representative of the "f ree-field" in which the rock was extended to the
f inished grade, disregarding the overburden or backf il l. The FLUSH model s f or
the sol _l-structure interaction, however, represented the actual profile
including soll and rock. Strain dependent properties of the soll were used.
Analyses were perf ormed for a range of soil-rock properties and the results

}
envel oped.

Since the FLUSH analysis I s two-dimensional, separate models f or the
North-South and East-West directions are required.

For the Diesel Generator Building, which is supported on soll, the
soil-structure interaction wil l be perf ormed with FLUSH. In the
deconvolution, the input motion will be applied at the finished grade using
the actual profile including soll and rock. The response spectra at the
"f ree-fiel d" foundation level wil l envelope the Design Response Spectra.

PSAR Sections 3.7.1.6 and 3.7.2.1.1 have been upgraded to include the above
Information.

Reference:

QCS220.8-1 Letter of July 2,1976 ~ fran Themis P. Spies of USNRC to
Lochi in W. Caf fey of CRBRP.

; -s
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Ouestion CS220.9 (3.7.1.6)

() On page 3.7-3a, you mentioned the backf ill of lean concrete and the use of
compact Class A fill for the space between the side of excavation and the
plant structure. Discuss the merit of such a fill and how it is considered in
your analysi s.

Resoonse:

Lean concrete backf il l is being used to fill the gap between the vertical
excavation and the structures. The lean concrete is used to f ill narrow gaps
between the rock and structure where the construction of compacted f il l wil l
be di f f icult. For larger areas compacted Class A fill is used. Class A fill
is placed around the structures in areas where a sloped excavation is used,
i.e. the west side of the Nuclear Island and on all sides above the weathered
rock planes. In the calculation of the lumped springs, the fill concrete was
assumed to have the properties of the surrounding rock. The mathematical
model s accounted for the properties of the compacted backf il l in the
appropriate areas of the prof ile.

i

:

I

n
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Ouestion CS220.10 (3.7.1.6)
;

in Iast paragraph on page 3.7-4, you stated that a flxed base approach would
; be justified. However, in order to account for soil-structure interaction

ef fects, you made a number of simplifying assumptions and also conducted a !

; scoping study to take into account variations in spring constants and damping !
values. Indicate if you have taken the fixed base condition into ;

consideration in your scoping study since this is more representative of the
actual condition, e

Resoonse:
;

| See the response to Question CS220.5. '

|
!

i !

t

!
s

,

.

4

;

:

i

|

! i

i

!

!

! !

|
)

1

.i
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Ouestion CS??0.11(a) (3.7.1.6)

How dif ferent are the vertical translation soil-basemat interaction spring
constants calculated f rom the N.S. direction and the E. W direction soll
foundation Interaction models? What physical ef fects are implied by this
dif ference and how are these ef fects accounted for elsewhere?

Resoonse

For the upper bound of foundation material properties, the vertical spring
constant calculated f rom the east-west model was 1.7% higher than that from'

the north-south model. For the lower bound, the north-south model gave a
val ue 5.5% higher than the east-west model . The physical ef fects of these
dif ferences are small and are due to the f act that the North-South and
East-West prof iles of the site are dif ferent.

;

.

O

:

i

: O
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Ouestion CS220.11(b) (3.7.1.6)

On top of page 3.7-4, the word " rotation" is probably missing f rom the l ast
sentence of the first paragraph. Was the unit of the rotation applied to an

elment that was " rigid" by comparison, or by a rigid iInk method? or perhaps
another method?

Resoonse

The word " rotation" should be inserted between " unit" and "was" on l ine 8 of
the fIrst paragraph on page 3.7-4. The PSAR, page 3.7-4 has been revised to
correct this error of omission.

The rotation was applied as tangential displacements at the boundary nodes of
the structure, which would correspond to a net rotation applied at the
centerl ine of the equivalent mass.

O

O
Amend. 70
Aug. 1982
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Ouestion CS220.11(c) (3.7.1.6)

The finite element nodels in Figures 3.7-21, 3.7-23, and 3.7-24 are l abel ed
"not to scale" yet the element aspect ratios appear reasonable. What are the
magnitudes of the average and extreme aspect ratios f or these meshes?

Resoonse

The two horizontal model s (N-S and E-W, Figures 3.7-21 and 3.7-23) have been
drawn to scale, traced f rom computer generated plots. A revised sketch of the
torsion spring model (drawn to scale) is attached.

The average aspect ratio is approximately 1.5:1. The aspect ratio generally
does not exceed 1.25:1 within a distance of one width of the opening. The

1

worst aspect ratios are in the vicinity of the outer boundaries and in no
case, does the aspect ratio exceed 10 to 1.

:
1

|

i

.

O

.

:
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; Ouestion CSP 7D.11(d) (3.7.i.6) 'd,

How are the boundaries of the 2-D plane strain model dstennined? Provide and
Ijustify the critehia used for such detennination. '

'
\

Resoonse 'i4

\"

| The boundaries of\the 21 plane strain models were placed suf fici,ently far f rom
j the structures to el iminate boundary ef fects. The vertical boundary (on

olther side) is at a distance, from the centerline, of more than 5 times the
hal f width of the foundation.h!The depth is roughly 1 1/2 times the width of
the foundation. '!

The adequacy of the boundaries in the mathematical models (length and depth)
was proved by the good correlation of results f rom the f inite element and

( 'hal f-space calculations as described in Section 3.7.1.6 of the PSAR (Page
3.7-3.c). Since the hal f-space equations are based on boundaries being at an
Infinite distance, increasing the distances to the boundaries in the finite

I,/ element model would have no f urther impact on the results (with the , current
i boundaries).

. \ 'y
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. .

'

.
/

f,

'' i
4

t

\.

i
!

'
.

p

f.,, ,.

;

| '

|

Amend. 70
!

_
QCS220.11(d)4i Aug. 1982

; i
i

'l



- ;

Ouestion CS220.12 (3.L2.1)

You used the terms gecmetrical damping and critical damping. However, in
Section C.1.2 of Appendix 3.7A, terms such as interaction damping, radiation
damping and Internal damping are used. . Explain in detail the di f ferences in
these tenns. If two dif ferent terms mean the same thing, use one term
consistently in order to avoid conf usion.

,

' '

Resoonse ,

DAMPlNG DEFINITIONS FOR THE PSAB

in the equations of motion f or the seismic analysis of Nuclear Power Plants,
the anergy losses are expressed by the damping f orces. The energy losses

, !nclude material damping and hystoretic losses within the structure or in the
surrounding soll material s; f rictional losses at structural connections,
equipment mounts or at soll-structure interf aces; and the radiation of energy
away from the structure foundation and into the surrounding soll (radiation
dampi ng) . For computational expediency the varl'ous energy losses are
represented in dynamic analysis as equivalent viscous (relative velocity
dependent) damping f actors. The f ol lowing def ine the di f ferent terms related
to damping used in CfBRP PSAR.

i ,,

"

Damoing CoeffIclent

The damping force in the dynamic eciuation of a one degree of freedom sysem is
given by:

(1)-cy -

Where:
,

Mathematical constant - Damoing Coef fIclent )c = s

n y Relative Velocity=

i

critical Damoing

it is the amount of damping that would completely eliminate vibration in a one
[ degree of freedom system, that is, the smallest amount of damping that will
| make the system return to the original position.

'

7
.a,

',,

2 My (2)crit = 2 Mc =

,

Where: .
i

y >
.

r

f ; g y'',
|

K = ' Sti;tiness of Systern
' *>' '

s

M = Mass
,

s , t

W Frequency in Radians Per Second=
,

'

_ f t i
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Damoing Ratio. Dampina Factor

This is the ratio between the damping coef ficient of a one degree of f reedom
systcm and the critical dampi ng

E ' (3)a= .:

t ,,.( /i%-

in experimental determinaticns of damping, the damping ratio is normally
measured,

in a one degree of f reedom system if the damping ratio is known, the damping
coef f icient may be calculated by equation (3).

Percent of Critical Damoing

This is the damping ratio expressed in percent:

D% = 100 b (4)(~ . .t

Table 3.7-2 in the PSAR gives damping values Ir. terms of percent of critical
dampi ng.

Damoing Matrix

in a multidegree of freedom systan the damping coef ficients may be expressed
i n matr i x f orm, by the damping matrix

-
..

c;j c;y cln-- --

C= c.

lJc ccj nn ,ol ----

n

The coeffIclents ci i of the damping matr,lx represent the velocity dependent
damping forces devef oped at coordinate (, by a unit velocity imposed at point
J.

fjpdal Damoing

Modal Damping is the damping coef ficient or the percent of critical damping
associated with a particular mode of the modai being analyzed. In modal
analysis each mode may have a characteristic or generalized damping which may
be expressed as a general ized damping coef fIcient or general ized damping ratio
(or fector). The general ized modal damping coef ficient is given by:

c N T Cp (5)"
r r r

Where:

c Damping coefficient for mode r=
r

(6r Mode shape vector for mode r=

Damping MatrfxC =

Amend. 70
QCS220.12-2 Aug. 1982
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The generalized model damping f actor (or ratio) is given by:
'T4

l by C fr
r 4WeMr (6)'

.

|

Where:4

[r Generalized damping f actor (or ratio) for mode r.=

W Modal frequency for mode r in radians per secondr =
.

M General ized mass f or node r=
r

To meet the orthogonality conditions that permit the decoupling of the model -

equations the damping matrix must meet certelr. requirements. However, in

model analysis the damping matrix was not used and damping ratios were defined
for the dif ferent modes based on the characteristics of the system.

<

Comoosite Modal Damoing - Combined Modal Damoing

When a structure is composed of elments with dif ferent damping ratios the
,

1 modal damping ratio was calculated by a weighted everage bdsed on the
eq uati on:

r 1-

b
B> (7)=

{rn k W
Where:

B Composite Modal Damping f or mode j=
j

[9ff = Normalized modal vector for the jth mode

Assembled sti f fness matrixK =

.

Modif led stif fness matrix constructed f rom elments matrices f ormed byK = -

the product of the damping ratio for the element and its stif fness;

matrix.- Damping ratios for elments were based on appropriate ~ Table
3.7-2 val ues.

,

) In the Nuclear Island model, the damping ratios for the modes of the fixed
based were calculated by this method.- The damping matrix used In the soll
structure interaction of the Nuclear Island is a combination of these fixed

. base modal damping ratios and the damping coef ficients associated with the
f oundation dampers. The damping matrices are constructed by the computer
prograns HETHA-VETHA f ol lowing a formulation similar_ to that proposed in -
Ref erence (5) of the PSAR. Attachment A describes how this reference was
used.

1

: O
.

Amend. 70QCS220.12-3 Aug.-1982
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Proportional Damoing - Raleich Demoing

This is the systun damping which is composed of material and Interf ace shear
damping, in the selunic analysis of systems by time-history with direct
integration of the coupled equations of motion, the operations are simplified
by using proportional or Raleigh damping. By this procedure the damping
matrix is f ormulated by a linear combination of the stif fness and mass
matrices:

e.A | M | + /3|K| (8)C =

Where:

C Dampi ng Matrix=

| M l = Mass Matr ix

| K| = Stiffness Matrix

d(p = Coef ficients
CC 4,dare selected f or the range of frequencies of interest with the appropriate
damping ratio r

crit

J & [3 are calculated with the f oi lowing equation:

4 + r" 'c =

crit 2w 2

Where:

c Damping ratio - (Based on appropriate Table 3.7-2 values)=

crit

(c = Frequency (Rads /sec)

Internal Damoing - Material Damoing

Internal or material damping is the hysteretic damping of the material. For a
soll foundation it is the damping characteristic of the soll material.

Although the internal damping is not the result of a viscous behavior,it is
expressed in terms of an equivalent viscous damping ratio.

Geometric Damoing - Radiation Damoing

Gecrnetric or Radiation Damping represents the loss of energy that occurs
through transmission of elastic wave energy from the footing to infinity in a
footing oscil lating on an elastic hal f-space.

This damping may be expressed as a damping ratio or damping coef ficient.

O
Amend. 70
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_

Interaction Damolno

The total foundation damping is the summation of the soll internal and
radiation dampings.

in the OERP Nuclear Island analysis the rock internal damping was'

conservatively disregarded and the interaction damping was made equal to the
radiation damping. This damping was expressed as a damping coef ficient.

Summarv

in syston modal analysis, modal dampings in terms of percent of critical were
used. The modal dampings are based on the values Iisted in Table 3.7-2. When

elements with dif ferent dampings were present in a system, the composite modal
dampings were calculated and used.

In systans analyzed by direct integration time-history analysis, proportional
(Raleigh) damping was used,

in the analysis of the Nuclear Island (by direct integration) a damping matrix
was constructed based on the composite modal dampings of the flxed base'

structure and the damping coef ficients (Interaction damping) of the foundation
dashpots.

O

|

,

4

O
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QCS220.12-1 fl. C. Tsal, " Modal Damping f or Soll-Structure Interaction,"
AS& Jcurnal of the Engineering Mechanics Division, April 1974,
pages 323 to 339.
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QUE5T10N 220.12 (3.7.2.1) Attachment A

1. DESCRioTION OF HOW CRBRP HAS USED TPE PAPER BY TSAT ON DAMPING

The seismic analysis of CRBRP is performed with the computer programs HETHA
( (for horizontal motions) and VETHA (for vertical motions).

These programs, developed by Burns and Roe, solve the coupled equations
of motion by direct integration allowing for a rigorous solution of the
soil-structure interaction problem. The fomulation of the equations of
motion is similar to that used by Tsai in Reference Q220.12-1.

This approach considers the displacements of the nodes of the structure
subjected to an earthquake as composed of two parts: The displacements
relative to the base which are expressed in terms of the modes of vibration
of the " fixed" base structure and the displacements due to the base motion.
The equations of motion are expressed in terms of the mode shapes, modal
frequencies and modal dampings of the " fixed" base structure and of the
stiffness and damping coefficents of the lumped springs and dashpots that
represent the effects of the soil on the structure.

As a result of this formulation the number of coupled equations to be
integrated is reduced from N+P to M+P, where N is the number of degrees of
freedom of the " fixed" base structure, P the number of degrees of freedom of
the base and M the number of modes of the " fixed" base structure selected
to represent the structure. For a large structures it is much less than N.

While Tsai's formulation includes only two degrees of freedom (horizontal
translation and rocking) the HETHA formulation considers three degrees of

p freedom per node (horizontal translation, rocking and torsion). VETHA
considers one degree of freedom per node (vertical translation). Inv
Ref.1, Tsai proposed the use of the exact formulation to calculate
equivalent modal dampings for a modal analysis of the structures by
r.atching the responses of the exact analysis with those of a modal
analysis. In the CRBRP analysis, the coupled equations of motion, similar
to equation (15 ) of Ref. I are integrated directly using the acceleration
time history of the ground motion as input.

FQUATIONS USED IN HETHA

The following equations were used in the computer program HETHA:

Let X' be the " fixed" base displacement of the structure
,, .,

mP

y}=<g.g
Where: h 2

= Horizontal displacement in the direction of the input motion,
relative to the base.

= Rotation about a horizontal axis perpendicular to the

p direction of the input motion, relative to the base.'

V e 7
( j= Rotation about a vertical axis relative to the base (torsion)'

The equations of motion for.a fixed base structure are: -Amend. 70-

0220.12-7 Aug. 1982.



(M) + [C] (k f + [K] (X} * - [1 (t,) [M] [a} (2) g
Where [M] , [c] and [K] are the mass, damping and stiffness matrices
respectively of the fixed base structure

u(tJ = Translational ground acceleration (free field)
<

,fil'
c

10}/
' :
,

Jol;
~

%g ..,d--

M
I' .Ma J,..,Ju

=
--

- _

Where:

nj= mass of nodal point i

I; = mass moment of inertia at nodal point i about a horizcntal
centroidal axis perpendicular to the direction of the motion

Jf = mass moment of inertia at nodal point i about a vertical
centroidal axis (torsional)

'

Assuming that the fixed base structure has classical normal modes, the
nonaal mode matrix EM satisfies the following conditions:

[4f CMJ Cd] L I3 (3)=

Cd][43' C KJ Cd] =

[[Aj uj 2 I4)C djf Ec] C4] = j
(5)

Where wy are the modal frequencies andp; the modal fraction of critical
damping for the fixed base structure

For the same structure with flexible foundation, the displacements of the
structure relative to the ground motion are given by:

| (; * /; + yg W b; + Cei (6)

| P; e 'P'; * p (7)

i e; : G'; . o (8)

!> i>N
Where:

Horizontal displacement of point i in the structure in the directionS; =
'

| of the input motion , rela tive to the ground motion.

Amend. 700220.12-8
Aug. 1982
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Rotation at point l in the structure about a horizontal axis5/. o
I perpendicular to the direction of the input motion relative to

the ground motion.

6 Rotation at point i in the structure about a vertical=

I axis, relative to the ground motion.

4 = Horizontal translation of the base mat.
p = Rotation of the base mat about a horizontal axis perpendicular to

the input motion. The axis passes through the center of rigidity.
of the base mat.

Rotation of the base mat about a vertical axis. The axisS =

passes through the center of rigidity of the base mat.

hj Heightofpointj in the structure relative to the base mat.=

c. = Horizontal distance from point i in the structure to the vertical
8 axis of rotation of the base mat, measured perpendicular to the

direction of the input motion.

Define kW
y}= (Y} (9)

{6b
With the equations of force equilibrium at the base written to satisfy

bq the boundary condition, the equations of motion of soil structure interaction
are

(M) ({% +1{ Aj ) 4 [C] {N j +[K3 { %j = { 0} ,

)' C x b ' K "'l " ~ '"I ( $ * )g ($b*nt b b i

I f + C[ + Kp + * ,k mg h; ; + 1) , I; Pg
00)'"'

h
ist i=t

J b e + c, e * K, o = ,I m ; e; d , + 1). 5. J; d;
'

l .: :=

Where: m = Mass of Matb
. Ib -Mass Moment of Inertia of Mat about the centroidal horizontal
| axis perpendicular to the direction of the input motion

J6 -Mass Moment of Inertia of Mat about a centroidal vertical axis

l = Mass moment of inertia at point j about a centroidal horizontali
axis perpendicular to the direction of the input motion

J; = Mass moment of inertia at point i about a centroidal vertical
axis

Amend. 70
0220.12-9 Aug. 1982
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Equations (10) can be rearranged to give:

'Lul.!.________ fl91' $[m J' %w ,

I 1 YI5

Is i, 5 -

, ,

'

_ Lcl_ _d__ _IcJ L^1.___ __.d. lLahl___-16_I1_^2_.1_- 11 1c

1

- {Aj'(C] l(CalAl*(C}[A}) | Ai'(C} { Ahl (A} (C} { Ae} S b

) +
- {Ah{'(C} [ Ahjf{C} } Aj (C++(Ah}'(C) { Ah{ } {Ahj'(c} {aej 1 y

1

- { Ae}*(C} { Ae}'[c} {a} { Aej'(C) { ah} ( Ce +(Aej'(C} {Aej 5)\

'_. s.1. ,' - u u a _ _ _ _ .. w a hs - wse<

! wi}
-- e,

* {A}' ( K} I (4-{a}'(k) {al ) { Air [,K){sh{ {Aj'[g]{Ae} yg

| 2 / t
-{ahj'[K) ,I { Ahl'IK} { A} (L -{Ahl*(K} {Ahi) I Ahi#(K3 {Ae-} *

I

-loel'[x} i inel'[K1 { Al Isel'(x) {ahi (.x.. pej'[x) {6ej eju

s

ICM]lol) (ll)*mg gQ,
io !

d, o J

where:

A)* {| {Ahj = ]Ae, o

I,IOI j,|c}j |f|,

Amend. 70
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Define tne following transfomation:

3

({SI CP L,- _ __ _ ___ __ __ __
- - , ,

l I ri (L2)
l

I

J S I'/Ep / !b -

*' ! VG !

,

O | '/ rig _ ij m.,,- s -

{v;-(A){r}
(D)

Where H is number of structural modes and let

{ri = Cef (M) {a }
{ r,j -(ef (u) { A'}
{rg Cef Cul{Aj} (14)
[ r,1 - (cf C u) { Ah
3 .) -(of (M)[ae}r

O!

| ${oj '[ojl
{A'}=f{ol hWhere: {d}:[{l} L

101 ) lits

Premulti and substitute equation (13).
Equation (11) ply equation (11) by [A]7becomes:

(i } +C E3 {F } +C kl {r} : -{ F} U- (u)

: let b; = 'Z Aj w;

t o;3 -E b;] { rJ /s, - t b;n c,j/ crb -tbj3.{r.}/rs . 1
-

| -

-

m

--[rj'[bj] ' ( C. + 7. b; F *)/m bjrjFj[VmbbIhDIInj[I*b bI 4j jj b

1mb
\u a u

bj r3j r j/Qb (16)() -fI } [b;] 7. b; r; r;/imgI6 (Cv 4 6 r'5j)[I a3 3 b
mb

u w w
; .

b;r; r,j/imgJ-{r,} [bj] bj r3j r,j/vr J (c,+ b;r'*j Jbb b3i

T !
-

0220.12-11 Amend. 70"
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Matrix [ Mis id:;ntical to CU wh:n bj Wjt,C3 = K, , t nd C9=Ky

and Ce s k.s (17)

i o .

{r} in eq.(13) is an Nt?. by 1 column vector. Considering only the first

M modes of the fixed base structure, {r[ becomes a M+Sby I column vector.

Equation (15) is solved by Wilson's (2) step by step integration.

and{E } be known as vectors at time t, the accelerationLet {r ({ tg

vectorht+7} is solved by the equation:

CH 3 [F + 7 } + [C3 (E + 7 } + C C (r # ,r } ' b t * 7 (18)
t t g

Where velocity and acceleration are replaced by:

(b ( - (rt3)-1 (b }~ ht} (19)tt4 7 t+7

ht * 7) ' qk I bt * 7 j- {rt) ) ,. ht 3 -lk t } C 20 )

O
N7} = C%3 +1 ( f %.at 3 - (%.1

{%) - {F11
T = of. x A i,

(21)

Velocity and acceleration vectors at t +'T are obtained by equations

(19) and (20).

The acceleration, velocity and displacement at t+At are given by:

h +Atl * C l~f I (F } +f (E + 7 )t e t

Pt + At3 - W P g* ( C F } + f F +4tDt 1

(ft+ At } * { rt} * AI ( t ) * q (( ~Fe 4 st } +T @c. } )

The displacement and accelerations (c) are combined to obtain nodal

responses according to equation (13) .
Amend. 70
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Ouestion CS270.13 (3.7.2.1)

At top of page 3.7-6a, it is indicated that in the model the dome of the steel
containment has been idealized using equivalent springs which account f or the.,

" breathing" of the dome during a vertical vibration. Explain clearly howj~
inrough such a l ump-mass modei " breath ing" of the dome can be taken into
consi deration. Def ine " breath ing".,

J

Resoonse:,

; 9 Breathing" ref ers to shel l type of vibration of the dome. To account for
this ef fect, a stif fness matrix of the dome with cross-coupiing terms was
derived f rom an axisymmetrical shell model of the dome, using the KALNINS
computer program. The equivalent springs represent the terms in the stif fness
matrix.

O

,

t

|

j

|

(
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i

! i

I

i

I

Ouestion CS220.14 (3.7.2.1 );

| Two cornputer progras: HETHA and VETHA are rnentioned. Indicate if these two

]
cornputer progrms are validated in accordance with the procedure described in
SRP Section 3.8.1 (P.3.8.1-10). ;

2

: !

! Pesconse {
! !

The computer progres HETFIA and VETHA have been validated consistent with the I|

requirements of SRP Section 3.8.1 (Page 3.8.1-10), item II. A description of !
I the progres Is in PSAR Appendix A pages A169 to A182. 1

i
1 ,

; ;
'

.

!

!

,

!

,

!

!

:

1

i

!

i
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,
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1
!

Question CS220.15
,

l On page 3.7-8, it is stated that you perform a non-linear history analysis.
Provide more detail s of such an analysis.

t

Resnonse I

The nonlinear seismic analysis of reactor systems was performed on the Primary
.Controf Rod System (PCRS) sInce thIs systen was determined to contaln
signi ficant nonlinearities. The description of this analysis is given in

j Section 3.7.3.15.3 of the PSAR.

1

I

i

i

!

!

I

1

:
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I
i

i

+
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O
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Ouestion CS220.16 (3.7.2 &

On page 3.7-9b, it is stated that two methods of combining the seven spectra,
one by square root of sum of squares and the other by absolute strn. Indicate
the conditions under which each of the methods wilI be used.

Resoonse

First method:

Each of the seven spectra are applled Independently to f Ind the final ef fects
(stresses, deflections, etc) and the resultant stresses are combined as shown
by equations (8), (9), and (10) on page 3.7-A-B3 of the PSAR. These equations
add the total of fects of the north-south, east-west and vertical earthquakes

by the square root of the sum of the squares.

Second method:

Instead of using each of the seven spectra individually, the seven spectra are
combined into three which correspond respectively to the north-south,
east-west, and vertical directions, using equations (11), (12) and (13) on
page 3.7-A-B3 of the PSAR. The final of fects obtained wIth these combined
spectra are added by absolute values.

The selection of one or other method is optional to the designer.

O

O
Amend.-70
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Ouestion CS770.17 (3.7.2.13)

The discussion on overturning of seismic Category I structure appears to be
for a structure on a single foundation mat not on a combined f oundation.
Indicate what your consideration wilI be for the overturning of structures on
a combined f oundation mat. Express with the help of a figure the location of

,

Hj and the distance of h1 in the equation on page 3.7-10a and the basis of
thei r determination.

Resoonse:

Figure 3.7-19 in the PSAR shows the single foundation mat of the Nuclear
Island structures. In the seismic mathematical model, the rock-structure
interaction was represented by lumped springs. From the seismic analysis, the
max! mum foundation spring forces, (translational and rotational) were
cal cul ated. These forces were applied in verifying the stability of the
structure. Thus, in the equation on page 3.7-10a in the PSAR:

M W1+h1 Hj=
ott

Mr is the maximum reaction in the rotational foundation spring in thej
north-south direction. H is the maximurn reaction of the north-south !

1
translational spring, and h is the distance from the force H1 to the botton1of the f oundation mat. h1 was conservatively made equal to the foundation mat
th ickness. Mot is the total overturning movement due to the north-southtearthq uake.

Figure QCS220.17-1 shows a sketch of the forces.'

<

3

*

9

$
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; Ouestion CS220.'18 (3.7.2.14)

) In this section you discussed the analysis procedure for damping. Indicate if
i 1here is any dif ference between what you described in this Section and that in
; Section 3.7.2.1.1 on pages 3.7-5 and 3.7-6. Explain in mathematical forms the
! f ol lowing: composite damping, modal damping, proportional damping, and their
! relationships to the critical damping values as specified in Table 3.7.2,

together with the conditions under which they are used.,

i
j Resoonse:

See the Response to Question QCS220.12.

!,

1

!

:
i

i

.

i

l
!
i
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Ouestion CS 220.19 (3.7.3.10)

O in this section it is stated that the response spectra produced will be
widened by 1.10% by frequency to account for uncertainties in the structural
model and imput. However, in Section 3.7.1.6 on page 3.7-3, it is stated that
the response spectra will be widened by 115% in f requency. Indicate which
percentage of widening is actually used and if its use is in conformance with
SRP Section 3.7.2 criteria.

4 Resoonse

'
The design response spectra is the envelope of response spectra produced for
the upper and lower bound properties of the rock (soll) properties. Before
envoloping, the spectral peaks were widened by 110%. The 115% Indicated in
Section 3.7.1.6, page 3.7-3 has been revised to 110%. The 110% is consistent
with SRP which requires a minimum of 10%. In addition, CFERP envelopes the
results of upper and lower bound of rock (soil) properties.

!
; '

r

O
Amend. 70'
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,

! Question CS 220.20

in Section 6.1 on page 3.7-A.8, your def inition of signi f icant dynamic modes
is not consistent with that in SRP Section 3.7.2 and should be revised.
Further, the sentence bef ore the last sentence in the third paragraph stated
that dif ferent response spectra wIlI be applled for the particular support
l ocati on. An explanation should be given to this statm ent.

Resoonse

The definition of significant dynamic modes has been revised, as shown marked
on PSAR Page 3.7-A.8.

'

The dif ferent response spectra are the spectra derived and applicable to the
various supports of structural systes (such as piping) which are not at the
same location. The spectrum at the fIrst support may not be the same as the
spectrum at an Intermediate support or at the last support in this case, all
the dif ferent support response spectra are superimposed to yield an envelope
response spectrum for input to the response spectrum analysis. |

J

S
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Question CS220.21 ;

j in Sections 8.1.1.1 and 8.1.1.2 on page 3.7-A, the i Isted load combinations
t contain the tenn " operating." Def ine specif ically what are the loads included

in this term,

i

i Resoonse:
I

1

. The loading components included in the term " Operating" are given in its
) def inition in Section 7.1.1, Page 3.7-A.11 of the PSAR. 4
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Ouestion CS770.22(a)

There are a number of misprints, unclear statements and typographical errors
which need your correction and/or clarification. |

o Section 3.7.1.6 page 3.7-3C misprints in both items 2) and 3).

Resoonse:

The word "p[rocedure" shoul d be " procedure".

The word "axlaymmetrical" should be "axisymmetrical".

PSAR Page 3.7-3C has been revised.

i

i

O i

:

,

O
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Ouestion 220.22(b)

The equation f or the damping val ues ,4 in Section 3.7.2.1.1 is in error.j(Probably misprint)

Resoonse:

The correct equation is:

0 ~

R f r(g){ g|
_

WJ'(v0 {?}7

There is a misprint in the PSAR. (E)in denoninator should have been(K) .
PSAR page 3.7-5 has been revised.

O

i
1

l

!

|

|

|
!

|
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i

!
1 Ouestion CO70.22(c)
! ,

i in Section 3.7.2.6.1 on page 3.7-9, it is stated that each node has three :

degrees of freedom in the horizontal directions. This is a wrong statement, ;

since each node should have six degrees of freedom. A correction of this
+

statement should be made. t
'

:

I Response: t

i

; The first paragraph of Section 3.7.2.6.1 has been revised to clarify the
statement.;

,

,

f I

! !
!

!
i ,

'
I

!
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|
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i
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Ouestion CS 220.22 (d. I)

There are a number of misprints, unclear statements and typographical errors
which need your correction and/or clarification.

d) Section 3.7.2.7 on page 3.7-9b, the last three sentences need some
correction or clarification in order to be understandable.

Resoonse

d) A missing word has been properly inserted in Section 3.7.2.7, Page 3.7-9b
of the PSAR. This wIlI clarify the meaning of the Iast three sentences.

O

9
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QCS 220.22(d)-1



i |
,

t
I

i

Ouestion CR770.22fe)

Secticn 3.7.2.14, misprint in the fourth paragraph.

i Resnonse: |
: ,

! The word "requesented" shoul d be " represented". PSAR page 3.7-11 has been :
; rev i sed. I
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OuestIon CS220.22(f)

Section 3.7.3.1, in the last sentence, is the word " assured" used f or
" assumed"?

Resoonse:

The word " assured" shoul d be " assumed". PSAR page 3.7-11a has been revised.

.
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Ouestion C U20.22(a)

: Section' 3.7.4.2, next to last paragraph under 1, on page 3.7-17, the word
j " Time-History".
.
I

i Basgorist:
1

{ The word " Time-hisotry" shoul d be " time-history". PSAR page 3.7-17 hasj eenb

revised.
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OuestIon CS220.22(h)

In Table 3.7-5, you used a poisson ratio of 0.3 for both limestone and
slitstone. Indicate how this value is obtained and why it is the same for
both.

Resoonse:

The derivation of Poi sson's Ratio f or sil tstone and l imestone has been based
on detailed analysis of a significant number of geophysical measuronents as
obtained f ron cross-hole, up-hole and continuous velocity methods. Simil ar
ranges were obtained by the dif ferent methods f or each rock type, resulting in
the selection of 0.3 as the design value. Details are provided in Section
2.5.4.2.2 of the PSAR.

Ii

f

f

O.
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Ouestion CS 220.22 (I)'

There are a number of misprints, unclear statements and typographical errors
which need your correction and/or clarification

i

i) The Figures 3.7.170 and 3.7.18 have the same title, but it is not clear
how they are reinted. Cl ar i fy .

Resnonse

I i) The title of Figure 3.7.17D has been changed to " Schematic of Reactor
System Finite Element Model." In addition, an introductory sentence has

-

i

been added to Section 3.7.3.15.2 to identi fy th is f Igure.
,
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Ouestion CS220.22( l)
_

J) Appendix 3.7 in " Attachment A", the equation for a simpiifled analysis
appears to have incorrect units. Al so the transf ormation equations appear
to be incorrect.

Resoonse:

The corrections to the errors in the transformation operations sited above
appear in the revised PSAR page 3.7-A-A1. The errors were primarily
ty pograph ical in nature.

With regard to the simpl i f ied analysi s equation, (Equation 19) It shoul d be
noted that the spectral accelerations are given in "g" units. The
multiplication of the weight by "g" gives a force. Theref ore, the equation is
dimensional ly correct. A rev i si on w i l l be made to cl ari fy the un i ts f or "A"s.

O
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Question CR770.23 (3.8.2.1)

It is stated to the of fect that the steel shelI in the lower portion of the
, containment structure is sandwiched between two concentric concrete walls and

neither of the two concrete walis are considered to be part of the containment
steel. However, the outside concrete walI is indicated to be designed to
prevent the buckting of the steel shelI. Indicate what are the design4

criteria for the two concrete walls, especially the outside concrete wall, and'

which ACI Code wif I be used in your design.

Response:

The walis are designed to resist alI normal, seismic and accident loads in
accordance with the load combinations specified in PSAR Section 3.8.3.3. The
design of the walis is done in accordance with ACI 349.

O
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Ouestion CS 220.24

The containment description should include basic shell thickness and state if
the shel l is stiffened. The containment vent and purge system should be
mentioned in the Iist of components.

'

Resoonse

Horizontal ring stif feners are provided at elevations 856 and 839. In
addition the crane girder also f unctions as a horizontal ring stif fener in the
elevation 670 to 890.

The PSAR has been augmented with the requested information in 3.8.2.1 and also
Fi gure 3.8-3.

The containment vent and purge systems are features provided to manage the
hypothetical event beyond the design basis. These systems are discussed in
CRBRP 3, Vol . 2, Figure 1-1. Only the penetrations for the vent and purge-
systms are a part of the containment boundary and these penetrations are
designed to the same criteria as alI cther penetrations. The vent and purge
systen is not a part of the containment system and therefore should not be
incl uded in the list of containment system components.

O

O
QCS 220.24-1 {g
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Ouestion CS220.25

On page 3.8-1, it is stated that ASE Section lli Division 1,1974 Edition
with Addenda through winter 1974 and ASE Section ill Division 2,1975 Edition
will be used for the design of the steel containment and the steel lined
concrete containment foundation mat respectively. Indicate what will be the
ef fect on the design of the latest editions of the ASE Section ||| Division 1
and 2 including Code Case N-284 (1980) are used.

Resoonse
The PSAR design was performed to the requirements of the 1974 Code edition
speci f led in the design specif Ications. The specific criteria related to
buckling are described in the PSAR Appendix 3.8-A. The Intent of these
criteria is similar to the Code Case N-284 criteria, in that these address
buckling modes, provide capacity reduction f actors and f actors of saf ety, and
similar interaction equations for buckling. A significant reanalysis would be
required to demonstrate that the Containment Vessel meets the requirements of
the new Code and Code Case N-284, however, the appiIcant has compared the PSAR
to the 1980 ASE Code, and has evaluated the significance of the changes.
Several of these changes are considered to be of suf ficient significance to
require additional study. This comparison wilI be provided by July 15, 1982,
and the additional study of the significant changes will be provided by
August 30, 1982.

The applicant belleves that the Intent of N-284 and the 1980 ASE Code has
been implemented by the PSAR and the PSAR Appendix 3.8-A, the vessel design is
adequate and saf e, and that no analysis to the 1980 Code or to Code Case N-284

,

is necessary.

.
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Ouestion CS220.26 (2.8.2.2.2)
,.

( ,) It is stated that potential corrosion of the portion of steel containment
embedded in concrete as a result of concrete cracking is precluded due to f act
that there is a minimum of 22 inches of concrete embedment and the cracking
under the worst of cases is minimal. Indicate what size of cracks is expected
as a result of the containment structural Integrity test. Note that these
cracks wIl I terminate at the steel containment shel I.

Resoonse:

The size of possible cracks in the 22 inch concrete wall around the
containment vessel for a test pressure of 11.5 psi has been calculated. It

has been assumed conservatively that the Internal pressure acts directly on
the containment shell and that the load is shared by the steel shell and the
22 Inch concrete wall in accordance with their relative stif fnesses without
assistance from the interior 36 inch concrete wal l. The calculations are
based on the hoop stresses developed in the concrete by the 11.5 psig test
pressure. The analysis method of Ref erence QCS220.26-1 (Section 10.4.3) was
used.

The calcuiated crack width is 0.009 inch. In accordance wIth ACI Committee
224 (Ref erence QCS220.26-2) the foilowing are acceptable crack widths in
concrete:

In dry alr: 0.016 inch

( }
Hum i d I ty , moi st a l r, sol I : 0.012 Inch

The calculated crack width is below the applicable limit which is 0.016 inch.
It should be noted, that the stresses in the steel shell and reinforcing steel
are below yield. Theref ore, when the vessel is depressurized and the tensile
stresses rel ieved, the cracks w il l close. Based on the above discussion there
is no concern f or corrosion in the steel shel 1.

References:

QCS220.26-1 Park and Pauley, " Reinforced Concrete Structures", John
W il ey, 1975.

QCS220.26-2 ACI Committee 224, " Control of Cracking in Concrete
Structures", Journal ACl, Vol . 69, No.12, December 1972
pp. 717-753.

,
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Ouestion CS 220.27

The design temperature of 2500F must not apply to the complete containment
including that portion embedded in concrete. The PSAR should defino the
desisq temperature distribution for the compiete contalnment.,

Al so the Symbol 'M" used in Table 3.8-1 is not def ined in test.

Resoonse

The Design Temperature of 2500F is a conservative value, welI above the
maximum temperature of the shell calculated under DBA. For Design Conditions
(Load Combinations 4 to 9, Table 3.8-1) the material properties of the steel
shel l were based on 2500F. Secondary stress (thermal) verification is not
required under Design Conditions (PSAR Table 3.8-3). Theref ore, temperature
distributions are not required. Thermal buckling was verified based on the
temperature distribution (axisymmetrical) given in Figure 6.2.11. This
temperature distribution accounts for the ef fects of the insulation blanket
between Elevations 825 feet and 816.0 feet and the embedment in concrete below
Elevation 816.0 feet.

The definition of 'M" wind level was erroneously omitted f rom the PSAR. 'H "
is now def ined i n the modi f ied PSAR 3.8.2.3.1 attached.

O.
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Ouestion CS 220.28

The applicant should substantiate the statment that the containment will not
be subjected to non-axisymmetric tmperature distributions above the operating
fIcor.

Resoonse

For the postulated containment vessel Design Basis Accident (DBA) the
containment vessel would be heated by convection f rom the hot gasses f rom Cell
102A entering the spaces above the operating floor, and by conduct *on through
the concrete. These gasses would enter this above operating floor space
through potential paths that are widely distributed. One potential path is
Col 1 105U to Cel Is 109 and 113; another is Cel i 105H to Cel is 109 and 113; and
another is Celi 105H to Celi 110 on the opposite side. (See Figures 1.2-14
through 1.2-16 of the PSAR). All of these paths are very unlikely and contain
f Ire doors and other inpediments to the fire passage.

As shown in PSAR Section 6.2 the peak gas tmperature above the operating
floor is only 1400F which occurs only af ter a long time and at a very slow
rate. This is only a 700F rise above the normal operating temperature (and
normal shel I tmperature); thus, the magnitude of the taperature variation
could only be a portion of the 700 which would create negligable stress in the
shel l, even i f the heating source was localized.

it should be noted also that the design basis accident sodium fire analysis,
which is used to postulate containment temperatures, assumes that hot gasses

C are transmitted directly to the space above the operating floor from the fire*

in Coli 102A. This assumption maximizes the rate and total mount of heat.
transferred into the area above the operating floor without taking credit for
the heat losses into the concrete and equipment along the actual gas flow
paths. This is a conservative assumption which cannot actually occur and
therefore adds even more conservatism to the design.

2

e

'
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Ouestion Cs??0.29 (3.8.2.4)

Indicate if there are any mechanical connections between the conf inement
structure and t he containment above the operating floor that could transmit
mechanical loacs. Can the relative displacement between the conf inement
structure and containment become Iarge enough to al low contact between the
containment and components attached to the confinement structure (such as the
partition supports)?

Resoonse:

There are no mechanical connections between the confinement structure and the
containment above the operating floor that could transmit mechanical loads.

Further, the gaps between the containment vessel and components attached to
the Confinement (such as partition supports) wilI be established to prevent
contact under any loads, including Thermal Margin Beyond the Design Basis
(TM3W) accidents.

O

i

.

O
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1

;

Ouestion CS 220.30

TLe ultimate capacity of the steel containment should be addressed.

! Resoonse

The ultimate capacity of the steel containment is addressed in the document
"CRBRP-3, Hypothetical Core Distruptive Accident Considerations in CRBRP,

,

Vol ume 2, Assessment of Thermal Margin Beyond the Design Base." A tabulation
of the allowable pressures for dif ferent temperatures of the material is given
in Table 3-10 of the above document. These pressures were calculated with
primary membrane stress limits for Service Limit Level D given in NUREG-0800
(SRP 3.8.2), with yield and ultimate strength values f rom the Nuclear Systems
Material s Handbook (TID-26666) . The above allowable pressures are
conservative since the thickness of the cylindrical portion of the containment
has increased subsequent to the calculations due to other design;

considerations,

i

;

|
|

|

|
|

!

)
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Ouestion CS 220.31 (3.8.3.1.3) |

On page 3.8-10, it is stated that the Interior surf aces of the cells are lined
with carbon steel plates with the lower portion of the plate designed to
contain hot sodium spills. Indicate the dif ference in the design of the lower
and upper portion of the celi IInes.

Resoonse

The design of the cell liner systen does not distinguish between wetted
(lower) and unwetted (upper) zones of the lined cell. As identified in PSAR
Section 3.8-B, paragraph 3.1.1.9, the cel l liners are designed to withstand
large sodium spills with Na spill temperatures up to 10150F consistent with
thei r appi ! cation. PSAR paragraph 3.8.3.1.3 has been revised to be consistent
with the design of the cell liner system.

i

!

;

i

!
i
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Ouestion CS 220.32 (3.8.3.2.1)

It is stated that concrete internal structures will be designed in accordance
with ACI 318-77. Since ACI 349, " Code Requirements for Nucl ear Saf ety Rel ated
Concrete Structures" is specifically for the design of such structures and has
bec7 endorsed by NRC In Regulatory guide 1.142, use of thIs code is required.

Resoonse

Section 3.8.3.2.1 of the PSAR wilI be updated to state the design of the
internal structures compiles with the requirements of ACI 349, " Code
Requirements for Nuclear Related Concrete Structures," as endorsed in
Regulatory Guide 1.142.

O

|
:
:

:

|
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Ouestion CS 220.33 (3.8.3.4)

The general structural analysis procedure using the strip method is not
totally clear. If possible, the method should be referenced to the
ACl-349(76) code, if not, more detail is needed on how the Interaction of
surrounding cells will be handled when analyzing Individual cells. Can
significant additive moments be introduced f rom adjacent cells at a common
Juncture? Will the method described take into account the high tensile loads
developed on the diagonals of two-way siabs near the corners?

Resoonse

in the analysis of concrete structures such as the cells within the R(B, a
normal procedure is to consider strips of unit width and to analyze the strips
as frames. The strips are taken along sections of the structure and include
interaction of walls and slabs of adjacent cells. Yhe design criteria is
based on ACI-349.

The high tensile loads developed on the diagonals of two-way slabs near the
corners apply only to exterior slabs f ramed by spandrel beams and does not
apply to slabs integrally framed into exterior walis and hence is not
applicable to the Reactor Containment Building. Section 13.5 of ACI 349(76)
provides minimum reinforcement requirements for this condition. The
reinforcement steel provided in the slabs exceeds, by far, the minimum
requirement for slabs on spandrel beams,

i

O
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Ouestion CS 220.34 (a);

There are a number of misprints, unclear statements and typographical errors
which need your correction and/or clarification,

i

a) Figure 3.8-9 should label elbments discussed in the text (3.8.3.1.1).>

Details of concrete reinf orcing are needed to evaluate the support ledge,
1

Resoonse,

Rev ised PSAR Figure 3.8-9 label s elements discussed in the text (3.8.3.1.1) .
An additional sketch, showing the reinforcing bars in the reactor cavity at
the ledge area has been included.

;

:

:

i

i

h

4
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Ouestion CS 220.34 (b)

is the load of 50,000 kips mentioned in Section 3.8.3.3.4 to be evenly
distributed around the support ledge?

Resoonse

The load of 50,000 kips on the Reactor Support Ledge, stated in Section
3.8.3.3.4, has been revised. The revised load is given in terms of time-
histories for vertical and toroidal loads. This time-histories are shown in
OBRP-3.

These loads are axisymmetrical and therefore are appiled uniformly around the
support ledge.

O

O
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Ouestion CS 220.34 (c)

The text at the top of page 3.8-16 is generally conf using. In particular, the

text seans to negate the need for having both cases 10 and 11. The PSAR
should delineate how the appropriate dynamic load f actor wil l be determined.
Load combination 10 and 11 need more Justification f or not including T unlessa
A is meant to include thermal ef fects, in that case, the definition of A in

3.8.3.3.1.4 needs to be changed. -

Response

For load combinations 6, 7 and 8 in scrne cases dynamic analysis based on a
force time-history input was perf ormed, in other cases, dynamic load f actors
are calculated using the procedures described in Section 3.5.4.6 of the PSAR
which are consistent w ith the requirements of SRP, Section 3.5.3. ll.B.2.

Load combinations 10 and 11 were intended to cover the cases involving margin
events beyond the design basis.

Load combination 11 will be deleted since it is already covered in the last
paragraph of 3.8.3.3.10.1.B that states: "Both cases of L having its f ulI

val ue of being compi etely absent w II I be checked f or." Also, the definition

of A in 3.8.3.3.1.4 will be revised to state: "A..... force on the structures
due to third level design margin requirement (S208)."

Under SE W conditions the thermal conditions are represented by To (Ta = To).

Q The dynamic forces under SEW conditions (load "A") are defined as the time
histories of the vertical and toroidal moments presented in CRBRP - 3. The
ef fects on the reactor vessel support ledge have been calculated by dynamic
ana l y si s.

PSAR Sections 3.8.3.3.1.4 and 3.8.3.3.10.1 will be updated to include the
above revised design information.

O Amend. 70
Aug.1982
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Ouestion CS220.34 (d1

in combinations (4) and (8) inclusive in Section 3.8.3.3.10.2.B, are thermal

loads to be neglected when it can be shown that they are secondary and sel f-
1imiting in nature and or of where the mate.r ial is ductiie7

Elesponse: ,

|

The second paragraph of Section 3.8.3.3.10.2.8 of the PSAR wilI be updated.

O

|

|

0
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Ouestion CS 220.34(e)

in Section 3.8.3.4, on page 3.8-18, the f Igure numbrs referenced are |,

1 incorrect.
1

1 i

! Resoonse
!
|

The ref erenced f Igure numbers in PSAR Section 3.8.3.4, page 3.8-18, have been
! revised.
| !

l

|
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OuestIon CS 220.34( f)

in Section 3.8.3.5.2, more description is needed of the " energy absorption
check."

'

Resconse

Ductil ity ratio, u, is a measure of the capacity of a structure to absorb
energy in the plastic range. Energy absorption is satisf ied when the
calculated value of the required ductility ratio is less than the allowable
ductility ratio for the material under a specific loading condition.

PSAR Section 3.8.3.5.2 wil I be updated to include the above design
information.

O

O
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() Question CS 220.34(g)

I in Section 3.8.3.7, if Internal structures that are designed to hold more than
10 psig pressure are not to be tested at 1.15 times their design pressure,4

provide justification for not perf orming such tests.
'

Resoonse

Pressure testing of the lined cells is not a requirement since the cells do
not perf orm a containment f unction. A sodi um spi l l acci dent w ith in a cel l
will cause heating of the cell ahnosphere and structure and a pressure
buildup, but there are no requirements restricting cell atmospheric leakage.
The structural design of the concrete walls of the cell, per ACI 349, ensures
structural Integrity under the sodium spill accident conditions.

The maximum pressure on the containment vessel under the most severe accident
condition will not exceed 10 psi. A detailed description of the containment
System is provided in PSAR Section 6.2.

;

O
;

;

k
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Ouestion CS 220.34 (h)

In Section 3.8.4.4.1, how are equivalent static loads obtained?

Resoonse

Equivalent static loads are obtained by equation

P=CqA

where P = equivalent static load in Ibs

C = drag or lift coefficient

q = dynamic pressure in Ib/ft2,

A = exposed area in sq. f t.

The procedure in ANSI A58.1 is f ol lowed. PSAR Section 3.8.4.4.1 wil l be
revised to include the above design Information.

O
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.

;

- ,

OuestIon CS 220.34 (I)

The Section 3.8.2.6 and 3.8.2.7 are missing and should be provided, it

appears that your Section 3.8.2.5 should be ravised.
!

Resoonse

) PSAR Section 3.8.2.5 has been totally revised and PSAR Sections 3.8.2.6 and
3.8.2.7 have been added.

,

,

"

4

J -

,

!
;

!

:

i

,

;

,
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Ouestion CS770.35

a) Code Case N-284 (1980) should be ref erenced and applied as applicable.

b) The abscissa on Figures 3.8A-1, 3.8A-4, and 3.8A-6 shoul d be l abeled R/t
and not R/1.

c) Both quadratic and Iinoar interaction curves are used. Most authors
recommend using iinear interaction curves. Are the nonlinear interaction
curves conservative?

d) The R/t range for the containment shel| Is in a borderiine region where
either elastic or plastic buckling could occur. For fabricated shells of
th i s ty pe, Irnperf ect ions can greatly influence the elastic buckling loads.
Also, plastic buckling can be influenced by large residual stresses that
can be present. For these reasons the f actors of saf ety given in Table
3.8 A-2 seem to be l ow. Please justify these factors.

e) How will buckling be evaluated for dynamic loads?

Resoonse:

a) See answer to Question 220.25. Code Case N-284 addresses contianment
shelI buck!Ing. This non-mandatory Code Case is a recent document which

,

was.not in existence at the time when the Containment Vessel design was

p( i ni ti ated. The Project recognized the need for specific buckling criteria
and an appropriate criterion was developed which is described in PSAR

,

Appendix 3.8-A. While the quantitative ef fect on the design of using Code
Case N-284 has not been determined, the Intent of the buckling criteria'

used by the Project is similar to the Code Case, in that the criteria,

address buckling modes, provide capacity reduction f actors and f actors of
safety, and similar interaction equations for buckling.

b) The typographical errors on Figures 3.8A-1, 3.8A-4 and 3.8 A-6 have been
corrected.

c) The selection of quadratic or linear Interaction curves is dictated by
loading combination. For exampl e, Interaction curves.for loading
combinations involving torsion are quadratic because modes shapes are
dissimil ar. Quadratic interaction curves are used in Code Case N-284. -In
the design buckling criteria, for each loading combination the shape of
the nonlinear Interaction curve is identical .to that given in a widely

4
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used shel l design document, " Structural Analysis of Shells" by
E. J. Baker, L. Koval esky and F. L. Rish, McGraw-Hil 1,1972. Therefore,
it is concluded that each interaction curve is conservative,

d) The f actors of saf ety given in Table 3.8A-2 are based on the requirements
that the of fects of initial Imperf ections and plasticity are adequately
considered in the calculation of critical loads. These effects are
accounted f or by the coef ficients C, K, and H in Figures 3.8A-1 to
3.8 A-10. The effects of residual stresses on predicted critical loads are
negligible for ring-stif fened cylinders subjected to axial compression
(the most severe loading condition).

e) Buckling is evaluated for dynamic loads by comparing the peak dynamic
stresses with the static critical (al lowable) stresses.

O

O
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Ouestion CS770.36 (a) (Accendix 3.8-B)

Corrosion ef fect is included by reducing the plate thickness by 1/16 inch
(3.1.1.5). Is it possible that liner corrosion could introduce local fl aws
that would not reduce overal I sti f f ness but introduce signi fIcant stress
concentration polats?

Resoonsg:

For propagation of a local flaw see the response to Question 220.40(b).

The corrosion allowance as described in PSAR Appendix 3.8-B, paragraph
3.1.1.5, is based upon the guidelines established in ASE B&PV Code, Section
Vlli, Division I for components exposed to water or steam. The celi liner
system under normal operating conditions is exposed to an inert atmosphere on
one side, and is coated with incrganic zinc paint on both sides thus
inhibiting corrosion. On the back f ace of the liner plate, the liner is in
contact with the 1/4 inch air gap at liner wall / celling locations and 1/8 inch
air gap below the liner floor plate. As noted in the response to Question
130.95(1) the potential amount of moisture within the air gap is |Imited.
Accordingly the consideration of the 1/16 inch corrossion allowance is
conservative.

The possibility of a localized zone of behind the Iiner corrosion cannot be
precl uded. However, due to the conservative assumption of a corrosion
allowance based upon ASE B&PV Code, Section Vllt Division 1 requirements for

O,' steam and water vessels, coupled with the use of inorganic zinc paint on all
surf aces of the Iiner plate to prevent corrosion, the anticipated corrosion
flaw would have a thickness less than the corrosion allowance.

Amend. 70
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i

fQuestion CS 220.36 (b) (Accendix 3.8-B)

Handling the corrosion by reducing plate thickness gives a lower stif fness.
However, could the stif f ness reduction erroneously give thermal stresses that
are too low? Generally, the more flexible the structure, the lower the
thermal stresses.

Resoonse

in a f ully restrained flat plate, the strains due to a uniform temperature are
Independent of the plate thickness. Because of local buckling, the liner
strains dif fer f rom those of a f ully restrained flat plate. An analysis with
a mathematical model shown in Figure 3A.8-3 in the PSAR was perf ormed using a
reduced plate thickness (5/16 inch). The resultant strains are not
signif icantly dif ferent f rom those shown in Figure 3A.8-3 for a 3/8 Inch
plate.

/
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Ouestion CS 220.36 (c) ( Anoendix 3.8-B)

Near very stif f areas on the l iner boundary, for instance close to the pipe
penetrations, the neighboring structure will have to exhibit considerable
"give" or the liner attachment to anchors could be over stressed (Ref erence
Figure 3A.8-8 where a steel anchor is apparently within 3 in, of the
penetration col lar). This will occur because the liner plant cannot buck 19
for short, unsupported spans. At what location in the structure will this
situation be the worst and what are the shearing forces and displacements at
the studs?

Besconse '

,

1 8

Figure 3A.8-8 incorrectly depicted a stud a'r.chor within 3 in. of the pipe
genetration col lar. Figure 3A.8-8 has been revised to reflect the
configuration used in the analysis and specified for the CRBRP cell liner
anchorage.

The liner stud anchor nearest to the penetration collar and/or embedment plate
is locaied a minimum of 10 Inches f rom the interf ace of the liner and the
penetration /embedment.

,

i
The worst location f or studs and plate is in the vicinity of "hard" spots 'such

as embedments or peneffations. This has been covered in the reply to
questions 220.36(d) and 220.40(a) which discuss the anchor and Iiner sheari

f orces and displ acements, i

*/

' 1

!

l
!
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Ouestion CS 220.36 (d) ( Accendix 3.8-B)

At the top of page 3A.8-6 an analysis is described in which the panel corners
at the stud anchors are assumed to be rigidly supported. This requires no
unbal anced l ateral forces on the anchors. If all panel sections buckle in the
same direction this assumption is good. However, especially in the case of
flat iIner plates, the most probable buckling pattern may involve a shape
where adjacent panels alternately buckle in and out. Has this case been
analyzed and are the resulting shear loads in the panel at anchor attachment
points acceptable 7

Resoonse

Analyses in which liner plates buckled in and out were perf ormed. Figures
220.36(d)-1 end 220.36(d)-2 show two of the cases, which are in the vicinity
of a penetration and an embedment respectively. The |Iner criteria is defined
in terms of allowable equivalent von Mises strains and the calculated values
(shown in Figures Q220.36(d)-1 through 4) are within the allowable limits.
The principal shear stresses in the plate and in the stud were calculated and
are wel l below one hal f of the ultimate strength of the material.

To prevent Iiner tear by the stud, the ratio of stud diameter over plate
thickness (d/t) was limited conservatively to a value of 2.0. This is based
on Ref erence QCS 220.36(d)-1 which reports the results of testing of plate
stud systans. Ref erence QCS 220.36(d)-1 reports that plate f alIure occurs at
a plate thickness to stud dianeter ratio (d/t) of 2.7 or greater.

O
Reference ! ,

Q220.36( d )-1 G. G. Gebl o, " Shear Strength of Thin Fl ange Composite
Specimens," AISC Engineering Journal, April 1968

O
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ULTIMATE STRENGTH AND STRESS AT TEMPERATURE

q Principal Shear Stress in Stud (Ksi)=
s

9 Principal Shear Stress in Liner (Ksi); Maximum at a Stud Location=
p
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ULTIMATE STRENGTil AND STRESS AT TEMPERATURE

P r i nc i p.il Shear in Stud (K ni)g =
g

P ri n ci ped Shear in Liner (K si ) ; Maximum at a Stud Location4 =
p
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Ouestion CS 220.36 fe) (Acce-lix 3.8-B)

In all analyses presented, uniform tmperature distributions over the liners
are assumed. Are these areas where this assumption is not valid? If so, are
the stresses generated acceptable? Unequal thermal expansion on either side
of a stud could generate considerable lateral force on the stud.

Resoonse

The liner system has been analyzed assuming a uniform temperature
distribution. Localized hot spots resulting from sodium jets or localized
sodium spills and the boundary between the wetted and non-wetted areas of the
walls will be subjected to non-uniform temperatures. These events could
generate lateral forces on the anchors, when the hot plate tends to expand.
However, the liner plate in the colder areas provides restraint to thermal
growth and will limit the possible lateral displacements of the anchors. The
response to Question CS 220.36(d) describes conditions in the vicinity of
"hard" spots (penetration or embedment) where the thermal expansion of a
thicker plate imposes lateral displacements to the liner studs and shows that
the studs and liner are capable to withstand those conditions. A hot spot
presents a similar situation, but the colder liner plate around the hot spot
will provide more restraint than the hot plate around the "hard" spot.

Theref ore the stress / strain conditions of the stud and liner will be less
severe.

O
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Ouestion CS 220.36 ( f) (Accendix 3.8-B)

When the |Iner buckles and bears against the insulation concrete, considerable
tensile loads are generated in the studs. If the studs don't give, the liner

could f all in a shearing mode at the stud connection. Has this possibility

been evaluated? If so, what are the results?

Resoonse

The response to this question is included in the response to Question CS
220.40(a).

O
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|
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Ouestion CS 220.37 (a) (CRBRP-3. Vol . 2)

Table 3-14 gives results f or a submerged liner without creep. The applicant
should quantify how much actual strains are reduced when creep is taken lato
account. Does the applicant really mean creep, or is stress relaxation a more
appropriate term? Under conditions of creep, will the ultimate strain
capability of the Iiner matertal change signifIcantly?

Resoonse

The term " creep" was used in Table 3-14 to ref er to the " time ef fects" on the
load deformation characteristics of the material, it is agreed that the term
" stress relaxation" would have been more appropriate for a liner subjected to
temperature effects.

An analysis that included the " time of fect" on the load deformation
characteristics was done using a model of a restrained panel anchored to the
concrete with a stud. This analysis was done for qualitative rather than
quanti rative purposes and indicated a general rellef of stresses and strains.
The analysis was carried only up to 16000F and a total time of 12 hours,
however, due to the qualitative nature of the analysis certeln simplifications
were made in assessing the time of fects. Thus, instead of applying the time
of fect continuously it was lumped at certain selected levels of tenperature.
The results indicated that above T = 12000F there was suf ficient relaxation to
prevent f urther plastic def ormations.

The time ef fects on the load deformation characteristics result in relaxation
of stresses and strains will have no significant ef fect on the ultimate strain
capabil Ity of the material.

'

.

3
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Question CS 220.37 (b) (CPBRP-3. Vol. 2)

In Section C.3.4.4, the applicant proposes to use " von Mises of fective strain"
f cr the l iner f ail ure criterion. Keeping in mind that the strain is not
necessarily linearly related to stress beyond yloid, a rigorous definition of
what "vcn Mises strain" means beyond the yleid point is needed.

Ultimate strength is often used to predict failure when the facture mode is
known to be simple cohesive f ail ure. For general ductil e f racture, especial ly
when shear f racture is a strong possibil ity, maximum shear stress is a
pref erred f ailure criterion. The liner can be expected to develop
considerable shear stresses, especially near the anchor studs.

Considering the above comments, what is the justi f ication f or using " von Mises
strain" as the failure criterion? Should maximum shear stresses also be
consi dered?

Response

The relations that describe elastic plastic behavior, based on the
Prandtl-Reuss flow rule, are expressed in tenns of an equivalent or of fective

QCS220.37f6)and an equivalent or ef fective plastic strain incranent deThe expression for the equivalent stress has the same form
stress, 6 o (Ref.

-1).
as the von Mises yield criterion, Ct., so that just as yleiding begins the two
are (qual . An expression for the equivalent or of fective strain 4 also has
the same form as the strain E,, corresponding to the von Mises yield criterion
6.. Beyond yield the relationship between the ef fective stress and the
equivalent or of fective strain is taken f rom the unlaxial tensile stress
strain curve as explained in Ref. Q220.37(b)-1.

Since the expression for the equivalent or ef fective strain has the same form
as the strain corresponding to the von Mises yield stress criterion the tenn
generalized von Mises strain and equivalent or of fective strain or simply
generalized strain have been used in CRBRP documents interchangeably. The
of fective stress and of fective strain are defined by the foilowing equations:

6 = k [(0~ ,yj F (6i, - C,[ t (ry, -rE[] D

% = k ~p, s.Y v(F, E,YsLE,-2.)'[
Where:

q g g are the principal stresses
are the total principal strainsE,/h,Ey

O
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it should be pointed out that Section Ill, Division 1 of the ASE B&PV Code
accepts the yield criterion and associated flow rule based on the energy of
distortion method (von Mises), for plastic analysis of nuclear power plant
components (Appendix F, Section F-1321.1.c).

The above subject is also discussed in Appendix 3.8-B, Attachment D of the
PSAR (page 3.8-B.18), which Justifies the ute of von Mises strain as the
failure criterion.

The 3/8" carbon steel |Iner plate used in CRBRP is a very fIexible structural
element particularly at elevated temperatures where there is a significant
reduction of the sti f f ness. Due 1o Its fIextbility the iIner can undergo
large deformations without rupture and its behavior is similar to that of a
f lexibl e membrane. Thus, shear forces f rom the stud anchor are resisted
primarily by membrane forces that develop as the ilner stretches to large
deformations. For this reason shear fracture is not considered a possibility.
Further discussion on this subject is provided in the response to question
220.36.

Reference
,

QCS 220.37(b)-1 Mendel son, A. Plasticity: Theory and Aeolication. The

MacMil lan Company, New York,1968.
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Ouestion CS 220.38

During the TbOW accident scenario several modes of f ailure for concrete
internal structures are considered. One of these is termed "section f ailure"
and occurs when the mment capacity of a section is exceeded (for example, the
f loor of a pipeway cel 1) . This f allure mode involves large displacements
(rotations) and theref ore could result in f alIing the celi IIner allowing
additional sodium-concrete interaction.

The applicant has provided information showing that such section f ailure do
not occur before ThBW requirments are met. Additional details should be
provided to show how close these internal structures come to f ailure as the
ThBW scenario progresses. Rates at which f ailure is approached and times
that f ailure is expected should also be provided. This should be done for all
critical sections. This is particularly important because no f actor of saf ety
is applied to the section f ailure capacities.

Resoonse

Critical sections in the RW structures have been or are being evaluated for
rates of f ailure progression and expected f ailure times.

In accordance with the ThBW scenario described in CRBRP 3, Vol. 2 the Reactor
Cavity and the three Pipeway Cells are the only cells in the Reactor
Conte.inment Building that would be exposed to sodium. The base case scenario

, i considers f ailure of the liner to occur at certain times and these f ailure
V times estabiIsh the minimum structural integrity requirements for the iIner

cy stm. Since the |Iner system is anchored to concrete structures, failure of
these structures (sectional capacity exceeded) is considered,, conservatively,
to imply potential liner f ailure so that the minimum times for structural
integrity requirements for the liner apply also to the supporting concrete.

The reactor cavity and the pipeway celi structures were evaluated and found to
meet the scenario requirments with substantial margin in most cases. A plot
of the time variation of thermal moment and moment capacity is given in Figure
Q220.38-1 for the upper portion of the reactor cavity wal I. This plot
provides information on how the thermal moment approaches the mment capacity
for this particular section of the structure. Although the margin may not
necessarily be as high for other parts of the celis in question the plot
demonstrates that the capacity is not approached asymptotically in the time
f ree in question and the eval uations that demonstrate Integrity,. at itie
required times, provide suf ficient assurance that scenario requirements are
met.

(D
%..)

QCS 220.38-1 Amend. 70
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The question makes speci f ic ref erence to the pipeway cel l floor and f or th is
reason a brief discussion is given for this structure. The pi peway f loor
consist of two layers of concrete; a bottan layer which is anchored to the
reactor cavity and the surrounding vertical walls, and a top layer which is
free to expand. Th floor liner is anchored to the top layer and f or this
reason its integrity is not af fected by the deformations of the botton
concrete Iayer as Iong as there is no colIapse. In any case, Iiner integrity

is required for only 30 hours and the capacity of the bottom concrete layer is
not exceeded bef ore the boil dry time (132 hours), so there is substantial
margin.

.
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Question CS 220.39

information detailing the current version of the MPHI computer code must be
provided along with benchmark information for validation of the code and its
use in this particular application.

Resoonse

MPHI is a computer progrm that calculates moment-curvature (M-9)
relationships f or reinforced concrete sections under thermal gradients, and
with an axial force P. The axial force P may be zero. The progra has
capabilities to account for non-linear material properties, variation of
material properties with tenperature, non-linear thermal gradients, tensile
cracking, and compressive crushing. The l+-1 relationship provides Information
on the capacity of a section under a temperature gradient. The mcrnent
corresponding io zero curvature is also of Interest because it represents the
thermal moment for a section restrained against rotation.

For a given axial force P and temperature distribution, the moment-curvature
relationship is determined using a numerical procedure that involves the
folIowing:

1. The section under consideration (Figure Q220.39-1) is divided into a
number of elements by nodal points. The thermal strain de is calculated
at each node, I, as:

(@ i = (T1 - Tref) 6 (T-)
where

T is the nodal temperatureg

T is the reference temperatureref ,

@(T ) at T,
is the average coeffIclent of thermal expansion

2. A plane section is passed at a curvature (with strains &and 6 at the3
two edges of the section. At node i the strain E, Is:

(= bi 66" '
t-

where
H is the total depth of the section

j

h i is the coordinate of node I ;

The mechanical strain at node I is:e

(f'>)i = 6 7(fc)i
V

end 7
QCS 220.39-1
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3. Stresses, CIi, are calculated at each node based on (4) I and a
stress-strain relationship which is defined in the input of the probicrn.
Element forces are calculated based on the average of the stresses in the
two nodes def Ining the element.

4 The axial force, P', and the moment, M, are calculated by summation of the
elmont forces and their mctnents about the controidal axis.

5. The value of P' is compared with the force under consideration (P), and if
dif ferent the plane section is moved to a new position maintaining the
same curvature # and the process is repeated until convergence.

6. A new curvature is selected and steps 2 to 5 are repeated.

7. In this manner a [ versus M relationship is developed f or a given P.

The progran has options to develop the moment-curvature relationship f or the
folicwing axial force, P, or restraint conditions.

a. Axlal force speci f led in the input.

b. No axial restraint (P = 0, displ. / 0)

c. FulI axial restraint (P / 0, displ. = 0)

The last two options are special cases of the f Irst and provide the capabliIty
to develop manent curvature relationships f or two extrcrne cases of axial
restraint. The f irst option may be used f or speci f ic axial force val ues.

Tensile cracking of the concrete is accounted f or autcznatically by the imput cr_t
relations. Compressive crushing of a concrete element is assumed to occur in
the part of the section where the strains exceed a limiting value which is
input to the progran. Degradation of a concrete elonent is assumed to occur
in the part of the section where the tcrnperature of the element exceeds a
l imiting val ue speci f ied in the progran. The part of the section where the
strain or the tcrnperature exceeds the |Imiting value is autanatically renoved
f rom the section.

Availability

The MPHI progran was developed by Burns and Roe and is available as a Burns
and Roe in-house progran in the Burns and Roe computer and in time sharing CDC
computers.

Verification

The progran was verified by hand calculations. For this purpose a reinforced
concrete section was considered under a tcrnperature distribution and was

O
Amend. 70
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divided into elements (Figure Q220.39-2). Material properties, for the
purpose of this calculation, were assumed to be those shown in Figures
Q220.39-3 to Q220.39-5. The M-/ relationship was developed for the case of
f ull axial restraint and then, selected points on the relationship were
calculated by hand. The moment curvature points obtained by hand calculations
are in complete agreement as shown in Table Q220.39-1. It should be pointed

out that in addition to the values in Table Q220.39-1 the hand calculations
provided a detailed check f or the intermediate steps of the computer program
such as strains and stresses to ensure that there are no errors that might
af fect the results under a dif ferent set of variables.

Further verification of the progran was performed using the computer program
ANSYS (Ref erence Q220.39-1) . Limited analysis by ANSYS provided information
f or the moment corresponding to zero curvature (thermal moment) f or the
section in Figure Q220.39-2 under f ulI axial and no axial restraint. The
model is shown in Figure Q220.39-6 and the properties in Figures Q220.39-3 +o
Q220.39-5. A comparison of the MPHI and ANSYS results is given in Table
Q220.39-2.

ArolIcation

MPHI is used to calculate the moment-curvature relationship of reinforced
concrete sections under tanperature distribution and axial force. The moment
capacity may be obtained f rom the M-p relationship. In addition the thermal
moment of a section restrained against rotation may be obtained as that
corresponding to zero curvature. (Figure CSQ220.39-7)

Reference

QCS 220.39-1 Computer Program ANSYS, Revision 3, Swanson Aaalysis Systems,
Inc., Houston FennsyIvania.

v
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TABLE QCS220.39-1 |

MPHI VERIFICATION RESULTS

------ --

Curvature Co. puter Resul ts Hand Calculations
_----

1/ i n. Force bbment Force Pbment
lbs lbs-in Ibs Ibs-in

0 -53,725 -27,327 -53,725 -27,327

+.00002 -53,892 +27,268 -53,892 +27,268

.00002 -52,879 -76,738 -52,879 -76,738

_ _ _ -- ----

Manent is positive when it creates tension on top (Node No.1).
Negative axial force causes compression on the section.

O
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|
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TABLE QCS220.39-2;

COWARISON OF RESULTS FROM MPHI AND ANSYS |

; MPHI RESULTS ANSYS RESULTS
j CASE FORCE MDENT FORCE MOENT ,

i KIPS k-in KIPS k-in |
,

Cur,vature
i

@=0
I i
1 Ful| Axlal
! Restraint -53.7 -27 -53.2 -31 i

1

:

; No Axial |
j Restralnt 0 -193 0 -188 :
i t

i '

i
i

:
i
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!

;

i
i
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Ouestion CS 220.40 (a)

The applicant needs to determine the most Iikely buckling mode for the celi
liner, if the shear symmetric mode is expected, local stresses near stud
anchors must be evaluated to determine shear stress state and provided in the
PSAR.

Resoonse

The col | Iiner analysis performed indicate that the most Iikely buckling
pattern for the cell liner is that of alternate panels buckling in and out in
a checkerboard pattern. This is discussed in the reply to Question CS
220.36(d). The reply to this question also describes the criteria adopted to
prevent plate / stud tear out falIures.

A case of symmetric buckiing, where the iIner bears against the concrete and
imposes a large tensile load on the stud anchor, has been examined. See
Figures QCS220.40(a)-1 and QCS220.40(a)-2. As a result of large deformations
associated with the plastic yielding of the liner plate and stud, membrane
compression develops in the Iiner in equilibrium with the stud tension.
Consequently, no significant shear stresses can be developed in the liner.
Strain levels in the liner and stud under this mode are within the acceptable
Iimits.

In a f urther eval uation of shear ef fects, it was assumed that there is no
(~T membrane action and that punching shear develops in the plate. The shear'

<

\g stresses were calculated based on the ultimate strength capacity of the stud.
The shear stresses in the plate were determined to be respectively 35% and 48% .
of the ultimate tensile strength of the plate for 1/2 inch and 3/4 inch
diameter studs.
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-g Ouestion CS 220.40 (b)
d

Evaluate the of fect of pre-existing cracks and of cracks generated during the
lif e of the plant; discuss possible propagation of these cracks in the liner.

Response

The cyclic loading on the cell liner is such that in accordance with ASNE B&PY
code Section 111, Division 1, Section NE-3222.4 a f atigue analysis is not
req ui red. Theref ore, it is not expected that existing flaws, if any, will
propagate in the cell liner.

Additional ly, the potential for cell liner brittle . fracture dure to radiation

has been investigated in accordance with the methods =and limits established by
USNRC Regula+ory Guide 1.99 "Ef fects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials". In the worst case exposure
condition, at the reactor cavity beltline, the resultant maximum adjustment in
the Nil-Ductility Transition (NDT) temperature is 100F. This indicates that
the cell liner is not af fected by neutron embrittlement.

The cell liner system is designed, fabricated, instal led, and Inspected as an
Engineered Saf ety Feature. The requirements f or the ESF cell liners are
def ined in PSAR Section 3.8-B.

The materials, f abrication, welding and construction NDE requirements
identi f ied in PSAR Appendix 3.8-B, Attachment B, precl ude the incorporation of

('') defects in the cell liner which are capable, of propagation. The acceptance
\m,) standards f or cell liners have been extracted from ASNE B&PV Code Section lil,

Division 2. }|
g .,

The generation of cracks in the cell liner system during the plant lifetime is
prevented by fue design. The strain limitations imposed f or DBA conditions
precl ude plastic Instabil Ity. ,',

The propagation of cracks in the cell liner is prevented f rom impacting the
response of the cell liner under DBA sodium spills by both scheduled and
unscheduled inservice inspection requirements which are identified in PSAR
Appendix 3.8-B, Attachment E. The scheduled inservice inspection program
assures the continued Integrity of the overall cell liner. Unscheduled
inservice inspection is regulfed in the event of a cell liner repair, small ,

sodium spill, any Indication 'of corrosion in excess of design limits, any ^a
thermal cycling in excess of the duty cycle or Indications of excessive oxygen
in-leakage.

i.

.
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Ouestion CS 220.40 (c)

In addition to the non-uniform tErnperature distribution In | Iner to be
considered (Ref. Question 220.36e) the response to a shal lcw pool spil l ( for
instance localized in a very stif f area such as a corner) should be evaluated.

Resoonse

The response of the celi IIner to a shallow sodium sp!iI, localized in the
region of a cell l iner corner, has been eval uated. An analysis has been
perf ormed using the Wal 1-Floor Liner corner model shown in Figure 3A.8-3. The
analysis assumes the cell liner floor panel, located adjacent to the corner,
to be heated to 10000F while the remainder of the cell liner is maintained at .

700F. The induced strains in the 1Iner are lower than the strains reported in
Section 3A.8.3.3 for the un! formly heated Iiner case.

Actual conditions precl ude such a conf ined hot area since the conductivity of
the plates will result in a rapid redistribution of heat.

O

,

O
Amend. 70

QCS 220.40(c)-1 Aug. 1982
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Ouestion CS 220.41

The portion of containment at celis that experience pressure over 10 psig may
have to be qualified as ASE Section 111, Division 2 concrete pressure vessels
because 1he concrete is relled upon to carry a portion of the pressure load,
unless applicant can justify his position in the PSAR.

Resoonse

The RG lined cells are not a part of the Containment System. As safety
related reinforced concrete structures the cells are designed per ACI 349.
This code includes design requirements for pressure and other loads on safety
related concrete structures. Therefore the ASE Section lil, Division 2 Code,

'
is not applicable in this case.

,

i

O

i

1
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Ouestion CS 220.42

The applicant has performed bounding seismic response calculations by using |
" soft" and " stiff" soll springs. The applicant is required to show that j
intermediate val ues of soli sti f f ness wII I not increase the response Ievel s. |

This could be shown by comparing modal frequencies of major contributing modes
to the response spectrum.

|

Resoonse
i |

The attached Figure QCS 220.42-1 compares the response spectra at the
3

operating f loor for the f ol lowing soll properties:
.

a) upper bound-

l b) average

c) lower bound

l The curve for the avere.ge properties f alls within the band of upper and lower
bound properties f or the entire frequency range under consideration.

Thus, intermediate values of soil stif fness will not increase the response
l evel s.

O
!

r

!

i
;

.

|
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,

!
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Ouestion CS 220.43 (a)

The applicant used a finite element axisymmetric structural computer code to
eval uate containment buckling f rom thermal stresses derived f rom other
ana l y si s. This is probably inappropriate because of the short wave lengths
(local wrirklIng of fects) actually expected f rom thermal stresses in the
shel1. ThIs Iocal buckiIng results must be reconsidered In the applicant's
eval uation of the containment shel l in the PSAR.

Resoonse

Thermal Bucklina for CPBRP Containment Vessel. A linear elastic analysis was
perf ormed to compute the critical buckling temperature using the finite
di f ference computer progran BOSOR 4* (Ref. QCS 220.43(a)-1). This method is
considered appropriate since the short wave length (local wrinkling) ef fects
are accounted f or. BOSOR4 results showed that the thermal buckling is of a
local nature and occurs in the vicinity of Elevation 816".

The mathematical mcdel has a cylindrical shell and a dome. The radius of the
cylindrical shel l is 93' and its' th ickness is 1.5" f rom El . 816 to El . 849'.

The vessel was assumed clamped at Elevation 816 and a uniform, axisymmetrical
temperature rise was assumed. The critical tmperature (Tcrit) was computed
using bif urcation buckling analysis which is treated as an eigenvalue probim
by 80SOR 4. In the bif urcation buckling problem the eigenvalues (h) are

O computed for several circumference wave numbers (n) and the stability equation
V is sol ve,d f or the smal lest eigenval ue. The value of (n) corresponding to the

minimum h is 57, i.e., there are 57 circumferential waves at the buckling
tmperature. ThIs A Is used to calculate the value of Tcrit. The value
obtained is Tcrit = 7080F, based on a reference tm perature of 700F.
Theref ore, the buckl ing temperature is 7780F. In addition to the computer
calculations, a hand calculation was performed using the method of reference
Q220.43(a)-2, which provides a procedure to determine the critical buckling
tmperature for cylindrical shells with various edge conditions.

The hand c 1;ulation gave a value Tcrit = 10460F for a hinged and cylindrical
method of Ref erence QCS220.43(a)-2 gave a higher criticalshel l . o

.e (Tcrit) for a 1-3/4 inch thick cylinder than for 1-1/2 inch.temper: *

Since .L SOR4 results are based upon a 1-1/2" thick vessel, while the revised
th ickness i s 1-3/4", the computed Tcrit is on the conservative side. The
temperature that causes y leid at the bottom of the Containment Vessel is
2700F, which is substantially lower than the buckling temperature.

Based on this, the critical stress for thermal buckiing can be considered to
be yleid stress.

O

Amend. 70
QCS 220.43(a)-1 Aug. 1982
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References:

QCS220.43(a )-1 D. Bushnel1 - Stress, Stabiiity and Vibration of Canplex
Branched Shells of Revolution: Analysis and User's Manual
for BOSOR 4-NASA / Langley Research Center, Hampton, Virginia,
March 1972.

QCS220.43(a)-2 D. J. Johns, " Local Circumferential Buckling of Thin Circular
Cylindrical Shells" NASA TND1510 (1962) .

*See Appendix to this response for detail s on BOSOR4,
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Ouestion CS 220.43(a) - Appendix

BOSOR4 COMPUTER PROGRAM

BOSOR4 is a computer progrm for stress, stabil ity and vibra.tlon analysis of
shells of revolution. The program was developed by D. Bushnell of Lockheed
Missiles and Space Company.

The computer code is based upon the linear, elastic, thin shell theory. The
structure should be axisymmetric. The program can handle various kinds of
wall materials and loadings. Both mechanical and thermal loads are permitted
in the analysis, in cases involving stress analysis of a shell for non-

'

axisymmetric loading, the program finds the Fourier series for the loads,
calculates the shell response in each harrnonic to the load components with
that harmonic, and superimposes the results f or al l harmonics.

The progrm has an option by which the stability analysis of a shell can be
treated as a bif urcation buckling probim and mathematically it is treaied as
an eigenvalue problem. The program also handles shell vibration as an
eigenvalue problem and f inds mode shapes and f requencies.

BOSOR4 uses a finite-dif ference scheme as a numerical technique in the
solution of shelI probiems.

A
' U

!

L
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() Question CS 220.43 (b)

The applicant must consider the torospherical wrinkling caused by internal
pressure in their containment evaluation in the PSAR.

Resoonse

in some torospherical shells under Internal pressure, compressive membrane
stressas are developed; however, for the particular conf iguration of the CRBRP
containment there are no such compressive stresses as shown in Table
Q220.43(b)-1.

The configuration of the steel containment vessel dome is shown in Figure
Q220.43(b)-1. It consists of a 1.25" thick ellipsoidal knuckle and 1-3/16"
thick spherical cap. The specif ied steel is SA516 Grade 70. The design
internal pressure is 10 psig,

o

1 Membrane forces N and N are shown in Figure Q220.43(b)-2 and

Tabl e Q220.43(b)-1.

Ng = Pkridional membrane f orce in I bs/in.
<

Ng = Hoop membrane f orce in Ibs/In.
i (''N(,) Sign Convention: Positive sign is tension, Negative is compression

The membrane forces clearly Indicate that the dome is subjected to tensile
stresses only under the internal pressure. Hence, stabil ity of the dome is
not a concern under 1he internal pressure and torospherical wrinkling will not,

occur.

|

|

|
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O
TABLE 0220.43(b)-1

MEMBRANE FORCES IN DOME DUE TO 10 PSIG INTERNAL PRESSURE

OSE%
0LUMN 1 2 3 4 5

OEAD LOAD EXT. PRESS. INT. PRESS. SUM OF DEAD SUM OF DEAD

+ SCAF. CLIPS .5 PSI 10 PSI LOAD + EXT PRESS. LOAD + INT. PRESS
g

LBS/IN. LBS/IN. L85./IN. COL 1&2 LBS/IN. COL l&3 LBS/IN.

N9 NO N9 NO M9 NO M9 NO M9 NG

90 -335 269 -279 -270 5584 5407 -614 -1 5249 5676

92.5 -324 469 -279. -127 5586 2544 -603 342 5262 3013

95 -316 532 -280 -62 5592 1235 -596 470 5276 1767

97.5 -3'7 507 -280 -55 5604 1105 -587 452 5297 16120

100 -299 463 -281 -65 5621 1290 -580 398 5322 1753

102.5 -293 423 -282 -73 5642 1450 -575 350 5349 1873

105 -286 389 -283 -78 5667 1563 -569 311 5381 1952

110 -275 326 -287 -90 5732 1798 -562 236 5457 2124

115 -266 261 -291 -105 5815 2092 -557 156 5549 2353

120 -258 196 -296 -118 5918 2361 -554 78 5660 2557

125 -252 253 -301 -225 6020 4496 -553 28 5768 4749

130 -261 -22 -302 -304 6035 6078 -563 -326 5774 6056

135 -251 -52 -302 -302 6034 6033 -553 -354 5783 5981

140 -242 -85 -302 -302 6034 6034 -544 -387 5792 5949

150 -227 -139 -302 -302 6034 6034 -529 -44R 5807 5895

160 -223 -184 -302 -302 6034 6034 -525 -486 5811 5850

170 -205 -195 -302 -302 6034 6035 -507 -497 5829 5840

201 -302 -302 6032 6037 -505 -503 5829 5836175 -203 -

.

NOTES: 1. Column 3 shows the distribution of membrane forces (Nd, N9) due to
internal pressure in the dome.

2. d is defined on Figure Q220.43(b)-2

Q220.43(b)-4 Amend. 70
Aug. 1982
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Question C3 220.43 (c)
,

'

The applicant has not evaluated buckling of large openings and buckling near
local penetrations in the PSAR. We require this analysis be included.

Resoonse
.

Buckling has been considered at large openings and near penetrations.

All penetrations are f ul ly reinforced in accordance with ASE Code rules,
theref ore the buckling strength of the vessel will not be reduced by these
penetrations. Of the two major penetrations above the operating floor, the
equipment hatch was not only reinforced in accordance with the code but
buckling is prevented by a stif fening f rame provided around the opening as
shown in Figure QCS 220.43(c)-1.

The other major penetration is the Equipment / Personnel Airlock and the
stresses around the opening will be checked against the buckling allowable.

'

O

!

; o 1
i Amend. 70

Aug. B82
QCS 220.43(c)-1
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h(j\ Ouestion CS 220.43 (d)

Provide a discussion on your analysis of the containment buckling in the
region adjacent to polar crane support.

Resoonse

The polar crane support consists of two ring stif feners and 60 equally spaced
vertical radial stif feners or gussets as shown in Figures 1 Q220.43(d)-1 and
Q220.43 ( d )-2.

The stresses on the shell including those f rom the Containment Vessel itsel f
and those due to the polar crane reactions. The polar crane reactions were
provided by the crane manuf acturer and were applied as concentrated loads by
means of Fourier Series on the sheli using the Kalnin's progrm.

Buckling was checked in accordance with the buckling criteria given in PSAR
Appendix 3.8-A.

The ring stif feners were checked in accordance with new Section 7 of Appendix
3.8-A.

The vertical stif feners (gussets) were checked as column sections per the AISC
code.

O The critical buckling stresses of the shell plates between the ring stif feners
and vertical gusset plates were calculated using the equations presented in
Sections 3.2.a, .5.2.b, 3.2.c and 3.2.d of the PSAR Appendix 3.8-A, for axial
compression, circumferential compression, torsion and bending respectively.
The critical buckling stress for transverse shear was made equal to 1.25 the
critical shear stress f or torsion per Section 6.0 of the PSAR Appendix 3.8A.

Saf ety f actors of 1.33 for ihe CBE and 1.11 for the SSE were used in
accordance with Table 3.8-A-2 of the PSAR Appendix 3.8A.

Based on the calculated shell stresses, critical buckling stresses and safety
f actors, the stability was evaluated through the Interaction equatiot in
revised Section 6.0 of the PSAR Appendix 3.8A and the results were shown to
meet the acceptance criterion.

O
Amend. 70

QCS 220.43(d)-1 Aug. 1982
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Ouestion CS770.44

We require additional detail for the reactor vessel support ring before
eval uating that structure. In particular, the means f or transf erring load
f rom the ring to primary concrete structure needs to be provided. The
applicant should also provide their analysis of this load transfer path and
the predicted saf ety margin.

Resoonse:

Additional detail s f or the Reactor Vessel Support Ring are provided in
response to Question CS220.34(a).

The Reactor Vessel Support Ledge (RVSL) is a steel structure supported by, and
embedded in, the Reactor Cavity as shown in PSAR Figure 3.8-9.

A syste of horizontal ring plates, radial brackets and stif feners, and
vertical cyIIndrIcal panels welded together, comprise the Reactor Vessal
Ledge.

The two upper ring plates, at Elevation 800'-7-1/4" and at Elevation
795 '- 1 -1/ 4", receive the loads directly from the Reactor Vessel Support
Sy stm.

The upper support ring plate receives the downward load by bearing. The lower
support ring plate takes the upward loads through hold down bolts. (The
holddown bolts transf er the upward load to the lower support ring plate).

~

The base plate (El. 780 '-7-1/4" ) is embedded in concrete and is also anchored
in the concrete by anchor bolts.

The exterior cylinder (R=20'), together with the radial brackets and
stif feners, transf er the vertical loads f rom the support plates to the base
pl ate. The Two inner cyl inders (at R=12'-0-1/2" and at R=13'-11-1/2")
transfer loads and contribute to stif fen the Intersecting plates by forming
box sections.

The radial brackets continue outwards (beyond the exterior cylinder at R=20')
to constitute the radial stif feners. These radial stif feners are embedded in
the cavity concrete and act as shear keys for horizontal loads.

Thus the vertical loads, upward and downward, are first taken by the upper and
lower plates respectively. These are then transferred to the base plate by
(1) the radial plates and (2) the exterior vertical cylinder. The downward
vertical loads are transferred to the concrete by the base plate by bearing.
The upward vertical loads are transferred by tension in the base plate anchor
bolts and shear in the concrete above the base plate.
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The horizontal loads (seismic) are transf erred through the upper horizontal
,
' plates, and the radial brackets to the stif fener plates embedded in the

concrete acting as shear keys. The load i s transf erred to the concrete by
bearing against the stiffener plates.

,

! The 1/2 inch radial gap between the exterior cylinder and the concrete, allows
l f or f ree therrr.al expansion of the ledge under W A conditions.

! The most severe loading on the ledge is the SEW load. (see Response to
Question CS220.34(b)). Project assessments show that the support rings can
accommodate the f ul l SWOB load.
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Ouestion CS 220.45

From your presentation on seismic analysis it appears that in your
mathematical model, you used the 2-D finite element analysis to derive the
spring constants for soll and used damping values on the basis of hal f space
theory. The staf f has reservations in such an analysis approach and your
justification for such an approach is requested.

Resoonse

The use of bal f-space theory is an accepted method to determine spring and
damping constants f or soil-structure interaction. If, instead of using the
theoretical equations, the hal f-space is represented by finite elements, the
calculated spring constants will be the same (or close) as the theoretical
val ues. Since the material under the CRBRP foundation mat is not strictly a
hal f-space because of the inclined layers of sil tstone and limestone, a static
finite element approach was used. The purpose was to define an equivalent
half-space. The rock under the foundation is not considered suf ficiently
rigid to jusf Ify a f Ixed base analysis.

Although a two.-dimensional finite element analysis was used, a correction
f actor for three-dimensional of fects was introduced as indicated in Section
3.7.1.6 of the PSAR (Page 3.7-3b).

The spring constants calcuiated in this manner were compared wIth the values
calculated using the hal f-space equations (using siltstone as uniform material

f under the foundation) and the agreemer.t between the two sets of values was
satisfactory.

The damping values f or the soil-structure Interaction were calculated with the
theoretical hal f-space equations. This was f urther justified by the
satisf actory agreement between the f inite element calcuiated springs and
hai f-space equations,

in addition, the analyses were perf ormed f or upper bound, lower bound and
average rock properties and the results for the three cases were enveloped.
This would account for any uncertainties in properties and methods cf
calculations.
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O
Ouest Ion CS 281.6

In the CRBR primary end Intermediate sodium piping system, Fe Cr and N:1 are
dissolved from the high temperature regions and deposited in the lower
temperature regions because of super-saturation. Included in this process of
mass transfer is the formation and decomposition of various transition metal
and sodium double oxides. Deposition of these mass transfer and corrosion
products may cause flow restrictions and loss of heat transport ef ficiency of
heat exchangers. Describe the criteria and bases in your analyses of mass
transf er and deposition of corrosion products in the CRBR primary and lHX
sodium systems to assure necessary system flow and heat transf er. Include the
Instrumentation and detection system which will alarm when these limits are
exceeded.

EcspDnnel

Er_imar_y Sodium Piping lyMem

The IHX is designed with an effective tube length of 24.21 feet which is 5.12
ft or 33% greater than required for nominal operation. Included in the 33%
excess alIowance is a 9% factor for heat transfer degradation due to the
deposition of mass transfer products on the primary side of the unit.

( Corrosion products go into solution in the core region of the reactor either
b by direct dissolution or by the formation of soluble oxide complexes. As the

coolant flows through the cooler regions of the system it becomes super-
saturated with respect to these corrosion products and they precipitate out.
Precipitation is expected to occur in the IHX. The deposits will result in
some degradation of the overall heat transfer coefficient. This potential
problem was recognized in the early 70's and work was performed to determine
the magnitude of this effect A summary of this work is given below.

Two tube-in-shell heat exchangers were available from an ongoing corrosion
program. The fIrst had operated in an alI stainless steel system with a hot.
leg temperature of 1325 F for 0.84 years. The second operated in a Type
304ss/incoloy 800 system for 1.5 years with a hot leg temperature of 1100 and
a high, (28 ppm by amalgamation) oxygen level. Heat transfer measurements
were made on these heat exchangers and compared with similar measurements on
new heat exchangers of Identical design. The percentage change in heat
transfer cooffIclent was determined for each set of readings.
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The exposure conditions experienced by the heat exchangers were excessive in
that the first one operated with a high maximum hot leg temperature (1325 F)
and the second with a high oxygen level. Equivalent operating times at
reactor operating conditions (1100 F mean T ) were calculated at 5.3 years
and 11.4 years. It was judged that the dep$$ft thicknesses reached
equilibrium. Additional increases in thickness are prevented by flow induced
shearing of the friable deposits.

-5
The gverage deposit heat transfer resistance was calcuIated as 8.4 x 10
h-ft F/ BTU.2 The overall heat transfer coefficient of the IHX design was

I1190 BTU /h-ft F. Adding the deposit resistance gives a calculated
degradation of 9%. This 9% value was used for the FFTF lHX design and in the
CRBRP design.

The effect of corrosion products on pressure drop and flow blockage is not
addressed in section 5.3 of the PSAR. Flow blockage is addressed in section
15.4.1.3. Flow blockage in the Core Assembly in 15.4.1.3.1. ' Prevention and
Detection' C, (Corrosion Products).

Deposition induced pressure drop in the IHX is not considered to be a factor
because of the large flow cross sections on the shell side.

The effects of corrosion product deposition in the PHTS will result in a very
gradual change, if any, in system performance. The PHTS performance is
continuously monitored and critical performance parameters are calculated by
the plant computer from temperature, flow rate and pressure drop sensors in
the PHTS system.

Monitoring sensors in each loop include resistance temperature detectors at
the inlet and outlet of the IHX, pressure sensors in the hot and cold legs,
and a fIow meter.

The performance evaluation for the PHTS is identified in the system procedures
and includes: 1) IHX Thermal Performance - calculation of overall U value, 2)
Total Loop Pressure Drop, 3) IHX Primary Side Pressure Drop, and 4) Reactor
Vessel Pressure Drop.

Intermediate Sodium Ploing System

The intermediate Heat Transport System is designed to operate with the oxygen
content in th sodium controlled to 2.0 PPM maximum to enhance the leak
detection capability in the system. A leak in a water / steam tube of a plant
evaporator or superheater results in an oxygen concentration increase in the
intermediate sodium; thus low oxygen background is maintained for early
detection should such a leak occur.

The 2.0 PPM oxygen level is an order of magnitude lower than that required for
controlling corrosion of the austenitic stainless steel in sodium. Therefore,

the mass transport of corrosion products and the subsequent potential
degradation of heat transfer capacity Is not a concern in thIs system wIth
this sodium coolant chemistry. Furthermore, in the steam generators, which
are in the cooler sodium region of the system and are, therefore, most subject
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to mass transfer deposition, the limiting heat transfer conditions exist on
the steam / water side of the tubes which would not be affected by sodlum
chemistry.

| The intermediate sodium oxygen level is monitored by an on-line plugging
! temperature Indicator and periodic sodium samples are also obtained. See PSAR
' Section 9.8.
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