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Hay 8, 1992
LD-92 064

Docht No. 52-002

Attn Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.0. 20555

Subjects System 80+* Supplements to RAI Responses

References: 1. ABB-CE Letter LD-92-038, Submittal Schedule March 25, 1992
2. ABB-CE Letter 1.0-92-001 Response to RAls, January 14, 1992
3. ABB-CE Letter LD-92-024, Response to RAls February 18, 1992

4. ABB CE Letter LD-92-058, Shutdown Risk. April 30, 1992
5. HRC Letter, Severe Accident Design Features April 9,1992

Dear Sirst

Enclosed with this letter are a series of attachments which providt
information to supplement previous RAI responses. This corresponds to the
commitment in Reference 1 to provide " miscellaneous RAI responses" as they
are completed. '

Attachment 1 provides documentation on the size and type of modeling
elemente used in the analysis of the containment structure.

Attachment 2 contains a commitment to use core conservative radiological
dispersion factors in order to bound ap roximately 907. of sites in the
United States. This information supplemnt > the response to RAI 453.09.

Attachment 3 provides a statement on compliance with Regulatory Guide 1.97
for the Heated Junction Thermocouple probe and the classification of the
probe as listed in Table 3.2-1 of CESSAR-DC.

Attachment 4 provides revisions to Chapter 8 of CESSAR-DC to reflect
changes to the design of the electrical distribution system resulting from

Imeetings with HRC staff, EPRI, and ABB-CE over the past several months.
These revisions replace corresponding information trovided in the responses j
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to RAls submitted in References 2 and 3.

Attachment 5 provides additi nal analyt.ical results for a steam line breako

accident assuming no credit for operation of the turt,ine stop or control
valves. This information supplements the responses to RAls 440.96 and
440.100. This attachment also includes a response to a question on
termination of feodwater during a steam line break.

Attachment 6 provides information on the prevention of steam generator
overfill after a tube rupture event. This information supplements the
responses to RAls 440.109,440.86(c)and440.106(1)(k).

Attachment 7 provides information on the critical heat flux correlation
used for steam line break accidents. This information supplements the
response to RA1 440.97.

Attachment 8 provides information to confirm that for ATWS analysis the
full-power moderator %ature coefficient provides the most adverse
results. This information supplements the response to RAI 440.111.

Attachment 9 provides responses to three questions on the steam generator
tube rupture event and thren other questions that arose during review of
the Chapter 15 safety analysis by the Reactor Systems Branch.

Attachment 10 provides a statement that the technical specifications cannot
include final setpoints until specific equipment is procured.

Attachmeni 11 provides additional information on the sizing of the Rapid
Depressurization valves in the Safety Depressurization System. This
information supplements the response to RAI 440.22.

Attachment 12 provides clarification on the System 80+ Reliability
Assurance Program in response to the NRC discussion paper on this program.

Attachment 13 provides a report describing the application of Protabilistic
Risk Assessment in the System 80+ design process. This fulfills the
commitment made at the April 28 meeting with the PRA Branch and the
commitment in Reference 1 to provide this report by May 31. Also at the
April 28 meeting, the need for a discussion of design features which reduce
shutdown risk was identified. A discussion of those design features is
presented in Section 7 of the Shutdown Risk Report which was submitted via
Reference 4.

Attachment 14 provides a summary of the system 80+ approach to severe
accident prevention and mitigation. While this attachment is not a
complete response to Reference 5, tne information provided here addresses
many of the issues in Reference 5. It is expected that much of the
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i t.< twf. ' b. oils attachment will facilitate the preparation of the draft
f6r ny i 6G ?. ion Report.

% ecnment 15 provides responses to those RAls from Reference 5 which
address the issue of containment bypass. Also, this attachment is related
to item 4 of the NRC's April 30, 1992 letter on additional technical and
policy issues.

Attachment 16 provides soil data analyzed for the System 80+ soil-structure
interaction analysis. Also, included are responses to ten action items
identified at the meeting with the Structural and Geosciences reviewers the
week of April 27, 1992.

Attachment 17 provides responses to several questions asked at the April
22-23 meeting on piping and mechanical design. A diagram showing the
process for developing equipment specifications used for procurement will
be provided in a separate submittal in the near future.

Attachment 18 provides a summary of ABB-CE's program to demonstrate
adequate diversity of the software used in the Huplex 80+ design. A
detailed common modo failure analysis is being performed and, as a result
of this analysis, design changes will be evaluated and implemented if
necessary. This attachment responds to item 1 of the NRC's April 30, 1992
letter on additional technical and policy issues. ABB requests that
results of a detailed common-mode-failure analysis be a fundamental element
in the NRC's policy for determining the adequacy of software diversity and
the need for analog instrumentation and hard wired controls.

If you have any questions, please call me or Mr. Stan Ritterbusch at (203)
285-5206.

Very truly yours,

COMBUSTION ENGINEERING, INC.

) -t ykus<n'

C. B. Brinkman
Acting Director
Nuclear Systems Licensing

CBB/ser
cc: J. Trotter (EPRI)

T. Wambach (NRC)
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Attachment to Letter ALWR-416

The NRC, Mr. Tom Cheng, has questioned the use of the ANSYS finite
element type STIF63 which is used in the System 80+* containment
analysis. Hr. Cheng noted that the plot _of the containment finite ,

'

model hud straight lines between the nodes and called Duke
Engineering e Services ( J.F. Snipes, J.T. Oswald and R.J. Pt rler)
to ask if the elements are plate elements or shell elements. A
plot of the model is included for information.

The ANSYS element type STIF63 is called an elastic quadrilateral
shell element. It is actually a 4 node plate element with 6
degrees of freedom at each node, for a total of 24 degrees of
freedom for each element. The element has both bending and
membrane capabilities. An assemblage of these flat elements can
produce a good approximation to a curved shull element surface
provided that each flat element does not extend over more than a 15
degree arc. (Reference 1, pp. 4.0.22 and .4. 63.2. A copy is
attached.) The System 80+ containment model is generated with
elements -that do not extend beyond a 10 degree arc, with most
elements closer to a 5 degree arc.

Isopar'ametric elements exist such as the ANSYS STIF93 element.
This is an 8 node isoparametric shell element which is better
suited to model shells. This is better suited because the element
has an additional node between the corner nodes. These nodes may
be located out of the plane of the element co rntir nodes. The
element has a total of 48 degrees of freedom. The computer costs
of running an analysis with this elcment is not justified when an
analysis with the STIF63 quadrilateral shell is sufficiently
accurate.

In general, the flat element is simpler to formulate and is a more
cost effective method of analysis due to the fewer number of nodes
and input required. The flet element by itself is limited in its
ability to model shells because membrane and bending actions are '

uncoupled within the single element, simply because it is flat.
The necessary coupling for the entire shell comes about because a
membrane force in one element exerts an element normal force
component on its neighbor. Thus, . apart from requiring many
elements to obtain accuracy, flat elements may dinplay bending
moments where there should be none.

A comparison of results using an 8 node isoparametric shell element
and the ANSYS STIF63 element can be found in the ANSYS Verification
~ Manual. (Reference 2, pp. C3.1-C3.2. A copy is attached.) The 8
node isoparametric solution is from Reference 3, Cook, paces 284-

Both re.sults are from elements which extend over a @idered
grea287.

The stress results varied by only 0.6%. This is consarc.
accurate enough to justify not using the much more costly
isoparametric element for the System 80+ containment analysis.

1

.
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Attachment to Letter ALWR-416
.

References
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2. ANSYS Engineering System Verification Manual, Swanson Analysis
Systems, Inc., Houston, Pennsylvania, Revision 4.4, February,
1990.-
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3. C o o k , -- R . D . , "Concente and Anplications of Nnite Element
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only in t r ansi t ion regions and not where simpler higher-order (Type b) elements will
do. For example, the 4-node STlF42 element is recoernended in place of an equivalent
a-node SilF82 element with all midside nodes removed. floces may also be removed af ter
the element has been generated with the CMODIF command.

j) For a given mesh spacing, less accurate results are usually obtained with a j

1: 2 coarse rmdel of quadratic elements over a nodal equivalent f ine model of linear
(Type b) elemnts, fJote also that a quadratic element has no more integration points
tl.an a 1inear etement.

.<
:

3 4

1
" " 'ir usually less accurate thano"

1 2

- ,

Ouadratic (Type c) Linoar (Typo b)

,) Simple meshes of higher-order elements used with the 2x2 enieg ation point
option (such as STIF82 and 93) tray produce a singatarity due to zerv energy

- def or ma t i on (Ref . 29. Cocke) . .

1) Sever.s!- f eatures of the AN$YS pr ogr am may not be avai f able wi th the quadratic
element t>oes. For example:

1) Only corner nodes are used for section and hidden line displays.

2) tisc a l s; rest da+a for' printout and post processing ar e available only f or the
corner nodes.

3) Integ vtion point stress data for printout and postprocessing are not
*

available for all integration points.
~ = -p -.

- ,

Cur ved v:, flat Elenent s - Anot her ar ee subj ec t to user preference is in the use of
curved and flat elements. Again. each class of element has its advantages and

,
disadvantages. For most pract ical cases, the majority of problems can be solved to a
h'igh degree of accuracy i n a mi ni mum amoun t of compu t e r t ime wi t h f l a t e lemen t s . Care'

must be taken, however, to insure that enough flat elements are used to model the
cur.ed surface adequately. Obviously, the smaller the element. the better the
accuracy. It is recommended that the 3-D f lat shell elements not extend over more
inan'a 15' arc. Conical shell ( a x i synne t r i c l i ne ) elements should be limi ted to a 10' q-

are (er 5' if near the Y axis).
_

--

HIGHER ORDER ELEMENIS ,

I.
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4.G3.2 Output Data

a) Printout - The printout associated with the shell element is surrmarized in-

Table 4.63.2. Several items are iilustrated in Figure 4.63.2. A general description

of element printout is given in Section 4.0.3. Printout includes the moments about
the x face (MX), the moments about the y face (MY). and the twisting moment (MXY).
The moments are calculated per unit length in the element coordinate system. The
element stress directions are parallel to the element coordinate system,

b) Post Data - The post data associated wi th d.e shell element is shown below.
The data are written on File 12 if requested, as der.cribed in Section 4.0.4 TX. TY, l

TXY are the element in-plane forces per unit length (in element coordinates).

1 TX 21-24 SX.SY,SXY,SZ(1)< TOP) 129-131 SIG1,SIG2.SIG3< TOP)

2 TY 25-36 21-24 @ (J-L)< TOP) 1"1-133 S.I. SIGE< TOP)
3 TXY 37-68 21-36 @ <MID,80T) 134-143 129-133 @ <MID. DOT >

4-5 FOUND. PRESS., SPARE 2--------------- ----------- 144-146 xC, YC,2C

G-8 MX,MY,MXY 69-71 SIG1. SIC 2,SIG3(1)< TOP) 147-149 AREA,TTOP,TBOT

1--------------------------- 72-73 S.I..SIGE(1)eTOP) 150-155 PRESS (1-6)
9-12 SX,SY,SXY,SZ< TOP) 74-88 69-73 @ (J-L)< TOP) 3---------------------------

13-20 9-12 @ (MID.00T) 89-128 69-88 @ <MID, BOT)

4.63.3 Theory

The umbrane st if f ness is the same as f or the n embrane shel 6 element ( Sil F 41) ,
including the modified extra shapes. The bending stiffness is formed from the Landing
stif f ness of f our t riangular shc il element s (DKT f ormu t at ion, Ref. 49 (Bator, et al)
and Ref. 59 (Razzaque)). Two triangles have one diagonal of the element as a common
side and two triangles have the other diagonal of the element as a corrmon side. The

stiffness is obtained from the sum of the four stiffnesses divided by two.

4.63.4 Assumptions and Restrictions

Zero area elements are not allowed. This occurs most often whenever the elements
are not numbered properly. Zero thickness elements or elements tapering down to a
zero thickness at any corner are not allowed. The applied transverse thermal gradient
is assumed to be linear through the thickness and uniform over the shell surface.

--
--

- _ _ _ _ __

An assemblage of flat shell elements can produce a good approximat ion to a curved
shell surface provided that each flat element does not extend over more than a 15' "

arc. I f an siast ic f oundat ion st i f f ness it, input, one-fourth of the total is applied
at each node. Shear deflection is not included in this thin-shell element.

- ~ - - - _ _ _ .
.

- ___

A triangular element may be formed by defining duplicate K and L node numbers as
described in Section 4.0.9. The ex t ra shapes are automat ical ly deleted f or t r i angular
elements so that the nembrane stif f ness reduces to a constant strain formulation.

The four nodal points defining the element should lie in an exact ila:
plane; however, a small out-of-plane tolerance is permitted so that the element may

STIF65

. ~ , . - - _ _ _ ._._ _. _ _ __ _ _.- _ . . - ~ - _
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VMC3: Barrt Vault Roof Under Self Weight

Reference: Cook (Ref. 40) pp. 284-287

Analysis Type (s): Static analysis (KA40)

Cement Type (s): Plastic quadrilateral shell elements (STIF43),

Elastic quadrilateral shell elements (STIF63),

8-node isoparametric shell elements (STlF93)

.Tcst Case
A cylindrical shell roof is subjected to gravity loading. The roof is supported by

walls at each end and is free along the sides. Monitor the y displacement and bottom

axial stress (o ) at target point 1, along with the bottom circumferential stress (ce) atz

target point 2 for a series of test cases with increasing mesh refinement using

quadrilateral and triangular element shapes. A companion problem that studies irregular
element 4hapes is VMD2.

Material Properties Geometric Properties
8E = 4.32 x 10 ffm2 L = 50 m

v = 0.0 R = 25 m
3p = 38.7347 kg/m 1 = 0.25 m

0 = 40'
e ~ g = 9.8 m/sec2

2 free I=
L'2~

3h'TP-2
=

sym ,2 9 6,
_

symx 8 %

I [ NL TP-1 3 2
txp -

s
B 5 2N g y"

L/2
s 0 9 -

R =x 4 17
IZ\ g a.7 4

TP-1
Problem Sketch Keypoint and Area Model"x

Loading and Boundary Conditions
At x = 0 SymmetricParameter Definition At z = 0 Symmetric

N -- No. elements along each edge. At x = L/2 UX-UY=ROTZ=0

-
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1
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TP-1 .'-

,

:

,

QuadrWateral Mosh (N = 4) ' Quadtlisteral Mosh (N = 8) ;

;

/N _A !

/ _,\ M,,--=-EN$N l,md\ DT 21W M-vm= - x <x, x,
,

-
.

Triangle Mosh (N - 4) ' Triangle Mesh (N = 8)
'

.

Target solution *
i,

ETYP N= 'DOF W(1),m e,(1), Bottomi kPa e,(2), Bottom kPa
~

>

,

. Ref (40) .8 -3310 .3018 358.42 213.40

Resuns cornpertson - ouadrastoral sements
.

u - - -

_

E'WP N DOF- -

W(1); o, (1), Bottom o, (2), Dottom
43 4 180 1.048 . 941' .964-
43 8 488 1.012 1.001- .909|,_g

83 4 /o' 4 - 150- 1.005 .928 1.017
63 -d # 8 488 .99T $iiS4" .994'

93: 4- J00 1.012 .955 1.030-
!! .

93' '8- .1360 1.002 1.001 1.002
~

, r

L
1.

%YSTEM, 80* MMLY$15 USED MEufE5 Ato coARSEgT'#Ari /O*ngc3.
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Section 2.3.4 of CESSAR-DC and the Chapter 15 safety analysis describe the
dilution factors (X/Q) used in assessing radiological doses resulting from
plant transients. At the Exclusion Area Boundary for the first two hours
of the transient, the dilui >n factor used was 4.97x10-4 sec/m3 (see Table
2.3-1). In RAI 450.09, it was noted that such a dilution factor could
preclude a large number of sites in the United States. In the response.
ABB-CE agreed to revise the dilution factors and the corresponding doses,
but did not provide specific values. The purpose of this transmittal is
to confirm that the 0-2 hour dilution factor will be revised to a value of
1.0x10-3 sec/m3. This value is consistent with a forthcoming revision to
the ALWR Utility Requirements Document and is large enough to envelope
about 90% of the sites in the United States.

While the existing safety analysis in CESSAR-DC meets all dose criteria
using the current methodology (TID-14844 and regulatory guidance),
implementation of a revised source term would be aimed at consistency with
forthcoming changes to NRC regulations and guidance. The-revised doses may '

result in more stringent environmental qualification requirements for
certain systems as well as a larger allowable containment leak rate and
lower doses for the safety analysis. ABB-CE is evaluating whether to
incorporate a revised source term in a revision to the safety analysis in
CESSAR-DC.

,

- , - - , . - , , > , , . - - - - - , e - er--.



.t., a m ~. _ m , ..s .- . u u __ ,-. . .ra.4 . _. , m_.,_u2.m- 4-... .m. +% . 4 e,m. 4 . . = . _ , ,-.

t

!

>

-

>

r

i
+

h

b

>

ATTACHMENT 3

,

,

,

>

'

r

!

I'

:I

[ ..
. ,_. - - _ _ _ - - _ , _ _ _ . . , . __. ..._...._.. .. _ -.. .. _, _. -



- - . -. ..- -. -- .~ . -.. -..__ . -- .

I

m
' '

i(

|
!

1

l

|

6

.

P

-h<
;

o ;

Table 3.2-1 lists the safety, Seismic, and Quality classifications of major
structures, systea:s and components. The Heated Junction Thermocouple Probe:

Assembly is listed on sheet 1 of that table. The prersur_e boundary portion
,

1

of the probe is- $afety Class.1 and the electrical portion is Safety Class !
3 -(Class 1E). ; The. probe is also Seismic' Category- I. and- Quality! Class f1 "

(10CFR50, ~ Appendix 4 B). . The HJTC probe measures reactor vessel . co61 ant--

+-

level .and meets the Regulatory Guide 1.97. (Revision 3) Category I guidance, !
o

as: stated in Table 17.5-3 of CESSAR DC. = ABB-CE believes that > Table 7.5-3
.

provides an. adequate . commitment to the design and qualification of-the HJTC ;
probe and that adding discussion ~ of Regulatory Guide 1.97 (and TMI Item
11.F.2) to Table 3.2-1 is inconsistent with the' intent of Table 3.2-1:and

'

other entries in that table. Table 7.5-3 was previously modified in ABB-CE
letter LD-92-063 (dated Arril 30, 1992) to clarify compliance with Category i

. l' of~ Regulatory Guide:1.97. Included with this attachment ~ is a revision , .

to--footnote 12:of Table 3.2-IL to reference Table 7.5-3 for ' additional 1information. '

!o
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GESSARtu hu..
j for additional information on the Heated Junction Thermocouple probe, seej '

'

|f Table 7.5-3 (footnote 8 and the corresponding entry for reactor vessel!- coolant level).

TABtI_3.F-1 (Cont'd)

(Sheet 16 of 17)

CIASSIFICAi!0N OF
S1HUCTURE E SYSTEMS N COMPONEN15

NOTES: (7) Core support structures are designed to the criterra described
(Cont'd) in S%ction 3.9.5.4.

.

(8) CEA and fuel assemblies are designed to the criteria described
g in Section 4.2.

(9) Reactor coulant pump auxiliary components required for lubrica-
tion and cooling of pump seals and thrust bearings are Quality
Class 2.

(70) Except 1.ifting Frame Assembly, which is NS.

(ll);During normal plant operation only, o 4

(12)' Safety Class 1 for presst.re boundary; S'ifety Class 3 for
. e'iectrical portion of systemj
(13) The piping, valves, and associated supports / restraints of the

Main Feedwater System from (and Scluding) the Main feedwater
Isolation Valves to the steam generator feed nozzles are Safety
Class 2. Seismic Category I, Quality Class 1; the remainder is
ANSI /ASME B31.1.

J14) Non-safety Cooling Headers are Safety Class NNS, Seismic
Category II, and Quality Class 2.

,

-(15) The Normal Chilled Water System serves no safety function.
Portions of-the system which are located in non-safety related
areas are classed as non-seismic.

'(16) Portions of the Fire Protection System piping and valves which
are not in safety-related areas of the plant are designed as I
non-seismic.

--(17) Fuel 011 Recirculation. System and storage tank fill line
strainer are classed as non-nuclear safety, a

-(18) The Starting Air System is Safety Class NNS from the startingm

air compressor through the desiccant drying. towers, and Shfety
!: Class 3 from the starting air receiver tank inlet check valve

to the engine connections.
i

:

Amendment I
December 21, 1990

f ,
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LIST OF TABLES

C11 APTER 8

Table Subject

8.2-1 Failure Modes and Effects Analysis for the offsite
Power System

E

8.2-2 Failure Modes and Effects Analysis for the
Switchyard 125V DC System

E.3.1-1 Failure Modes and F.2focts Analysis for tht2 Onnite
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8.1 IlfritoDUCTION

Y'An offsite power system and an onsite power system are provided
to supply the unit auxiliaries during normal operation and the
Reactor Protection System and Engineered Safety Feature Systems
during abnormal and accident conditions.

8.1.1 OFFSITE POWEll SYSTEM

The typical offsite power transmission system grid may consist of
interconnected hydro plants, fossil-fueled plants, combustion
turbine units, and nuclear plants supplying energy to the service
area at various voltages.

The unit is connected to a switchyard a 4.he y- to the
transmission system via 4m+oparatund-indet mdent transmission E

linep. The generator circuit breaker, al>rg with the unit
step-up transformers, a l lows -one---o f-t-hose linep not only to
supply power to the transmission system during normal operation,
but also to serve as an immediatelyavailable source of preferred
powar. -The bother separate transmission line is connected , y via
the switchyard and a--standbyguxiliary transformers, to provide T
independent second immediate ,pource of offsite power to the
onsite power distribution

systemT^for* M m m,Isafety and permanent
non-safety loads. Two acsavc

To wr pavne swntormo unmkrrJ-
A description of a representative offsite power system is
provided in Section 8.2.

8.1.2 ONSITE POWER SYSTEMS

The onsite power system for the unit, as depicted on Figure.sg .3,, 4 g
s.3.f-l .1 1, c noists of the main generator, the generator circuit I

breaker, unit main transformers, the unit auxiliary transformers,
Ars M vr standly auxiliary transformers the diesel generators, an

alternate AC cource, the batteries, and the auxiliary power
system. Under normal operating conditions, the main generator esupplies power through isolated phase bus and generator circuit
breaker to the unit main step-up and unit auxiliary transformers.
Thc unit auxiliary transformers are connected to the bus between
the generator circuit breaker and the unit main transformers.
During normal operation, station auxiliary power is supplied from
the main generator through these unit auxiliary transformers.
Daring startup and shutdown, the generator circuit breaker is
open, and- station auxiliary power is supplied from the
transmission system through the unit main and unit auxiliary
power transformers.

Amendment I|
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The Class 1E safety loads are divided into two redundant and
independent load group Divisions 1 and II. Each Load Division is
capabic of being supplied power from the following sources,
listed in decreasing order of priority:

A. Unit liain Turbino Cencrator

B. Unit liain Transformers (Offsite Preferred Bus-1)
UsotVC

C. Ctandby Auxiliary Transformer (Offaite Preferred Bus-2)
D. Emergency Diesel Generators

E. Alternate AC Source

If both the offsite power sources and the standby emergency
diesel generators are unavailable, either one of the Divisions
may be powered independently from the Alternate AC (AAC) Source.
The AAC is a lion-Class 1E gas turbine which provides an iindependent and diverse power source. The AAC source in
furnished with a battery and charger to provide power to the I
associated DC loads.

A 125V DC Vital Instrumentation and Control Power System is
available to provido power to the Class IE DC loads and the
diesel generators. Aoditionally, this system provides power to E

Class IE 120V AC loads through inverters.

The unit also has a 125V DC Auxiliary Control Power System and a
250V DC Auxiliary Power System to supply essential 11on-Class IE
DC loads. Additionally, this system also provides power to
11on-Class 1E 208/120V AC loads through inverters.

The onsite power systems are described in detail in Section 8.3.

8.1.3 DESIGN BASES

The design bases for the offsite power system and the onsite
power system are presented below.

A. Offsite Power System

1. Each of the two offsite power circuits has sufficient
capacity, is normally energized, and is available to |3
supply power to the plant safety-related systems within
a few seconds following a loss-of-coolant accident
(LOCA) to assure that core cooling, containment
integrity, and other vital safety functions are E

maintained.

Amendment 1
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the fr.ver repiremNh for si leasf owe erscler- *" A ils 'W or 9- lo. is.coelavf fury ( t o2. The two offsite power circuits the switchyard $
are designed tn be independent and physically separate
to assure tnoir availability under normal and
postulated accident conditions.

B. Onsite Power System
E

1. The Class 1E onsite power systems are located in
Seismic Category I structures to provido protection
from natural phenomena.

2. The redundant Class 1E onsite power system equipments
are located in separate rooms or fire ::ones with
adequate independence to assure that the Plant
Protection System safety functions can be performed
assuming a single failure.

3. Voltage levels at the Class 1E safety-related buses are
optimized for the full load and minimum load conditions
that are expected throughout the anticipated range of
voltage variations of the power source by the
adjustments of the voltage tap settings on the
transformers.

4. The Class 1E onsite power systems have sufficient
capacity to safely shut the unit down and to mitigste
the effects of an accident assuming loss of offsite
power (LOOP).

+-

9 %. The Class 1E onsite power systems are designed to
permit appropriate surveillance, periodic inspections,
and testing of important areas and features to assess
the continuity of the systems and the condition of
their components.

*1
p. The emergency diesel generators are designed to be |1automatically initiated in the event of an accident or

a LOOP.
9

1. The vital batteries have adequate capacity, without
chargers, to provide the necessary DC power to perform E

the required safety functions in the event of a
postulated accident assuming a single failure.

'l g . Each vital battery charger has adequate capacity to
supply its assigned steady-state loads while
simultaneously recharging its associated battery.

ic /. A non-Class IE AAC source is provided to help mitigate
the effects of LOOP and station blackout (SBO)
scenarios.

Amendment I
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|
t |

1(. The power distribution system is designed to maintain
,

independence between the Main Control Room and Remote jShutdown Panel such that a fire in either location will '

not prevent transfer of control to the other location
as deccribed 1. Sectiens 7.4.1.1.10 and 7.7.1.3.

L |

1/. 11on-Class 1E electrical equipment is designed or
located to preclude adverse affects on Class 1E
electrical equipment due to their failure during
normal, accident or post-accident modes of plant
operation. Where there is a risk of adverse impact,
due to post-accident environment or coinnic events, the
lion-Class IE electrical equipment is qualified for
non-interference in accordance with the same
qualification standards as is the class IE equipment.

8.1.4 DESIGN CRIT 13tIA

The design criteria, including the General Design Criteria, 11RC
Regulatory Guides, and IEEE Standards that are considered in the
design of the Class 1E AC and DC Power Systems, are presented and
discussed below.

8.1.4.1 General Design criteria
E

The General Design Criteria of 10 CPR 50, Appendix A are
discussed in Chapter 3. Additionally, compliance with General
Design Criteria 17 and 18 is discussed in Sections 8.2.1.4,
8.3.1.2, and 8.3.2.2.

8.1.4.2 NRC Regulatory Guides

A. Regulatory Guide 1.6

The design of the Class IE onsite power systems, both AC and
DC, meets the intent of Regulatory Guide 1.6 as discussed in
Sections 8.3.1.2.3 and 8.3.2.2.

B. Regulatory Guide 1.9

The selection criteria for the diesel generatcra used as
standby power sources meets the intent of Regulatory Guide
1.9 as discussed in Section 8.3.1.2.4.

C. Regulatory Guide 1.17

The following design features address the intent of
Regulatory Guide 1.17 " Protection of Nuclear Power Plants
Against Industrial Sabotage":

Amendment E
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1. Separate Physical Locations for Equipment -

Redundant divisions and channels of safety-related
electrical sources and power distribution equipment are
located in acparate plant locations.

2. Limited Ability to Change System liardware E
Configurations -

Systems are designed to limit the ability of operating
and maintenance personnel to change ba,1c system
functions (e.g., Key lock administrative c.ontrol with
built-in alarms).

3. On-Line Testing Pnilosophy - 1

Test modes and methods are designed to minimire
disturbing the power distribution system loadu. The
test methods and equiprent are designed to preclude g
loss of independence betwoon redundant electrical
divisions and channels of equipment, such that
tampering with one system will not disable the
redundant system. Testing is assisted through an
application program in the Data Processing System (DPS)
which monitors pro- and post-test conditions and I
verifles that equipment is properly returned to
service.

4. Power Distribution System Status Monitoring -

The status of all safety related power distribution
system equipment is monitored by the success path
monitoring application program in the DPS for alarm and
display in the main control room, such that
unauthorized changes in systems can be detected.

The above features are designed to impede sabotage. See
Section 7.1.2.16 and Chapter 13 (Appendix 13A) for a more
comprehensive discussion on protection against sabotage.

D. Regulatory Cuide 1.22

Periodic testing of the Class 1E power systems meets the E
intent of Regulatory Guide 1.22 as discussed in Sections
8.3.1.1.3.2 and 8.3.2.1.2.2.2.

E. Regulatory Guide 1.26

The quality group classifications of the Class 1E portions
of the Onsite Power systems major equipment are identified
in Section 3.2.2.

Amendment I
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F. Regulatory Guide 1.29 |

Class 1E po'.ver system equipment is clan.cified as Seismic
Category I in accordanco with the intent of Regulatory Guide
1.29. Qualification of Soismic Category I electrical |equirnent is discussed in Section 3.10. '

G. Regulatory Guide 1.30

The quality assurance requirements for the installation,
inspection, and testing of Class lE electrical equipnent are
addressed in the quality assurance program referenced in i
Chapter 17. '

E
H. Regulatory Guide 1.32

The design of the Class 1E onsite power systems, both AC and
DC, meets the intent of the recommendations of Regulat'ory
Guide 1.32 as discussed in Sections 8.3.1.2.5 and 8.3.2.2.1.

I. Regulatory Guide 1.40

The qualification of continuous duty Class 1E motors
installed insise the containment is discussed in Section
3.11.

J. Regulatory Guide 1.41

Preoperational testing to verify the assignment of loads for
the Class 1E power systems complies with the intent of thin
regulatory guide and is included in the tests described in a

,

Chapter 14. j
l

K. Regulatory Guide 1.47 j

Automatic indication of a bypass or deliberately induced
inoperable status is provided for Class 1E power systemsi
required for safety as discussed in Sections 7.2.1.1.5 and
7.3.1.1.3. I

L. Regulatory Guide 1.53

The Class IE onsito power systems, both AC and DC, have E

sufficient independence and redundancy to perform their
safety function assuming a single failure as discussed in
Sections 8.3.1.1.2 and 8.3.2.1.2. I

Amendment I
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M. Regulatory Guide 1.62

EMeans for manual initiation of Class IE power systems
requiicd for safety are provided in the control room that
meet the intent of the recommendation of Regulatory Guide
1.62 as discussed in Section 8.3.1.1.4.1. t

N. Regulatory Guide 1.63

The interd. of the mechanical, electrical, and test
requirements set forth in Regulatory Guide 1.63 for the
design, construction, and installation of electric
penetration assemblies in the containment structure are met.

For information regarding the environmental qualification of E

electrical penet::ations, refer to Section 3.11.

O. _ Regulatory Guide 1.68

Preoperational and startup testing meets the intent of this
Regulatory Guide as described in Chapter 14.

P. Regulatory Guide 1.73

The qualification of Class 1E electric valve operators
located inside containment is discucsed in Section 3.11.

Q. Regulatory Guide 1.75 a TO M MW D *C
#CAcTUts M c7n 7tve' S rW1j

/
The routing of 1E and associated electrical cabling and
sensing lines fror sensors meets the intent of Regulatory
Guides 1.75 and 1.151. They are rranged to minimize the
possibility of common modo failure. This requires that the
cabling for the four safety cha r.ne l s ' 'be routed separately;
however, the cables of different safety functions within one
channel may be routed together. Low energy signal cables
are routed separately from all power cables. Safety-related
redundant sensors are separated. The separation of their
safety-related cables requires that the cables be routed.in
separate cable trays. Associated circuit cabling from
redundant channels is handled the same as 1E cabling.

Cabling associated with redundant channels of safety-related
circuits is installed such that a single failure cannot
cluse multiple chtnnel malfunctions or interactions between
channels.

Non-Class 1E instrumentation circuits and cables (low level)
which may be in proximity to Clacs 1E or associated circuits

! and cables, are treated as associated circuits unless

i

AmenJuent I
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analyses or tests demonstrate that credible features therein
cannot adversely affect Class 1E circuits. Non-Class 1E
channels X and Y instrumentation and control circuits and
cabling are separated from each other.

The independence of redundant systems is further discussed
in Section 8.3.1.4.

R. Regulatory Guide 1.81
E

.

The intent of this guide is met in that the Class 1E AC and
DC power systems are not shared between units as discussed
in Sections 8.3.1.1.2 and 3.3.2.1.2. I

S. Regulatory Guide 1.89

Compliance with Regulatory Guide 1.89 is discussed in
Section 3.11.

T. Regulatory Guide 1.93

The availability of electric power sot.rc e s with respect to
limiting conditions for operation is presented in
Chapter 16, Technical Specifications.

U. Regulatory Guide 1.97
I

The design at: installation of the accident monitoring
instrumentation is in compliance with the intent of
Regulatory Guide 1.97.

V. Regulatory Guide 1.100

The seismic qualification of Category I instrumentation and
electrical equipment is discussed in Section 3.10.

W. Regulatory Guide 1.106 E

The application of thermal overload protection devices in
Class 1E motor-operated valve circuits meets the intent of
Regulatory Guide 1.106. The thermal overload protection
devices are used to only provide alarm functions as
described in Section 7.3.1.1.

X. Regulatory Guide 1.108

The periodic testing requirements for the safety-related
diesel generators are presented in Chapter 16, Technical
specifications.

Amendment I
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Y ., Regulatory Guide 1.118

The periodic testing requirements of the electric power and
protection system are presented in Chapter 16, Technical
Specifications.

Z. Regulatory Guide 1.128

The installation design and installation of Class 1E
batteries are in compliance with the intent of Regulatory
Guide 1.128 as discussed in Section 8.3.2.1.2.1.

AA. Regulatory Guide 1.129

Maintenance, testing, and replacement cf large lead
batteries complies with the intent of Regulatory Guide g
1.129.

j

BB. Regulatory Guide 1.131

The qualification testing of electric cables, field splices,
and connections complies with the intent of Regulatory Guide
1.131.

CC. Regulatory Guide 1.155 pg,g

Tne installation and design of the onsite AAC power source
system is in compliance with the in ent of Regulatory Guide
1.155 for a station blackout (S30). The AAC power source is
designed to be made available to power cqe safety load
division and its corresponding essent-ia4 non-safety load bus
within 10 minutes of the onset of the SBO; such that the
plant is capable of maintaining core cooling and containment
integrity per Section 50.63 of 10 CFR Part 50.

The AAC source is not normally directly connected to the
plant's main or standby offsite power sources or to the
Class-1E Safety Division power distribution system. There
is a minimum potential for common cause failure with the
offsite power system or with the emergency diesel
generators.

The AAC power source is further discussed in Section I
8.3.1.1.5.

DD. Regulatory Guide 1.158

The qualification testing of safety-related lead storage
batteries complies with the intent of Regulatory Guido

j 1.158.
!

|

Amendment I
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8.1.4.3 IEEE Standards

A. IEEE Standard 387-1984

The preoperational and periodic testing of the emergency
diesel generators complies with the requirements of IEEE
Standard 387-1984 as discussed in Section 8.3.1.1.4.11.

bdd Insert Ag. IEEE Standard 741-1986
b

Protection for degraded voltage and loss of voltage
conditions for safety and non-safety buses is provided, as
described in Section 6.3.1.1.6.

E

3 IEEE Standard 765-1983

The offsite preferred power supply and its interface with
the onsite power system comp.'y with IEEE Standard 765-1983.
The offsite supply consists of two independent transmission
lines as discussed in Sections 8.2.1.3 and 8.2.1.4. Those
transmission lines are designed to minimize the probability E

of their simultaneous loss due to a--py-lory failure or a
failure -cf a ,f:rossingsfEransmission _frnip. The switchyard
design minimizes the probability of a single equipment
failure causing the simultaneous loss of both preferred
power cupply circuits, um

'ots To onn<

1

bkY Znserf @
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Insert A:,

Add the following to Section 8.1.4.3:

"B. IEEE Standard 484-1987

Recommended design practices and procedures for storage,
location, mounting, ventilation, instrumentation,
preassembly, assembly, and charging of large lead storage
batteries is provided in Section 8.3.2.1.

C. IEEE Standard 535-1986

Qualification methods for Class 1E lead storage batteries
_

and racks to be used in nuclear power generating stations
is provided in Section 8.3.2.1."

:
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Insert B:

Add the following as Section 8.1.4.4:

"8.1,4.4 NRC Branch Technical Positions
A. Branch Technical Position 4 (SRP 8.1) " Requirements on

Motor-Operated Valves in fhe ECCS Accumulator Lines"

Branch Technical Position 4 of SRP 8.1 discusses Safety
Injection Tank Motor-Operated Isolation Valves as
" operating bypasses." Centrol logic is implemented to
ensure that the valves spen when Reactor Coolant System
conditions necessitate the operability of the Safety
Injection Tanks. Refer to Section 6.3.2.2.2.

B. Branch Technical Position 8 (SRP 8.1) "Use of Diesel-Generator Sets for Peaking"

System 80+" design will not utilize the Emergency Diesel
Generators for supplying power to the utility grid,
except during periodic tests when placing loads on the
Diesel Generator is required.

C. Branch Technical Position 11 (SRP 8.1) " Stability ofOffsite Power Systems"

For transmission system reliability considerations, the
sudden loss of generation of the largest operating unit
on the electrical grid will be analyzed for to conform to
the requirements of the owner's appropriate electric
reliability council. Refer to Section 8.2.1.6.

D. Branch Technical Position .18 (SRP 8.1) " Application of
the Single Failure Criterion to Manually-Controlled
Electrically-Operated Valves

The System 80+" design will incorporate, where
appropriate, the guidelines and considerations of Branch
Technical Position 18 (SRP 8.1).

E. Branch Technical Position 21 (SRP 8.1) " Guidance forApplication of Regulatory Guide 1.47."

The provisions of Branch Technical Position 21 (SRP 8.1) ,
in conjunction with Regulatory Guide 1.47, are discussed
in Sections 7.2.1.1.5 and 7.3.1.1.3.

.. .
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F. Branch Technical Position PSB-1 (SRP 8.1) " Adequacy of
Station Electric Distribution System Voltages"

Protection for degraded voltage and loss of voltage
conditions for safety and non-safety buses is provided,
as described in Section 8.3.1.1.6.

G. Branch Technical Position PSB-2 (SRP 8.1) " Criteria for
Alarms and Indications Associated with Diesel-GeneratorUnit Bypassed and Inoperable Status"

:

The provisions of Branch Technical Position PSB-2 (SRP
8.1), in conjunction with Regulatory Guide 1.47,
regarding availability of the Emergency DieselGenerators, are described in Section 8.3.1.1.4.5."
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-8.2 OFFSITE POWFR SYSTEM

E
8.2.1 SYSTEM DESCRIPTIONS

.%e,4 / -+
8.2.1.1 Utility Grid System

The utility grid system, which is not within the scope of the
System 80+ Standard Design, may consist of interconnected hydro, I

fcssil fueled and nuclear plants supplying energy to the service
area at various voltages. The grid transmission system is also a
source of reliable and stable power for the onsite power
distribution system. The grid system design must include at
least-two preferred power circuits, each capable of supplying the
plants' necessary safety loads and other equipment. g

8.2.1.2 Utility Grid and Switchyard Interconnections
AE

The switchyards is connected to the primary transmissior system by
overhead transmission lines. Figure 8.2-lg depicts + typical
interconnection of the switchyard 5and onsite power.X_

7q

8.2.1.3 Station Switchyard
Mrratin wn#4r I.

A_ Transmission inc5 from the primary transmission system sht- 11
terminate in the switchyard with provisions for additional lines
-to be.added in the future. -Add-i-tsene4-ly, 'the Unit and -St+ndby-

independent overhead lines. gre tied to thexswitchyards by ,p% gm ,,p;>
ACscAvr Auxiliary Transformers oparate and

(nwn> _ _.,,as P ..

Th tire switchyard, including the power circuit br R ,cre,
.cablin stem,-AC and- DC auxiliary power systems, ecfactive
relaying systemMad control system shall be din ed into tro
preferred power busehe ' ated 1 an62(Th ese designations
shall be consistent with the ferred power feeder designatichs.
Additionally, the incoming-tfa~nsmDrio ines shall be also
assigned to power bus 6s in such a way a separate theassociated pldtig, protective relaying, and cont D M ar each

ansmission line into two distinct sources of o ftbnitc.
iwrFettet - 2vnume r

dThe tswitchyard design shall provide -redundant offsite power feed
capability to the nuclear unit.

H.2.1.3.1 Switchyard 480V AC Auxiliary Power System

A 480V AC Auxiliary Power System shall be provided in the
switchyard to supply a re]iable source of continuous AC power for
the power circuit breaker auxiliaries, battery chargers, relay
house air conditioning, and switchyard lighting.
Thi~ UML*T mAtN i1Nb oCiMCRVF 7tW3 Fctn tits f PH YS rgonf $grjwny
SJCd THrTT No F-t a C* nok co v1AarJr~1sNTnL EFFECr Mt6u_ QLS/VhE

q uoTH THE & Fi sxTG" .SouALES.

8.2-1 December 21, 1990
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Attachment-t-e-Lette r-ALWR-3 62i<

Section 8 2.1.
'

r

Insert A:-

The ut .11ty grid system and switchyard (s) are out of scope and' site#
,

specific items which shall be provided by the. license applicant.
; The - f ollowing -: sections contain a description - of ' a typical grid
system and switchyard and interface requirements which must be met

-'to ensure adequacy with the System 80+" Standard Design The word
.

.

"shall" ' .is ' used to distinguish - interface requirements which. are
mandatory from the text that is purely-descriptive.

.

1

l

1 3- - --,-a v -..-.,.--,-a-w - - , n- ,_,, ._ _ , , - _ - . . . . . _ _
-
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The status of this system shall be monitored in the switchyard
relay house with annunciators and in the control room via thc.
Data Processing System (DPS) and Discrete Indication and Alarm
System (DIAS) systems described in Chapters 7 and 18.

8.2.1.3.2 Switchyard 125V DC Auxiliary Power System

A 125V DC tuxiliary Power System shall be provided to supply a
reliable cource of continuous DC power for all relaying, control,
and monitoring equipment in the switchyard. This system shall
consist of two independent -t-r-ains. cach supplying DC power to -14:e

rife 2ssociated preferred power bus equipment.
AEDuva d r 61 v1HV6

8.2.1.3.3 Switchyard Protective Relaying Syst om

The Switchyard Protective Relaying System shall be provided to
protect switchyard equipment and to contribute to power system
stability by promptly and reliably removing a transmission line
and/or switchyard bus from service under a fault or an abnormal
condition. E

3.2.1.3.4 Switchyard Control System

The Switchyard Control System shall consist of all control
circuits for operating switchyard power circuit breakers (PCBs)
and motor-operated disconnect switches (MODS). Controls shall be
provided, via the Process-CCs described in Section 7.7, in the
main control room for the PCBs and MODS associated with the unit
feeders.

In addition to the controls provided in the main control room,
each PCB or MOD shall be able to be operated at the switchyard
relay house or at the local control cabinet of the PCB or MOD.

8.2.1.4 Switchyard and Station Interconnections

Two separate and physically independent overhead trancmission
line circuits are provided to connect the switchyards to the Un+t. AA^/r
These transmission lines shall be designed to withstand the heavy
loading conditions defined in the Nationall Electric Safety Code.
Compliance with General Design Criterion 17

The offsite power system in designed wit h sufficient
independence, capacity, and capability to meet the requirements
of GDC 17. The transmission network is connected to the onsite
power system by two physically independent circuits.

Amendment E
8.2-2 December 10, 1988,
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The offsite power system shall be designed to minimize the
probability of losing electric power from any supplies as a
result of or coincident with the loss of the unit generator, the
transmission natwork, or the onsite electric power supplies.
Compliance with General Design Criterion 18

The requirements of General Design Criterion 18 shall be
implemented in the design of the offsite power system. The
design shall permit periodic inspection and testing of important
areaa and features. The design shall include the capability to
periodically test the operability and functional performance of
the components of the systems as a whole and under conditions as
close to design as practical.

8.2.1.5 Offsite Power System Operational Description
orfThe nuclear generating unit shall be provided with 4-we

4ndependent-ismediate acceca- circuit $ of ot f site power. -Pitier-t+
and-du r-iitg-s t-art-upr-o f-the-nuelea r-u nit , %e-Un-it-4.uri4-i-ary-Power
system-sha44--eeec ivc power from th e-tra ns mies-ion-sys tert-through
Mc ma in-- unit na-iti transformers and the unit--euni-1-iery
t+ensformerc . Duri-ng---t-hie-period , t-he-generator-ci-reuit-brecher
a nd-a ssoci-a ted-<D-seonnee t-s witches--eh a-14-be--epen, ggA

After the unit generator has been brought to rated speed and its
field applied, the unit generator shall be then connected to the

7'system by closing the generator circuit breaker. Automatic and
manual synchronization are provided and supervised by
synchronizing relays.

8.2.1.5.1 Offsite Power System Protective Relaying

The offsite power system protective relaying system shall be
designed to remove from service with precision and accuracy any
element of the offsite power system subjected to an abnormal
condition that may prove detrimental to the effectiv: opration
or integrity of the unit.

8.2.1.6 Reliability Considerations

The tt'ismission system shall be designed to 0 form to the3reliability criteria established by the own er appropriate
electric reliability council. Typically, transmission systems
are designed to avoid system cascading upon the occurrence of any
one of the following:

A. Loss of Generation

, 1. . Sudden loss of entire generating capability -in-any-ene
| 9 sns-: d ike luyd eger.1;9 ann .~ pe ele d m .1 y ;d.4

Amendment E
8.2-3 December 30, 1988
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In s e rt,,b.

"The' redundant Class 1E Distribution Systems ~ shall
receive. power .from one' circuit- backfed .from the-
transmission line:through the Unit -Auxiliary Transformers
-' and.the 4,160 V Permanent Non-safety Bus. The Class 1E

__

Distribution System shall.also-be capable of being fed
from two dedicated Reserve Auxiliary Transformers as : a
secondary means of receiving power. Prior to and during
. startup of the nuclear' unit,- the onsite non-safety _
distribution systems shall re,ceive power from one circuit 1-

. backfed from the grid through a Unit' Main Transformer and
Unit Auxiliary Transformers. These- backfeeds are
initiated by opening the generator circuit creaker and

.

associated disconnect switch to isolate the main
. generator -from _the. Unit Main and Unit Auxiliary
Transformers. The__ generator circuit breaker is located

"
- on the isolated phase bus between the main generator and

the ' connection point .of the Unit Main and Unit Auxiliacy
Transformers.

The-generator clicrit~ breaker used to provide immediate
access of the onsite power systems to offsite power
systems will meet the guidelines of Appendix A to SRP
Section 8.2. It.will.have the capability to interrupt

~

the system's maximum fault. current and function properly
during steady-state-operation, power system transients,
- and major faultLconditions. Verification testing will
include, as a minimum,_all tests outlined in Appendix A,-
Subsection B.2, to_SRP Section 8'.2."

h

1

+y y y f r- vf e. , . . - - < , - . , w y ,.a-- w - - - , .-nv,-- - . , ,,--
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<

B. Loss of Load

1. Sudden loss of large load or major load center.

C. Loss of Transmission

1. The outage of the most critical transmission line
caused by a three-phase fault during the outage of any
other writical transmission line, or

2. Sudden loss of all lines on a common right-of-way, or

3. Sudden loss of a substation (limited to a single
voltage level within the substation plus transformation E

from the voltage level), including any generating *

capacity connected thereto, or

4. Delayed clearing of a three phase fault at any point on
the system due to failure of a breaker to open.

In addition to the transmission system design, the switching
arrangement in the switchyard and the redundant relaying that is
provided minimizes the probability of losing offsite power.

8.2.2 ANALYSIS

8.2.2.1 Crid Stability and Availability Analysis

Grid stability and availability analyses involving
interconnections with the primary transmission system shall be
performed _by the site operator. These analyses shall demonstrate
that the 13,G00V non-safety load buses do not subject the reactor
coolant pumps to sustained frequency decays of greater than 3
Hz/sec, and there shall be at least three seconds delay between a
turbine trip and subsequent LOOP event, in order to satisfy RCP
flow conditions assumed in Chapter 15 Safety Analyses.

8.2.2.2 Offsite and Switchyard Power Systems Single
Failure Analysis .

The design of the offsite power system shall be consistent with
Ifailure modes and effects analysis in Tables 8.2-1 and 8.2-2.

Amendment I
8.2-4 December 21, 1990
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TABLE 8.2-1

(Sheet 1 of 3) 0FF5tre ,

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSt'it POWER SYSTEMS

Component Malfunction Resultina Consecuences

;

1. Transmission ~ Loss of Power (a) The switchyard PCB:

System. connecting the
Preferred unit to the system
Switchyard (switchyard)' trips

Interface I automatically.

(b) If main turbine
generator is
available, all
unit and Class 1E
auxiliaries
continue to

,_

-receive an
uninterrupted flow
of power from the
main turbine
generator through
the main gevarator
circuit breaker.

(c) If the main
turbine generator-
ic not available,
the 13.8KV Non-
Safety bus may
receive power from
its alternate
source. On the
4,160V-Permanent
Non-Safety bus, an
autons. tic transfer
takes place and
the 4,160V Safety
buses-continue to
receive an
uninterrupted flow
of power from the
Preferred
Switchyard
Interface II.

_ _ _ _ __



'IABLE 8.2-1

(Sheet 2 of 3) OffACTE
,,

FAILURE MODES AND EFFECTS ANALYSIS FOR THE 4NGICE PO.,ER SYSTEMS

Component Malfungtion Resultina ConscauCHERE__

2. Preferred- Loss of one due to (a) The faulted
Switchyard a fault or breaker equipment is
Interface I failure isolated by
power circuit protective
breakers relaying and
connecting protective
the step-up equipment,
transformers
to the (b) The other
switchyard independent

offsite circuit
remains_r
unaffected.

Circuit from
Preferred (c) If on-line, the
Switchvard unit main turbine
Interface I generator is
to main unit automatically
transformer tripped.

-or (d) If the unit main
turbine generator

Main' Unit is off line, the
Transformer other offsite

circuit from
Preferred.
Switchyard
Interface II is
available for the
4,160V Permanent
Nor "sfety, 13.8KV
Non--dafety and
Class 1E Division
auxiliaries via
the Reserve
Auxiliary
Transformer



__ ___ .. _

5-

TABLE 8.2-1

(Sheet 3 of 3) g

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ON&ITE POWER SYSTEMS

Comnonent Malfunction Resqltina_Consecuences

3. Transmission Loss of Pcwor (a) No consequence to
Syst em unit.

^ Preferred
Switchyard (b) The faulted
Interface II equipment is

isolated by
protective
relaying and
protective
equipment.

4. Preferred Loss of one due to (a) The faulted
Switchyard a breaker failure equipment is
Interface II isolated by

.Pcwer. Circuit protective
relaying andBreakers .

protectiveConnecting to-
the Reserve equipment.
Auxiliary
Transfo'emer (b) The other
switchyard. independent-

' offsite circuit-
or' remaining

unaffocted.
Circuit:from
Preferred (c) No consequene to

Switchyard unit.

Interface II.
to reserve
Transforr:er

or

Reserve
Auxiliary
Transformer

NOTE: The Offsite Power System shall be protected such that
it is unaffected by failures in the Onsite PcWer
System.

- - - , -- . .- - . _ - . , .-
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IbBLE 8.2-2

je (Sheet 1 of 3)-

'

FAILURE MODES AND EFFECTS ANALYSIS FOR TtLE SWITCHYARD 125V DC SYSTEM

,

Component _ Malfunction Comments & Consecuences

1. ,480V AC power 1 Loss .of power (a) No consequences - power from
; supply.to charger battery is available to

supply power without
interruption,

2. Battery charger loss of. power (a) The 125 volt DC bus:
from one continues to receive power

from its respective battery
without interruption except
as in (b) below.-

-(b) Severe internal faults may
cause high short circuit -

currents to flow with the
resulting voltage reduction E

on the 125 volt DC bus until -

the fault is cleared by the,

isolating circuit breakers.
Complete loss of voltage on
the 125 volt DC bus may
result if=the battery circuit
breakers open. However,
redundant protective relaying-
and panelboards are provided
and are supplied from the ,

"

other redundant 125 volt DC
bus,

f

4

la Amendment E
Decerber 30, 1988
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TABLE 8.2-2-(Cont'd)_-

(Sheet-2 of 3)-

FAILURE N0 DES AND EFFECTS ANALYSIS FOR P1E SWITCHYARD 125V DC SYSTEM
n

Component Malfunction Comments & Consecuences

-3. 125V DC b ttery Loss of power Only f. hose 125 volt DC
from one- c.ontrol:panelboards supplied

from the affected bus-are-r
lost. However, the redundan,

panelboards supplied from the
other 125 volt DC bus are-

, ,

unaffected and continue to
provide power for protection
and control.

- 4' . DC distribution Bus shorted Same comment as 3. i

center buses

-5. .125V DC' bus Grounding a The 125 volt DC E

single bus system is an ungrounded
electrical system. Ground-
detector equipment monitors
and alarms a ground anywhere
on the 125-volt DC system. A
single ground does not cause
any malfunction or prevent
operation of'any safety
feature.

Each 125 volt bus is6. 1125V DC bus Gradual decay
~ monitored to detect.the

.

of. voltage.on-
one bus voltage decay on the bus and

initiate an alarm. Upon
detection, power is restored
by correcting the deficiency.

<

.

Amendment E
December 30, 1988
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TA'JLE 8.2_R (Cont'd)

(Sheet 3 ~ of 3)',

- FAILURE MODES AND EFFECTS ANALYSIS FOR THE SWTTCHYARD 125V DC SYSTEM

; .f
\- Co noonent Mal function Comments & Consecuences

3
17. OC distnbution Cables shorted- Same comment as 3.

center load feeder
cables

'

8. 125V DC primary or Bus shorted in (a) Voltage on associated 125
backup panelboards one. Volt DC bus decays until

isolated by isolating _ circuit s

breakers.

(b) Protective relaying connected
to~ the affected panelboards
are lost; however, redundant
protective relaying supplied
from the other 125 volt DC-

Ebus provide protection.

.

h

*

,

.

4 b

Amendment E
December 30, 1988
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- 8. 3 ': ONSITE-POWER SYSTEMS D -- i
-

'
- ._ - - . N

: 8. 3.1._ AC POWFR SYSTEMS Sw
%

8. 3 .1.1~- System Descriptions p d fl m 7 4 -

Sfart %sfo,.m
^

8.3.1.1.11 Non-Class 1E AC Power Systems
~

4 *

_y
2

%- 8.3.1.1.1.1 Unit-Main Power System '
-

5The Unit Main Power System, as shown on Figure 8.3.1-1, condists -

. #: of the unit main turbine. generator,gssociated solated phase .

bus, generator;: circuit' breaker, four " unit main transformersd-

and?two e 50% ? capacityL unit auxiliary transformers. The primary
*

.

;

functioniof.this system is'to generate and transmit. power-to the '

. transmission? system Lwhile simultaneously supplying power to the'

unit 1 auxiliaries.- In the-event that the main generator is not in
= service, thisL_ system _ is- used 'to- .' supply _ power from the.
. transmission s system to the unit . auxiliaries. The design bases E-

_

iforathe UnitiMain Power System-are discussed in Section'8.1.'3.
.

,

-: 8'. 3 .'1.1212 2 - -13',800. Volt: Normal Auxiliary Power System
. Sour* iThe_ -13',800Vf Normali Auxiliary. Power System- consists of two- '

.non-bafety f switchgearS gr-eupc. The f-irst cuitchgear--group
design;tcd _"E" is nor;;11f.;;nn;;tcd thr; ugh c min brcckcr to

'

:ene ' cf thc' ' ducl ~ veltcge _ _13 , S 0 0 / i,15 0" "a4 t *uxilicry
.

.

Gr-ass f ermerc , .? ccccni.cuitchgccr _ grcup .decignated "Y" is
norme4-ly conneeted tc the other indepcadent Unit' Auxiliary--
T-rees-fermer. g,,ge,.t f Al.

>TheH13,800 Volt Normal-: Auxiliary Power System furnishes power to ;
= large motors such as the reactor coolant pump- motors :and

(condensate 1 water, pump.. motors.
,

.The < protective = relaying for the 13,800V switchgear feeders and ~

2 buses ' can -.be classified - as '-follows:
,

[A . - xProtection of-large motors.
.

[B;= / Protection of buses and bus feeders.
n

.The'i protective! schemes are ' designed to isolate the faulted
equipment . from the rest of the syst6m, ; to minimize the of fect of-- f -

s

the . fault- !and 'to maximize availability _of the remainings

Leguipment. The scheme also limits the damage-and the time out of'
service _of the faulty;; equipment. Each scheme is designed to best

' - 1 achieve this .for ~ the -specific equipment. protected. The basic
o -schemes. consist of- -ground fault protection, instantaneous'

~ overcurrent . and timed overcurrent protection. Other forms of
p-

Amendment E
8.3-1 December 30, 1988
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Insert Al

Two unit auxiliary transformers, each with dual low voltage
13,800/4160V windings, supplies the four 13.8KV switchgears. With
this arrangement, one low voltage winding of each transformer
normally supplies two of the 13.8KV switchgears through their
normal source breakers.

*
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(

protection are provided where applicable and consist of
current or undervoltage differential and reverse power flow
protection. Each breaker in this auxiliary power system is
provided with timed overcurrent protection and an anti-pump
device.

Each switchgear assembly has a short circuit capability which is
verified by manuf acturers prototype tests and exceeds the short
circuit requirements of the 13,800V Normal Auxiliary Power
System.

8.3.1.1.1.3 4,101 Volt Normal Auxiliary Power System

The 4,160V Normal Auxiliary Power Sys*em consists of four
switchgear groups and a non-Class 1E Alternate AC source. The
first switchgear group designated "X" is connected to theA-Unit

c~uet Auxiliary nha. Transformer to power large non-safety loads such ast

q ,fu rmair circulatimg-water pumps, turbine building eeW- pumps, etc.
The second switchgear group 1-Y" is connected to the other Y-Unit
Auxiliary -"YS- Transformer to power the m eurrng 4arge lnon-safety
loads. Sim :^ r L c,,tig w
The third switchgear group designated & Permanent Non-safety M"-
provides power to auxiliary and service loads which must
typically remain operational independent of the plant operating
conditions or during plant outages (such as CVCS charging pump
and building supply fans) . Its normal wurce is preferred power E

from the k4,160V Unit Auxiliary Transformer "X" . In the event
that its normal source is lost, this switengear may be connec, tiedg ,,,, ,
either to the' Standby Auxiliary Transf ormer (pre-f-erred-busWy or
to the Alternate AC source. An interlock is provided between the
normal (preferred-1) and , standby (preferred-2) power source
breakers to preclude them(from both being closed simultaneously,

% alte caste
source, (i. e. , the UnitIn case of failure of the normal rower

Auxiliary Transformers) without loss of offsite power; the
Permanent Non-safety buses are automatically transferre6 to the
2nd preferred source of offsite power, i.e., the Standby
Auxiliary Transformerf - 8eserve

-

Reers
.

.

The Stan Auxiliary Transformer also provides power to the
stations Auxiliary Boiler ands i-f--requi-red , Cooling Tower forced
cooling motors, it th ue compmds are site - sp ec |{{c c eyiced .

The fourth switchgear group designatedY-Permanent Non-safety "Ya
is normally connected to the f-4 ,160V Unit Auxiliary Transformer

,.y- fty n . It also has the same ability to be connected to either the
R e s erve.Sta ndby Auxiliary Transformer @ or Alternate AC source as

previously described for the third switchgear.
if 11,e resid ' veIh e of the L|jhp V ,nnj,(3 ,3 [g ,g y 4 ( [,, y ,y y, ff ffg3 ,

*

dierade s e v r e e , at hsf fcaaS fe , aid envlf. S { a,{ ;a Sy~d ro nisy
'The N Ws[er MU Le de[qe( ufy & resM/ vo ffq e Amendment E
D 26*/, or /e g 8.3-2 December 30, 1988
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p: <yu s 6.3.t-1 < .,.l 9. 3. t -2 ill.s ta sic th e u h . , ' s e s b e t,.y p ue , e.( ,m ij f, _

) sde,- A,, y ,,Peeferre.l kif ehard Lderhee r. tio-<ve,, P,a fe ,,,a % ;+

Pr*vde meul power 1* the Mef buses,fu,/ w g;ie-spe:fic a m l s;s,3, y
eet:s it;q -

| The Permanent Non-safety "X" and "Y" switchgears also are the
normal supply of preferred power to their respective 4,160 volt
Class 1E Auxiliary Power System Safety Load Divisions I and II as

described in Section 8.3.1.1.2 3
These four non-Class lE switchgear groups, with the four sources
of power (preferred-1, preferred-2, main generator and AAC) and
their ability to energize the Division I or II safety loads
reduce the likelihood of Station Blackout.

The protective relaying for the 4,160 volt switchgear feeders and
buses can be classified info four separate protection
configurations. The type, size, and function of tb 2 protected
equip'nent determines which of the schemes below will be employed.

A. Protection of large (SMVA or above) motors and (or special)
transformers.

B. Protection of small motors and small transformers.

C. Protection of AC sources.

D. Protection of buses and bus feeders.

The protective schemes are designed to isolate the faulted
equipment from the rest of the system, to minimize the effect of E

the fault, and to maximize availability of the remaining
equipment. The scheme also limits the damages and the time.out
of service of the faulty equipment. Each scheme is designed to
best achieve this for the specific equipment protected. The
basic schemes consist of ground fault protection, instantaneous
overcurrent and timed overcurrent pyotection. Other forms of
protection, such as undervoltage p reverse power flow, are
provided where applicable. Each breaker in this auxiliary power
system is provided with timed overcurrent protection and an
anti-pump device.

8.3.1.1.1.4 480 Volt Normal Auxiliary Power System

The 480 Volt Normal Auxiliary Power system is energized by the
4160V Normal Auxiliary Power System switchgear through 4160V to
480V transformers.

The secondary of a typical transformer is connected to a 480 volt
load center bus through a 480V load center circuit breaker.
Connected to the load centers are large motors, large heaters and
48u volt motor control centers located throughout the plant in
areas of concentrated 480V loads.

Amendment E
8.3-3 December 30, 1988
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In the application of the 480V load centers, a selectivo system
is used whereby both the main and feeder circuit breakers have
interrupting capacity greator than their required duty.

The main breakers are equipped with overcurrent trip devices
having long-time and short-time delay functions, and the feeder
break"rs are equipped with overcurrent trip devicco having
long-time and instantaneous functions. Each breaker in the
auxiliary power system in provided with an anti-pump device. L,

8.3.1.1.2 Clica 1E AC Power Systemn

U.3.1.1.2.1 4,160 Volt Class 1E Auxiliary Power Syntem

Each unit has two redundant and independent 4,160V Class IE
Auxiliatf Power Systems, identified as Safety Divisions I and II,
which normally receive power from the 4,160V Normal Auxiliary
Power System. The incoming source breakers trip upon loco of
ncrmal power, and emergency power is provided to each of the
redundant 4,160V Claus 1E Auxiliary Power System Divisions by two
(one por division) separate and completely independent emergency I
diesel generators (EDGs). In the event of a diesel generator out
of c ervice or failure condition, the Alternate AC source can be
aligned to provide emergency power to either class IE Safety Load
Division.

pew spers
Each of the redundant 4,160V safety 4msea is provided with
undervoltage protection to monitor bus voltage. E

Tha under-voltage setpoint is selected such that relay oper . tun
will nn be initiated during normal motor starting; nowsver,
these relays will detect loco of voltage and initiate action in a
time frame consistent with the accident analysis.

All safety-related equipment in the plant requiring electrical
power during a Loss of Offsite Power, Loss of Coolant Accident,
or ma jor secondary system break condition in fed from the 4,160V
Class 1E Aux.liary Power System, either directly if at 4,160V or
through transformers if at a lower voltage. All Engineered
Safety System loadu are assigned to the two 4,160V Class 1E
Auxiliary Power Systems with capacities and quantities such that
the failure of any component in one of the two Class 1E Auxiliary
Pnwcr Systems does not affect the other system. Refer to Tabic
8,3.L 2 for listing of typical Class 1E equipment, loads and
desian ratings.

With such an arrangement of emergency diesel generators, |3
i electrical distribution system and loads, complete redundancy of'

the entiro class 1E Auxiliary Power System is provided. |g

Amendmert I
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In addition, the non-Class 1E onsite Alternate AC is also
provided to help cope with errects of Loss of Offsite Power and
Station Blackout scenarios. g

8.3.1.1.2.2 480 Volt Class 1E Auxiliary Power System
ous

(one per !(channal),Each of the redundant 4,160V Class 1E Auxiliary Power Systems,
Divisions I and II, includes two load centers I
each normally fed from a separate 4,160/480V load center
transformer connected to the 4,160V Class 1E Auxiliary Power
System buses. Circuit oreakers are provided on both the primary
and secoMary sides of the transformer. As shown on Figure
8.3.1-1, .is results in four redundant load centers designated'

A, C for Division I and B, D for Division II. E

The load centers furnish power to large heater loads, large 480
volt motors, and 480V motor control centers which are located in
concentrated load areas in the station. Connected to the motor '

control centers are all of the 480 volt loads which require power
during LOOP er accident conditions. A list of Class IE
equipment, loads and design ratings are provided in Tables
8.3.1-2 and 8.3.1-3. Redundancy is provided in order to assure I
proper operation of Engineered Safety Featuro Systems in the
event of the failure of any single component in the 480V AC Class
1E Auxiliary Power Systems.

In the application of the 480V Class 1E Auxiliary Power System
E

load centers, a selective system is used wherchy both the main
and feeder circuit breakers have interrupting capacity greater
than their required duty.

The main source breakers are equipped with overcurrent trip
devices having long time and short tiac uslay functions, and the
feeder breakers are equipped with overcurrent trip devices having
long time and instantaneous functions.

All Cl as 1E motor-operated valve starters are equipped with
thermal overload devices which are connected to alarm only.

8.3.1.1.3 Tests

8.3.1.1.3.1 Preoperationa1 Tents

Preoperational tests are performed on the Onsite AC Power System
equipment to assure proper installation and operation as
described in Chapter 14 and in accordance with IEEE 415-1986.

Amendment I
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8.3.1.1.3.2 Periodic Testn j

!

Inspection, maintenance and testing is performed in accordance
with a periodic testing program. The periodic testing program in
conducted so as not to . inter"cre with unit operation. Where
tests do not interfere with unit operation, system and equipment
tests are scheauled with the nuclear unit in operation. The
means to accomplish this testing is described below.

The 13,800V and 4,1 GOV circuit breakers and associated equipment
can be tested in service where testing does not interfere with
the operation of the Unit. These circuit breakers can be " racked
out" to a test position and operated without energizing the
circuits. A separate feed (whose breakers are normally open)

#_~ from tii&*Gtandby Auxiliary Transformer to each Class 1E Safety
Load Division is provided to facilitate maintenance and testing
of the normal source breakers feeding each Division.

The 480V circuit breakers, motor contactors and associated
equipment can be tested in uervice by opening and closing the
circu i',. breakers or contactors. Transfers to the various E

emergency power sources can be tested on a routine basis to prove
the operational ability of these systems.

In compliance with General Design Critorion 18 and the intent of
Regulatory Guide 1.22, the Class 1E Auxiliary Power System design
is such that inspection, maintenance and periodic testing can be
carried out with A minimum of interference with operation of the f,yg
nuclear u nit ."""Dn it design includes two completely redundant- ew%
4rl40V r-fou r-redund a n t-4 80Vr-a nd - fou r- red u nd a n t-12 0 -Vol t-c l a s s-1-E
Auxiliar-y-power bussss. Testing during reactor eperation can be
accomplished uy allowing 'on$"sydThin to be taken out of service
for testing. Breakers can be racked out to the test position
while the system is undergoing test. Continuous indication of
unavailable systems is provided in the control room.

The generator power circuit breaker (PCB) periodic test program
includes -load /c' ase* measurements, and dielectric tests.

cna

Testing of protective relays is parformed on a periodic basis.
Testing facilities are provided to meet the capability for
testing in compliance _ with General Design Criterion 18 and
the intent of Regulatory Guide 1.22. Relay sensors such as
current transformers are tested before initial installation and
unit operation and periodically thereafter. Those protectiva
devices are in serv 1ce during normal operation. The
preoperational tests for the protective relaying system verify
the continuity of the system and the condition of all the
components. The methods used to accomplish this are as follows:
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A. All telays and other momentary duty type operating devices
associated with the protective relaying of the onsite power
system are tested to determine individual performance
characteristics, and assure repeatability of design
settings, under various simulated conditions. This ensures
device integrity. '

B. All relay sensors such as current and potential transformers
are tested for correct and reliable outputs.

C. All Mta connecting wiring and cabling is inspected for -

prope.. 2nstallation and connections.

ED. All protective relaying systems are tested under necessary
simulated conditions to verify correct operation in
preferred, alternate and abnormal modes.

The 120V AC Vital Power System is normally powered from inverters
which are in uno during normal operation. The continuous
operation cf the inverters is indicative of their operability and
functional performance since accident conditions will not
substantially change their load.

8.3.1.1.4 Class 1E Pmergency Diesel Generatorn |
11

Each Division of the 4,160V AC Class 1E Auxiliary Power System is>

supplied with emergency standby power from an independent E

emergency diesel generator. The emergency diesel generator is I g
designed and sized with sufficient capacity to operate all the
needed engineered safety feature and emergency shutdown loads *

powered from its respective Class 1E Safety Division busc5,I E

,

Each emergency diesel generator is designed to attain rated
( voltage and frequency within 20 seconds cnd to begin accepting

sequenced loads after roccipt of a start signal to meet the
response times assumed in Chapter 15 analyses. Refer to Table
8.3.1-2 for loading sequence and bases. The characteristics of i
the generator exciter and voltage regulator provide satisfactory
starting and acceleration of sequenced loads and ensures rapid
voltage recovery when starting lar<;c motors. The generator
voltage and frequency excursions between sequencing steps are in n
compliance with the intent of Regulatory Guide 1.9.'

Each emergency diesel generator and its associated auxiliaries |i
are installed in separate rooms and are protected against
tornadoes, external misriles, and seismic phenomena. The diesel
rooms are protected with firewalls which are designed to prevent
the spread of f ire, f rom-ona diesel-room-to-ths.-cadundanta dissal
mm.. Refer to Section 9.5.9 for a description of the diesel
room sump purp.
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Each emergency diesel generator room is provided with its own|1
independent ventilation system which is designed to automatically
maintain a suitablo environment in each diesel room for equipment
operation and personnel access. E

The emotgency diesel generator controls and monitoring |1
instrumentation, with the exception of the sensors and other
equipment that must necessarily be mounted on the diesel
generator or its associated piping, are installed in froe
standing floor raounted panels. These panels are designed for t
their normal vibration environment and qualified to Seismic
Category I requirements.

The emergency diesel generator engine-mounted components and Ii
piping are Seismic Category I, seismically qualified in
accordance with IEEE Standard 344-1987.

8.3.1.1.4.1 Starting Circuits E

Each emergency diese] generator is automatically started and | j
loaded by the ESF-Component Control System emergency diesel
loading sequencer as discussed in Section 7.3.1.1.2.3.

In addition to the above automatic start, each diesel generator
can also be manually started for test and maintenance purposas
from the control room or from the local dicac1 control panel. E,

8.3.1.1.4.2 Utarting System

Each emcegency diesel generator has an independent air starting |1
system with storage to provide at least five fact starts. The
diesel generator starting air system is further described in
Section 9.5.6.

E

8.3.1.1.4.3 Combustion Air System

Refer to Section 9.5.8 for a description of the diesel air intake
and exhaust system.

8.3.1.1.4.4 Emergency Diesel Concrator Protect. ion Systems
I

The emergency diesel generator protection systems initiate
automatic and inmediate protectivo actions to prevent or limit
damage to the energency diesel generator. The following
protr.ctive trips are provided to protect each diesel generator at
all times and are not bypassed when the emergency diesel
generator is started as a result of an ESF-CCS automatic or
manual start signal. %eu are N c < l) fr;p thf gill lec A of
the Senj y w erd e,- b e e r jc ,.,e

Amendment I
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A. Engine Overspeed.

B. Generator Differential Protection.

C. Low-low Lube Oil Pressure.

D. Generator Voltage-Controlled Overcurrent (Protection Trom E
Externa 1 Taults).

The implementation of these protective trips la in accordance
with Brsnch Technical Position EICSB-17. Overspeed protection is

_

provided by an overspead trip, the set-point is abov9 the maximum
engine speed on a full-load rejection. Therefore, in accordance
with Regulatory Guide 1.9, the engine speed resulting from a step
increase cir decrease in load will not exceed nominal speed plus
75% of the difference between nominal speed and the overspeed
trip setpoint.

The following mechanical trips are provided to protect the diesel
generators during test periods and while running with offsite
power availabic:

A. Low Pressure Turbo 011.

B. Low Pressure Lube Oil.

C. High Pressure Crankcase.

D. High Temperature Bearings.

E. High Temperaturo Lube Oil Out.

F. High romperature Jacket Water.

G. High Vibration.

These mechanical trips are bypassed in the event of an ESF
actuation condition, concurrent with a Loss of Of fsite Power. The
bes;p of 'the. b (an druHrq mh k & o f un Mr-ula4171- s nt a nd M j,9,addition,3 the following electrical trips are provided toIn
protect the emergency diesel generators during testing periods: |t
A. Generator Instantaneous Overcurrent Protection.

B. Generator Loss of Field Protection.

C. Generator Reverse PoWor Protection. E

D. Generator Ground Protection.
,

|
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These electrical trips are bypassed in the event of an ESF tactuation condition, concurrent with a Loss of Of f site Power. /

8.3.1.1.4.5 Control Room Indication of Emergency Diesel !!
Generator Operational Status

Various monitoring devices are provided in the diesel room and
the control room to give the operator the complete status of
operability for the diesels. The following is a listing of the
typical parameters monitoted: E

A. Lube Oil Temperature and Pressures.

B. Bearing Temperatures.

C. Cooling Water Temperatures and Pressures.

D. Generator parameters.
g _g ,

E. Speed. PS B - 2, "

F. Starting Air Pressure. -

In order to meet the intent of Regulatory Guide 1. 4 7 ',' the
following conditions are monitored to determine the operable
status of the emergency diesel generator: 11

A. Con 11ng water not available.

B. Diesel generator breaker racked out.-

C. Diesel generator overspeed.

D. Loss of control power.

E. Generator fault.

' F. Low air and oil pressure.

g 'G . Maintenance mode.
y} Add hvert C.

B.3.1.1.4.6
.A Load Shedding and Sequencing

All Clase .L E switchgear and load center breakers that arerequired to automatically close following an accident, LOOP
and/or station blackout condition are controlled by the ESF-CCS
load sequencer associated with each emergency diesel generator.

|[
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"All conditions that render the emergency diosol -

generators incapsble of responding to an ESF-CCS
automatic start signal will activato an alarm window in
the control room. Those alarms cannot be activated by
any other alarm sigitals."
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" Diesel Generator urit bypass or inoperability status is
automatically ir.dicated and alarmed in the Control Room. Suchindications and alarms are of cufficiently precise a nature so
as t: prevent misinterpretation. To enhance HED distinctionbetween the classes of inoperable status indications / alarms
and the norraal diesel generator indications / alarms in the
Control Room, these two classes of indications / alarms aresegregated from each other."

r
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Load shedding of all loads at the 4,160V level (except the
4,160/480V load center transforners) occurs whenever a custained E

bus under voltage condition is detected by the ESF-CCS logic.

Following the load shedding operation, the emergency diesel |1
generator load sequencer automatically sequences the required |t
loads por Table 8.3.1-2, as described in Section 7.3.1.1.j/'

'

|
, .n

8.3 1.1.4.7 Lube Oil System

Reference Section 9.5.7 for a description of the diesel lube oil
system.

8.3.1.1.4.8 Fuel Oil Storago System

Reference Section 9.5.4 for a description of the diesel fuel oil
storage syster.

8.3.1.1.4.9 Cooling System

Reference Section 9.5.5 for a descript. ion of the diccol cooling
system.

8.3.1.1.4.10 Emergency Dicael Generator Proven Technology
1

The emergency diesel generators are of proven technology that has
been applied successfully for several years in existing LWRs.

B.3.1.1.4.11 Preoperational and Periodic Testing

In addition to the factory tests, the tollowing preoperational
ensite acceptance tests and periodic tests are conducted on each
diesel generator and their associated auxiliary systems.

A. Preoperational Testing g

Preoperatiornal acceptance tests meet the intent of the
following:

1. IEEE Standard 387-1984, Sections 6.4 and 6.5.

2. Regulatory Guide 1.9, Sectit.1 C3 and C.4.
/

/3. Regulatory Guide 1.41, Section C.

4. Regulatory Guide 1.68, Appendix A, Section 1.g.3.
,

S. Regulatory Guide 1.108, Sections C.2,a and C.2.b.

Amendment I
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6. Regulatory Guide 1.137, Section C.1.c.

E
7. ANSI N195, 1976, Section 6.1.

These preoperational tests conform with the provisions of
Regulatory Guide 1.108, C.2.a and C.2.b regarding tests to
bo performed on emergency diosol generators. |g

B. Periodic Testing
|E

Periodic testing of the emergency diesel generator meets the li
intent of Regulatory Guide 1.108 and NRC Generic Letter

y Tsst<t A E84-15.

*

The emergency diesel generator is removed from service in |1
accordance with approved procedures. Any maintenance work on the
diesels is performed and inspected by I qualified personnel in
accord.nce with approved procedures.I Upon completion of
maintenance work, appropriate tests are completed to assure
cperability of the diesel generator. Upon completion of teneing, E

appropriate operating procedures restore the diesels to standby
readiness. Ju3eef B

8.3.1.1.4.12 125V DC Emergency Diesel Control Power
|1

125V DC control power for each emergency diesel generator is
provided by the Class 1E 125V DC power pystem batteries as
described in Section 8.3.2.1.2.

{> $ E

8.3.1.1.5 Non-Class IE Alternate AC Source Standby Power
Supply

The Alternate AC Source (AAC) is a non-safety gas turbine power l i
source provided to cope with Loss of Offsite Power (LOOP) and
Station Blackout (SBO) scenarios. This standby unit is Eindependent and diverse from the Class 1E standby emergency
diesel generators.

The AAC is sized with sufficient capacity to accommodate either
of the following load confi urations:

w,eshcase unit c M dow n b c eld shv M.7 fo r e~"a.

A. Both sets of X and Y Permanent Non-safety loads *; or

B. One cet of Permanent Non-Safety l << i s and one set of a

Safety Division's load [s and sca tet. celo m [o< a worsf caseunl+ skvidon t'o cold shalo c~~ M or beRy Basis Auleced a.s lad;cdel f et .

1. Permanent Non-Safety X with Division I only, or,

2. Permanent !!on-Safety Y with Division II only.

Amendment I
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Insert A:

" Additionally, a root-cause analysis maintenance program shall
be implemented to track and to resolve repetitive failures of
EDG components, including replacement vi components with
acceptable substitutes, if warranted."4

Insert B:

"Af ter periods of operating the EDG in unloaded condition, the
EDG will be run loaded per manuf acturer's recommendation to
clean any deposits from cylinders, etc."
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The AAC is not normally nor automatically directly connected to |

any Class 1E Safety Load Division. liowever, it can be manually C

aligned to power one Safety Load D! vision via one Permanew
tion-Safety Bus, to accommodate a emergency diesel generatur

Ifailure or out-of-service conditjon. 7)q M C ,3 7,,, g.j,,( g g f f, ,t i

us+yry& c oal;wevs rainy caf * ca ly ,,,$:, ,, { ,q j , m
8.3.1.1.S.1 AAC Starting and Loading c 7,,u,f, f,, f,A

'

g

The AAC is designed to start automatically within ten minutes |I
from the onset of a LOOP event. It is then available for loading
if either of the 4,160V Permanent lion-Safety Load Bus /es X and Y

i

become de-energized. Automatic connection and caquential loading )
of the X and/or Y lon-safety l o '.d s will occur utilizing a l
sequencer design simila to that deveribed in 7.3.1.1.2.3. E

MtuvWr i

8.3.1.1.5.2 AAC Instrumentation and Cortroln

The instrumentation and controls neces c rity to start and rt n the
AAC are powered from a dedicated local 12SV DC battery.

Various monitoring and control devices ate provided locally and
in the control room to give the operator control and operational
status information. The following typical parameters are
monitored and/or alarmed:

A. Lube oil temperatures and pressures

B. Bearing temperatures

C. Cooling temperatures and pressures

D. Gent rator parameters and status

E. Speed

F. Starting air pressure

G. Control mode status (standby, starting, running, local).

8.3.1.1.5.3 AAC Auxiliary Support Systems

A. Fuel System and Supply

The AAC is equipped with redundant-fuel systems. Sufficient
fuel is stored on site to support 24 hour operation at rated
load.

Amendment 1
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B. Starting System

The AAC is equipped with redundant starting systems and
controls. The system is designed with sufficient capacity
for five starts.

C. Cooling System !

The AAC is equipped with a self-contained cooling system.
D. Lubric' tion System

1

The AAC design includes a pre / post lubrication system that
utilizes redundant components.

3.3.1.1.5.4 AAC Periodic Testing

The AAC is designed to bc routinely inspected and maintained I

while the plar.t is at power.

Instrumentation and controls are provided to permit its
synchronization and loading during refueling periods toperiodically demonstrate its operability.
8.3.1.1.5.5 AAC Quality Assurance

The intent of the quality assurance guidelines to incorporate a
lesser degree of stringency as identified in Regulatory Guide
1.155 Section 3.5 will be impicmented. The Q/A program as
Gescribed in Chapter 17 contains all the necessary elements to
address the guidance given in Regalatory Guide 1.155 Appendix A.
Selected features of this program will be used to address all

.

applicable AAC Q/A requirements.

8.3.1.1.6 Protective Relaying System

Tbc baric criterion for the Protective Relaying System is that it
rhall, with precision and reliability, promptly initiate theoperation of isolation devices that serve to remove from service
any element of the Onsite Power System when that element is
subjected to an abnormal condition that may prove detrimental to
the effective operation or integrity of the unit.

The basic protective relaying has zone-over-lapping differential
relaying with redundant circuits. Each circuit has independent
current nources, separate DC sources, independent lockout relays
and independent trip coils. Each redundant circuit is composed
of independent channels of relaying. Each channel is also

Amendment E
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comprised of diverse relaying. Tripping of the independent
lockout relays is achieved through a coincidence of like trip
signals.

This requirement prevents a falso trip of the lockout relays due
to a malfunction of one relay. The scheme also allows for
testing and maintenance of each channel without causing a false
trip and without remov.ing the protection from the system. The
inherent quality of this scheme is that each primary channel
provides the redundancy needed for proper operation in case one
relay fails and assurance of not tripping due to falso operation
of one relay.

Non-saieg'e'bu se s feeding loads required for unit opera t;. ion-onlyare provid dNth%n._ undervoltage prot e_clion-tchtime design to
protect the loads against damaqG ttue:G sus;ained operation under~

degraded voli. age-rcTiUli tions and shed a ll 'liGilor-loadc_ ,_under
ac c 4ftvoltage conditions. ~

r ArrwwwT
Class lE Division buses and + non-sa f ety buses feeM r4g pennanent
non sacaty loads are provided with separate bus voltage
monitoring and protection schemes for degraded voltage and loss
of voltage conditions, respectively. These schemes are designed
according to the recommandations of IEEE Standard 7414 "IEEE EStandard Criteria for the Protection of Class 1E Power Systemsg
and Equipment in Nuclear Power Gencrating Systems M Two separate
time delays are selected for degraded voltage protection as
recommended in IEEE Standard 7417 Appendix A. Based on the
automatic bus transfer sequences adopted, a time delay is
provided for loss of voltage relay a :tuation to preclude
unnecessary starting of the onsite standby power sources durir.g
the transfer sequences. The undervoltage protection schemes use
coincidental logic (e.g., two out of thrc- phases) to avoid
spurious trips of the offsite power sources.9
The relay zones in the Onsite Protection System overlap tomaintain protection throughout the system. Any fault condition
in a particular tripping zone trips the circuit breakers in that
zone by its associated protective relays.
8.3.1.1.7 Monitoring Instrumentation and Controls for

Onsite Power System

The monitoring instrumentation associated with the Onsite Power
System provides a reliabl( wurJe of information in the control
room and protective functions for major components. The
instrumentation provides geantitative values and status
conditions for the operator in the control room. This
instrumentation provides the operator with the information
necessary for efficient operation of the unit. The

& aa), tJKC [>ra a th Y a ic o. I Pe s ha
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instrumentation also provides portinent quantitative values and
status conditions for alarming and tripping action. All control
room instrumentation and controlu are designed in accordance with
the Human Factors Engineering design critoria and implementation
methods, as described in Chapter 18.

Manual and automatic controls are provided in the main control
room and locally to permit the following operations:

A. Selection of the most suitable power cource for the various
onsito distribution systems.

B. Disconnection of appropriate loads when normal and emergency
power are not available.

In addition to the controls provided in the main control room and
in the remote shutdown control room, local (near equipment)
controls are also provided for:

A. Switchgear operation, in particular, for the circuit
breakers that transfer Class 1E buses and Class 1E loads
from preferred to standby sources.

8. Operation of auxiliary supporting systems, e.g, transformer
fanr, heators, etc..

EC. Startup of standby power sources.

Class lE local controls are located behind doors or otherwisc
protected against operation by inadvertent contact, e.g.
protected with keys or interlocks.

-All Class 1E 4,160\ Safety Division switching devices are
equipped with redundant trip coils. Each Class 1E medium voltago
switchgcar ascombly is provided with two separate sources of
contro] power, one por redundant tripping circuit. One of the
power scurces is the Class IE 125VDC Vital Instrumentation
battery of the switchgear's safety division; the other power
source is the Class 1E Divisions battery used to power of the
standby Emergency Diesel Generator of the same division.

The 4,160V awitchgear used to connect the onsite standby
non-safety AAC source to the plant Permanent Non-safety loads is
provided with two separate sources of control power, one of which
is the dedicated starting battery of the standby AAC source.

Provisions are included to permit opening and closing all 13,800v

| and 4,160V sw. itching devices manually in the absence of any DC or
| AC power supply.

|
Amendment E
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8.3.1.1.8 Design liases for Class 1E Hotoro
euep+ mefor ofesied Valw (of oV) M*$er.s g

As a minimum, Class 13 motors [are capable of accolorating their
loads within the required time with a starting voltage as low as g
75% of rated motor voltage. McV mdors skli Le cafid{c of ear ler< f:ayog reys'rd wth a s'setiay veHay a, lo w n.s go perced.
When operated under nominal conditions, the plant motors have a
continuous power rating greater than the maximum power rating of
the driven equipment,. Servi.co factor requirements are in
accordance with N El'A Standard MG 1 " Motors and Generators" - tSection MG 1-1.2.47.

/** th e. Worsf Cast *f''N!Q t|f'***/
Except where specified otherwise, medium voltage motors which are
required to operate continuously during normal plant operation,
are designed for Class B temperature rises and provided with
Class F insulation systems.

hedium voltage moters which are required to operate continuously
during normal plant operation are provided with thermocouples or
resiatance temperuture devices to measure winding and bearing E
temperatures.
S~nt A
8.3.1.2 Analysis

The 4,160V AC and 480V AC Safety Auxiliary Power Systems(Divisions I and II) are Class 1E systems, and as such are
designed to acet the requirements of General Design Criteria 17
and 18, and the intent of NRC Regulatory Guides 1.6, 1.9, 1.32,
1.63, 1.81, and 1.106 as discussed below. A failure modes andeffects analysis for the onsite power system is presented in
Table 8.3.1-1.

8.3.1.2.1 Compliance with General Design Criterion 17 and
Regulatory Guide 1.32

Two separate circuits from the transnission network are normally
available to the Class lE Auxiliary Power Systems.

utAi1ov ss ntr
The ,cparation of the two independent circuits at the offsite
voltage level in maintained by the * switchyards -power--efreust
breakers. Each circuit is separately connected through
transforners and breakers to tho' redundant 4,160V Permanent
Hon-saf ety switchgearp. -which-in-t-ureece .onnected through double

l''~~ Class
isolation feeder breakers to the redundant Division I or II 4160V

-

IF Safety Division switchgear. 42nca-each-o f-tha-su pp-1-ies
/ -1-s--norma 44yavailable-wi thin- 4aconds- followi ng-t ha-tr-i pping-of-

-th e reactor-and-the--opening--of the -generator-br-eaker-c , the
pr requirements of GDC 17 and the intent of guidance in Regulatory

Guide 1.32 are fully met. ng m,w pgmg fym s,ngn.
jet nt.' smo y s ucn* bus swnuM M. "h * 'A" '* * W M

Amendment I
8.3-17 December 21, 1990
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Insert A:

" Actuation circuitry for Class 1E motors / pumps will not
include pressure switch or device permissives (lube oil,
ccoling water, etc.) which would have to be satisfied
prior to automatic or manual motor / pump t; tarts."

.

. ..
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In the event that on of the two 50% capacity Unit (Auxiliary
transformers is out of service, the 4,160V Class 1E Safety

Division System switergear supplied from that transformer vill be
supplied from the standby Auxiliary transformer, thereby
maintaining two independent circuits to the Class 1E Divisions I
and II during this period. In the event that the unit main
transformers are out of service, both of the 4,160V Class 1E
Divisions can be supplied from the remaining -sing 14 independent
4tandby-Aulliary Transfm.u circuitJ.,(mbou tv Ast4vr AucaA4

( tt, M M e u r. .

The Onsite Power System is designed to minimize the probability -

of losing electric power from any of the remaining supplies as a
result of, or coincident with, the loss of the unit generator,
the transmission network, or the onsite electric power supplies.

8.3.1.2.2 Compliance with General Design Criterion la

Provisions are made for periodic testing of all important
components of the Class 1E AC power systerm. Further provision
is made for periodic testing of the emergency diesel generators -

to assure their capability to start and to accept loads within
design limits. Electric power systems important to safety are
designed to allow periodic testing to the extent practical.
Included in the system design is the capability to periodically
test the operability and functional performance of t ase systems g
as a whole and under conditions as close to design as practical.
Staggered tests may be employed to avoid the testing of redundant
equipment at the same time.

The 4,160V circuit. breakers and associated equipment are tested
in-service by opening and closing the breakers so as not to
interfere with the operation of the unit. The 480V breakers,
motor starters, and associated equipment are also tested
in-service by opening and closing the breakers and contactors so
as not to interfere with unit operation. Additionally, the
protective relaying associated with the 4,160V and 480V Safety
Auxiliary Power System Divisions are inspected, tested, and
maintained on a routine basis.

8.3.1.2.3 Compliance with Regulatory Guide 1.6,

The design of the class 1E AC power systems complies with the
intent of independence requirement of Regulatory Guide 1.6.

The electrically powered Class 1E AC loads are separated into two
,

redundant and completely independent divisions for the unit.
There are no direct automatic or manual ties between redundar.t
divisions.

Amendment E
8.3-18 December 30, 1988
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No single failure can prevent operation of the minimum number of
required safety loads, and loss of any one division will not E
prevent the minimum sa'ety functions from being performed. Each
Class lE 4,160. switchgear has access to an offsite power source,
the Alternate AC and an emergency diesel generator power cource.

1
Two emergency diesel generators are provided. Each emergenci
dicsol generator is connected exclusively to its associated Class
lE 4,160V safety switchgear division which ensures indepe'ndence
of the onsite Class 1E standby power cources.

L

8.3.1.2.4 Compliance with Regulatory Guide 1.9

The design of the emergency diesel generators used to standby |1
power sources complies with the intent of Regulatory Guide 1.9. 1

3 L,

Each emergency diesel generator set is capable of starting and |1
accelerating to rated speed, in the proper sequence, all of the
required engineered safety feature and emergency shutdown loads.

8.3.1.2.5 Compliance with IEEE Standards 308-1980, 387-1984
and Regulatory Guide 1.32

E

The Onsite lE AC Electric Power System distribution design and
configuration as described herein, is capable of transmitting
sufficient energy to start and operate all required loads. The
systems redundant division equipment is physically and
electrically independent from each other in accordance with IEEE
Standard 308-1980. Instrumentation and controls are provided to
perform maintenance and periodic surveillance tests. The design
complies with the intent of Regulatory Guido 1.32.

The requirements of IEEE Standard 387-1984 are implemented in the
design of the standby power system. Emergency diesel generators |g
are tested on a periodic basis, as identifled in Chapter 16
Technical Specifications.

8.3.1.2.6 Compliance with IEEE Standard 304-1981 and
Regulatory Guide 1.75

E
The physical layout and separation of the Class 1E AC electrical
system equipment circuits is designed to minimize the
vulnerability of the Reactor Protection Systems, Engineered
Safety Feature Systems and Class 1E Power Systems to physical
damage.

Amendment I
8.3-19 - December 21, 1990
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A further description of the methods used to comply with the
intent of this standard and Regulatory Guide regarding phynical
identification and independence of redundant power sources,
switchgear, inverters, motor control contorn and related cabling E

are contained in Sections 8.3.1.3 and 8.3.1.4.

B.3.1.2.7 Compliance with lEEE Standard 379-1977

The single failuro criterion as set forth in 4.2 of IEEE Standard
279-1971 and interpreted in IEEE Standard 379-1977 is applied to
the design and analysis of the Class 1E AC Power System.

Any single fallure within the Class 1E Auxiliary Power System
will not provent proper Class 1E AC Power System action when
required.

8.3.1.2.8 Compliance with Hegulatory Guido 1.63

The nochanical, electrical, and test guidance as set forth in
Regulatory Guido 1.63 for the design, construction, and
installation of electric penetration aucemblics in the
containment structure are followed.

I** # 8.3.1.2.9 Compliance with Hegulatory Guide 1.106

The intent of Regulatory Guide 1.106 is met by not using thermal
overload protectivo devices in safety-related motor-operated
valve control circuits. The thermal overload signals are used
only for status annunciation. The ESF-CCS, as described in
Section 7.3, has the capability to provide Motor Operated Valvo
(MOV) thermal overload status information to the operator via the
Data Processing System (DPS) displays described in Section
7 . 7 .1. *? .

8.3.1.3 Physical Identification of Safety-Holated Equipment

All Class 1E equipment, cables, and raceways arc identified
according to the particular safety division-train-or channel with
which they are associated.

All major Class 1E equipment is identified with a nameplate which
categorizes the particular equipment.

All Class 1E cables and raceways are identified by a color coding
method. The color coding method is implemented with four baaic
colors: red, green, yellow, and blue. These colors correspond
to the following safety Divisions and channels:

Amendment E
8.3-20 December 30, 1988
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insert A
"All electical circuits which go through containment )
penetration assemblies will be provided with redundant '

protective devices unless the maximum current available
in the circiuit is less than the continuous rating of the
penetration assembly (RTD, thurmocouple, transducer, and

'

annunciator circuits).
Redundant protective devices for circuits passing through

, containmnnt penetration assemblies will conform all the'

requirements of IEEE Standard 741-1990. The primary and
backup protective devices will be set with corresponding
breaker trip times tahan into account to ensure circuit
interruption prior to reaching penetration assembly

,

maximum timn-current capabilities. This protection will
be designed to undergo periodic testing to verify
equip-ent operational status as outlined in Section 7.3
of IELE Standara 741-1990.

The primary and secondary overcurrent protection provided
for each cable type which penetrates containment will
meet the requirements of independence and testing
capabilities of IEEE Standard 603-1980, Sections 5.6 and
5.7. Redundant protection channels will be designed for
independence to ensure proper operation in any event
(including a 1 random nonsafety equipment f. allure ) which

-

requires the; protection circuit to be activated.
Protection systems will be designed to allow circuits and
devices to be' tested while maintaining their capability
to perform protective functions unless this will
adversely af act safety or operability-of the unit."

.

- - . _ . - - ,. ,,.gw. ,
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Protective Electrical
Channels Divisions Associated Channels,

Channel A: Red I: Red Channel J: White / Red Stripe

Channel 8: Green 11: Green Channel K: White / Green Stripe

Channel C: Yellow Channel L: White / Yellow Stripe

Channel D: Blue Channel M: White / Blue Stripe

All non-panel mounted Class IE system instrumentation and
equipment is identified with a name tag which provides the
channel number and the suffix A, B, C, or D to specifically
identify the protection channel with which the component is
identified.

Non-Class 1E cables channels "X" or "Y" do not use the above
co,ar coding scheme.

Class 1E cables are marked prior to or during installation with
the appropriate color code at intervals not to exceed five feet
and are also identified by tags affixed at both ends bearing the
appropriate cabic number. Color-coded taga are also used to

nidentify Class IE cable tray and major pieces of equipment.

Cable routing documentation is prepared to establish a permanent
record of the cabic numbers (Class 1E cables have a unique
identifier in the number), cable types, origin, terminations,
routing, restriction code, and color code. A,Q nis, f A
All cable trays, conduits, and wireways containing Class 1E
cables are also color coded for case of identification and to
assure that separation is maintained. These raceways are marked
at each end, at all entrances and exits to rooms, and atintervals not to exceed 15 feet. Raceways are marked prior to
the installation of their cables.

A M Gsed S
8.3.1.4 Independence of-Redundant Systems

The physical layout of Class 1E systems is designed to minimize
the vulnerability of redundant equipment and cabling to damage.
Special consideration is given to potential hazards in thevarious areas of the plant where Class 1E systemt are located.
In particular, these areas are analyzed for potential pipe whips,
missiles, and other hazards. Separation and/or barriers are
provided such that damage from potential i'zards does not
preclude the performance of a required safety futetion.

Amendment E
8.3-21 December 30, 1988
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" Component wires of a color coded cable are not themselvescolor coded following entry into a safety-related cabinet
panel. However, all such wires are appropriately

and/or
labeled, and permanent documentation is maintained." .

Insert B:-

"A program for maintaining markings' aid labeling of safety-
r related components and cabling will be provided by the

owner / operator."
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The criteria established to assure the preservation of the
independence of Class 1E systems is discussed below: E

8.3.1.4.1 F4 gency Diesel Cencrators 1

Two mutually redundant emergency diosol generators are provided
and are physically separated in individual Category 1 structure
to preserve their independence and integrity and to assure their
maximum availability. No common failure mode exists which may
jeopardize independence for any design basis event.

8.3.1.4.2 Switchgear and Load Centern
E

Dw %)5
Redundant tra4na of Class 1E switchgear and associated load
centers are provided and are located in separate rooms within
Category 1 structures, thereby establishing maximum- availability
through their separation and independence. No common faliare
mode exists which may jeopardize independence between tM
redundant groups for any design basis event.

8.3.1.4.3 Motor Control Centern

Redundant groups of Class 1E motor control contors are provided.
l'hysical separation is employed to provide the required
indepe'dence of the groups. No common failure modo exists which
may jeopardize indonendence between the redundant groups for any
design basis event

8.3.1.4.4 Batteries, Chargers, Inverters and Panelboards

Each of the four channels of the 125V DC and 120V AC Vital
Instrumentation and Cantrol Power System is located in a separate
compartment in a tegory 1 structure to preserve its
independence. No common failure mode exists which may jeopardize
independence between the redundant groups.

8.3.1.4.5 Cable Installation and Separation

Cables of rcdundant systems are routed separately to preserve
their independence. Separation criteria are established based on
location of the cables within the station to preclude any single
credible (vent from preventing the safe thutdown of the unit.

8.3.1.4.5.1 Cable and Conduit Installation and Support

Cables are installed in open ventilated ladder type trays, open
ventilated electray channels, conduit, or wireways. A
seismically qualified cabic support system is provided for all
raceways containing class 1E cables. Additionally, all raceways
are of non-combustible construction.

Ismendment I
8.3-22 December 21, 1990
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Cables are routed in separete raceway systems according to
voltage level and function. Where practical, a vertical stack of
trays is arranged such that the highest voltage level is on top
with the lower trays in descending order of voltage levels and
finally control and instrumentation trays at the lowest level. e

The 125V DC and 120V AC vital instrument buses and cabling are
designed and installed such that their maximum voltage fault will
not exceed 480V AC +10% or h2SV DC + 101, values assumed for the
qualification of Claus it isolation devices used in various
instrumentation and control synt a s. y Cable splicing is not
allowed in raceways,

D HCr{ 6 * p,g ; j
'

Cable tray and conduit are located a safe distance from the high
temperature piping system to preclude the necessity of reducing
the cable ampocity as a result of increased ambient temperature.

fased 4 - t i

Multi-level cable tray systems provide, as a minimum, one-foot, !

four-inch vertical spaces between the bottom of the upper tray
and the top of the lower tray, and two feet of horizontal space
between adjacent trays. Aq re4c];m of %cfg $5/ueg w/// rejdre abser:er.
Drip loops are provided in conduit runs at the inlet to
electrical devices where conduit enters from the top and when

y~
required to maintain device qualification as an alternative to
device-scaling type hardware,

&uet A2-
Light weight conduit, fittingo, and cable tray materials are
etilized in lieu of rigid steel. Installation of intermediate
metal conduit or aluminum rigid conduit is utilized where
technically acceptable (e.g., outside containment). I

in cable tunnels, in lieu of ceiling cupports, large coismic
cable tray support structures ate mounted on floors.

Precast concrete trenches, ductbanks, and manho4cs are used
whenever-technically acceptable.

Planning of cable pulls are included in the design of equipment
locations, cable tray routings, and conduit routings to inaximine h
group pc11ing of cables.

Color-coded jacketing for multi paired conductors are specified
where possible.

Exothermic cadwelded connections are used in the installation ofground grid system in lieu of wedge pressure cable connectors
where pocsible.

Amendment I
8.3-23 December 21, 1990
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INSERT 1

"The separation of the wiring at the input and output
terminals of the isolation devico may be loss than 6 in.
provided it is not less than the distance betwoon input
and output terminals.

Minimum separation requirements do not apply for wiring
and componei.cs within the isolation devico; however,
separation shall be provided wherever practicable.

The capatility of the device to perform its isolation
function shall be demonstrated by qualification test.
The qualification shall consider the levels and duration

.

of the fault current on the non-Class it side.

The- following devices may be used as acceptable isolation
devico" for instrumentation and control circuits:

.

(1)- Ampliflors
(2) Control switches
(3) Current transformers
(4) Fiber optic couplers
(5) Photo-optical couplers
(6) Relays
(7) Transducers
(8) Power packs
(9) Circuit breakers"

i

INSERT 4

" Power cables shall be routed away from control and
instrumentation cables to provent f aulty operation which
is caused by the electromagnetic interference by the,

power cables."

a
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Insert Ah |
!

"The voltage levels in descending order are as follows: |
i

15 KV power cables; I.

8 or 5 KV pswer cables; i+

Low voltage power ac and de cables; ie

High level signal and control cables (120 VAC, ;*

125 VDC); i

Cableg for low level analog and digital !
*

signal."
i

i

Insert B:

|"A raceway designated for a single class of cables shall
contain only cables of the same class."

)

p

4

4
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" Watertight soaling of all electrical conduit-to-junction
boxes and conduit-to-terminal box connection points for
safety-rclated equipment located in areas of the reactor ,

building and areas that are potentially subject to high
temperature steam or water impingement shall be provided.
Box drain holes and equipment interfaces shall be in
conformance with test setup established during the
equipment qualification testing and with the vendor's
recommendations."

_

A

_
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8.3.1.4.5.2 Cable Separation

The minimum separation between Class 1E cables and between Class
1E and Non-Class 1E cables meets the intent of Regulatory Guido

&wt 2. WE) Zme r+ 6
L ud I .3.1.5 Cable Derating and Cable Tray Fill8

8.3.1.5.1 ('able Derating

The cable ampacitics for both AC and DC power cables are dorated
per IEEE Standard S-135 and IPCEA p-46-426 to assure minimum
degradation of cable insulation caused by high temperatures
should the cables be loaded to their maximum ampacity rating.

The maximum ampacities for all power cables are determined by
multiplying the appropriate cabic manufacturer's IPCEA cable
ampacity rating by 0.7. 7his f>ceW/es <t 30Yo <w egin l e Nu~ eac4 g,wcfcate's rated f Il load cepeihy a m ( ils ackt kil lead atykcr%,
8.3.1.5.2 Cable Tray Fill Criteria

The cable tray fill criterion for those trays containing power
cables all ws only one single layer of power cables to be routed
in any .r; and, in general, separation of one-quarter the
diumeter . *e larger cable is maintained between ad-jacent power
cables 9 t tray f.

E

ty fill criterion for those trays containingThe- cal r

instrumen.c,ie and control cables is that the cross-sectional
area ofur cables will not exceed the usable cross-sectional
area of the tray.

. h ser4 C
8.3.1.6 Fire Protection and Detection

The fire protection system provided in the unit is discussed in
Section 9.5.1.

All openings for cable and cable tray runs in fire rated walls
and floors are protected consirtent with the rating of the wall
or floor. The barrier openings are protected with approved
devices such as fire dampers and fire stopping material of Class
C (3/4 hour) for openings in one hour fire barriers and Class B
(1-1/2 hours) for openings in two hour fire barriers and Class A
(3 hours) for openings in three hour fire barriers.

%e c d fe. SfscMy m p r. bepeeg +;gdo wa ph!s cIve }s c<bItC Sa.Owj ,c
ca/e c~fercaj /e,cpg << 6 ; / ,m e,3 i/ c,4 /c , /,471h u d < d is it,;}ed +. w w v del two feel.y!

Amendment E
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INSERT 2

"Where the control switchboard materials are flame
the minimumretardant and analysis is not performed,

shall be 6 in. In the event the
separr. Lion distance
above ss.caration distances are not maintainad, barriorsshall be installed between redundant Class 1E equipment
and wiring."

INSERT 3

"The minimum separation distance between concult and non-

enclosed raceway shall be 1 foot horizontally and 3 footvertically in nonhazardous areas and 3 f oot horizontally
and 5 foot vertically in hazardous areas.

Where the

plant arrangements preclude ma int.aini ng the minimum
the circuits requiring separation

separation distance,shall be run in enclosed raceways, or barriers shall be
The minimum distance betweenprovided between circuits. inch."these enclosed raceways shall be 1

.

O
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INSERT 5

Electrical Echotration"8.3.1.4.6
Redundant Class 1E containment electrical

are physically separated and
penetrations
electrically- isolated to_ maintain the

independence of_ Class 1E- circuits and

equipment so that safety functions required
during and following any design basis event
can be accomplished. The redundant
penetrations are located in four quadrants of'

the containment each enclosed in a penetration
The minimum separation between

electrical penetrations contai'ing non-Classroom.

lE circuits and penetrations containing Class
lE or associated cables is 3 foct horizontally
and 5 foot vertically."

.

5
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Insert C:

"8.3.1.5.3 Insulation

Cable insulations are applied very conservatively. Thefollowing guidelines are to be_used in applying cable
insulation ratings to various station applications.
Cable _ Insulation Ratino Acolication Ratino
15,000 Volt

13,800 volt power cable8,000 volt
4,260 volt power cable2,000 volt

600 volt power cable1,000 Volt Low volt power a'nd control
cable

600_ Volt
300~ volt 208/120 -volt lighting cable

120 volt ac and 125 volt de
instrumentation cable"

4
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The type of fire stop and seal used at each fire barrier opening
for cable or cable tray depends on the cable or cable tray
configuration penetrating the barrier. The primary types used
are multiple cable transit assemblics (a metal frame withfire-proof elastomer building blocks which form a compression fit
around each cable), mineral wool fiber packing (voids around
cable and cable tray filled with mineral wool fiber and then
sprayud with a fire retardant spray), and foam (two fire
retardant plates placed on each side of the barrier and ani void
filled with fire retarcant foam).
Spec.ifications for fire stops and seals require the manufacturer
to supply material and/or components that will remain functional
throughout the life of the plant.

Proper installation of the fire stops and seals is assured by
following approved manufacturcr's installation procedures and
techniques. Each installation is visually inspected periodically
to verify that its integrity is maintained. When it becomes
necessary to breach a completed fire stop or seal to add or
remove cables, a documented inspection is performed to ensure
that the fire stop or seal is reinstalled to the specifications
of the original installation.

There are no cable fire stops installed at locations other than
fire aarrier penetrations on vertical or horizontal cable tray g

runs. Fire retardant cables are used throughout the unit. -M-1-
-cables, except a few-Non-Class I E ---in straurre n t-a t4e n-a nd-ce n ttel
-cablesy-are-of-the-i-ntArlocked- armor-type r-with-a-f4r-e-reta rdant
facket-a nd-will-n ot-propa ga te-f4re-to-a not her-a re a o r-add--to-thev-severity-of-the-fdra, These cables have passed the flame test of
IEEE Standard 383-1974.

Fire detectors and water sprinkler systems are provided in the
areas identified in the hazard analysis.

The fire protection system cannot prevent a fire from damaging
equipment and materials necessary to nuclear safety, but it is
intended to aid in preventing a fire from damaging redundant
safety equipment as well as preventing the spread of fire or
flamn ble materials due to fire.

Mutually redundant class 1E cables are separated in accordance
with the intent of Regulatory Guide 1.75. The separation
criteria utilized is based on the location of the cables withinthe station so as to preclude any single credible eventapplicable to that location from rendering inoperative asufficient number of mutually re undant cables to prevent the
fulfillment of the required safety function.

Amendment E
8.3-25 December 30, 1988
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TABLE 8.3.1-1

(Sheet 1 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component Malfunction' Resultino Consecuences

1.. Isolated Loss due to a (a) The faulted
phase bus fault. equipment is
from unit isolated by

~

main- protective
transfermer relaying and
to tie; protective
generator equipment.
breaker or to
the unit (b) The other
auxiliary independent
transformer. preferred offsite

circuit remains
or unaffected.

Unit
.

(c) Automatic reactor
-Auxiliary trip occurs.-
Transformer.

(d) The unit generator
-automatically
trips and its
breaker opens.

(e). The Permanent Non-
Safety Auxiliary
System switchgear
supplied from the
faulted circuit is
connected in a
automatic-rapid-
bus transfer to
the Reserve
Auxiliary
Transformer in the
second independent,

circuit and Class
1E auxiliaries
continue to
receive
uninterrupted
offsite power,

i
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TADLE 8.3.1-1.

(Sheet 2 of 19)

FAILURE MODES AND EFFECTS ANALYSIS POR THE ONSITE POWFR SYSTEMS

Component Malfunction
___

kesultlDa Consecuences

2. -Reserve- Lo:ss due to a (a) The faulted
Auxiliary fault equipment is
Transformer isolated by

protective
relaying and
protective
equipment.

(b) The other
independent
preferred offsite
circuit remains
unaffected.

(c) No effect on unit
power generation
or Essential
Safety buses,
since not normally
connected to
onsite system.

3. Isolated Loss due to a (a) -Cenerator breaker
phase bus fault trip.
: connecting-
the generator (b) The unit turbine
circuit generator is
breaker and tripped
the unit- automatically,
generator

(c) All unit and Class
1E auxiliariesor
continue to

Unit receive
genarctor uninterrupted

offsite power-from
the Unit Auxiliary
transformers.

1

,
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TABLE 8.3.1-1

(Sheet 3 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component Malfunction Resultina Consecuences

,

4. Generator Breaker fault, (a) The other two
circuit _ failure, or pole poles of the
breaker disagreement breaker trip.

-(b) The faulted
equipment is
isolated by
protective
relaying and

'protective
equipment.

(c) The other
independent ;
preferred offsite
circuit remains
unaffected.

(d). Automatic reactor
trip occurs. ,

(e) The Permanent Non-. , .

Safety Auxiliary
System switchgear-
supplied from the
faulted circuit is
connected in a
automatic rapid
bus-transfer to
the Reserve-
Auxiliary
Transformer in-the
second independent
circuit and Class
1E auxiliaries
continue to
receive-
uninterrupted
offsite power.

.
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IABLE 8.3.1-1

-(Sheet 4 of 19)

FAILURE MODES AND fr'FECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Comoonent Malfunction Resultina Consecuenceq

5._ Isolated Loss of bus (a) No immediate
Phase Bus cooling consequence. The
Cooling unit and Class 1E
System auxiliaries

continue to
receive an
uninterrupted flow
of power from the
Unit _ Auxiliary
Transformers.
However,
continued unit
operation is
dependent upon bus
design capacities
with and without
forced cooling.

P

6.- Unit Loss of one of the (a) No immediate
Auxiliary cooler banks consequence. The
Transformers unit and the Class
Cooling: 1E auxiliaries
. system continue-to

receive an
uninterrupted flow
of power from this
source. However,
continued
transformer and
unit operation is
dependent upon its
rated design
capacities with
end without
cooling.

7. Unit-Main Loss of one of the (a) No immediate
Transformer cooler banks consequence with
Cooling step-up
System transformer at

full load. The
operator must
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TABLE 8.3.1-1

(Sheet 5 of 19)

FAILURE' MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Comoonent Malfunction Regnltina Conscauences

reduce loud to the
transformer
immediately, trip
the unit -

generator, Land
completely isolate
the transformer
within-
approximately 15 ,

minutes. (The
exact time will be
dependent upon
manufacturer
recommendations.)

8. 13,800V N7n- Ereaker fault or (a) The faulted-
Safety -failure equipment is
Auxi?.lary isolated by
System protective-
switchgear. relaying and
source protective
breaker- equipment.

(b) The other
independent
preferred oC2 site
circuit remains
unaffected.

(c) Automatic reactor
trip occurs.

(d) The unit generator
automatically
trips and its
breaker opens.

(e) The Permanent Non-
Safety Auxiliary
System switchgear
supplied from the
faulted circuit is
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TABLE 8.3.1-1

(Sheet 6 of-19)

.gr JLURE' MODES AND EFFECTS ANALYSIS FOR THE O!!EITE POWER SYSTEMS3

- Component Malfunction Resultina Consecuences

connected in a
automatic repid
nus transfer to
the Reserve
Auxiliary
Transformer in the
second independent
circuit and Class
1E auxiliaries
continue-to
receive
uninterrupted
offsite power.

19.-- -13,800V Non- Bus shorted or (a) The switchgear
Safety breaker fault source breaker
Auxiliary trips.
System
switchgear (b) The plant will
bus.or- . experience a
switchgear reactor trip due

to the loss of
reactor coolant
pumps.

(c) No-effect on 4160V
Non-Safety, 4160V,

Permanent Non-
Safety or Class-1E
Safety Division
loads.

10. -4,160 Non- Breaker fault or (a). The faulted
Safety failure equipment 11s
Auxiliary' isolated by
Power System protective
Switchgear relaying and
source protective
breaker equipment.

- -- _ .



TABLE 8.3.1-1

(Sheet 7 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE FOWER SYSTEMS

Conoonent Malfunction Resulting_Conggguences

(b) The other
independent
preferred offsite
circuit remains
unaffected.

(c) Automatic reactor
trip occurs.

(d) -The unit generator
automatically
trips and its
breaker opens..

(e) The Permanent Non-
Safety Auxiliary
System switchgear
supplied from the
faulted circuit is
connected in a
automatic repid
bus transfer to
the Reserve
Auxiliary
Transformer in the
second independent
circuit, C3 ass 1E
auxiliaries
continue to
receive
uninterrupted
offsite power.

11. 4160V Non- Bus shorted or (a) The switchgear
Safety System feeder breaker source breaker
Switchgear fault trips.

(b) Loss of normal
source to 4,160V
Non-Safety Bus,
Required unit
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TABLE 8.3.1-1

(Sheet 8 of'19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component Malfunction Resultina Consecuences

power reduction to
the capacity
supported by
remaining non-
safety
auxiliaries. May-
cause Reactor
Power Cutback or
unit to trip.

(c) _No effect on
Permanent Non-
Safety or Class 1E
safety division
loads.

12. 4160V Non- Fault on one (a) The_ associated
Safety System 4160V feeder
Switchgear breaker trips and
feeder 4160V isolates the fault
load cables from the system.

Remaining loads
should not be
affected.

(b) Loss of source to
4160V Non-Safety
load may require
further power
reduction-to the
capacity supported
by remaining non-
safety
auxiliaries. May
cause Reactor
Power Cutback or
unit to trip.

,
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TABLE 8.3.1-1

(Sheet 9 of 19)

FAILURE MOQ%S AND- EFFECTS ANALYSIS EQR THE ONSITE POWER SYSTEMS

gqmponent Malfunction Resultina Consecuences'

13 . . '4160/4801 Volt Fault on one (a) The associated
Non-Safety- 4160V feeder
Load Center breaker trips and
Transformer isolates the fault
or its Feeder from the system.
Cables

(b) The load center is
or deenergized.

480V Non- (c)- The 480V Non-
Safety load Safety motor
center source control centers
b,eaker dead bus transfer

to their alternate
cource.

14. 480 Volt Non - Fault (a) The load center'
Safety Load source circuit
Center bus breaker trips.

or ~ (b) The associated
480V loads are

480 Volt Non- deenergized.
Safety Load
Center Feeder (c) The associated
Breaker 480V Non-Safety

motor control
centers dead bus
transfer to their
alternate source.

__
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TABLE 8.3.1-1

(Sheet 10 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component Malfunction Resultina Consecuenceg

15. 480 Volt Non- Fault (a) The load center
Safety Load feeder breaker
Center Feeder trips.
Cable

(b) The load or motor
or control center

remains
480 Volt Non- deenergized.
Safety Motor
Control
Center Source
Breaker

16. 480 Volt Non-
Safety Motor
Control-
Center Bus

or
Fault (a) The motor control

480 Volt Non- centar source -

Safety Motor breaker trips.
Control
Center Source
Feeder
Breaker

17. 480 Volt Non- Fault (a) The motor control
Safety Motor center feeder

) Control breaker trips.
Center Feeder
Cable

l

- - - _ - _ - _ _ - - - _ _ _ _ _ _ _ _ _ _ - _ _ - _ - - _ . _ _ _ - _ _ _ _ _ _ _ - . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ - - .
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(SheetH11 of-19)

. FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

-Component Malfunction Resultina Consecuences-

18 . : 4160V. Breaker Fault or (a) The faulted.
Permanent Failure equipment is
'Non-Safety isolated by
Auxiliary protective
= Power System relaying and
Switchgear-_ protective
Normal ct Jas equipment.
Turbino
Source (b) The other
Breaker- independent

preferred offsite
circuit remains
unaffected,

(c) Automatic reactor
trip occurs.

(d) The unit generator
automatically
trips and its
breaker opens.

(e) The 4.16KV
Permanent Non-
Safety switchgear
(other than_the
one with the
breaker fault or
failure) fast
transfer to the
alternate source.
The 13.8KV Non-
Safety switchgear
deenergizes and
has the capability
of being powered
from an alternate
source.

(f) 4160V Non-Safety
Bus goes dead.

-
_ _ _ _
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T&DLE 8.3.1-1

-(Sheet 12 of 19)

FAILURE MODE 5-AND EFFECTS ANALYSIS FOR THE'_ONSITE POWER SYSTEMS

Comoonent Malfungtion Resultina Consecuenegg

19. 4160V (a) The switchgear
-Permanent Bus shorted or source breaker -

Non-Safety feeder breaker . trips.

System fault
Switchgear (b) Sufficient

redundant
auxiliaries remain
operable from the
redundant
Permanent Non-
Safety System
cwitchgear.

(c) Affected 4,160V
Class'1E
switchgear will be
deenergized and
the diesel will
start. -Associated
480V buses will
also doenergize.

20. 4160V Fault on one (a) The associated
Permanent- 4160V feeder
Non-Safety breaker trips and
System isolates the fault
Switchgt from the system,
4160V loud Remaining loads
feeder cables should not be

affected.
,

i Sufficient
redundant
auxiliaries remain
operable from the
redundant

| Permanent Non-
Safety System.

!
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IABLE 8.3.1-1
r

(Sheet 13 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

ggpponent Malfunction Resultina Conseuuences

21. 4160/480 Volt Fault on one (a) The associated
Permat.ent 4160V feeder
Non-Safety breaker trips and
Load Center- isolates the fault
' Transformer from the system.
or its Feeder
Cables (b) The load center is

deenergized,
ot-

(c) The 480V Permanent
480V Non-Safety mcter
Permanent- control centers
Non-Safety- dead bus transfer
load center to their alternate
source source.
breaker.

(d) Should any load
center loads be
lost, sufficient
redundant

'

auxiliaries remain
operable from the
redundant

,

Permanent Non-
safety System.

22. 480. Volt Fault (a) The load conter
Permanent source circuit
Non-Safety breaker trips.
Load Center:
bus (b) The associated

480V loads are
or deenergized.

480-' Volt;_ (c) The associated
Permanent 480V Permanent
Non-Safety Non-Safety Motor
Load Center- Control Centers
Feeder automatically
Breaker transfer to their

alternate source.

.
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-(Sheet 14 of 19) '
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FAILURE MODES AND EFFECTS ANALYSIS FOR TIIE_QJISITE POWER SYSTEMS,

Component Malfunction Resultina Consecuenceq

23. 480 Volt Fault (a) The load conter
Permanent feeder. breaker
Non-Safety trips.
load Center
feeder cable (b) The load or motor

control center
remains-or
deenergized.

'480 Volt
LPermanent
Non-Safety
Motor _ Control
Center Source
Breaker

24._ _480 Volt Fault (a) The motor control
Permanent center source
-Non-Safety. _ breaker trips.

Motor Centrol
Center Bus

-or-

480 Volt-
Permanent
Non-Safety
Motor Control

~

Center Feeder-
Breaker-

25. '480 Volt Fault (a) The motor control
Permanent center feeder
Non-Safety breaker trips.
Motor Control' Sufficient
Center Feeder redundant
cable- auxiliaries remain

operable from the j
1

|
i
,
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(Sheet 15 of 19)

E6JLURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE-POWER SYSTEHH

- Compongnt Malfunction Resultina'Consecuences

\\

redundant
"ermanent Non-
Safety System.

2 6. : 4160V AAC. Fault (a) If the ACC Source
Source feeder is connected,-the
tcable or Gas 4160V Permanent
Turbine Non-Safety
Output switchgears are
breaker deenergized.

(b) At the operators
discretion,
critical Permanent
Non-Safety loads
may be backfed
from th9 diesel
generatur provided
sufficient. load
shedding has taken
place.

(c) The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.

(d) The circuit from
the Permanent Non-
Safety bus is
automatically
transformed to the
Reserve
Auxiliary

, _ - - _ __
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TABLE 8.3.1-1

(Sheet-16 of-19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Comoonent- Malfunction Resultina Consecuencea

Transformer.and'
Class 1E
auxiliaries
continue to-
receive
uninterrupted
offsite power.

. 27.- 4160V Class- Breaker Fault or. (a) The. faulted
1E Safety- Failure equipment is
Auxiliary- isolated by
Power System protective
Division- relaying-and
Switchgear protective
Source equipment.
-Breaker'

(b) Affected 4160V
Class 1E
switchgear is
deenergized.
Associated 480V
buses are also
deenergized.-

(c) The associated
diesel generator
starts and loads
on unfaulted 4160V-
class 1E
switchgear are
sequenced on.

(d) Sufficient
redundant
-auxiliaries remain
operable from the
redundant class 1E
Safety Power
System Division
for safe-shutdown
of the' reactor.

J

1 - , _ , . _ -
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TABLE 8.3.1-1 ,y

'(Sheet 17 of 19) ;

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component: Malfunction Resultino Consecuences

20. 4160V. Class Fault (a) Source breakers >:

1E Safety trip and the
. Auxiliary . affected;4160V
Power System Class 1E Division
Division switchgear is
switchgear or doenergized. Loss
feeder of redundant 1E
breakers 480V buses.

n. (Channels A,C or
B,-D) associated +

with division.
Sufficient
redundant
auxiliaries remain
operable from the
redundant Class 1E
Safety Auxiliary.
Power System
Division for the

,

safe shutdown of
the reactor.

29. 4160V Safety. Fault (a) If the EDG source
Division is supplying power
Emergency under blackout
Diesel conditions, the
Generator- affected14160V

Safety; Division is
deenergized until
the fault is
cleared and the
AAC source can be
manually aligned
to re-energize the
division.

|

)
!
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TABLE'8.3.1-1-

(Sheet 18 of 19)
,

-FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

gomoonent Malfunction Result):na Consecuences
\

(b) Sufficient
redundant
auxiliaries rema'n
operable from t's
redundant Class 1E
Safety-Power-
System Division.

30, 4169V Class Fault on one (a) The associated
1E Safety. load feeder
Auxiliary breaker trips and
Power System isolates the fault
Division from the system.
switchgear Remaining Division
*eeder cables loads should not

be affected.
or Sufficient

redundant
4160/480 Volt auxiliaries remainv
IE load operable from the
center redundant Class 1E

^
transformer Safety Power

Syatem' Division
or for' safe shutdown

of the reactor.
480-V Class
-1E load-
center source
. breaker.

.

"31. 480fVolt Fault (a). The load center
Class 1E loai source circuit
cer'nr bus breaker trips.

Sufficient
-or redundant-

auxiliaries remain
-480 Volt operable from the

~

Class 1E load
center feeder
-breaker

1
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TABLE'8.3.1-1

(Sheet 19 of 19)

FAILURE MODER AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Copponpnt Malfunction Resultina_ggnseauences
-

redundant Class 1E
Safety Power
System Division
for the safe
shutdown of the
reactor.

32. 480 Volt Fault (a) The load center
Class 1E load feeder breaker
center feeder trips. Sufficient
cable' redundant

auxiliaries remain
or operable from-the

redundant Class 1E-
480 Volt- Safety Power
Class 1E System Division
motor control for the safe
center bus operation of the

reactor.

-33. 480 Volt Fault (a) The motor control
Class.1E center feeder
motoricontrol breaker trips.
center feeder Sufficient- |

cabla redundant
auxiliaries remain
operable from he-
redundant Class-1E
Safety Power
System Division
for the safe-
operation of the
reactor.

,

y
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TABLE 83.1-2 DIVISION ITYPICAL CLASS 1E LOADS

'

COMPONENTf ; EQUIV, LOSS OF OITSITE . .- DBA/LOOPIDAD
'

' COMPONENT - - ESTIMATED IIPL- ' MO70R1 LOAD .' ~POWERLOAD--
-

E EQUIPMENT (NO''ll A) ' # PER BUS VOLTS ' (NO1E M) - ' pf EFFICIENCY '. KW T SAFETY BUS A - SAFETY BUS C ~ SAFELY BUS A ' SAFETY BUS C i
.
i- - - z; . -, ., , ;3; .m y. - . gr ., . -

.i : 1 2
'

Load Sequence Group A - Z 2

-(NOTE B) -
.

.

P

Division 1 Diese! .1 480- 5 IIP L 0.9 0.9 '4 .4 .D' '4 f)
.,

Generator Buikfing1 - W' . g.

Sump Pump 1 A:

' ~

480 15 KVA - -; 0.9
'

1 13.5 ' 13.5 0 .' 13,5 O.Division I Diesel - 1 =-

Generator 480/208/12G
,

- Power Pane!!vant

Division ! Diesel 1- 480 100 IIP. 0.9 . .Os 75 75 0 75 0. . ,

' Generatar Buildic.,-

Ventilation Fan IA ,

..t

Division I Diesel '1 450 " J0251IP1 . 0.9 0.9 ' O.2 i 0.2 0 . 0.2 0- ;.,.

' Generator Crankcase 1'
Bbwa'

,

i Division I Diesel 1 480 7.5 IIP, ' O.9 0.9 5.6 0' *0 0 .. 0.-
Generator Prelube Pump . NOTE C ; - |'

,

Division I Diese! I. '480 2 IIP . 0.9 0.9 1.5 0 'O ~'O O I'
4

Oinerator Engine Jacket - .NOlE C -'
{

Water Keep Warm Pump

Division I Diesel 1 480 175 KW ID - 75 .0 'O O' O f

Generator Jacket Water ' NOTE C .

?
, Ileater '

!
a

..

'

'
. 1.
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TAELE 83.1-2 DIVISIONITYP1CALCLCS 1E LOADS

COMPONENT . EQUIV. LOSS Ol'OITSITE DBA100PLOAD
COMPOND4T -. ESTIMATED IIP MOTOR. LOAD l'O%IR LOAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE M) pf DT1CENCY KW SAETY BUS A SAETY BUS C SAPETY BUS A SAFETY BUS C

SSW Pump Strainer' 1 480 ' O.75 BIIP ' O,9 0.9 0.7 0 0 0 0
Backwash Drive NOTE O
Motor 1B

Coctainment S y . I 480 - 3 BIIP 0.9 0.9 2.5 w 0 0 2.5
Pump 1 Roorn Air

flandlingUnit .

Containment Spray II:st 1 480 3 BIIP 0.9 0.9 23 0 0 0 23
Exchanger Room 1 Air
flandling Ur:it

Service Warr Pump liouse 1 480 7.5 BIIP 0.9 0.9 63 0 63 0 63
Ilouse Division i
Vendlakm Fan

~

Division I Emergency 2 480 3 Byrp o,9 0.9 10 5 0 5
Feedwaer Pump Rooms *

Air llandhng Units

Safety injectum 1 450 3 Bl{P 0.9 0.9 10 0 0 2.5

Pump 3 Room Air
llandling Urut

Channel C 125 VDC 1 450 32.2 KVA 0.9 - 29 29 0 29*

Vital Banery Chargers

for I & C

Archment eletter ALWR 424 Page 7of 40
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TABLE 8.3.1-2 DIVISION I TYPICAL CLASS TE LOADS=

COMPONENT EQUIV. LOSS OFOFFSITE DBA,tOOP LOAD
CDMPONENT EST: MATED IIP MOTOR LOAD POWER LOAD - --

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE ho pf EFFICIENCY KW SAFLTY BUS A SAFhTY BUS C SAFETY BUS A S/FETY BUS C

Lead Sequence Group 10

(NOTE G)

4

4

Shukiown Coding Pump i 1 4160 600 LIP 0.9 0.9 448 445 0 448 0

SUBTOTAL LOADINGS FOR IDAD SEQUENCE GRP 10: 448 0 448 0
i
a

ManualLoad Group

(NOTE J)
'l

..

Containment 11ydrogen 1 480 20 KW I.0 - 20 0 0 20 0
Re ombiner 1

Spent Fuel Pool 1 .450 75 IIP 0.9 0.9 56 0 56 0 56

Confing Pump 1

Essential ACLighting - 120 225 KW 1.0 - 225 110 115 110 115
e

Division I Contrui 1 480 7 BIIP 0.9 0.9 5.8 0 0 0 5.8
i Room Pressurized Fiher NOrd K

Train Fan
,

i

Ar.achtre:t toletter ALWR-424 Page 13 of 40
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.

TAllLE 8.3.12 DIVISION I TYPICAL CLASS lE LOADS
DIESEL GENERATOR LOAD SEQUENCER

ASSUMPflONS AND INIORMATION

NOT11 A

The loads given for the listed components are typical. Actual kods are site defendent losed on the
equipment procured. 'lherefore, the site specific SAR shall make appmpriate adjustments and i

evaluations as necessary.

NOTE 11

For Station less-of-Offsito. Power or DBA/ LOOP event,12ud Sequence Group A is energized
immediately upon closure of the Diesel Generator 11reater for Safety Bus A.

- NOTE C

; Although these loads are connected to the Emergency lluses, they are not required once the Dicel
Generator is operating, therefore, they are considered to be zero for purposes of Diesd Generator sizing.

NOTE D

Load Sequence Groups 1 and 2, Safety injection Pumps I and 3, will normally be activated by the
sequencer to provide Direct Vessel Safety injection. %e Safety injection System (SIS) interface -
requirements specify flow to the vessel within 40 seconds after an Safety Injection Actuation Signal
(SIAS). This assumes a 20 second Diesel Generator start time, a 2.5 second Safety injection Pump 1
sequence load time (6.5 seconds for Safety injection Pump 3) and a 10 second interval to provide actual
SIS flow to the Dirtet Vessel Injection nozzles.

,s

NOTE E

Load Sequence Group C consists of 480V kuds powered on Safety Bus C,:

.

- NOTE F

- Load Sequence Group 3, Motor Driven Emergency Feedwater Pump 1, is loaded onto the Emergency
Bus by the sequencer when it receives a Low-low Steam Gert ;or EFAS (Emagency Fecdwater

,

Actuation Signal) signal froni the Plant Protection System. This L.oad Group is designed such that the '

,

4 n - ~ ---- - n v ~ m p-r, r- e
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I

associated sitam generator will receive Emergency Fecdwater within 60 secornis after a Low lew
Steam Generator condition crists. ~lhe time Itcakdown for a station loss of offsite gower (condition
which could result in low steam generator level as a result of main fecdwater pumps tripping) is as
follows: 1 second for low-low steam generator condition to be actecid und EFAS signal generated. 20
seconds for the Diesel Generator to start and attain rated speed and vohage,15 seconds for the
Sequencer to load lead Sequence Group 5 onto the Ernergency Bus, and 24 seconds for the Motor-
Driven Emergency Feedwater Pump to start and provMe Emergency Feedwater flow to its associated
Steam Generator,1his assumes time to purge the hot water from the EIAV lines adjacent to the steam,

generator.

NOTE G

Load Scquence Group 4, Containment Spray Pump 1, starts the divisional Containment Spray Pump as a
result of a Safety injection Actuation Signal (SIAS) activating the sequencer. The Containment Spray
Pump will then operate in recirculation mode until a Containment Spray Actuation Signal (CSAS) is i

generated, which will cause the Containment Spray licader valves to open and supply containment spray
. to the spray rings.1he interface requirements mandate that Containment Spray flow to the containment !

- atmosphere result within 68 seconds of a CSAS. To accomplish this, Load Sequence Group 4 will be i

!loaded onto the Etnergency llus 20 secorals after the sequencer begins Accident loading (40 seconds
after receipt of the initiating SIAS signal). Tic Containment Spray pump will then operate in min" low

- condition until a CSAS opens the spray header valves.

Load Sequcace Gmup 4 and Load Sequence Group 10, Shutdown Cooling Pump 1, are interlocked such
that either the Containment Spray Pump or Shutdown Cooling Pump rnay provide Containment Spray,
if a division's Containment Spray Pump is out+f service, the Shutdown Cooling Pump discharge valves ;

may be manually aligned to supply water from the IRWST (In-Containment Refueling Water Storage
Tank) to the Containment Spray Header At de same time, the sequencer interlock controls are

_

,

switched to bypass the defunct Containment Spray Pump 1 and to start the Shutdown Cooling Pump in
.

*
its place. The normal, preferred alignment, however, is to have the Containment Spray Pump aligned
for standby tcrdiness and to use the Shutdown Cooling Pump as a backup. In this nonnal alignment,
the sequencer will not load Load Sequence Group 12, unless manually alfgned and actuated.

The Shutdown Cooling Pump is listed as a less of Offsite-Power load, since restait of this pump is 1

required during refueling and Reactor "oolant System drained down conditiors. Ilowever, its load
.

value is not part of the total Diesel Generator hiad for the LOOP event, because the Motor Driven EIAV
Pump (mutually exclusive to the Shutdown Cooling Pump) in a plant operating LOOP scenario is a
larger, and hence more conservative loa (t to le applied to the LOOP total.

The Shut <5wn Coolkg Pump is also listed as a DBA/ LOOP load. Its use for such an event would ;

Loccur if the Shutdown Cooling Pump were functioning as the Containment Spray Pump. For load
' summation purposes, the Shutdown Cooling Pump is not added to the DBA/ LOOP total, since the
- Containment Spray (*r;mp has already been cided.

,

b

'
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NOTE 11

For a Design 11 asis Accident with no concurrent hss of offsite power, the Component Cooling Pump in
each division wiP remain operating, llowever,if Station lessof-OfIsite Power occurs concunently

,

with a Design Basis Accident, the Diesel Genesator Sequencer will function to load the divisional |
Component Cooling Pump which was operating just prior to the event onto the Emergency llus within
10 seconds after the sequencer completes the Accident leading Sequetec. For a Station 1.oss-Of-
Offsite Power during which no DBA occurs, the sequencer will load the Compment Cooling Pump

- which was operating just prior to the event onto the Emergency Ilus within 5 seconds after receiving a
Diesel Ocnemtor running signal. If this pump fails to operate, the sequencer will attempt to load the
ot|tr divisional Component Cooling Water Pump onto the Eme:gency but immediately,

.

After initial loading by the sequencer, the Component Cooling Water Pump which remains on standby
inay still te manually activated, or automatically activated by the sequencer immediately should the ,

nmning CCW pump trip. '

. NOTE I -

The Station Service Water Pumps will be loaded onto the Emergency 11us dependent ugm the following ,

facton and requirements.

1) The sequencer will attempt to load onto the Emergency Dus the Station Service Water Pump
which was operating just prior to a Station Loss-Of-Offsite Power. This also applies to Design
Basis Accident coincident with a Station Loss-Of Offsite-Power, 'Ihe SSW Pump not loaded by '

the sequencer will remain on standby, capable c,nly of being started manually w hen Operations
. detennines that the corresponding increase in the Diesel Generator loading is warranted (2
pumps / division operation) or when pump cycling is desired. Sequencer logic will prohibit
automatic loading of both a division's SSW Pumps.

2) If a LOCA occun and offsite power remains uninterrupted, the running SSW pump will remain
. operational, still connected to normal incoming bus.

3) ' If tic SSW Pump chosen to stan by the sequencer fails to start, the sequencer will attempt to
stat the other SSW pump immediately.

'4)- 'Ihc Sequencer will load the SSW Pump 10 seconds after either the completion of all Accident
- loadings or the sequencer's receipt of a Diesel Generator tunning signal (Nonnal Lost Of.
Offsite Power sequence),<

i
*

NOTEJ

Manual Imds may te added to the emergency bus by Operations whenever plant conditions require
; . their usage.

|
l-

t _, . ... - ,. - _ . . . - . - - . - . . . . - . - - . . . - _ - . . - . - - - . - . . --
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NOTEK

The Control Room Pressurized Fiher Train aral associated llcating Ekment will only be manually
employed when high radiation levels arc detected in the outside air intales. The Control Room
Ventilation Systern has locn designed to keep the Control Roorn at a lositive pressure relative to its
surrounding environment during normal operation. Thetcfore, the nonnal divisional Control Room
ventilation unit will activate on a LOCA (normal Conuol Room Ventilation Unit operating prior to the
event will remain loaded unless load shed by a Station Loss-Of Offsite Power), but the Contrul Room ,

Pressurized Filter Train and its nunciated lleating Element may or may not be activated, subject to ;

outsido environment radiation levels.

NOTEL

Numler of Auxiliary fluilding Sump pumps is delendent on site characteristics. Two pumps per
'

division are shown as an exampic here.

NOTE M

Rated llotsepower was assumed to account for pump, fan, or other rnechanical efficiencies ,s well as
for motor efficiency. Conversion into equivalent Kilowatts for Rated llorsepower involved inultiplying
rated hcesepower by the conversion factor 0.746 KW/ IIP When unit of Drake llorsepower (IllIP) was
assumhl, a motor efficiency of 0.9 was used in addition to this conversion factor to calculate Equivalent
' : ' Unless designated by *lliip," all horsepowers are " Rated."

NL 3N

This note provides an explanation of the assumptions used for calculating the total dicsci loads
'

at the conclusion of the table. The following subtotal . loads are assumed to be supplied atxt
'

are summed to obtain tie resultant total:

Total Load Per Diesel on LOOP Excluding Manual Load;

i
Load Sequence Group A
Load Sequence Group C
CCW Pump in operation prior to event
SSW Pumida operation prior to event

.

. Essential Chiller
Motor Driven EFW Pump

Total lead Per Diesel on LOOP including Manual Load consists of the hbove total plus the
appropriate manual load.

- .- - -. .- . . - . .
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;

Total Load Per Diesel on DBA/ LOOP Excluding Manual Load:

Load Sequence Gmup A
St Pump 1 i

,

Load Sequence Group C
|- St Pump 3

Motor Driven EFW Pump
Containment Spray Pump or Shutdown Cooling Pump (Interlocked such that both cannot

operate from sequencer simultaneously during accident)
CCW Pump in operation prior to event
SSW Pump in operation prior to event
Essential Chiller

Total lead Per Diesel on DB A/ LOOP including Manual Load consists of the above total plus
the appropriate manualload,

,

s

'

Notes on Accident and Normal Loadinn Scouences

The following components and times apply to Accident Scenarios coincident with a Station
Loss-Of-Offsite-Power:

Load Sequence Gmup A 0.5 seconds

Safety Injection Pump 1 3.5 seconds

Load Sequence Group C 4.5 seconds .

Safety injection Pump 3 6.5 seconds
*

Motor Driven EFW Pump 15.0 seconds
'(if req'd)

Containment Spray Pump 20.0 seconds

Component Cooling Water Pump 30.0 seconds

- Staden Service Water Pump 35.0 seconds

Essential Ctdlier 40.0 seconds
,



. - - - -
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The following coinponeids and titnes apply to Nonnal Loss Of Offsite Power scenarios:

Load Sequence Group A 0.5, seconds

Load Sequence Group C 2.5 secornis

Component Cooling Water Pump 5.0reconds

Station Service Water Pump 10.0 seconds

Essential Chiller: 15.0 seconds

Motor Driven EFW Pump After 20.0 seconds
(if rey'd)

JiOTE O -.

Each ventilated area listed with NOTE O has redundant 100% ventilation units. Only one of
_these ventilation units is allocated in the calculation for diesel generator sizing.,:

,

.- - . . , . . . . - - . -
|
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TABLE 8.3.1-3 - DIVISION 111YPICALCLASS 1E LOADS

COMPONENT _ . EQUIV. LOSS OF OFFSITE .DBAJLOOP LOAD
COMPONENT ESTIMATEDliP MOTOR LOAD- POWER LOAD '

EQUIPMENT (NOTE A) ' # PER BUS VOLTS -(NOTE M) pf EFFICIENCY KW SAI1?TY BUS 3 SAFLTY BUS D SAFETY BUS B SAFETY BUS D
'

-

lead Sequence Omup 8

(NOTE II)

ComponentCoolics Water. t 4160 ' 1250 BLIP ' O.9 0.9 1037 0 1037 0' 1037

Pump 2B

_~

SUB1DTAL LOADINGS FOR LOAD SEQUENCE GRP 8: 0 1037.. 0- 1037

Load Sequence Group 9

(NOTE !}

''

Station Service Water 1 4:60 700 JIIP 0.9 09 581 0 581 O $81

Pump 2B

SUB10TAL LOADINGS FOR LOAD SEQUENCE GRP 9: 0 581 0 581
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TABLE 8.3.13 DIVISION 11 TYPICAL CLASS lE LOADS
DIESEL GENERATOR LOAD SEQUENCER

= ASSUMPTIONS AND INFORMA'I1ON

NOTE A

The loads given for the listed components are typical. Actual loads are site dependent based on the
equipment procured. : Therefore, the site-specific SAR shall make appropriate adjustments and

'

evaluations as necessary.

- NOTEB

For Station Loss-of-Offsite. Power or DB A/ LOOP event, Load Sequence Group B is energized
immediately upon closure of the Diesel Generator Breaker for Safety Bus B.

i NOTE C i

- Although these loads da connected to the Emergency Buses, they are not required once the Diesel
| Generator is operating, therefore, they are considered to be zero for purposes of Diesel Generator sizing.

~ NOTE D

Load Sequence Groups 1 and 2, Safety injection Pumps 2 and 4, will normally be activated by the
sequencer to provide Direct Vessel Safety injection He Safety Injection System (SIS) interface
requirements specify f'. v to the vessel within 40 seconds after an Safety injection Actuation Signal -
(SIAS). His assumes a 20 second Diesel Generator start time, a 2.5 second Safety inje; tion Pump 2

L sequence load time f6.5 seconds for Safety injection' Pump 4) and a 10 second interval to provide actual
SIS Dow to the Direct Vessel Injection nozzles.:-

'

NOTE E '

Load Sequence Group D consists of 480V loads powered on Safety Bus D.

' NOTE F -
.-

' Load Sequence Group 3, Motor Driven Emergency Feedwater Pump 2, is loaded onto the Emergency
. Bus by the sequencer when it receives a Low. Low Steam Generator EFAS (Emergency Feedwater
= Actuation Signal) signal from the Plant Protection System. This Load Group is designed sach that the

!

1jr-

e . . . . .



. . . .- m . _ _ __ _

J

Attachment 1 to Letter ALWR-424 Page 36 of 40

associsted steam generator will receive Emergency Feedwater within 60 seconds after a Low-Low
Steam Generator condition exists. De time breakdown for a station loss of offsite power (condition
which could result in low steam generator level as a result of main feedwater pumps tripping) is as
sollows: I second for low-low steam generator condition to be detected and EFAS signal generated,20
seconds for the Diesel Generator to start and attain rated speed and voltage,15 seconds for the
Sequencer to load Load Sequence Group 5 onto the Emergency Bus, and 24 seconds for the Motor- '

Driven Emergency Feedwater Pump to start and provide Emergency Feedwater flow to its associated
Steam Generator This assumes time to purge the hot water from the EIAV lines adjacent to the steam

.

'

generator,

NOTE G '

Load Sequence Gruup 4. Containment Spray Pump 2, starts the divisional Containment Spray Pump as a
result of a Safety injection Actuation Signal (SlAS) activating the sequencer. %c Containment Sprsy
Pump will then operate in recirculation mode until a Containment Spray Actuation Signal (CSAS) is
generated, which will cause the Containment Spray Header valves to open and supply containment spray
to the spray rings. The interface requirements mandate that Containment Spray flow to the containment
atmosphere result within 68 seconds of a CSAS. To accomplish this, Load Sequence G;oup 4 will be
loaded onto the Emergency Bus 20 seconds after the sequencer begins Accident loading (40 seconds
after receipt of the initiating SIAS signal). The Containment Spray Pump will then operate in miniflow
condition until a CSAS opens the spray header valves.

Load Sequence Gro1p 4 and ind Sequence Group 10, Shutdown Cooling Pump 2, are interlocked such
that cither the Contanunent Spray Pump or Shutdown Cooling Pump may provide Comainment Spray,

:If a division's Containment Spray Pump is out-of service, the Shutdown Cooling Pump discharge v tives
may be manually aligned to supply water from the IRWST (In Containment Refueling Water Storage
Tank) to the Containment Spray lleader, At the same time, the sequencer interlock controls are -

_

switched to bypass the defunct Containment Spray Pump 2 and to start the Shutdown Cooling Pump in
its place. The normal, preferred alignment, however, is to have the Containment Spray Pump nligned
for standby readiness and to use the Shutdown Cooling Pump as a backup. In this normal alignment,
the sequencer will not load Load Sequence Group 12, unless manually aligned and actuated.

The Shutdown Cooling Pump is listed as a Loss-of Offshe-Pov cr load, since restart of this pump is
required during refueling and Reactor Coolant Systert :Irained-down conditions. Ilowever, its load .
value is not part of the total Diesel Generator load for the LOOP cvent, because the Motor Driven EFW
Pump (mutually exclusive to the Shutdown Cooling Pump) in a plant operating L,00P scenario is a
larger, and hence more consavative load to be applied to the LOOP total.

The Shutdown Cooling Pump is also listed as a DBA/ LOOP load its use for such an event would
occur if the Shutdown Cooling Pump were functioning as the Containment Spray Pump. For load
summation purposes, the Shutdown Cooling Pump is not added to the DBA/ LOOP total, since the
Containment Spray Pump has already been added.

I

L
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NOTTI 11

For a Design Basis Accident with no concurrent loss of offsite power, the Component Cooling Pump in
each division will remain operating. Ilowever, if Statioa Loss-Of-Offsite-Power occurs concurrently
with a Design Basis Accident, the Dicscl Generator Sequencer will function to kiad the divisional
Component Cooling Pump which was operating just prior to the event onto the Emergency Dus within
10 seconds after the sequencer completes the Accident Loading Sequence. For a Station Loss-Of-
Offsite-Power during which no DBA occurs, the sequencer will load the Component Cooling Pump
which was operating just prior to the event onto the Emergency Bus within 5 seconds after receiving a
Diesel Generator running signal. If this pump fails to operate, the sequencer will attempt to load the
other divisional Component Cooling Water Pump onto the Emergency bus immediately.

After initial loading by the sequencer, the Component Cooling Water Pump which remains on standby
may still be mmually activated, or automatically activated by the sequencer immediately should the
running CCW pump trip.

NOTEI

The Station Service Water Pumps will be loaded onto the Emergency Bus dependent u;un the following
factors and requirements.

1) The sequencer will attempt to load onto the Emergency Bus the Station Service Water Pump
which was operating just prior to a Station Loss-Of-Offsite-Power. This also applies to Design
Basis Accident coincident with a Station Loss-Of-Offsite-Power. The SSW Pump not loaded by
the sequencer will remain on standby, capable only of being started manually when Operations

,

determines that the corresponding increase in the Dier.cl Generator loading is warranted (2
pumps / division operation) or when pump cycling is desired. Sequencer logic will prohibit
automatic loading of both a division's SSW Pumps.

2) If a LOCA occurs and offsite power remains sainterrupted, the running SSW pump will remain
operational, still connected to normal incoming bus..

3) If the SSW Pump chosen to start by the sequencer fails to start, the sequencer will attempt to
start the other SSW pump immediately.

4) The Sequencer will load the SSW Pump 10 seconds after either the completion of all Accident t

loadings or the sequencer's receipt of a Diesel Generator running signal (Normal less-Of-
Offsite-Power sequence).

NOTE J

Manual Loads may be added to the emergency bus by Operations whenever plant conditions require
their usage.

|
.
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FOTE K

The Control Room Pressurized Filter Train and associated IIcating Element will only be manually
employed when high radiation levels are detected in the outside air intaies. The Control Room
Ventilation System has been designed to keep the Control Room at a positive pressure relative to its
surrounding environment during normal operadon. Therefore, the normal divisional Control Room
ventilation unit will activate on a LOCA (normal Control Room Ventilation Unit operating prior to the
event will remain loaded unicss h)ad shed by a Station less-Of-Offsite-Power), but the Control Room
Pressurized Filter Train and its associated licating Element may or may not be activated, subject to
outside environment radiation levels.

NOTE L

Numler of Auxiliary Building Surap pumps is dependent on site characteristics. Two pumps per
division are shown as an example here.

NOTE M

Rated IIorsepower was assumed to account for pump, fan, or other mechanical efficiencies as well as
for motor efficiency. Conversion into equivalent Kilowatts for Rated 11orsepower involved multiplying
rated horsepower by the conversion factor 0.746 KW/ IIP, When unit of Brake llorsepower (BUP) was
assumed, a motor efficiency of 0.9 was used in addition to this conversion factor to calculate Equivalent
Load. Unless designated by "BIIP," all horsepowers are " Rated."

NOTE N

This note pwvides an explanation of the assumptions used for calculating the total diesel loads
at the conclusion of the table. The following subtotal loads are assumed to be supplied and
are summed to obtain the resultant total:

Total Load Per Diesci ca LOOP Excluding Manual Load:

Load Sequence Group B
Load Sequence Group D
CCW Pump in operation prior to event
SSW Pump in operation prior to event
Essential Chiller
Motor Driven EFW Pump

Total Load Per Diesel on LOOP Including Manual Load consists of the above total plus the
appropriate manual load.

. . _ _ _ _ .
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Total Load Itr Diesel on DBA/ LOOP Excluding Manual Load:- '

1. cad Sequence Group B
S1 Pump 2

_

Load Sequence Group D
,

St Pump _4
-

Motor Driven EFW Pump
Containment Spray Pump or Shutdown Cooling Pump (Interlocked such that both cannot'~

,

operate from sequencer simultaneously during accident) _

CCW Pump in operation prior to event3
SSW Pump in operation prior to event
Essential Chiller

Total Load Per Diesci on DBA/ LOOP Including Manual Load consists o the above total plusr

the appropriate mPnual load.

Notes on Accident and Normal leading Scouences

The following components and times apply to Accident Scenarios coincident with a Station
Loss-Of-Offsite-Power:

Load Sequence Gmup B 0,5 FTonds

Safety injection Pump 2. 2.5 seconds
_

Load Sequence Group D 4.5 seconds

Safety Injection Pump 4 6,5 seconjs

-Motor Driven EFW Pump 15.0 secorxis
-(if req'd)

Containment Spray Pump 20.0 seconds

Component Cooling Water Pump 30.0 seconds

Station Service her Pump 35.0 seconds

Essential Chiller 40.0 seconds

____ - ..
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.

The follo_ wing components and times apply to Normal Loss-Of-Offsite-Power scenarios:

lead Sequence Group B 0.5 reconds

Load Sequence Group D 2.5 seconds

u Component Cooling Water Pump 5.0 seconds

Station Service Water Pump 10.0 seconds

' Essential Chiller . 15.0 seconds

Motor Driven EFW Pump After 20 seconds
(if req'd)

NOTE O

Each ventilated area listed with NOTE O has n dundant 100% ventilation units. O'11y one of
these ventilation units is allocated in the calculation for diesel generator sizing.

NOTE P

Remote Shutdown Panel Room is located in the Division I area. Nonnally this mom is cooled
by the 50' Elevation Channel A Vital Inst. & Equip, Room Air Handling Unit. For
redundancy purposes, the Remote Shutdown Panel Room is also cooled by a Division II-
powered air handling unit.

..

% - ,-n.. ~ , + , - . , . .
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TABLE 8.3.1-4
TYPICAL ELECTRICAL BUS LOADS

' Component Load (KWL

,

t
4.16 KV Safety Bus A:

Safety Injection' Pump 755
~

Station Service Water Pump 581

Component' Cooling Water Pump 1037,_

Shutdown Cooling Pump 448

Essential Chiller. 216

Balance'of Other' Loads 502

Safety Bus A Total - 3539 KW

4.16'KV Safety Bus C:

Safety Injection Pump 755

Station Service Water-Pump 591

Component Cooling. Water Pump 1037

Containment Spray Pump 448

Motor Driven EFW Pump 635

Balance of Other Loads 766

Safety Bus C Total - 4222 KW
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TABLE 8.3.1-4
TYPICAL ELECTRICAL BUS LOADS

Comnonent' Load (KW)

?

.4.16.KV Safety Bus B:

Safety Injection Pump 755

Station Service Water Pump 581

-Component Cooling Water Pump 1037

Shutdown Cooling Pump 448

Essential- Chiller. 216

Balance of'Other Loads. 500

Safety Bus B Total - 3537 KW

4.16_KV Safety Bus D:

Safety Injection Pump 755

-Station. Service Water Pump 581

Component Cooling Water Pump 1037

Containment Spray Pump 448

: Motor ~ Driven EFW Pump 635

Balance of-Other Loads 769

Safety Bus D Total - 4225 KW

|
t
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Component Load - (KW)-

,

I .5:5.[ '

.X -- ~ 4 ' 16 KV Permanent; Non-Safety Bus:.

I';CVCS Pump- 448

( CEDM..;. Cooling ; Fan- 75

' Containment Ventilation Fan. 75
,

Containment-Ventilation Fan 75

Non-Essential Chiller. 719

!Non-Essential: Chiller- 719

IA Compressor 262

-IA'. Compressor 262<

o Non-Essential'! Lighting' -270
,

*Startup-Foodwater Pump:: 635

1* Motor 7 Driven-: Fire: Pump 232 ,

\-Backhip "rcssulwi- .ieer.ec 200-

_DG: Starting Air: Compressor 45.U
.

+

DG.'. Starting Air 1 Compressor -95,
_

GFuel. Pool Supply Fan- 21-
,

'4- MiscellaneousTLoads- 404-Zoo
t ',

X ~2 Permanent Non-Safety Bus Total - G87- KW
,

-(063'
,

.

*" Single-' component-capable.of being powered by either X or.Y.-
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TABLE 8.3.1-4 4,

TF McKL ELECTRICAL BUS LOADS

Component Load (KW)

.Y.- 4,16 KV Permanent Non-Safety Bus:

CVCS Pump 448

CEDM Cooling Fan 75

C ontainment Ventilation Fen 75

Containment Ventilation Fan 75

Non-Essential Chiller 719

Non-Essential Chiller 719

-IA' Compressor 262
,

IA: Compressor 262

Non-Essential Lighting -270
,

*Startup Feedwater' Pump 635

'* Motor-Driven Fire Pump 232

-Ehrts:up P = n c :. I mm-Heat e d. 200-

DG Starting Air Compressor 45

DG Starting Air. Compressor 45

NFuel Pool Supply Fan 21

. Miscellaneous Loads _.2G4% 2 oo

Y - Permanent Non-Safety Bus Total = MKW

4083

* Single Component capable of being powered by either X or Y.
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TABLE 8.3.1-4
TYPICAL ELECTRICAL BUS IDADS

Component Load (KW)

X - 4.16 KV Non-Safety Dus: .

TBSWS Pump- 224

TBCWS Pump 75

* Containment High Purge Exhaust Unit 195

Containment High Purge Supply Fan 75

Nuclear Annex Exhaust Unit 115

Nuclear Annex Supply Fan 45

Main Pressurizer Heaters 2400

Miscellaneous-Load. 300
:

X - Non-Safety Bus Total - 3429 FW

Y'- 4.16 KV Non-Safety Bus:

TBSWS Pump 224

TBCWS Pump 75

* Containment High Purge Exhaust Unit 195

Containment High Purge Supply Fan 75

Nuclear Annex Exhaust Units (2) 170

-Ndclear Annex Supply Fan 157

Main Pressurizer Heaters 2400
'

Miscellaneous Loads 300

Y - Non-Safety Bus Total - 3596 KW

Single Component capable of being powered by either X or Y.*

.
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TABLE-8.3.1-4
TYPICAL ELECTRICAL BUS LOADS

Component Load (KW)

13.8 KV Non-Safety Bus X-1: .

RCP Switchgear 9574

FW Booster /FW Pump 17771
~

Condensate Pump. 1878

Circulating Water Pump 2940

13.8 KV Non-Safety sus X-1 Total - 32,163 KW

13.8 KV Non-Safety Bus X-2:

I RCPISwitchguar 9574

s' TW Booster /FW Pump 17771

' Condensate Pump 1878

Circulating Water Pump 2940 _

13,8 KV Non-Safety Bus X-2 Total - 32,163 -KW

s.

. . . . . . . . . . ... , ,
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TABLE 8.3.1-4n
~

TYPICAL ELECTRICAL BUS LOADS

Component Load (KW)

-

13.8 KV Non-Safety Bus Y-1: 3 i

RCP Switchgear 9574

Circulating Water Pump 2940

Circulating Water Pump 2940 |

: Circulating Water Pump 2940

13.8 KV Non-Safety Bus.Y-1 Total - 18,394 KW

13.8 KV Non-Safety Bus Y-2:
:

RCP Switchgear 9574

FW Booster /FW Pump 17771

Condensate Pump 1878

Circulating Water Pump = 2940

13.8 KV.Non-Safety Bus.Y-2 Total - 32,163 KW-

|
|

!

,
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8.3.2 DC POWER SYSTEMS

8.3.2.1 System Descriptions

8.3.2.1.1 Non-Class 1E DC Power Systems

8.3.2.1.1.1 125V DC Auxiliary Control Power System
The 125V DC Control Power System consists of two 125 volt
batteries, two battery chargers, and two 125 volt DCdistribution centers. The system is divided into two channelswhich supply DC power to the Non-Class 1E instrumentation,
controls, Data Processing System (DPS) and the 125V DC - 120V
AC auxiliary control power inverters. The 125V DC Control
Power System is shown on Figure 8.3,2-1. Botkg'lpal

E1.a +s(( d ,,, , c edes.*y e*( +. ,n ce f- % M eat- of ZGgg SQ guj p 1 g y,8.3.2.1.1.2 208/120V AC Control Power System

The 208/120V AC Control Power System consists of 125V DC -
208/120V AC inverters, static and manual bypass transferswitchea, distribution centers, and panelboards as indicated in
Figure 8.3.2-1.

The system is divided into two trains, each supplyingnon-interruptible 120 volt. AC ;Jwer to Non-Class 1Einstrumentation and controls; 208/120 volt AC power to the DPSand security lighting systems. '

Two 125V DC 120V AC inverters supply power from the 125V DC-

Control Power System to separate non-interruptible 208/120 voltAC panelboards. Backup power is available for each inverterfrom an associated Permanent Non-Safety 480/208 volt ACregulated power transformer.
I

Two 120V AC power feeds are provided to each Process-Component
control System to enhance.their availability. One feed is from
the Non-Class 1E inverter distribution panel as shown on Figure8.3.2-1. The other feed is from the same channel permanent
non-safety 480V/120V AC regulated transformer.
8.3.2.1.1.3 250V DC Auxiliary Power System

'The 250V DC Power System consists of two 250 volt batteries,
two battery chargers and two distribution centers. This systemis shown on Figure 8. 3.2-1.

The 250V DC Power System supplies power to high inrush DC loads Ethat generally serve as backups to AC loads. The currentlimiting battery chargers are normally connected to their

Amendment I
8.3-27 December 21, 1990
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respective 250 volt DC distribution centers to maintain thecharge on the batteries.
The chargers are sized to recharge

the battery or to carry the largest single DC load for testing gpurposes. Power to the battery chargers is from theirrespective permanent non-safety buses. 84# ergdestpeol ta m ee t +k e. taten t of rges standard t-sf$tl.f,w are. |1
8.3.2.1.1.4 ge nt - 19 gy,

Alternate AC Source 125V DC Power System

The 125V power system for the onsite AAC consists of a 1ccal
125V battery, battery charger and distribution panelon Figure 8.3.2-1. This system is designed to supply the DCas shown
power necessary to start and operate the AAC.

The batterychar er is nowered from a non-safety 480V AC MCC. Tipt gi.as + +t o a
~

r> destgae) to ne+ 1he Meaf of rGGG Sfus.) .my#9he
8.3.2.1.2 Class 1E DC Power Systems ,

8.3.2.1.2.1
125V DC and 120V AC Vital Instrumentation andControl Power System

The 125V DC and 120V AC Vital Instrumentation and
System provides a reliable, continuous source of power to Class'ontrol Power
1E instrumentation and controls. The system consists of four
independent and physically separated load groups that supplyinstrumentation and control channeln A, B, C, and D. Each loadgroup includes a battery, a battery charger, a DC distributioncenter and associated DC panelboard, an inverter, and an ACpanelboard. Each instrumentation bus is powered from aseparate battery to provide stable and noise free power to itsrespective control channel. This system is shown on Figure8.3.2-2.

The Divisions I and II each also include an additional batterybattery charger, DC distribution center, and associated DC
,

panelboard, inverter and AC panel board for their respectiveDivisions and switchgear controls and indication.
The 125V DC anF

120V AC Vital Instrumentation and Control PowerSystem is a
seismic Category 1 system and is located in theControl Building.

The 125 volt batteries are located in theirseparate respective channelized rooms within the ControlBuilding.
The vital instrumentation and control power systemis an ungrounded system. Refer to Tables 8.3.2-3 and 8.3.2-4for typical AC and DC vital buses loads.

8.3.2.1.2.1.1
125V DC Vital Instrumentation and ControlPower Battery Chargers

Each load group of the 125V DC Vital Instrumentation andControl Power System is provided with a separate and| independent 125 volt battery charger. The battery chargers of

Amendment I8.3-28 December ?' i"
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nsed A

load group channels A and C are powered from Division I of theClass 1. E Safety Auxiliary Power System. The chargers o loadgroup channels B and D are powered from Division II. Each-oharger ic c a pable--ef-su pp lying-t-h e--s tea d y-s t a te--load s of its
own-1-oad group-w}tilc recharg-ing-its-essociated-batteryn
Each battery charger normally supplies the loads of its
associated distribution center while maintaining a float chargeon its associated battery. The battery chargers are designed
to prevent a battery from discharging back into any internal
charger load IL the event of a charger malfunction or ACsupply failure. power

4
Should a battery be removed from service, either the normalf S [ charger associated with the isolated battery or a bus tie to

Ey:a
( p$ one of the other DC buses in the same Division car. be closed

such that the two inter-tied channels would have one battery.m and two chargers in operation.P E
N. 2 4

Each charger can recharge its associated battery, assuming the
$ $ .$: battery was discharged for one hour, in approximately 8 hoursg f % while also supplying worst case steady-state loads.Qs\e
S d Each battery chrger is provided with an overvoltage sensing[g, circuit.

A -* A
1 The Class 1E DC loads have an operating voltage range of 105 toi g [ 140 volts. The minimum battery discharge voltage is 105V DC.

H %
m3 a 8.3.2.1.2.1.2

12SV DC Vital Instrumentation and ControlQ } E. Power BatteriesA
-+-

$A Each of the independent load group channels and divisions of
*

- Q{ S
'^5 Volt DC Vital in trumentation and Control Power is provided gs3

; with a separate and independent 125 volt battery j* t +
cue. divis;a khQ e dt ud en dwel *qh7 Each battery _is sized to supply the continuous emergency loadwfn of its own load group for a period of /* hours. In addition,$2p the batteries provide a SBO coping capability which, assumingAi e manual load shedding or the use of load management programs,334 exceeds %f hours and, as a minimum, permits operating theD[- instrumentation and control loads associated with the

%

turbine-driven emergency feedwater pumps for 8 hours.*
8.3.2.1.2.1.3

12SV DC Vital Instrumentation and Control
Power Distribution Centers and Panelbaards

A 125 volt DC distribution center is provided for each of the
125V DC Vital Instrumentation and Control Power System loadgroups. Each distribution center supplies an independent |

Amendment E
8.3-29 December 30, 198R
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Insert A:-

t "Each battery charger is capable of supplying the_ largest
combined demand of the various steady-state loads and the
charging capacity to restore the battery f rom' the design
minimum charge state to the fully charged state, irrespective
of the status of the plant during which these demands occur."
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channel of vital instrumentation and control, and is powered
-directly from an independent 125 volt battery and batterycharger. Each of the distribution centers supplies one DC
panelboard and one 125V DC - 120V AC static inverter. EachDivision I and II distribution conter also powers itsrespective emergency diesel generator.

8.3.2.1.2.1.4 120V AC Vital Instrumentation and Cohtrol
Power System

E

The 120V AC Vital Instrumentation and Control Power System
consists of four separate and independent 120 volt AC power
panelboards, each powered from a 125 volt DC load groupdistribution center via a 125V DC 120V AC static inverter.-

This power supply system is designed to provide an output
frequency of 60 10.5 Hz and voltage regulation to within 12% at
full rated load for a load power factor greater than 0.8 |t(towards unity). Each 120 volt AC power panelboard supplies
one channel of AC vital instrumentation and controls. A manualmake-before-break bypass switch is provided to bypass theinverter for maintenance. The 120V AC Vital Instrumentationand Control Power System is shown in Figure 8.3.2-2.

The channelized portion of the AC vital instrumentation and
control power system is an ungrounded system.
The 120V AC power feeds are provided to each redundant
ESF-Component Control System to enhance their availability.
One feed is from the Class 1E inverter via the vital I&C

1channel power panel as shown on Figure 8.3.2-2. The other feedis from the same Class 1E channel 480/120V AC regulatedtransformer.

8.3.2.1.2.1.5 125V DC and 120V AC Vitcl Instrumentation
and Control Power System Status Information

E

The following parameters or status points are monitored in the
control room for the 125 volt DC and 120 volt AC Vital I&Cpower systems:

A. Battery charger output voltage low.
B. Battery charger output voltage high.
C. Loss of AC input to battery charger.
D. Battery charger output circuit breaker openy <Wdic al1 * d

and . |um

Amendment I
8.3-30 December 21, 1990

.
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E . -- ~DistributionJcenter main circuit breaker open.
_ . -

.

F. : Battery circuit breaker openy tahc.Eea ud. 4lem'

G.-
Vital distribution center tie breaker closed.
Vits11125 volt DC panelboard undervoltage.H.:

T ~~ I. Battery positive or negative leg ground.
.

.%cp-
c

J .- Battery undervoltage,
u W %.
:pm"m K.- Inverter 125 volt DC input fallure...

L._ Inverter AC output ~ voltage low.
N -

Inverter manual bypass switch .in . alternate* Q {
M.

. position.- tource
, ,

_* i ,c g . N .

1-[= A
Inverter alternate source abnormal-(voltage or frequency).

.
E

j p !O. 120 volt AC. inverter panelboard undervoltage. ...m

{k P.- Static'' inverter manual' bypass switch position.A..
i .h ; Q.

"

120' volt AC. regulated distribution center breaker statusx' ti . 6s&ry b.'s ch e e
n y 3 . % .3.2.1.2. 2 1 Alarh

-

.m.
Testing _

?M -. 4 %|A '

- 8.3.2.1.2.2.1. A
- - g;: Preoperation Tests

'

Q[a t
LS

Preoperational testing of the_ Class 1E'DC systems is performed
~

y?
'in accordance with the recommendations.of Regulatory * Guide _1,41to _ verify . proper design, Einstallation and operation.

;a

M1 of ..panelboard. circuit breakers-- and all circuit breakers
Testing

associated with the 120-volt regulated AC power system consists
, g

w
of operating the-breakers to assure proper: functioning.-[ voltageilevels'are verified and, system-
capability _ to . perform manual: transfersin the'120-volt.AC system thew

A ,

_y= regulated power supply-is demonstrated. from the . inverters and
DC. loads'are-

verified to be in dccordanc,e.with battery sizing3jy assumptions./ E . performance test inThe -' battery capacity -is. verified _ by a3

dischargeY 3"
accordance -with IEEE Standard 450-1980.operability:-of vital loads is verified at reduced system. voltage.

Proper installation and operability of the Class
i's demonstrated by verifying proper bi eaker operation 1E DC systems

-levels..and transfer-schemes to alternate sources.
, voltage

Amendment EB.3-31- December 30, 1988
, - - . _ _ - _ . _~ ~ __ . . _ - . - .
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. Insert A:

" Ammeters employed to monitor battery current have the
capability to monitor both cl.:ge an discharge currents.

Ground fault detectors and their corresponding ground
monitoring alarms have sufficient sensitivity and high source
impedance such that they can detect relatively high resistance
grounds on the DC system without themselves creating grounds
on the system."

.
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8.3.2.1.2.2.2 Periodic Tests

Inspection, maintenance, and testituj of Class 1E DC systems are
performed on a periodic testirg program in accordance with the
re.conmendations of Regulatory Guide 1.22. The periodic testing
program is scheduled so as not to interfere with unit
operation. Where testa do net interfcre with unit operation,
system and equipment tests may bg scheduled with the nuclear
unit. in operation.

Tbc continuous operation of the vital instrume lation and
control system inverters is iriicative of their operability and

,

functional performance since accident conditions do not
substantJally change their load. The means for manual transfer
to the various power sources available to the 120 volt AC vital
power system can be terted on a routine basis to assure their
operation.

8.3.2.2 Analysis W

The 125V DC cnd 120V AC Vital Instrumentation and Contro? Power
System arn class 1E systems, and as such, are designed to teet
the requirements of Goneral Design Criteria 17 and 18, and th

Eintent of Regulatory Guidos 1.6 and 1.32. For a discussion of r
add!tional RegulatT ' Guidos and Industry Standards applied in
the design of the inite DC Power System, rafer to Section
8.1.4. Refer to Ti i 8.3.2-1 and 8.3.2-2 for a single failure
analysis of these s2 : ems.

8.3.2.2.1 Compliance with Regulatory Guido 1.32,
IEEE Standards 308-1980 and 450-1980

The design of Class 1E DC power systems complies with the
intent of IEEE Standard 308-1980 as augmented by Regulatory
Guido 1.32. The Class 1E batteries are given a service test at
an interval not to exceed 18 months. Add itiona l-ly , the-M ass

~gg 4 -E--battery po r-forma nce--a nd--accepto noe -tou ts-comp ly-w ith-t he1

i n t en t-o f-I E E E-S ta n hrd-45 G-19 B O .

8.3.2.2.1 Class 1E Equipment QualJfication Requirements

The seismic, and envircamental qualifications of Class 1E DC
power system equipment are discussed in Sections 3.10 aM 3.11,
respectively.

8. f.3 Physical Identification of Class 1E Equipment
The physical identification of the Class 1E DC systems
equipment is discussed in Section 8.3.1.3.

Amendment E
8.3-32 December 30, 1988
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I}oviso Section 8.3.2.2.1 to include the f ollowing text at
INSERT" mark:

"The maintenanco, testf.ng, and replacement of the
Class 1E battorios comply with the intent of IEEE
Standard 450-1987. This includos safety

precautions; monthly, quarterly and annual

inspections and appropriate corrective actions
resulting from the samo; acceptance and performance
testing; battery replacement critoria; and, proper
record kuop.1g."

|
|
,
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0.3.2.4 Independence of hedundant Syntems

The itadependence of redundant Class 1E DC systems in discussed E
in Section 8.3.1.4.

.

A.aendment E
8.3-33 December 30, 1989
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8.3.3 fille PROTECTION FOlt CAI3LE SYSTEMS
I

Refor to Section 8.3.1.6 for fire protection details.

Amendment I
8.3-35 December 21, 1990

.
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TABLE 8.3.2-1,

(Sheet i ot'2)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE 125V DQ_ CLASS lE VITAL -

INSTRUMENTATION AND CONTJ0L POWER SYSTEM

Component Na1 function Comments & Consequences ,

1. 480V AC power loss of power No consequences - power from
supply to chargers to one battery is available to supply

power without interruption. .

2. Battery chargers Loss of power The 125 volt DC bus continues to
from one receive power from its respective

battery without interruption.
.

Severe internal faults may cause
high short circuit currents to
flow with the resulting voltage '

reduction on the 125 volt DC bus
until the fault is cleared by the
isolating circuit breakers.
Complete loss of voltage on one
125 volt DC bus may result if the
battery circuit breakers open.

E

3. 125V DC batteries Loss of power Isolating circuit breaker
from one manually opened to clear the
Division or battery from the bus on a fault
Channel condition thereby allowing the
battery battery charger to continue

supplying power to the connected
loads.

No safety significance an
independent division of 125V DC ,

is provided for the redundant
diesel generator. An alarm in
the control room alerts the
operator of the malfunction.

4. 125V DC distribution P and N buses Power is lost to the
centers shorted on one instrumentation and control

Channel or Division serviced by
the shorted distrit tion center.
Remt ning redundant division
chanaels are available for the
safe operation of the Unit.

Amendment E
December 30, 1988
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TABLE 8.3.2-1(Cont'd)

(Sheet 2 of 2)

FAllVRE MODES AU EFFECTS _A1ALYSIS FOR T!!L125V QC_ CLASS 1E VITAL
INSTRUMENTATION AND CONTRQL POWER SYSTEN

Comoonent Mal function _ Comments & Conscauences

5. 125V DC distribution Grounding of a The 125 volt DC system is an
centers single bus ungrounded electrical system.

Ground detector equipment |
monitors and alarms a ground |

anywhere on the 125 volt DC
system. A single ground does not
cause any malfunction or prevent
operation of any safety feature.

6. 125V DC distribution Gradual decay of The 125 volt ous is monitored to
centers voltage on one detect the voltage decay on the

bus and initiate an alarm at a
voltage setting where the battery
can still deliver power for safe
and orderly shutdown of the unit.
Upon detection power can be
restored either by correcting the
deficiency, by switching to a
redundant source.

E

7. DC distribution Cables shorted Same comment as 4. Also, all

centers irco'ning on one incoming feeder cables are
feeder cables provided with isolating circuit

breakers that isolate the
" shorted" cable on a sustained
fault condition,

8. 125V DC instru- Bus shorted Voltage on the shorted 125 volt
mentation and DC bus system of the affected
control power unit decays until isolated by the
panelboards isolating circuit breakers.

Remaining redundant division
channels are available for the
safe operation of the Unit.

Amenciment E
Decernber 30, 1988
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IABLE 8.3.2-1

FAILURE H0 DES AND EFFE_01LMLAll115 FOR THE 120V AC CLASS 1E VITAL
INSTRUMENTATJON AND CONTRQL POWER SY)JJ3

Component ,_ttdiunction Comqel.LLConseou.ejig.es

1. 125V DC distribution P and N buses One static inverter is lost. The
centers shorted or one loss of one vital instrument bus

results in the temporary loss of
one channel of reactor protection
and engineered safety
instrumentation systems. Other
remaining channels receive vital
instrument control power from the
other panelboards thus
maintaining safe operation of the
Unit.

2. Static inverter failure Same as 1.

3. Static inverter failure If alternate source in use,

alternate regulated similar to 1.
480/120V AC source

4. Vital instrumenta- Failure on for any one bus failure, only one E

tion and control one Division or Channel of any system
power panelboards associated with reactor

protective system or engineered
safety features actuation sys''m
is lost. Sufficient redundanc
Channels or Divisions supplied
from other vital instrument buses
provide adequate protection.

,

l

Amendment E
December 30, 1988
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TABLE 8.3.2-3

(Sheet 1 of 2)
i*

CLASS 1E 120V AC VITAL I&C POWER SYSTEMS !
l

i'' Description Load (KVA) '!

Division 1 . !
L ~c ealked AtmeopLeee Ra,4|,fjoa Mowjfer. I.7 |liydrogen Igniters-

. 11 ;
Containment Hydrogon Analyzer Control Panel 1 :

Control Room Air intake Radiation Monitor 2 ,

Primary Coolant loop AreaLRadiation Monitor 1.7 ,

liigh Range Containment Area Radiation Monitor 1.7

Bus Total: if-+ '

14.l i
Channel- A" :.,

-

DIAS-P 2
PPS 8 |

.

:!' APC (Safety)- 1-

'.
"

ESF-CCS 14
Control Panel Lamps. 2- 1 -1

Bus Total: 27 '

,
Channel . C. ,

g-
~

PPS~
.. 8 -{.APC (Safety); I -i

:ESF-CCS. 5 ;
,

zContro1 Panel Lamps 0.5
;

Bus Total: 14.5
'.
>
,

* The loads given are typical. -' Actual; loads are site dependent based on-
:the. equipment procured. . Therefore, the site-specific SAR shall make

iappropriate adjustments as necessary.
..

_

!

.

:th
.

*

-::
.

.a
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TABLE 8.3.2-4 I

(Sheet 1 of 3)
*

CIASS 1E DC VITAL POW 131 SYSTEM IDADS
l

Load _on BUS (amperes)
, _

,

Severe
Description DBA (a)_ SG0 (b]_ Accident (c)
Division 1

Class 1C Sw.h L;<re Bad.< T-tM 3 6 0. 'l O d - -

Inverter 53.3 100.0 (i)--

Diesel Generator Control 69.0 (d) -- --

& Field Flash
Reactor Cavity Flood Valve

3.6 (1)_
-- --

Bus Total: ~Ttt-t ~~ ITi3.6--

(>g I*41.1
Channel A
Class it Sati<L ge<< 6<<&- Tr*re 3 %2 Mw - -

Inverter 225.0 416.7 (f) --

Reactor Trip Switchgear 2.5 (d)
)*~ C1 ass IE Switchgear 14.7

-- --

-- --

& Load Center Control 6 t 1
Atmospheric Dump Valve 47.I (d) 47.I (g) --

Holdup Volume Flood Valve 3.6 (j)
-- --

EFW Valve EF-105 9.9 (e) 9.9 --

SDS Valve 50-1 19.2 (d

319.{

j -- 19.2(HTotal: IT C '~ 72.8

Channel C
class n SAhur 6 " d'" Triff;"y WM ~~ ~~

Inverter 120.8 41.7 (f) --

Reactor Trip Switchgear 2.5 (d) -- --

Class IE Switchgear 14.7 -- --

& Load Center Control B %

Atmospheric Dump Valve 47.X (d) 47.1 (g) --

Holdup Volume Flood Valve -- -- 3.6 (j)
EFW Valve EF-101 6.6 (e) 6.6 (h) --

EFW Trip & Throttle Valve #2 2.2 (d) -- --

EFW Steam-driven Pump Turbine 1.0 1.0 --

Governor Control
SDS Valve SD-2 38.5
Bus, Total: 23T $_(,d)' 38.5(j);--

97.0 42.1
Peu I I

* The loads given are typical. Actual loads are site dependent based on
-) the equipment procured. Therefore, the site-specific SAR shall make

appropriate adjustments as necessary.'

Amendment I
December 21, 1990
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, TABLE 8.3.2-4 (Cont'd)

(Sheet 2 of 3)
*

CLASS lE DC VITAL POWER SYS1LH LOADS

loadonBUS(amperes 1,

i Severe
Description _DBA_(a)_ S80 (b)_ Accident (c)

_

Division 2
cIas it. s~;h k y Bro a rc Tr:er:a3 8o.4 W - ~

Inverter 53.3 100.0 (i)--

Diesel Generator Control 69.0 (d) -- --

& Field flash
Reactor Cavity Flood Valve -- -- 3.6 (jl
Bus Totr': T &c3- 1 3.6--

Channel B
ct. u ir. s a:tst.ga.r 6re & ~T;irria3 40,z u) - -

~

Inverter 225.00 116.7 (f) --

Reactor Trip Switchgear 2.5 (d) -- --

Class IE Switchgear 14.7 -- --

& Load Center Control i 8

Atmospheric Dump Valve 47.7_(d) 47.1 (g) --

Holdup Volume Flood Valve 3.6 (j)-- --

EFW Valve EF-100 6.6 (e) 6.6 (h) --

EFW Trip & Throttle Valve #1 2.2 (d) -- --

EFW Steam-driven Pump Turbine 1.0 1 --
,

Governor Control
SDS Valve 50-3 19.2 # 1 2E8_(jl19.2--

Bu#s Total: -ERF 172.7
T' .t.t 319.0 i

Channel D
Qas; 12 Swt kk yse B r* ~ ,;< Tety p q %2 M ~~ ~

Inverter 120.8 41.7 (f) --

Reactor Trip Switchgear - 2.5 (d) --

Ciass IE Switchgear 14.7 -- --

& Load Center
C4m--lE-Swi tchgc e r 14.-7

44oad-Gentee-4entwh 5 B

Atmospheric Dump Valve 47.T (d) 47.1 (g) --

Holdup Volume Flood Valve -- -- 3.6 (j)
EFW Valve EF-104 9.9 (c) 9.9 (h) --

SDS Valve 50-4 38.5 (dl 38.5 (jl--

Bus Total: 234 7 ~E7 T2.1g

Pe.A 2. 4

Amendment I
'

December 21, 1990
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TABLE 8.3.2-4 (Cont'd)

(Sheet 3 of 3)

CLASS lE DC VITAL POWER SYSTEM LOADS

NOTES'

a. Loads for Design Base Accident (DBA) to which the batteries are
sized to maintain power supply for at least two hours,

b. Loads for Station Blackout (SBO) conditions considering manual lead
shedding or use of load management programs to achieve 8 hours of
turbine-driven emergency feedwater pumps.

Load for Severe Accident Conditions considering manuel load sheddingc.
or use of load management programs to achieve extended battery life,

d. Random load assumed to occur at 119-120 minutes.

Intermittent load, 4 actuation-reset cycles assumed to occur duringe.
the two hour period.

f. Power to EST-CCS for controlling EFW steam-driven pump turbine speed
for steam generator water level control. Other inverter loads are
load shed. Steem generator level and other plant conditions are
monitored through the DpS, which is powered from the non-safety

ibatteries (X & Y).

9 Atmospheric dump valve positioned once during the 8 hour period to
maintain the plant at hot standby,

h. EFW valve opened once to the full open position during the 8 hcur
period. Steam generator level control is accomplished through
a.5usting the steam-driven EfW pump speed turbine.

i. Power tc, hydrogen igniters and analyzers.

j. Reactor Cavity flood Valves, Holdup Volume Flood Valves, and SDS i

valves opened one time.
,

K L oad occu,9 ,J o-( miete .
,

i

Amendment I {December 21, 1990 '
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1

12. 440.96, 100

The staff position requires that only the safety-grade components or
systems are creditable for design basis accidents in safety analyses.
All non-safety systems or components called for function are assumed to
be not functionable. iherefore, the turbine stop and cor. trolled valves-

should be assumed to be open and a resulting steam flow through the stop
valves, in addition to 11% steam flow assumed, from the intact SG with a
MSIV failed to close is expected to be included in the analysis of cases
2 and 4.

ABB-CENP Response to item 12:

ABB-CENP has performed a review of the turbine generator design and
although it is not a safety-grade system, the turbine trip function,
including the turbine valves and the trip signals from the CEDMCS,
incorporates levels of redundancy aimed at precluding both unnecessary
trips and the potential for a single failure which would prevent the
turbine from tripping.

,

Each unit's turbine generator consists of a double-flow, high pressure ;

turbine and three double-flow low pressure turbines driving a
direct-coupled generator. The flow of main steam is directed from the
steam generators to the high-pressure turbine through four lines. Each
line contains a stop valve and a control valve in series. The stop and
control valves are hydraulically operated and failed closed on a loss of

- hydraulic fluid pressure. Since all the turbine valves are closed upon
receipt of a turbine trip signal, no single valve failing to close will
prevent a turbine trip (i.e., the bar'up to control _ valve closure is stop- -

valve closure and vice versa).

When the reactor trips, the CEDMCS sends redundant trip signals to the
turbine's Emergency Trip System (ETS). When the main turbine receives a
signal that a condition exists requiring a turbine trip of the ETS,
redundant trip valves will act to release the hydraulic fluid pressure in
the valve actuators, thus rapidly closing all stop cnd control valves.
The pressure may be released by eithe the electrical trip valve (ETV) or

-the mechanical trio valve (MTV).

In addition to the above redundancy the System 80+ turbine described in
-CESSAR-DC Chapter 10 includes a main steam.(throttle) pressure limiter
circuit designed to prevent an excessive decrease of the main steam
(throttle) pressure. When throttle pressure falls below a preset level
(typically 10% be_ low the normal f_ull power steam pressure), the circuit
acts to close the turbine control valves to limit the pressure decrease.
The regulation of this circuit is fixed at_100 The.s, the control valves
will start to close when main steam pressure drops 10% below the normal
full power pressure and will be fully closed if pressure drops another
10L

_ _ _ _ _ _ . . _ _ - _ , _ _ . _ _~ _ . _ . _ . _ ___ _ , , _ . . . _ _ __.- _ _._
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In the unlikely event that the turbine fails to trip following a SLB and j

in addition, an MSIV fails to close on the intact steam generator, then,

the turbine throttle pressure limiter will limit the blowdown of the
intact steam generator by closing the turbine control valves in response
to decreasing steam pressure.

.While ABB-CENP feels that the results of the above evaluation of turbine
reliability supports our position that the failure of.the turbine trip to
occur at the same time as a steam line bre&k, a MSIV failure, and the

t ;

failure of the most reactive CEA to insert on reactor trip is not'

credible, CESSAR-DC Section 15.1.5 Steam line Break Case 2 was reanalyzed
with failure of the turbine to trip. The assumptions and initial ,

conditions and sequence of events and key figures are attached. The
maximum post trip reactivity for this event is -0.~3% Ap demonstrating no
return to criticality. ;

i
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* :

NRC Steam Line Break Question Number 1

CESSAR-0C Section 15.1.5.2 (Steam Line Break) states that 'cor steam line
breaks with a concurrent loss of offsite power, the events of turbine stop
valve closure, termination of feedwater to both steam generators, and coast
down of the RCPs are assumed to be initiated simultaneously." Justify the
assumption of termination of main ferdwater flow at this time.

ABB-CENP Response:
'

Concurrent with the loss of offsite power, main feedwater would be-lost due to
the loss of NPSH to-the main feedwater pumps caused by the loss of the
condensate pumps.

In actuality, Case I conservatively assumes that main feedwater is not lost at
the time of the loss of a-c power. Instead main feedwater delivery continues
to the steam. generators until the main feedwater isolation valves close as a
result of the main steam isolation signal.-

.
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TABLE 12-1

ASSLMPTIONS AND INITIAL CONDITIONS FOR REANALYSIS OF A LARGE STEAN
EINE BRDK DURIKTUEL POWER DPERATIDWWITil UrFSITE

POWER ~AVKIEABLT-(SEBfPF

Parameter Assumed Value

Initial Core Power level, HWt 3876'

Initial Core Inlet Coolant Temperature *f 563

6Initial Core Mass Flow Rate, 10 lbm/hr 151.89

Initial Pressurizer Pressure, psia 2400

3Initial _ Pressurizer Water Volume, ft 1350 ;

CEA Worth for Trip,.10-2 ap- -8.86

Initial Steam Generator Liquid Inventory, lbm -259277
,

One Main Steam Isolation Valve on Intact Steam Inoperative
Generator 1

Core Burnup End of Cycle

Blowdown Fluid Saturated Steam

2Blowdown Area for Each Steam Line, ft - 1.283

Turbine Trip on Reactor Trip Inoperative
t

.

|

,

I
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TABLE 12-2

SEQUENCE Of EVENTS FOR REARALYSIS Of A LARGE STEAM LINE BRfAK
DURINC TUOMER~DPERAH00VITlf OffSTIE

_PCW[R AVAIEABE G 5EBfP)

Time (Sec) Event
_

Setpoint or Value

0.0 Steam Line Break Occurs --

7.31 CPC Variable Overpower Trip 115

Condition Reached (% Power)

/.71 CPC Variable Overpower Trip Signal --

Generated

7.86 Reactor Trip Breakers Open --

16.48 Steam Generator Pressure Reaches 719
Main Steam Isolation Signal
Analysis Setpoint, psia

19.65 Volds Begin to form in RV Upper liead --

22.83 MFIVs Begin to Close --

22.83 MSIVs Close Completely --

38.8 Pressurizer Empties --

73.08 Pressurizer Pressure Reaches Safety 1555
Injection Actuation Sinnal Analysis
Setpoint, psia

113.6 Safety injection Flow Begins --

147.96 Safety injection Boron Begins to --

Reach Reactor Core

185.04 MaximumTransiegt -0.35
Reactivity, 10~ Ap

1800 Operator Initiates Cooldown --

- , _ _ _ _ _ _ .. _
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13. 440.109,B6(c),IC6(Ik)

Provide discussion of the analytical results which show that the steam
generator will not be overfilled without a backfilling procedure during a
SG tube rupture event. The information requested should include the
computer code used, assumptions made for initial conditions, single
failure consideration and SG tube rupture sizes and location,

ABB-CENP Response to Item 13:

slides were used in the NRC/ABB-CENP meeting on March 17,T' 4'

?'' tubject.
'

4

't t F a follow up question was asked:-

perator establish the operation of the atmospheric
.r the initial cooling of the plant prior to isolation of

steam generator during the SGTR analysis presented in
Ct. oection 15.6.3.37

ABB-CENP Response:

For the SGTR analysis presented in CESSAR-DC Section 15.6.3.3, it is
assumed that the steam bypass system and the condenser are not available
for plant cooldown. The operator aligns one ADV from each steam
generator for operation. The operator then sets the demand for each
selected ADV with the ADV valve control as specified in the System 80+
emergency procedure guides. The demand is set to the desired percent of
full open to establish a cooldown rate within that specified in the plant
technical specifications to reduce RCS temperature minimizing the
possibility of lifting main steam safety valves. The operator can also
monitor the actual position of the ADV from indications provided in the
control room.

,

nn,
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STEAM GENERATOR TUBE RUPTURE ANALYSIS
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SYSTEM 80+

STEAM GENERATOR TUBE RUPTURE ANALYSIS

A. ANALYSIS METHOD & ASSUMPTIONS

.

: SGTR WITH A LOOP AND A STUCK OPEN ADV IS

h ANALYZED;USING THE-FOLLOWING CODES AND

ASSUMPTIONS.
-

1. 'CESEC-III & CESEC-III BASED C00LDOWN-

ALGORITHM ARE USED TO SIMULATE THE

EVENT.

;2 THE MOST ADVERSE INITIAL- CONDITIONS (RCS.

PRESSURE, SG LEVEL, _ CORE POWER, ETC.)

ARE EMPLOYED TO MAXIMIZE THE SG-LEVEL.

AND RADIOLOGICAL RELEASES.

3. -A-DOUBLE-ENDED BREAK-0F THE SG TUBE AT

THE TUBE SHEET-IS POSTULATED.
-

4. THE MOST LIMITING SINGLE FAILURE IS

-DETERMINED:TO BE A STUCK OPEN ADV.

.
... .

e- - -- we e _ _ _ - __ __ _.___ - _ _ . _ _ _ _ _ _ _ - ____ __ _ _ _ _ _ . . _ ___
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SYSTEM 80+

STEAM GENERATOR TUBE-RUPTURE-ANALYSIS :
'

,

B. SGLLEVEL CONTROL _
.

.

- - FOR THE| STEAM GENERATOR TUBE RUPTURE EVENT,

THE AFFECTED SG LEVEL IS CONTROLLED BY THE

FOLLOWING-ACTIONS.

1- CONTROL / TERMINATE AFW TO THE AFFECTED

SG.

^

2. -MINIMIZE TUBE LEAK RATE:BY': MINIMIZING

PRIMARY-TO-SECONDARY-SIDE' PRESSURE-

DIFFERENCE (USE OF PRESSORIZER GAS VENT,
-

THROTTLING HPSI FLOW).-

3 '. STEAMING FROM THE AFFECTED SG VIA THE

ADVs,fIF NECESSARY, TO CONTROL-SG LIQUID

LEVEL.

-

r
]-

.

t

' '.
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16. 440.97

The staff does not consider that a steam line break accident with
na-return-to-power would necessarily result in the values of DNBR remain
abece the safety limit DNBR. Provide the calculated DNBR curves for case
1 through 4 - post trip steam line break cases. Information provided
should include the discussion of the correlation used for DNBR
calculation and its applicability to the core conditions (including low
flow, low pressure for the steam line break with a loss of offsite
power).

ABB-CENP Response to item lE:

ABB-CENP has evaluated the minimum DNBR for the post trip SLB cases
provided in CESSAR-DC Section 15.1.5, utilizing the same methods reviewed
and approved on the CESSAR FSAR and the PVNGS FSAR docket as well as the
BGE Calvert Cliffs docket. The limiting case is Case 1 due to the low
reactor coolant system flow caused by the loss of offsite power. For
this case, the post trip minimum DNBR is significantly greater than 10.

Details of the methodology used to calculate the minimum DNBR for the
post-trip steam line break case used in response to this questio:. and on
the Sy. stem 80 dockets follow:

The Macbeth ONBR correlation (References 1 and 2) has been selected to
represent margin to DNB during post-trip periods.

Macbeth correlates critical heat flux to mass flux, inlet subcooling,
pressure, heated diameter, and channel length. Application of a channel
heat balance allows the correlation to be converted to a " local
conditions" form. Using this local conditions form of the correlation,
critical heat flux as a function of height in the hot channel (which is
located near the stuck CEA location) is calculated, where the effect of
non-uniform axial heating is incorporated using the method applied by Lee
(Reference 3).

Open ce a< ulations indicate that local quality in the hot channel
during post-;eip steam line break conditions seldom exceeds a few
percer.t, regardless of fission power rate or core average mass flux.
This occurs due to the assembly cross-flow effects. The presence of low
density liquid or of voids at the top of the hot channel causes post-trip
power generation to occur near the bottom of the core. For
return-to-power DNBR calculations, an integrated radial peaking factor ofi

approximately 50 and an axial peaking factor of approximately 3 are used
to bound all possible power distributions. Enthalpy as a function of
height is computed by performing a closed channel heat balance. Hot
channel inlet enthalpy is set equal to the average enthalpy predicted by
CESEC for the fluid at the core inlet for that half of the core on the

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - -
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side associated with. the:affected--steam generator._ Maximum enthalpy is
limited to that corresponding to 20% quality at the system pressure, to +

'

account for- the cross-flow effect.
_ ,

L As Lspecified in Reference 3, the Macbet_h correlation is based on 17
-

; geometries in:the:1000 psia range. The ranges of applicability. for other
parameters are:.:

'

--

2* ~ (Mass-VelocityL(M1bm/hr-ft) 0.01 - 7.8
Inlet Subcooling:(Btu /lbm)- - 150 - 380- - q

- Hydraulic diameter _ (in) 0.113 0.902
Length |(in).

'

17 72

Fortfurther verification,c in>l969 Idaho Nuclear Corporation (INC)=

- compared Macbeth to c1096 Critical heat flux points covering the- following-
_

. __ ranges of; parameters- (Reference 4).1-

2Mass Velocity (Mlbm/hr-ft )- 0.02 - 4.0-
InletjSubcooling (Btu /lbm) ' 0 - 373'

~ Pressure.(psia)'_ _ 156 - 1400-

kod' Diameter |(in). .
0.25 - 0.625

~ Spacing BetweencRods (in)- - 0.022 - 0.307 '

Rod Length;(in),
~

30 - 178-'

JThe. results of. the Reference- 4 study found that the MacbO correlation -

(predicted 97% 'of the~ data points within the error < bounds -20% to +20%.
'

The-parameter; ranges . considered.by INC for use of the Macbeth Correlation.,
.

, .
gare met for the: cases evaluated except for pressure.1RC5 pressure fore

' :the post-trip _-Casesl at;theLtime.of maximum reactivity exceeded the above .
,

,

. tidentified; range by approximately 100 psi. . However, ABB-CENP: feels that :-

= use of the-Macbeth Correlation isiacceptable for;this evaluation since? !"

the minimum calculated DNBR of greater than:10 is far.from:the minimum:
-

.DNBR? limit | of- 1.3 for. this. correlation.- EThis wide margin to1fuelifailure)
+

- allows up tosapproximately an 87% errorlin- thelcorrelation results before-
;the| potential for fuel failure would be of concern. Thus, ABB-CENP~
. believes that: fuel failure will .not occur near.the time 'of maximum>

reactivity for_ the.. post-trip portion-off the- steam line' break events.
.

" REFERENCES -

1. : . Macbeth, R. V., '"An Appraisal . of Forced Convention- E 'rn-out Data," Proc.
,

Instn.' Mech.-Engrs,-Vol-180,3Pt3c,'pp~37-50, 1965-66.
_

2>. Macbeth, LRF V., " Burn-out Analysis - Part 5: Examination of Published
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21. 440.111

The System 80+ TS allows a positive moderator feedback (MTC) coefficient
for operation. of a System 80+ plant. A positive MTC design is not
consistent with the requirements of the EPRI URD, which requires a
non-negative HTC design. However, the ATWS analysis assumes a negative
MTC to keep the calculated peak pressure to less than 3200 psia. ABB/CE
is required to discuss the deviation of design MTC from the requirements
of the EPRI URD.

ABB-CENP Response to Item 21:

At the meeting it war identified that the most positive best estimate
moderator temperature coefficient covering 99% of the cycle was -0.3x10 4
delta rho /*F at 100% power. As specified in the response to RAI 440.111,
the maximum RCS pressure for this ATWS event is less than 3140 psia.
Because the MTC tends to become steadily more positive at lower power
levels, ABB-CENP was requested to analyze the ATWS event at lower power
with a more positive MTC to demonstrate the limiting case ATWS occurs at
full power.

- At.80% power the gest estimate most positive MTC covering 99% of the
cycle is -0.2x10~ delta rho /*F. A reanalysis of the ATWS event .at 80%
power with this most positive MTC results in maximum RCS pressure less
than 2800 psia. In addition, results of ATWS analyses at 90% power using
the most positive MTC at 80% power, which is bounding, result in maximum
RCS pressures well below-the full power case.

In summary, the most lintting4ATWS analyses occurs at full power with a
most positive MTC of -0.3x10 delta rho /*F with a calculated maximum RCS
pressure less than 3200 psia.

|

|
|

.. _ _ _ - - . .-
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Additional-NRC Questions on Steam Generator Tube Rupture (SGTR) -

-.

- NRC SGTR-Question Number 1

for the|CESSAR-DC SGTR W/0 LOOP, the limiting case with respect to offsite
--. radiological _ doses-that is presente n t e C SE SAR design certificationdi h
document has an ear _ly reactor-trip. Would not a late reactor trip result in-

more adverse offsit" doses by increasing the integrated primary to secondary
* leak | flow?

* 'ABB-CENP Response:

The'results of a parametric study on reactor trip time for a SGTR W/0 LOOP
' indicated _that:the radiological dose is the highest for the case with an early
! reactor trip. -

'

,

The reason: for this Lisi discussed' below. The radiation release to the-
atmosphere during_a SGTR_may-be divided in to three parts:

. a)- Before reactor = trip, the radioactivity is carried by steam into the
condenser and released via the condenser air ejector. A condenser

-decontamination factor (DF) of_100 is _ assumed for this release.
Because-of the high DF in _the condenser, this portion:of the total-
radiation release is relatively small,

b)" : After' reactor. trip, in -the absence of the steam-bypass- system, -it is
: assumed :that the' steam generator MSSVs cycle and release radiation
:directlyjinto the atmosphere. A portion of the leaking RCS fluid
c flashes on entry into the SG and is assumed to be released to the

,

~ atmosphere with a.DF of 1. The non-flashed portion mixes.with the
SG liquid and is released 'along'with the MSSV steam: flow with # DF
'of1100. |This portion:of the radiation release can be substantial
' depending'~on the duration of. the MSSVs cycling.

a
i _ Irrespective of the time of reactor trip,'it is assumed that at 1800

: seconds- after the initiation of the' event, the affected SG is
-

q isolated andino further radiation release occurs from the affected
' SG. -If the1 reactor trip occurs soon after event initiation, the-

EMSSVs' cycle for a longer duration' prior to isolation of the affected
-

~ SG, resulting inia.-larger radiation release. Conversely, a
relatively late trip will result in a shorter period of cycling of

.the MSSVs and a-smaller radiation release.

c)~ After isolation of the affected SG at 1800 seconds, the plant is
cooled using.the ADV_of the intact SG alone. The radiation release-
during the'cooldown' period is not very sensitive to the time-of the

-. trip.

f
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From the above discussion it becomes apparent that for a SGTR event W/0 LOOP,
an early reactor trip will result in a higher offsite dose. Table 1 compares
the results for two cases, Case I with an early trip and case 2 with a late
trip. The 0-2 hr and the 0-8 hr radiation releases for the early trip case is
seen to be higher.

I

,

_ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ . . _ _ _ _ _ . _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ ______ _ ______.__ _______.____ _ _ _ _ __ _ _ _ ______ ________._ _ _ _ __
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Comparison of Radiation Release for

Two SGTR W/0 LOOP Cases

Case 1 Case 2
(early trip) (late trip)

- 0.5 1757~ Trip Time (Sec) _
_

Release Via the' Condenser
before reactor trip .

for GIS (Ci) 0.0 0.68
for PIS (Ci) 0.0 3.0'

0--.0.5 Hour MSSV release
for'GIS (C1) 11.19 1.11
for PIS -(C1) 49.94 3.8

'0.5'- 2 Hop ADV release-

(unaffected SG)
~for GIS (Ci) 1.9- 2.0-
for~PIS| (Ci) 2.13 2.0''

2 - 8 Hour ADV release
(unaffected-SG)

for GIS- (C1) 32.1 30.0
for PIS- (C1)- 10.0 9.5

0 2 Hour total release
for GIS '(Ci) 13.1 3.8

'for PIS' (Ci) 52.1 8.8

-0-8 Hour total release
for GIS (Ci) 45.2 33.8
for PIS (C1) 62.1 18.3

. .
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NRC SGTR Question Number 2

for the CESSAR-DC SGTR with LOOP and a Stuck Open ADV, are non-safety grade
systens (Non-class 1-E systems) required for the mitigation of the event?

ABB-CENP Response:

The mitigation of the SGTR event does not require.the use of non-safety grade
systems.

In CESSAR-DC Section 15.6.3.3.1, the pressurizer level control system (PLCS)
and the pressurizer pressure control system (PPCS) are listed as systems that
can be employed to mitigate the SGTR consequences consistent with the
Emergency Procedure Guidelines (EPG). Also, Figure 15.6.3-48 of CESSAR-DC
identifies the pressurizer heaters as one means of controlling the RCS
pressure per the EPG. However, the use of these two non-safety grade-systems
is not required during a SGTR event.

In the SGTR analysis presented in CESSAR-DC Section 15.6.3.3, i.e., SGTR with
a loss of offsite power and a single failure, the charging and letdown
functions are conservatively assumed to operate in manual mode prior to
reactor trip. After reactor trip, it is assumed that the charging and letdown
functions become unavailable after the loss of offsite power. The operator
then takes manual control of the safety injection system (SIS) to maintain the
pressurizer water level within acceptable limits. The maintenance of desired
pressurizer pressure is achieved using the SIS and the pressurizer gas vent
system.

NRC SGTR Question Number 3

. CESSAR-DC Table 15.6.3-1 identified the pressurizer heaters as being actuated
at 16.5 seconds. Are the heaters required to mitigate the SGTR event?

ABB-CENP Response:

No. The actuation of the pressurizer heaters at 16.5 seconds makes the event
consequences more adverse by keeping the RCS pressure as high as possible,
thus maximizing the primary to secondary leak and the radiological
consequences.

_ _ _ - - _ _ - _ _ _ - _ - - _ _ _ _ - _ - _ - - _ _ _ - _ _ _ _ _ _ _ - _ - _ -
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Item 5 - Question 440.54

it is noted that valve position indication for the isolation valves SI-651
.through 656 are provided in tie main control room. Confirm that Figure
6.3.2-1C of CESSAR-DC correctly reflects the valve position indications as
designed.

EgSponse:

Figure 6.3.2-1C of CESSAR-DC correctly reflects the valve position indications
of valves SI-651 through 656.

Item 6 - Question 440.55a

ABB-CE stated that an assumed moderate-energy line break will result in a loss
of 7973 cubic feet of RCS coolant and determined that sufficient inventory is
available to preclude the loss of shutdown cooling (SCS). Provide the-
acceptable RCS inventory for operation of the SCS and discuss why a loss of
7973 cubic feet of RCS coolant will not preclude the SCS operability.

Resoorse:

Shutdown cooling can be maintained even if the RCS level is below the hot lea
centerline. .The ABB-CE response to RAI 440.55. stated that a maximum of 7973
cubic feet of RCS coolant would be lost before operator action could be
credited. With the loss of 7973 cubic feet, the RCS level would be 32 inches
above the bottom of the 42 inch diameter hot leg. This level is more than, ,

enough to-prevent the' loss of shutdown cooling.

. Item 9 - Tech,_Slec. 3.5.2

Ouestion:
.

What~ are the-functions of valves SI-304-and 305?. The surveillance requirement
3.5.2 specifies the valves to be closed with the power to the valve operator
to be removed. Confirm that the valves-SI-304, 305 are not misplaced with
SI-321, 331 or SI-604, 609 in TS 3.5.2.

Response:

The valves in Tech. Spec. 3.5.2 should be SI-604 and SI-609. This change will
- be made in a future amendment to CESSAR ot. See the attached markup.
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CESSARn h o
_

U

SIS Divisions - Operating
3.5.2

SURVEILLANCE REQUIREMEN1 S

SURVEILLANCE FREQUENCY

SR 3.5.2.1 Verify the following valves are in the listed position I; hours

with power to the valve operator removed:

Valve
N,9mber }'ositior- Function

{$1 f ol[] M14tMT [ Shut] [liot Leg] Injection
r51 6 09] WT IShut] [110: legl Injection

SR 3.5.2.2 Verify each SIS manual, power operated, or automatic 31 days
valve in the flow path that is not locked, scaled or
otherwise secured in position is in its correct position.

SR 3.5.2.3 Demonstrate SIS piping full of water. 31 days

SR 3.5.2.4 Verify each Safety injection pump is capable of In ace >rdance with
~

delivering [ ] GPM at a differential pressure of[ } the Inservice
psid. Inspection and Testmg

Program

SR 3.5.2.5 Demonstrate each SIS train autonutic valve in the flow 18 months
path actuates to its correct position on [an) actual or
simulated actuation signal [s).

SR 3.5.2.6 Demonstrate each Safety injection pump starts 18 months
automatically on an actual or simulated actuation
signal.

SR 3.5.2.7 Verify, by visual inspection, that each SIS division 18 months
suction inlet and the 19WST lloidup Volume Tank is
not restricted by debris and that the suction inlet trash
racks and screens show no evidence of structural
distress or abnormal corrosion.

__

_ _ _

CROSS-REFERENCES - None.
__

)
SYSTEM 80+ 3.5-4

'

Amendment I
16.8-4 December 21,1990

- ,
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NRC Tech Spec Question Number 1

. CESSAR-DC Chapter 16 Table 3.3.1-1 should be revised to include the LSSS'

Reactor Protection System Trip Setpoints.

'ABB-CENP Response:

- The specific values of the tech spec allowable trip setpoints cannot be
available prior to design certification because "as procured" information is
required. The final. setpoints will account for all instrumentation
inaccuracies to ensure the setpoints assumed in CESSAR-DC Chapter 15-are
preserved. The setpoints assumed for the CESSAR-DC Chapter 15 analyses are
shown in CESSAR-DC Table 15.0-2.

a



7... + + -

.?'

4

[.'

>

h

a

t..
"h

!.

*

'h

ATTACHMENT 11

.-<.

s

.

..,a w- # *



,-

k-

!

4.. 440.22 (RD Yalve Size)
'

There are two events analyzed in determination of the size of rapid o

depressurization (RD) valves. Two different values for the operator
action delay times were assumed in the two different cases. Discuss why
not use the operator delay time of 30 minutes for both cases. Also,
ABB/CE is requested to include the data of the RD valve size in the
appropriate Sect'on'of CESSAR-DC.

ABB-CENP Response to Item 4:

The events analyzed to determine the size of the rapid depressurization
(or Safety Deprassurization and Vent System (SDVS)) valves considered the
Chapter 5 Enginecred Safety Systems EPRI ALWR Evolutionary Plant
Requirements. The EPRI requirements follow:

Paragraph 5.5.2.3.1

Requirement:

A single SDVS bleed path, in conjunction with two-of-four safety-
injection pumps, shall have sufficient capacity to prevent core
uncovery following a TLOFW if feed and bleed is initiated
immediately following the opening of primary safety valves.

- Analyses shall show a margin to core uncovery of at least two feet,
using best estimate methods.

Rationale for. Requirement:

Once primary safety valves have opened, primary inventory is being
depleted and emergency procedures call for makeup. Sizing should
allow for potential single failt:res,

and Paragraph 5.5.2.3.2

The SDVS bleed paths shall have sufficient total flow capacity (both
bleed paths) with all SI pumps operating to prevent core uncovery
following a TLOFW if feed and bleed is delayed up to 60 minutes from
the time primary safety valves lift. Analyses shall show a margin
to core uncovery of at least two feet, using best estimate methods.

Rationale for Requirement:

For investment protection, sizing should allow a large margin for
operator actions.



,

,

(-

ABB-CENP has evaluated these requirements and has used the results of
this evaluation in the development of performance requirements for the RD
valves.- ABB-CENP has determined that a delay-greater than 30 minutes
after initiation ~of the pressurizer safety valves would result in an
undesirably large RD valve. Consequently,-we have taken exception to the
SDVS requirements presented in paragraph 5.5.2.3.2 of the EPRI-URD. To
optimize the valve size, we have selected a 30 minute time delay after
primary safety valve lift as a design basis requirement for valve sizing,
with no failures. A valve selected which meets this design basis
requirement also meets the EPRI requirement in paragraph 5.5.2.3.1. For
additional information on the safety depressurization system, refer to
CECSAR-DC Section 6.7.5.

..
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PLAN FOR THE REVISION OF THE D-RAP

ABB-CE- has- re' viewed NRC's discussion paper on the System 80+ Designer's
Reliability Assurance Program (D-RAP) and in general agrees with their
observations. We will revise the RAP to address NRC's comments by early fall,
1992 and, .in the near future, will -request a meeting with the NRC staff for
discussion and clarification of the scope, purpose and contents of ABB-CE's
D-RAP. i

-ABB-CE will expand the purpose.of the D-RAP: 1) to include all SSCs that are
significant contributors to risk, as shown by the PRA and other sources, 2) to
ensure that the plant design provides SSCs at least as reliable as that assumed 4

in.the PRA,tand 3)- to give guidance-to the COL applicant that the reliability-
levels'should be maintained over the life of the plant.

The. scope of the D-RAP will be clarified per NRC's suggestion. The ABB-CE RAP,
; Rev 00 (which NRC reviewed), was written as a general RAP that the Designer would-

start with and the COL applicant would inherit and expand. The items that were
included in this general RAP were requested to be included in a letter from NRC,
dated October-10, 1991 under Docket No. 52-002. This led to the inclusion of
material in the draft RAP that we thought the COL applicant would wish to include
in their' RAP. We-agree with NRC's comment that this approach has led to some
confusion between' organizational responsibilities. ABB-CE will revise the RAP
to be simply a'D-RAP and guidance-to the COL applicant will be made in the form !

of general _ requirements. This simplification will address NRC's comments about
the RAMI prograt,i,: plant operating data base system, plant procedures and other
Lissues that are .the respcnsibility of-the COL ' applicant. In summary, the scope
of the D-RAP-will limited to ~ the -designer's (ABB-CE) responsibilities only.
Operational . requirements will be provided to the COL applicant, but the overall
0-RAP program description is not within the scope of the D-RAP for System 80+.

The RAP that was reviewed did not include _ tables of- the SSCs that are important ;

~ to safety,.their reliability, or other characteristics, because this information '

-

was identified-in'the System 80+ PRA. These tables will be- reproduced in the
revised D-RA? (and-expanded to include other SSCs identified from other sources).

In conclusion, the draft RAP was written specifically to include D-RAP and 0-RAP
information-(at NRC's request). We agree with the reviewers that this structure ;

leads to some confusion and that_ a simple D-RAP is preferred. We will revise our
'

~ D-RAP to address the' reviewers comments and will open a dialogue with the
a cognizant NRC staff to ensure that the contents of our D-RAP will be acceptable.

The System 80+ D-RAP will be revised by early fall,1992.
. _
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p9 se L o f c es5,2) 'ws%% . A da J n.e ~tu um m;WAa , < 4.n wo'that detines the scope ' concaptuaa m aavorx, ans essenuuA -elements of an effective,-RAP. The D-RAP also - implements those
--

aspects of the program that are applicable to the design process.
. In addition, the D-RAP identifies the relevant aspects of plant ./

-

operation, maintenance, and performance monitoring for the risk- V. significant structures, systems and components (asCs for theowner / operator's consideration in develop:.ng the site-sp) ecific o-
RAP.

The etaff's position on the RAP is that a designer's submittal for
design certification pursuant to 10 CFR Part $2 would include, in
part, the framework for a reliability assurance program and would
-also-implement those elements of the RAP that would be applicable
-to_and implemented during the design phase [ Tier 1 ,requireseat).__ m m m _ _ _ _ _ _ . m_ m_ m______m _ .m ,_

Al0L appiicanTwou'1'd Augment thelesigner's RAP to
~ '

.

reflect plant-specific information and implement those elements
applicable during the construction and operations phases.

| The staff's evaluation of CE's Reliability Assurance Program Plan
for the system 80+ Nuclear Power Plant was based on the guidance;-

contained in the supporting documentation for TMI Task Item II.C.4,
" Reliability Engineering " and SECY 89-013, " Design Requirements
Related to the Evolutionar,y Advanced Light Nater Reactors (ALWRS)is"

.

The Licensee. Performance and- Quality Evaluation Branch (LPES) ityassigned primary review responsibility for ALWR reliabilj_

assurance programs.. Some material contained in the CE System 80+,

RAP is beyond the scope of~LPEB's review area, such as probabilis-
tic risk assessment-(section 2.0 of the CE System 00+ RAP submit-
tal) and technical specifications (section 5.0 of-the CE System- 80+
RAP submittal) .- - Staff comments on areas outside of LPEB's review
area can be found in the. respective sections of the DSER for the CE
system so+ SSAR, as applicable.

ETALUATION

1.0 INTRODUCTION

11 Purpose-

Section 1.1 of the CE rap defines the RAP as a program for
L % , maintaining consistency. between the - System 80+ PRA and - plant | /
i -- configuration and = states- that the ~ RAP will ensure that thel

procedures, Technical Specifications, and Q1 ant configuration
=(including maintenance) are consistent with the PRA. Additionally,
- CE states - that the pRA will be maintained 'and updated as design
details increase 1and that the PRA will be maintained as a living

'

document that reflects the. operating plant as itievolves.

The staff considers that the fundamental purpose of the D-RAP is to
identify those sacs that are significant contributors to risk, as

,

' shown by the PRA and other sources, and to ensure that'the plant
.

3

..

*
.
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Ldesign provides M Cs that are at least as reliable as that assumed
in the PRA. The staff considers that the RAP should also identifysacs that prevent or nitigate plant transients, or could affect a
plant trip or ~ ESF actuation, or whose failure could prevent a
system from fulfilling its intended safety function, and specify
appropriate operation, maintenance and monitoring requirements.
During plant operation, the RAP should assure that (1) thereliability levels of.these escs are maintained commensurate with
those assumed in the design certification PRA throughout the life
of the plant 2 assure that the original bases and designassumptions ar,e (sa)tisfied and (3) that safety margins are main-
tained. The staff review considers that these fundamental coricopts
of a RAP are not adequately addressed in section 1.1 of the .:E RAP-
submittal.

The staff concludes that Section 1.1 should be clarified to provide
information on the RAP that (1) identifies risk-significant SScs,
(2) ensures that the plant design provides sacs at least as
reliable as that assumed in the PRA, and (3) that these re:. lability
levels should be manntained over the life of the niante mis .

pen a..u. - _ aus3 De reseA a,w e tne sta n com its
eview of8Tection 1.1 of RAP.

. -

1.a soops

section 1.2 of the CE RAP states that the RAP describes the k
\elements of-the program for maintaining the PRA, conducting a

Reliability, Availability, M&'ntainability, and Inspectability
'

'

(RAMI) program and a Reliability Centered Maintenance (RCN) program
for the entire plant. CE further states that the RAP #should

.

assure consistonoy between the PRA bases and the plant operation,
maintenance and configuration." g ,

y
In the staff's RAI dated october 10, 1991, the staff requested, in %
part, that CE describe the scope and objective of its RAF, %

,
-

including a discussion on selection criteria, such as a graded ]- j
approach to safety that is based on the PBA and the secs to prevent

- or mitigate plant transients,- and pros a basic definitions for its 9$
f.RAP. 4 : 02": : rg 7 * a ^ ^ *"Z

The staff's position is that the s. pa of the RAP includes all

y) $
' risk-significant sacs throughout plant life, using the PRA and
other industry sources to identify and prioritise those asce that
are important to prevent and mitigate plant transients or other
events that could present a risk to the public.

'

The staff'a position is that the objective of a D-RAP is to (1)
identify risk significant sace, based on the PRA and other sources,
(2) assure that the plant design provides saca that are at least as

. reliable as those. assumed in the PRA, and (3) assure that these
I sacs are built and operated throughout plant life at least as

reliably as assumed in the PRA. In this regard, once the risk

4j

..
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significant asco have been identified, a D-RAF shou)d describe the
. process for achievir.g. this overall objective and should also
identify key assumptions regarding any operation maintenance, and,

monitorlng activities that a referencing applican,t should consider
: in developing its 0-RAP. The development and implementation of the

0-RAP is the responsibility of the referencing applicant, and the
staff's position on the review of an 0-rap is that it will be t

<

avaluated as part of a referencing applicant's submittal for a
i

,

combined' operating lioenee.i-

The staff co:naludes that SectAon 1.2 should more clearly define the
scop and objective of a RAP, - define the basic defin one and
ino ade a discussion on selection oriteria. These are
that must be ree2Wed _ before the statf aan oceplete i law of!

-

Sect!on 1.2 of the CE Al.p'flho Myf' k a F Edm + repeb PRb]-d
3.0 pmA PROGR&W E!.EMENTel M. RA% S em.F ,my Lw .a. m@

Ge k c6 rec PHSection 2.r of- the CE RAF states that the RAP program nolddes the
; elements tfat ara necessary to ensure that the FRA is maintained

censistent with the plant configuration and operation and that this !j
requires a living PRA that reflects the plant as l'c progresses from
design, construction and through the operation phase. However, the,

discussion on PRA goals methodology, and development from design
'

'

to op3 rations is more a,ppropriate for Aspndix 3 (FRA) to the CE '

system so+ ssAVThe sentrol of PRA sesign asswy.iw for the RAP y
/Stiould be ancorporated in: Section 33O_.f

;

The staff ' also considers that risk-significant SSCs need to be
ide.ntified and yvioritised as part of @ e D-RAF. The staff agrosa

*

with: -the use bi PRA,-importance weigl )(L
or other industr') - sources - to identify @ng, - deterministic methods,0 and prioritise those secs
that are important to prevent or mitigate plant transients or other
events that could preset t a risk to the publio. Panding further :

, - . t, clarificaticn on the-coMrol of 05th design assumptions for the NAP,
'% mad me identify and prioritise risk-signiffsant escs, this,

'. t lYen asue thah-- must be resolved before the staff aany- compTWt review of section 3.0 c,t the CE RAF.

~
... .AntP= ,===

.

Section 3.0 of the CE RAP discusses how CE will develop the -

Reliability, Availability, Maintainability, and Inspectability
#

i

(RAMI) program to predict and track plant availability in the same *

!way that the PRA follows plant risk. The RAMI program will be
conducted within the context of a RAP. This section also states-

*

that aftar -plant startup, the utility will maintain the RANI
*

,

progrSa and ensure that it is ocasistent with the plant configurs-"

'tich, procedures +and operating history.
'

h The. staff's position-is that the RAF should be-seen as a program :

L that consists of two-distinct parts: _the ffret part, which the r

. ,

||- ''

|
,
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Y $h ni ?N%rywh u
starr r.rere so es uno u-mar, as the responsibility of the designer y
and applies to vendor submittats for design certification; and the
second part, which - the statt refers to as the 0-RAP, is the

,

responsibility of and applies to a referencing appilaant for a COL,
defines the scope,ge, the D-MP involves a top-level program that jat the design sta

concoptual framework, and essential elenents of
.

an effective MP. The G=MP also implemente those aspects of the
program that are applicable to the design process. In addition,the D-up identifnes th? relevant aspects of plant o eration, |\ maintenanoe, and performance monitoring for the risk si ificant isacs for the ownar/ operator he alte- ,sspecif ic O-RAP. s.Q___ _ _'s consideration in developing

u_-_,
__ A c0L appil'oantmQ p~dg:n 20 1 Ng'.

-- _ _ _ - - _,
,

wou1 Hgnent'the-
.deliifgner's_MP to r_eflaat piknt-specific information and implement
those elements applicable during the construction and operation
pb ses.

Furthermore, although the EMI program will use the same data and
inforaation as the PM, the RAMI and PRA objectivas (or the desired
valuta of the parameters that make up these Objectives) may be
conflicting (e.g. some of the means of stximising plant availa-

,

bility may be in , conflict with the objective of maintaining the
risk levels assumed in the pAA). In the system 80+ RAP, it is
mentioned that the RAMI should be consistent with the plant

g the possibility of conflicting objectives. configuration, procedures and operating history without mentioningThe statf questions how
such conflicts, whenever they aries, will be resolved in a way that

_d. does not violate the safety requirements and reliabilities assumed
E in the design certification pAA and provide an acceptable balance'

.L between risk and availability. The staff uncludes that section; 2 c0 s W e additional information t</ a$ dress this issue.
'

-This is an seue that must be reso M 5)wfore the staff can
complete i iew of Emotion 3.0 of-tV M W . '

sootisa 3.1 RANZ &nalysis

section 31 of the CR RAP discusses how the top inval quantitative
capacity factor requirements are sub-divided into system level
quantitative design requirements, and that failure modes and
effects analysis and fault tree analyses are performed for systems
determined to be important to the plant's ability to meet these ,

a

quantitative requireaants. This section further details how the
. RAMI analysis is to h .Yformed, the iterative process used to,

assure goals are au the system designers and reliabilitya

engineers - and. the um of design review meetings to discuss RAMI
considerations and issues.-

.

.The staff considers that the use of methods similar to those used
=in the PRA and the interfaces between the various organisations are
acceptable. The staff also considers the reliability techniques
and methods described in this section to be acceptable. However,-
the staff needs clarification on the intent of RAMI (i.e., safety

.,
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Sectiono
that Gre beyond the scope of this evaluation.5.o through 5.5 of the CE RAP pAlmarily discuss topicsThe staff evaluationof section 5.1

(Tachnical specifications)ithin the context ofis addressed by section16 of the CE System 80+ DSER. However, V a D-RAP, the staff disagrees that the RAP ensures that the bases used
in the PRA are consistent with plant proceduras and TechnicalSpecifications. Bootions 5.2
(Emergency operating Procedures)(Plant operating Procedures), 5.3

and 5.4 Severs Accident Manage-
ment Procedures) and 6.5 (Security) are con (sidor to be within scope
of a retarcncing applicant's COL application and, therefore, varanot addressed as part of this 3 valuation. The staff requiresclarification plant CE's intent regarding consistency betwaan the
PRA and plant procedures and Technical Specifications.

Section 6.0 of the CE RAP defines that this auction will containthu organisation charts for the Utility, plant staff and designers
who. support the RAP program when such information becomes avail-,

able. The staff concludes that this section r.hould include adiscussion on the organizationti and administrative aspects of a D-
including a discussion on organizational accountability forRAP,

implementing the design portion of the RAP.

In addition to the abovn, CE did not respond to two items in the
staff's RAI. In the RAI dated October 10, 1991, the staffrequestad an example of how the CE RAP would function throughoutplant life (e.g., from the design phase through the end of the
opersting phase) using a specific SSC identified as risk signifi-cant in the PRA. In their responsa, CE stated that no example was
given in the RAP plan, but one will be added in a futura update.
This remains an open issue that must be resolvsd before the staff
can complete its review of the CE RAP submittal.

Also in the RAI, the staff asked if and how the CE System 80+ RAP
will differ from the EPRI Utility Requirements Docuent (tJF.D)
description of 4 RAP. CE stated in their responsa that the RAP
plan is ganara11y consistent with the EPRI description and that the
EPRI description rapaated many of the RAMI goals in the plan but
the CE plan only raf'.*= + a +k acahs that arm n th= Pn1 and RAHI

,

reports.J cE. uld provide ta;. lea alsouseA on how ps w
(dirters fr the ZPRI t or Evolutionar vanced t WatReactor including th rationale for differn ~, ifsThis ains an open sue that must resolved ore staff

.
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1.0 INTRODUCJJOE

The System 80+ Standard Design is.an evolutionary Advanced Light Water Reactor
(ALWR) power plant design. The System 80+ Standard Design evolved from ABB-CE's
standard System 80 design.

This document describes how Probabilistic Risk Assessment (PRA) was used as a ,

design tool during the design of the System 80+ Standard Design. _j
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2.0 USE OF PRA IN THE S.YSTEM 80+ DESIGN PROCESSo
,

ABB-CE, in conjunction with the U.S. Department of Energy, is working to develop
and certify a standardized Advanced Light Water Reactor (ALWR) design. The
System 80+ Standard Design, ABB-CE's ALWR design, has evolved from ABB-CE's
certified System 80 NSSS design. A Probabilistic Ritk Assessment (PRA)"', which
was inithteJ using the original System 80 design as a baseline at the outset of
the program, has been used as an ovaluation and confirmation tool throughout the
design process.

Many of the major design enhancements System 80+ relative to System 80 wcre based
on insights gained from the System 80 " Baseline" PRA as well as previous Risk
assessments for both CE and non-CE plants. These design enhancements were
reviewed and incorporated in the EPRI Evolutionary Plant Utility Requirements *
as part of CE's participation in that program. They include:

1. Use of a four train Emergency Feedwater System (EFWS) with two
turbir.e driven pumps and two motor driven pumps to provide a highly
reliable emergency feedwater supply.

2. Use ol' a non-safety grade startup feedwater system for normal
startup and shutdown operations. This reduces the demands on the
EFWS.

3. Use of a four train Safety Injection System (SIS) with nirect Vessel
Injection (DVI) to enhance the reliability of the inventory control
function.

4. Use of an in-containment Refueling Water Storage Tank (IRWST) to
eliminate the need for a Recirculation Actuation Signal (RAS).

5. Use of a larger pressurizer and larger steam generators to make the
system response to transients slower and more resilient.

6. Use of a cavity specifically designed to disentrain corium in the
event of a severe accident.

7. Use of a Safety Depressurization System (SDS) to provide the
capability to depressurize the RCS during a severe accident to
minimize the potent'al for direct containment heating. The SDS also
provides the capability for once through core cooling.

8. Use of _edicated batteries, independent of the station batteries, to
start the diesel generators.

9. Use of a combustion turbine as an alternate back"p AC source to the
diesel generators.

10. Use of a large volume containment to reduce the potential for early
containment overpressure failures following a severe accident.

2
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At the inception of the System 80+ design process, a " Baseline" PRA was performed
for the System 80 NSSS with a Balance of Plant (BOP) design representative of
those of recent vintage CE plants *. As the System 80+ design evolved, the
models developed for this PRA were modified to reflect the latest system designs.
This PRA and the associated models provided a tool for evaluating various design
changes. Some specific examples are provided in the following paragraphs.

Early in the program, System 80+ had a standby, safety related Essential
Component Cooling Water System and Essential Service Water System for cooling
safety related loads. Demand failures of the pumps and valves in thesa systems
were found to be significant risk contributors. Therefore, the System 806 design
was changed to a normally operating Component Cooling Water System (CCWS) and
Service Water System (ESW) where the non-safety loads can be shed when required.
As part of the doe funded Advanced Reactor Severe Accident Program (ARSAP), a
contractor evaluated several different component cooling water designs from a
risk standpoint. The selected CCWS and ESWS have two divisions with two pumps {in each division. One pump in each division is normally operating and the second 1

pump is in standby and will start in the running pump in the same division trips.
A subsequent evaluation was also made to determine if the standby pumps had to
be automatically loaded on the diesel generators and started following a Loss of
Offsite power. This evaluation indicated that there would be little risk impact
if the standby pumps were aligned to the diesel generators following a loss of

'

offsite power but were r.Jt started unless the previously running pump iled to
restart. Thus, larger and less reliable diesels were not required.

The System 80+ Design includes two emergency diesel generators whis.. provide
power to the safety related 4.16 KV buses following a loss of offsite power, plus
a standby combustion turbine which can be aligned to either of the safety related
4.16 Kv buses in the event of a failure of one of the emergency dieselr

generators. In additions, the alternate AC source is sized to provide power to
a set of non safety loads which, from an operational point of view, have been
deemed desirable to have following a loss of offsite power. PRA was used to
compare the "two diesels plus combustion turbine" configuration to a "four
diesel" configuration. This comparison indicated that the "four diesel"
configuration was slightly, but not significantly, more reliable than the "two
diesels plus combustion turbine" configuration. However, the "four diesel"
configuration did not provide power for the permanent non-safety loads, in
addition, the "four diesel" configuration would have had a significant impact on

,

plant size, cost and layout because of the need for two additional divisions of
diesel support systems such as cooling water, starting power and fuel supplies.4

One objective in performing the System 80+ Standard PRA was to demonstrate
compliance with applicable risk goals and requirements. In the performance of
the PRA, failure of the safety depressurization valves and cavity flood valves
due to _ seismic failure of their dedicated power invertors at relatively low
acceleration levels was _ determined- to be potentially risk significant.
Therefore, a design requirement for seismic isolation of these invertors was
added.

.
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The level 2 PRA analyses also inu ated that without hydrogen controls, certain
sequences had the potential for hydrogen deflagrations that might threaten |

containment with some probability. Based on this, hydrogen igniters were
incorporated in the System 80+ Standard Design.

The System 80+ PRA was also used for an evaluation of Severe A.::cident Mitigation
Design Alternatives (SAMDAs). Eleven design alternatives were evaluated. These
were selected based on the Design Alternatives evaluated for Limerick * and the
results of the System 80+ PRA. The Design Alternatives analysis used a bounding
technique. It was _ assumed that each design alternative worked perfectly and
completely eliminated the e.ccident sequences that the design alternativu was to
address. This approach maximizes the benefits associated with each design
alternative. Table 2-1 summarizes the results of the Design Alternatives
analysis. The first column is the design alternative, the second column is the
percent of the total person-rem / year reduction for each design alternative. The
next column, Capital Benefit, is an equivalent present worth of the annual dose
reduction. The fourth column is a rough estimate of the capital cost for each
design alternative, and the final column is the net benefit (capital benefit -
capital cost). The complete Design alternatives Analysis has been submitted to
the NRC as a separate report *.
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3.0 COMPARISON OF SYSTEM 80+ TO SYSTfL4_EQ

The System 80+ Standard Design evolved from the System 80 NESS design by the
incorporation of design enhancements intended to make the plant safer, more
reliable and easier to operate. As shown in table 3-1, the core damage frequency
for System 80+ is over two orders of magnitude less than the core damage
frequency for System 80. For each initiator, the core damaga frequency for
System 80+ is less than the equivalent core damage frequency for System 80.
Figures 3-1 through 3-5 identify the leading design enhancements that contributed
to the core damage frequency reduction for the five most dominant initiators.

In achieving the safety irr.provement, the System 80+ design enhancements were
balanced between preventive features and mitigative features. Table 3-2 pretents
a categorization of the major design enhancements in terms of prevention and
mitigation. Note that transient mitigation features can also be considered
severe accident prevention feature.
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TABLE 3-1
COMPARISON OF SYSTEM 80 AND SYSTEM 80+ CORE DAMAGE FREQUENCY

BY INITIATING EVENT

CORE DAMAGE FREQUENCY

SYSTEM 80 SYSTEM 80+

Large LOCA 1.6E-06 5.0E-08

Medium LOCA 3.6E-06 9.1E-08

Small LOCA | 9.4E-06 4.4E-08

Steamline/Large Secondary Side Break 9.0E-07 2.0E-10

Steam Generator Tube Rupture 1.lE-05 8.0E-08

TRANSIENTS 1. 2 E- 05 3.3E-8

a) Loss of Feedwater Flow (1) 5.7E-09

b) Loss of Component Cooling Water (1) 9.0E-09

c) Loss of 125 VDC Bus (1) 2.8E-12

d) Loss of 4.16KV Bus (1) 2.5E-11

e) Loss of HVAC (1) 1.4E-08
__,

f) Other Transients (1) 4.5E-09

Loss of Offsite Power including 3.8E-05 1.0E-07
SB0/ Battery Depletion

ATWS 4.8E-06 1.7E-07
,

Interfacing Systems LOCA 1.0E-07 3.0E-09

Vessel Rupture . 1.0E-07 1.0E-07

MAL 8.1E-05 6.7E-07

Notes: (1) Initiati:19 Event not evaluated separately for System 80.
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FIGURE 3-1
RISK REDUCING FEATURES FOR DOMINANT SEQUENCE I

SEQUENCE TYPE: Loss of Offsite Power (LOOP) including Station Blackout with Battery
Depletion

REPRESENTATIVE DOMINANT SEQUENCE: (LOOP) (Failure of EFW)

CORE DAMAGE FREOUENCY: SYSTEM 80 - 3.8E-OS
SYSTEM 80+ - 1.0E-07

i

FEATURES: Alternate AC Power Source (Gas Turbine)*

Separate Offsite Power Source that Bypasses the Switchyard*

Dedicated Battery for Each Diesel Generator -
*

,,

Four Train Emergency Feedwater (Two with Turbine Driven Pumps)*

Turbine Generator Able to Run Back to Hotel Load*

'
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FIGURE 3-2
RISK REDUCING FEATURES FOR DOMINANT SEQUENCE 2

,

SEQUENCE TYPE: Transients

REPRESENTATIVti DOMINANT SE00ENCE: ((OFW)(FailuretoDeliverEFW),

CORE DAMAGE FREQUENCY:- SYSTEM 80 - I.2E-05
SYSTEM 80+ - 3.3E-08

Four Train Emergency Feedwater System (Two with Turbine Driven Pumps)FEATURES: *

Redundant Sources of Emergency Feedwater (2 EFW Tanks plus condensate Storage*

Tanks)
High Reliability Component Cooling Water System (Two Divisions, Two Pumps per' *

Division, one pump in each division normally running)
Startup Feedwater System g.;upplied from Condensate Storage Tanks, Actuated before*

EFW)
Full Runback Capability*

Two redundant and Diverse EFW Actuation Systems*

Once Through Core Cooling Capability*

.
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FIGtEE 3-3
RISK REDUCING FEATURES FOR DOMINANT SEQUENCE 3

SEQUEtKE TYPE: Steam Generator Tube Rupture
.

REPRESENTATIVE DOMINANT SEOUENCE: . (SGTR) (Failure of Safet' Injection) (Failure to Perform
Aggressive Secondary fSidown)

CORE DAMAGE FREQUENCY: SYSTEM 80 - I.IE-05
SYSTEM 80+ - 8.0E-08

Four Train Emergency Feedwater System (Two with Turbine Driven Pumps)FEATURES: *

Four Train Safety Injection System*

Safety Depressurization System*

:
4

,

F

j 10

4

i

.m - - - . - , e - -., . n -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , - _ _ _ _ _ _ _ _ _ _ _ _ ____ .

_

~

FIGURE 3-4.

RISK REDUCING FEATURES FOR DOMINANT SEQUENCE 4

2

SEQUENCE TYPE: Small.LOCA

REPRESENTATIVE DOMINANT SEQUENCE: (Saall- LOCA) (Safety Injection Falls) (Failure to Perform !

Aggressive Secondary Cooldown)

'

CORE DAMAGE FRE00ENCY: SYSTEM 80 - 9.4E-06
SYSTEM 80+ - $.5E-08j

'

FEATURES: In-Containment Refueling Water. Storage Tank*

. Elimination of RAS 'i *

Four Train Emergency Feedwater System |
+-

Safety Depressurization System*

;
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FIGURE 3-5
RISK REDUCING FEATURES FOR DOMINANT SEQUENCE 5

:
'

~ SEQUENCE TYPE: ' Anticipated Transients Without SCRAM (ATWS)'
;
1

REPRESENTATIVE DOMINANT SECU.ENCE: (ATWS) (Adverse MTC) |

C0P.E DAMAGE FREQUENCV: SYSTEM 80 - 4.8E-06
SYSTEM 80+ - 1.7E-07

Larger PressurizerFEATURES: *

Larger Steam Generators*

Safety Depressurization System*
,

Diverse Protection System
!

*

!
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TABLE 3-2
SYSTEM 80+ PREVENTION AND MITIGATION DESIGN FEATURES

,

CLASS DESIGN FEATURE

Transient Prevention larger Pressurizer

larger Steam Generators

High Pressure Shutdown Cooling System
(900 psi Design, 2700 psi Ultimate)

100% Load Rejection Capability + Pick up
Hotel Loads

Multiple Independent Connections to the
Grid

Startup Fetdwater System

Improved Control Rocm Design which
provides additional information to
operator

Improved CCW System Design (2 trains, 2
pumps per train, normally operating)

Facilities Designs (e.g. quadrant
arrangement of subsphere)

Transient Mitigation / Four Train High Pressure ECCS
Severe Accident Prevention

Direct Vessel Injection

Safety Depressurization System
,

four Train EFW System (2 motor driven
pumps + 2 turbine driven pumps)

2 Diesels + Standby Combustion Turbine
-,

6 Vital Batteries
,

8 Hour Batteries
_,

In-containment Refueling Water Storage
Tank

Cross-connection between Containment Spray
and Shutdown Cooling Trains so that SDC
and CS pumps can be used interchangeably

Improved Control Room Design with
additional information

13
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TABLE 3-2-
-SYSTEM 80+ PREVENTION AND MITIGATION DESIGN FEATURES

CLASS DESIGN FEATURE'

8Severe Accident Mitigation large Spherical Containment (3.6E+6 Ft

Large Cavity designed for Corium-
Disentrainment

Cavity Flood System

H, Igniters

h
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4.0 CONCLUSIONS

The System 80+ Standard design, as an ALWR, is intended to be safer than the
current generation of plants. As shown in the previous section, the System 80+
risk, as measured by core damage frequency, is over two orders of taagnitude less
than for a current generation plant.

A PRA has been performed for System 80+ in compliance with the requirements of
10 CFR Part 52. This PRA has been used as a design evaluation tool during the
development of the System 80+ Standard Design. PRA insights have provided
extensive input to the System 80+ design and have resulted in a safe plant. The
System 80+ PRA is a dynamic PRA and will be r.:aintained and used throughout the
lifecycle of the System 80+ Standard Design.

15
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1.0 INTRODUCTION

This document provides information regarding (1) the severe accident iprevention and mitigation characteristics of the System 80+ design and (2) an |

|assessment of the relevant severe accident phenomenology as it applies to
System 80+.

2.0 S'ISTEM 80+ SEVERE ACCIDENT DESIGN PHILOSOPHY

The underlying philosophy in developing System 80+ severe accident design
features is to emphasize accident prevention while simultaneously providing
design features to mitigate any severe accident.

3.0 SYSTEM 80+ DESIGN FEATURES INTENDED FOR SEVERE ACCIDENT PREVENTION

A primary goal in designing System 80+ was to ensure that the probability of
an initiating event becoming a severe accident was for all practical purposes
negligible. To accomplish this goal PRA was closely factored into the design
process. This close coupling of design and PRA provided an effective means
for focusing on areas in the present PWR design which could be improved and
selecting effective design change.i to both improve plant reliability and
reduce public risk. A detailed discussion of the use of PRA in the System 80+
design process has been provided separately. That report provides a brief
description of System 80+ design. enhancements and discusses the balance
between prevention and mitigation represented by these enhancements.

4.0SYjTEM80+DESIGNENHANCEMENTSFORUSEINSEVEREACCIDENTMITIGATION

In addition to systems designed to prevent severe accidents, System 80+ also
contains many unique design features to enhance severe accident mitigation and
management. The overall goals of the severe accident mitigation features of
the System 80+ were to reduce the risk of a conditional containment failure

i given a core melt to 0.1 and to minimize the contribution of early
_

containment failure events.

| -

4.1 Mitigation Features to prevent Early Containment Failure

Existing PRAs note that early containment failures can arise as a result of,

various severe accident phenomena. Mechanisms contributing to early
containment failure include:

1. Hydrogen Deflagration / Detonation
2. Direct Containment Heating

Page 1
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3. Steam Explosions (in vessel and ex-vessel)
4. Rapid Steam Generation
5. Direct Corium Attack /Hissile Generation

The following sections will discuss these phenomena and the role of System 80+
design features in mitigating accident consequences.

4.1.1 Hydrogen Deflagration / Detonation

The production of hydrogen within the RCS and subsequent release to the
containment has been noted to be a potential contributor to early containment i
failure for existing PWRs. Hydrogen combustion can challenge containment ;
either statically, as a deflagration (slow hydrogen burn) or, dynamically, as !
a detonation. In light of this cor.cern, System 80+ Sas been designed with j
several features to both mitigate and respond to this containment challenge. l

These features are discussed below.

7 4.1.1.1 SYSTEM 80+ Containment Design

The System 80+ design includes a large, spherical open, steel containment.
-The containment structures have been designed to enhance mixiny and sized to
ensure that detonable concentrations of hydrogen would not accumulate. Stress
evaluations of this design indicated that the System-80+ containment is a very
robust containment design with an ultimate failure pressure of between 185 to
208 pr.ia (4 inch maximum radial strain) and ASME boiler and Pressuie Vessel
Service Level C limits of 155 psia. Analyses of the ALWE designs of similar.
size to System 80+ (Reference 1) clearly show that the worst credible
deflagration would result in containment shell loadings that are below the
Service Level C stress limits (See Figure 1). These evaluatiens were confirmed
for System 80+.

4.1.1.2 Hydrogen Mitigation System

In an , attempt to overwhelm the hydrogen combustion concerns, System 80+ is
also eqtfipped with aa operator actuated hydrogen mitigation (igniter) system.
The purpose of this system is to further minimize the potential hydrogen
challenge. The HMS is described in Section 6.2.5 of CESSAR-DC. Use of the HMS
carly in a severe accident scenario would ensure containment hydrogen
challenges would be easily manageable.

| 4.1.2 Direct Containment Heating

in the context of the System 80+ PRA direct containment heating (DCH) refers
to a- collection of severe accident process that occur upon lower head breach
to pressurize an LWR containment. Processes included in DCH are (1) the
blowdown of reactor coolant system steam, and hydrogen inventory into the
containment, (2) the dispersal of corium into the upper contair. ment (3) direct
heating of the containment atmosphere (4) combustion of hydrogen released
prior to and .during the high pressure melt ejection process and (6)i

vaporization of available water. Several of these processes are not -

independent and the presence of certain processes in the DCH sequence may

Page 2

-. - _ - . - - - - - . - . .



_ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ - _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

preclude others, llowever, all serious 0 011 threats are associated with
depositing large quantities t f er. orgy directly in the containment atmosphere
and thereby rapidly pressurizing the containment, in the design of System
80+, this issue is addressed by providing independent means of preventing any I

significant corium dispersal to the upper containment and by designing a
strong, robust containment structut e (See above).

As discussed above, debris dispersal into the upper compartment is necessary
for a 0011 threat to containment, in fact, EPRI supported analyses show that
using typical System 80+ design parameters almost 50% of the total core
inventory must be finely fragmented and entrained in the upper containment for '

a significant containment threat to develop (Reference 2, see Figure 2 ). To
minimize the potential containmer t threat due to 0C11 ABB has incorporated

a (Safety Depressurization System) and passive (" debris retentive cavityo
a convoluted vent") means for ensuring that most, if not all, the corium-

c.euris is retained within the reactor cavity. These systems / design features
are discussed below.

4.1.2.1 Safety tMpressurization System (SDS)

The safety depressurization system consists of 2 trains of operator actuated
relief valves located on the top of the pressurizer. A detailed description
of the SDS may be found in Section 6.7 of CESSAR-DC. As discussed in the
CESSAk-DC, the SDS serves several roles in the System-80+ design. In the
context of severe accident ;uitigation the SDS will prevent a DCil containment
challenge by allo.fing a timely depressurization of the RCS to below the debris
entrainment threshold pressure. RV failure at RCE pressures below this debris
entrainment threshold pressure (approximately 250 psia for System 80+) will
preclude entrainment of corium debris into the upper cavity. Successful
actuation of this system is credited in the PRA to change an otherwise 11PME
scenario with considerable entrainment potential to a low pressure c re
ejection with no or very little expected corium debris entrainment.

4.1.2.2 Debris Retentive Cavity

7System 80+ includes a debris retentive reactor cavity configuration with sharp -

turns, overhangs, flowpath offsets, convoluted vent and a " debris trap" for
the : specific purposes of de-entrainment and retention of corium debris.
Assessments of this ALWR design concept concluded that these design features
will enable the reactor cavity to trap 90% of the ejected corium debris even
during liigh Pressure Melt Ejection (11PME) scenarios.

4.1.3 M w Explosion:

Fuel it.duced steam explosions refer to the rapid steam generation and
concomitant hydrodynamic loadings that occur when molten metal (such as
corium) discharged into a water pool rapidly fragments and transfers its
energy to- the surrounding fluid. Steam explosions have been hypothesized to
occur both interior and exterior to the RV.

Page 3
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4.1.3.1 in-Vessel Steam Explosions

In fessel Steam Explosion (IVSE) consists of fuel coolant interaction} The a
which can hypo.hctically lift the RV upper head or generate a control rod
missile of sufficient energy to breach the containment steel thell. Based on '

conclusions of the Steam Explosion Review Group (SERG),it can be expected that
the potential containment failure probability due to in-Vessel Steam
Expiosions (IVSEs) will be on the orcer of .001 (Reference 3). While this
proMility is very low, several members of the SERG believed this event to bc
even love . In the System-80+ design the containment is protect 1d from the
consequences of an upper head or control rod by a missile shield located
above the RV. Should any material bypass the missile shield, it would have to '

travel another 100 feet vertically, while still maintaining a sufficier.tly
high velocity before the ejected material can pose a 1:redible threat to -

containment.

4.1.3.2 Ex-Vessel Steam Explosions (EVSE)

An EVSE occurs when corium ejected frem the RV lower hea.d falls into a water .

pool. EVSE loads are a potential concern for LWRs in that they can induce
failure of RV supporting structures which may in turn cause failure of piping*

,

[ penetrating the containment. EVSEs have been included in the APET (Accident
Progression Event Tree ) structure of the Grand Gulf BWR. However, EVSEs
have not been considered to be a significant threat to operating PWRs
considered in the NUREG-11E0 risk assessments (See Reference 4 ). This
conclusion is also valid for System 80+. System 80+ is equipped with a '

cavity flood system (See Section 6.8 of CESSAR DC). Thus, EVSE can occur in
the System 80+ design when the CFS is actuated in advance of RV fallare.
However, the consequences of an EVSE are not expected to be significnt tir.se
the loadings associated with the EVSE will not directly act upon the
containment wall or any major RV or RCS supporting structure.

4.1.4 Rapid Steam Generation -

Rapid steam generation refers to the ;ontainment pressurization following RV
breach associated with the P.V vessel blowdown and non-explosive steam
gene ation due to the rapid ouenching of the coriut debris. Assessments of
containment pressure loads associated from rapid steam generation indicate
peak containtrent loadings will be below 7u osia. These loadings are well
below the containment Service level C stress limits aid consequently do not
pose a .;ignificant threat to containment integrity.

4.1.5 Direct Shell Mtack via Corius Impingment

The System-80+ containment is coistructed to provide protection against
rc.issiles and hot gases tha+. may be generated during severe accident scenarios.
This protection is provided by providing 5 feet of concrete directly below the
reactor vessel (three feet arourd the reactor cavity edges) and containing the
full RCS within a4 foot thick crane wall extending up to the 210 ft
elevation. The uppermost portion of the containment shell is protected from
missile impingment by the RV upper head missile shield. Thus, the System 80+
containment is invulnerable to direct corium attack below the 210 ft elevation

Page 4
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4.2' Containment Design Features to Prevent or Prolong Late
~ Containment; failure.

,

p LThe; mechanisms for late containr=nt failure inciude the following:

11. containment overpressurization
2, basemat melt-through--

~

1

13 7 temperature > induced failure of containment penetration sealant
(4 , delay hydrogen. burn- i

N Severa1Ldesign features of the System 80+ PWR are intended to either prevent- .

andfor: mitigate the-consequences of a containment failu'rc~ by prolonging the-

containment = failure as far out in- time as practical. It has been a goal of
L the System' 80C design to deterministically demonstrate containment integrity-

for ; - 48: : hours 'after' the isevere accic' initiating event. and _ to.

|probabilistically demonstrate that the conditional probability of containment
failure following a core melt scenario is less than .1

4.2.1 Containment overpressure Failure
~

Containment overpressurelfailure will result- from: steaming of the cooled2
corium : debrisb(or' for = that _ matter an intact core) in the absence: of

_

containment-- heat removal.: Such sequences are- of low probability due to the-
high| reliability; of; the System 80+1 containment heat _ removal -(ChR) system.

- : Severe - at.cident : analyses- have demonstrated that reven a partially functioning
'CHR system |would _ remove sufficient _ energy from the containment atmosphere _ to
: maintain containment pressures wellibelow failure limits,

:In theiunlikelyfeventiof aitota1L and: extended -loss; of-_DHR, MAAP- analyses - of
: theLSystem t80+f plant; ~ demonstrates - that Leven - fori an unrecoverable station

* - blackout? scenario containment pressures; can be maintained below Service : Level-

J m : C1stressllimits? for more ; than -:48: hours 1(see' Figure 3:), It should be noted
that tlie. analysis: presented does not include any mitigative- effects of station-i *

-

,

hatteriest This|1ong time:to containment overpressure is a passive feature of
itheLSystem' 80+s plant which is:a combined effect of the availability' of- large
:Lquantities of ~.in containment concretec(approximately 9% of the:contalment byvolume) and a 500;000 gallon ~ CFS coupled with a high strength containment
Lstructure,

w n
_ _

:: 4.2.2 Basemat; Melt-Throughi

'' BassmatEmelt-through . refers to the process of concrete . decomposition and
-

destructionLassociated with'a' corium melt. interacting with the reactor cavity;

-basematJThe basemat; melt-through scenario is relatively benign. The accident
progressi.on isislow (taking-from:several oays onward to penetrate the reactor

ichityLbasemat)1and the corium release to the-environment: is negligible since
Lmostiof-the.corium will vitrify into a relatively irpermeable substance within
-theicontainment's < extended foundation. In the System 80t design, more than-
20 feetcofsconcrete is provided.directly below the reactor vessel as a barrier
to - release. System ' 80+ utilizes the subsphere regien of the containment-

s Page 6
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-structure as the auxiliary bulldo.g. Onc consequence of this design is that
SI pump room is located wiC.in 10 feet of tiie reactor cavity below the
elevation of the basemat. Consequently, there exists a small, but finite,

- potential _ for the corium to progress into the below ground portion of the
auxiliary building. In this scenario, the core melt progression could be
considered a filtered above ground release.

To minimize the. overall risk of containment melt-throug'n System sJ+ has been
equipped with a manually actuated continuous cavity flood system (CFS) and the
cavity has been arranged with a floor area consistent with the EPRI debris
coolability guidance of .02 m2 of cavity floor area per thermal MW of core
power. A detailed description of the CFS can be found in section 6.8 of the
CESSAR-DC. The intent of this design is to ensure a continuous water supply to
the corium debris and to provide sufficient area so that corium accumulations
will be relatively shallow (below 25 cm in depth) and coolaFle.

In the existing System 80+ PRA it was explicitly assumed that as a consequence
of the cavity design, the availability and actuation of the CFS was sufficient
to prevent a basemat melt-through scenario. While there is general agreement
that water will retard the corium progression into the concrete basemat there
is not -yet conclusive proof that a wetted corium debris bed ' tith a depth
greater than above _25 cm will be fully coolable. It is expected that the
ongoing MACE program will shortly provide this information to confirm the
existing PRA position. Until that time future PRA assessments of System 80+
will allow for the potential for basemat failure in tne presence of large
quantities of water. It should be noted that while these sequences may
progress to basemat melt-through, they_ will do so very slowly, extending the
containment failure process to one week or more.

Dry cavity melt-through ; scenarios can. occur if the CFS is disabled or not
-actuated. These sequences result in has anat melt-throughs on the order of 4
days into the sevore accident. For purposes-of the PRA radiological release
calculations -these scenarios were pessimistica'lly considered as above- ground
containment failures instead of the more probable below ground soil
penetration (See Appendix B to the CESSAR-DC).

% .

4.2.3 Temperature Induced Failure of Containment Penetration Sealant

During dry cavity corium attack sequences the containment atmosphere has the
potential- to undergo a gradual, but significant temperature transient.
' Analyses of typical System-80+ accident scenarios suggest that sustained

| . temperatures in excess of 450 F.can develop throughout the containment within-
L 48 hours after accident initiation. At these temperature level s several

common penetration sealants (e.g.. Nitril, Neoprene) will begin to degrade and
potentially result in a localized containment failure. On the other hand,
several other penetration sealants less prone to temperature failure are
available on the market. By specifying the specific sealant at the time of
actual equipment procurement, use of the best material available will be
ensured.

Page 7
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4.2.4 Delayed Hydrogen Burn '

A delayed hydrogen burn can occur anytime in a severe accident once a large-

quantity of hydrogen is generated and the containment atmosphere is not
inerted. The most common scenario where a delayed hydrogen burn can occur is
when a hydrogen rich, steam inerted containment' is sprayed with water. This
process is typically operator initiated and can result in a hydrogen
combustion ever.t at pressures just below the steam inerting limit. Because of
the large amount of steam initially available, the combustion event is far
more :likely to be a deflagration than a detonation. Furthermore, pressures
generated during this event will generally be below the containment Service
Level C-and should be well below the ultiinate containment failure pressure.

As discussed in Section 4.1, System 80+ is equipped with igniters to burn off
steem at low concentrations. These igniters have been demonstrated effective
in steam environments and therefore, if actuated sufficiently early in the
transient they should serve to fully eliminate any significant hydrogen
induced containment threat.

5.0 SUMMARY

The System 80+ design represents a balanced approach to severe accident
mitigation and prevention. Consequently, System 80+ is adequately designed
with respect to severe accidents and represents a significant improvement in
overall plant safety.

-
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FIGURE 3: RESPONSE OF SYSTEM 80+ TO A STATION Bl.ACK00T
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Ouestion 410.156

In Section 9.2.1.1.1, two accidents -- interfacing system loss of coolant
accident (ISLOCA) and steam generator tube rupture (SGTR) -- are discussed in
relation to containment bypass; i.e., the release of reactor coolant outside
containment. Briafly describs all accident sequences that could result in
containment bypass, and explain why the releases resulting from these other
events are not significant.

NOTE: SGTR events should include failure due to hot containment gases and
core debris.

Response 410;156

The only initiating events which we have icund which wculd directly result in
containment bypass are ISLOCAs and SGTRs. These event types were character-
ized by an RHR-ISLOCA and an SGTR with a stuck open ADV in the Containment
Performance analysis in Chapter 9 of the System 80+ PRA report. Severe
accident consequential SGTRs due to the circulation of hot containment * gases
or core debris was indirectly considered in the direct containment heating
(DCH) evaluations. The System 80+ PRA is currently being revised. Severe
accident consequential SGTRs an6 their impact will be explicitly considered in
the updated PRA. A draft of the new severe accident phenomenology section
will be provided to the NRC in July,1992. This section will qualitatively
address the severe accident consequential SGTRs. The quantitative evaluation
of the- severe accident consequential SGTRs will- be provided to the NRC with
.the completed PRA update in 1993. The releases assnciated with the severe
accident consequential SGTRs would be equivalent to those associated with a-
normal SGTP. However, the probability of occurrencu cald be lower than for
the SGTR case addressed. The severe accident sequence would involve a core
damage sequence with high RCS pressure at the time of core damage, consequen-
tial failure of a steam generator tube prior to the equivalent failure of a
hot leg, cold leg, or surge line, plus a pre-existing failure to isolate the
steam generators,

n

_ - - - -- - ---- _ -_
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Question 410.157

Please provide drawings fo potential containment bypass release paths, and
include detailed physical- descriptions of the points of release, including
dimensions.

-Response 410.157

The System 80+ design considers potential containment bypass re%ase paths,
_ particularly due to steam generator tube ruptures and interfaci% system loss
of coolant' accidents (ISLOCA). The containment bypass events in the EPRI
repcrt ALWR Passive-Plant Containment Performance Summary, December, 1991,
were considered for applicability to.the evolutionary System 80+ plant.
Detailed physical descriptions of release points will not be available until
detailed design and first-of-a-kind engineering is cor pleted. However, asii

previously committed, ABB-CE will submit an ISLOCA report by June 15,1992 to
address containment bypass issues.

. ,.



Ouestion 410.158A

Follot;ing a SGTR severe accident with a coincident loss-of-offsite-power,
reactor coolant could be released outside containment via main steam safety
valves (MSSVs) that do not reseat or via stuck-open atmospheric dump valve
(ADV)--particularly if the steam generator overfills. For this sequence,
please provide the following:

a. the worst-case release scenario with conservative assumptions (dispersion
factor, iodine spiking, X/Q, fuel failures, end-of-cycle coolant
activity, release beginning at time zero, or coincident with the initial
SG pressure spike, etc.)

Response 410.158a

a. The consequences of a worst case steam generator tube rupture (SGTR) with
loss of offsite power (LOOP) where the containment is bypassed due to
malfunction of a main steam system valve has been analyzed. The' analysis-

presented in CESSAR-DC Section 15.6.3.3, SGTR with LOOP and Single
Failure, calculated the worst-case releases for an SGTR event with LOOP
and a stuck open ADV- on the affected steam generator.

The analysis simulated a double-ended break of one SG tube. The analysis
contained conservative assumptions regarding atmospheric dispersion
factors, initial RCS and SG activity levels, and iodine spiking.
Mitigating operator actions based on the approved CE emergency procedure
guidelines (EPGs), CEN-152, were simulated. The analysis showed that no
fuel failures were expected for this event.

The ADV on the affected SG was assumed to stick open when the operator
tried to reseat the ADV to isolate the affected SG. After 30 minutes of
steaming through the stuck-open ADV, the operator isolated this path by
closing the ADV block- valve. However, the leak of RCS liquid through the
tube break continues for the duration of the analysis (8 hours) due to
the conservative nature of the analysis models. In order to avoid
overfilling the SG, the operator periodically steams from the affected SG
per the EPGs. This additional steaming increased the total radiation
do.se. The total releases are well within regulatory limits.
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Oue:, tion 410.158b'

i Fo110 wing a SGTR severe accident with a coincident loss-of-offsite power, H.

reactor coolant could.be released outside. containment via main; steam safety
. valves- (HSSVs) that do not reseat or-vla stuck-open atmospheric dump valve-
- (ADV)--particularly .if the steam generator overfills. For this sequence,
' please provide the following:

~

b. a' description of any design features, not employed in licensed
CE-designed. PWRs, that limit or help mitigate the consequences of this
scenario,--and

Response 410.158b

The design features of licerised CE-designed PWRs'are fully capable of
- mitigating;a worst case SGTR event such as the one described in the response
to 410.158a.- In addition,-System 80+ is designed to meet the " mitigative"'
requirement described in the response to RAI 410.159 and also includes *new or'

- enhanced features for the prevention of SGTRs.

Features-Ito prevent ^GMs include:

; Steam generator tubes made of thermally treated Inconel 690, which has--

favorable: corrosion resistance properties including' superior resistance
to primary;and secondary stress corrosion cracking,

A.deaerator. in-the condesate/feedwater system for removal of oxygen,-.
-

. Condensate system with full flow condensate polisher to _ remove dissolved-

and~ suspended impurities,.

- Main condenser with provisions for early detection of tube leaks, and-

- segmented design: permitting repair of leaks while operating at reduced
power,

. . ,

' - - - Steam, fee 6ater' and condensate systems employing materials resistant to :
'

-corrosion and the generation of corrosion products which can be
- -

transpc4ted=into the-steam gonerators,
.

- High capacity' steam-generator blowdown system and SG secondary side
recirculation system for chemistry control during. wet layup.

_

The response to Unresolved Safety-Issue A-4 in CESSAR-DC Appendix A further:
-

43 scribes design. features to assure SG tube integrity.

New or' enhanced. System 80+ features which help to mitigate-SGTRs include:

Larger steam generator secondary volume,--

Larger-pressurizer,-

Four train safety injection system,-



Egsoonse 410.15Sh { continued)

Four train' emergency feedwater system,-

- Electrical system' upgrades . including alternate AC gas turbine and 8 hour
batteries,-

Safety depressurization and vent system,-
,

- -Component- cooling water system upgrade to four 100 percent capacity pumps
and heat exchangers,

- Highly reliable . turbine bypass- system, discharging all steam to
condenser, not partially to atmosphere as in earlier designs,

Radiation monitors in the steam lines.-

'
'
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Ouestion 410.158c

Following.a SGTR severe accidet.L with a coincident loss-of-offsite-power,
reactor coolant could be released outside containment via main steam safety
valves (MSSVs) that do not reseat or via a stuck-open atmospheric dump valve
(ADV)--particularly if the steam generator overfills. For this sequence,
please provide the following:

c. the risk assessment of the above scenario.

Resonnse to'410.158c

-The scenario described is considered in Chapter 15.6.3.3 of the CESSAR-DC.
Results of this analysis indicate that the radiological consequences of this
event are well within the 10CFR100 guidelines.

Since this transient does not progress to a core melt, it is not considered a
severe accident for purposes of PRA. Consequently, a specific risk assessment
of this scenario has not been performed. However, the PRA does considbr STGR'

events that:1ead to core melt. These events have been categorized in the PRA
under Release Class 1.4 and were quantified using a severe accident sequence
analogous; to the one described above (i.e., an STGR with loss of power and a
stuck open ADV). The complementary cumulative distribution function (CCDF)
for this severe accident sequence can be found in CESSAR-DC, Figure B6-l! of
Appendix B.



Response _ 410.159 (General)

The EPRI ALWR Utility Requirements Document, Volume II (Evolutionary ALWR),
places the following requirements on plant response to a Steam Generator Tube
Rupture:

The plant design (including turbine bypass system, reactor coolant system
depressurization capability, and steam generator secondary side design
pressure) shall be such that the complete and sudden ruptur~ (double-
ended guillotine or equivalent area) of one steam generator tube will not
result in actuation of steam side safety valves. In the event of a tube
rupture, the combination of plant trip, turbine bypass actuation, and
controlled depressurization of the reactor coolant system shall have the
combined capability to maintain steam generator secondary side pressure
below the set point of steam side safety valves. The Plant Designer
shall identify the interfacing requirements for all the supporting
systems necessary to achieve this goal. The Plant Designer also shall

'

assure that requirements have been correctly impicmented in the 4

supporting systems. -"

The System 80+ design meets the EPRI ALNR requirement of preventing main r f.n
safety valve actuation follcwing a SGTR. A reactor trip on high SG water
level, cctuation of the turbine bypass system and controlled depressurization
of the RCS using the safety depressurization and vent system (SDVS) limit
secondary side pressure below the MSSV setpoint. The turbine bypass valves
discharge steam to the main condenser, which minimizes the radioactive release
to the environment. The intent of the ALWR URD was to meet the above
requirement on a best-estimate basis (i.e., credit for operator action and use
of control-grade equipment is acceptable) to provide an effective and
economical design.
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Opestion 410 L5j!g2

The CE 804 ?ssign~ includes MSSVs that vent directly to the atmosphere,

a. In light of recent operating experience showing a significant trend of
challenge to steam generator tube integrity, and -in light of recent PRA
studies indicating that containment bypass represents a significant risk

- contributor, has consideration been given to diverting the release path
through the MSSYs back to containment? If so, please discuss the
advantages and disadvantages of such a design.

Responq 410.159a

PRA assessments of the System 80+ design indicate that SGTR events do not-
represent a significant risk-to the public. This conclusion is based on the

* finding that the frequency of STGRs leading to core melt conditions will be
p- less than 8.4:x'10-8 per year _ (see CESSAR DC Appendix B Table.87.2-1).

As part of the Severe Accident Mitigating Design Alternatives (SAMDA)'* process'

for System 80+, the PRA results were further evaluated to assess the cost-
effectiveness of a number of-design enhancements including hypothetical ideal
design-improvements that would prevent /mitigata STGRs. Using the standard NRC-

guidance of-$1000 per man-rem, even if a design feature could be developed to
completely eliminate STGRs, it would only be cost-beneficial if the construc-
' tion and perating costs were below $400 per year over the life of the plant.
Thus, all reasonable enhancements to further prevent $IGRs reduce radiological
releases below current levels were-not found to.be cost-beneficial.

ABB does not plan-to divert MSSV -steam releases back to the containment.
While such a system would reduce radiological releases to the environment for
selected accident scenarios,. such a system-does not significantly reduce
public risk and-does carry several disadvantages. It should be noted that
this~ feature does=not; eliminate releases to the environment.

The ' technical disadvantages _of the MSSV-containment steam return system are
summarized below for two hypothetical; systems. -In the first system, the steam
is simply returned to the containment atmosphere. In the second system, the
steam is discharged into the IRWST where it would be condensed.

Direct: discharge bf MSSV into containment has several serious disadvantages.
~

L 1. The ' secondary steam return will place an additional loading burden on the
~ containment and restrict plant operators in responding to accidents when
containment sprays are unavailable. This could lead to the addition of-a
containment vent to address those concerns-which in itself introduces

! :another_ means of inadvertent containment bypass.

2. Any condensed steam discharge will drain to'the IRWST, diluting the boron
concentration. A minimum IRWST boron concentration for safety injection
is necessary for mitigating LOCA and non-LOCA events.

3. The release to containment atmosphere has the potential to cause
personal - injury.

. _ . - ._.
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Eftiggnse 410.159a.(Continued)-

: An MSSV return system directed to;the IRWST has similar drawbacks to Items =1
and 2 described above and poses the additional-complication;that- discharge of-
steam. flows typical of.the MSSVs may produce excessive loadings within the
IRWST.-

-Either return path would require a major redesign effort and~ increase design !

complexity, which are not consistent with the evolutionary ALWR goals. Also,
this provision will not eliminate radiological releases to the environment
from a SGTR.=

b b ivmmary, the issue of including'an MSSV discharge return to the containment
~

~ nsidered.from both its cost benefit and design considerations. Based onk; 4 ay''
thi review, such a: system is not cost-beneficia1'and poses serious design-

.

d*awbacks.
s -

,.

.
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'Ouestion 410.153

Has consideration been given to upgrading the design pressure of the seccndary
system (including the MSSVs) to 1500 psi to minimize containnent bypass and
release to environment? Please explain.

Respons_e 410.159b

Upgrading the design pressure of the secondary system including the MSSVs to
1500 psia from the current 1200 psia was considered early in the System 80+
design process. It was determined that an increased design pressure would not
significantly reduce the probability of containment bypass and release to the
environment during an SGTR event.

During a SGTR with loss of offsite power, the condenser is not available for
plant cooldown. The decay heat of the core and the stored energy in the
primary and secondary systems (water and metal) is removed by steaming to the

'

atmosphere via the MSSVs then via the SG'ADVs. The steaming will corftinue
until reaching shutdown cooling system entry conditions. The total heat to be
removed (or the total steam release) is only slightly reduced by increasing
the secondary design pressure and MSSV setpoints. Hence, using conservative
safety analysis assumptions and methods, the overall radiation release would
be essentially unchanged.

During a SGTR with offsite power available, the operator will act to mitigate
this event according to the Emergency Procedures Guidelines, using both
control grade _and safety grade equipment if required. Therefore, for a
"real-world" scenario, an increased design pressure would not significantly
decrease the likelihood of. lifting the MSSVs.

There..are several technical disadvantages of-increasing the secondary system
design pressure to 1500 psia:

1. Steam generator weight would increase by up to 100 tons each. The added
weight would increase containment heat sinks, and increase thermal
stresses on the steam generator shell and main steam piping. These
factors would likely impact the volume and arrangement of the contain-
ment. The additional weight wculd also increase the handling difficulties
during fabrication.

2. The RCS support system would need to be redesigned and/or re-evaluated to
accommodate the increased loads. -Any contribution to containment sizing
must also be assessed.

3. For decreased heat removal events, RCS temperature and pressure would
rise to a much higher value than in current plants. Pressurizer safety
valve actuation would be more likely.

4. Unless the entire steam system and turbine are upgraded to 1500 psia, a
second set of secondary side relief valves would be required downstream
of the MSIVs to protect the lower pressure portion of the steam system.

*

5. Feedwater systems would have to be compatible with the higher design
pressure. Increasing secondary design pressure would require a major
redesign effort and increase design complexity, which are not consistent
with the evolutionary ALWR goals.
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Question 410.159c

Recent experience and testing indicate that' safety valves designed for steam-
passage tend to fail to reseat after fluid is passed by the seat. Are the
MSSVs employed by the CE 80+ design, designed for water passage? If so, how
are the MSSVs expected to respond in a steam generator overfill scenario?

Response 410.159c

Steam generator overfill is avoided during SGTR events in the System 80+
design by periodic venting of steam or alternatively draining to the
readioactive waste system using the SG Blowdown System. The spectrum of SGTR
events analyzed for Chapter 15 of CESSAR-DC do not result in steam generator
overfill. -Therefore, the System 80+ main steam safety valves are not designed
for water passage.

. ,.
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Question 410.159d

What is the risk associated with exceeding the radiological release limits in
Part 100 during the steam generator overfill scenario?

Response 410.159d

. Steam generater overfill is avoided during SGTR events in the System 80+
design by periodically venting steam. The spectrum of SGTR events analyzed
for Chapter 15 of CESSAR-DC shows that results are well within the release
limits of 10CFR100.

. a.

_ _ _ _ _ __ __ .
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Dyn lion 410.16AA

During a SGTR, isolation is normally achieved early in the event by isolating
the associated main steam isolation valve (MSIV) following the identification
of +he faulted s%m generator,

s. Again, in light of recent operating experience showing a significant
trend of challenge to steam generator tube integrity; and in light of
recent PRA studies which indicate that bypass represents a significant
risk contributor; has consideration been given to minimizing the
likelihood of containment bypass during a severe accident with tube

", ruptures in both steam generators, and to improving main steam line
isolation reliability, with a second MSIV? Please discuss the advantages
and disadvantages of this redundant isolation capability. If such an
upgrade has not been considered, why not? Please explain.

Response 440.160a

ABB does not plan to add additional MSIVs. Additional valves would n6t
significantly reduce public risk.

PRA assessments of the System 80t design indicate that SGTR events do not
represent a significant risk to the public. This conclusion is largely based
on the finding that the frequency of STGRs leading to core melt conditions
will be less than 8.4 x 10-8 per year. (see CESSAR DC Appendix B Table
B7.2-1).

As part of the'SAMDA process for System 80+, the PRA results were further
evaluated to assess the cost-effectiveness of a number of design enhancements
including hypotheticrl ideal design improvements that would prevent / mitigate
STGRs. - Using the standard NRC guidance of $1000 per man-rem, even if a-design
feature could be developed to completely eliminate STGRs, it would only be
cost-beneficial if the construction and operating costs were below $400 per
year over the life of the plant. Thus, all reasonable enhancements to further
prevent STGRs. an(' . educe radiological releases below current levels were not*

found to be cost-beneficial.
-

In summary, the issue of additional MSIVs was considered from both its cost
-benefit 1,nd design considerations. Based on this review, additional valvt 3
are not cost-beneficial and do not significantly reduce public risk.

_. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ - _ -
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L0uestion 414.160b

WhatiisLthe risk associated-with a= SGTR scenario resulting _in containment-
tbypass1duelto fa'ilure to isolate the main steam line?-

-Response'410.160b.

i The' sequence described above,- the failure -to isolate 1the main steam line, _ is -
'

- | equivalent to a SGTR scenario with'a stuck open ADV.- This scenario is
analyzed;in- CESSAR-DC Section- 15.6.3.3. .The~ analysis demonstrates that the

Tradiological ~ releases:for-this scenario are well within the 10CFR100
guidelines.

|SGTRtscenarios leading .to' core da:: age wrc evaluated-_in the System 80+ PRA.
.

.The-core damage'scquences involving an' SGTR with- a _ stuck ~open ADV all mapped -
:into Release Class l'.4. This releaas class had a' mean release of 3.7E+41-Rem,
; but the probability-of occurrence was only 7.0E-09. - Thus, the overall1 risk
:for-thisiscenario ' 'ow. (See the-response to 410.158 also.)

, ,,
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Quest' ion 410.160c

Are the_MSIVs designed at or above primary system pressure?

Response 410.160c

The main steam isolation valves are designed to secondary system design
pressure of 1200-psia.

,

O P
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- LSUBJECT: System 80+ Soil P'ta

' Enclosed please find the following _ data related to the soil analyses of the System :- -!
'

n,J 80+::
.'w-

.1.' .. Diskette that contains the' digitized CMS 2 rock outcrop acceleration time*
.

histones (Horizontal 1, Horizontal 2 and Vertical).
s.

: The format of the diskette is IBM-PC High Density (1.4 Mb). :Three files are>

! contained in the diskette:

L * -| hl.aice (Horizontal-1 time history) -
"

i+4 h2. ace (Horizontal 2 time history):s

i * n . ace (Vertical time 'istory)| v.
.

LThe format of the time histories is (8FIC.6).- All acceleration units are in g.
, The time step of the time _ histories is 0.005 sec. For the soil analyses, the'

initial'4096 acceleration values from the time histaries were used (for a totali
.

iduration of 20.48 sec).;~ '

_

. '

y ,

-

,

Dhta on the shear mNulus degradation and damping variation with soil )
-m.

( 2.1M >

? strain. Data on the low strain moduli'of soil cases B3.5 and B4. (Two pages
.
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| Sta.mimum Siodufus et TotalDnit WeigRt Valu5Osed

Case B-4. .

Depth . Max. Modulus Unit Weight'

from to' - (ks0 - (pc0
'

9
- 0 .- .- 5 998- 125

5z 10 1,054 125 i

- - 10 -- '20' 1,128 - 125s.

:20:: -30 1,122 125--

,

::30 : --- '40 1,301 125'

40.- J521 -1,384 _125
'

F- 52 :60: ;18,960. ;125- i

p 60 - '80- 20.358' 125t

80- :-100 22,267_ 125
_

~

' half-space 97,000 130-

_

Case B-3.5
Depth : Max ' ?dulus t Unit Weight

'

from ' to L (ks0 . (pc0 - "

1 . 0. 5- '1,437- 125--

,

e,-
^

15: 110 ' 1,516 - 125
,

- 10 -- :. 20 - 1,623 - 125

. - 30 1,760.: 125-_ 20
!30 40' 1,875 - -125

-52? 1,994 125- . :;40 :

6 - :52a 60.: -8,427 125-

, .

60- .80 9,048 - -125

;80- 100 9,897_ 125
'

-- half-space " 97,000 130

_
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Mdulus 4 duction d Damping Curns Dsedfor tiie Soi(Cases

.

Shear Strain Modulus Damping

(percent) Reduction, G/Gmax (percent)
1

0.0001 1.000 0.24
'

O.0003 1.000 0.42

0.001 0.990 0.80

0.003 0.960 1.40
_,

j. 0.01 0.850 2.80

0.03 0.640 5.10
,_

0.1 0.370 9.80

0.3 0.I80 15.50
'

1 0.080 21.00

| 3 0.050 25.00
,

10 0.035 28.00
.

mdulus Qduction d Damping Curves Usedfor tfic RockIra[f-Space

'

Shear Strain - Modulus Lamming

(percent) - Reduction, G/Gmax (percent) '

|

0.0001 1.000 0.40 '
.

.0.0003 1.000
_

0.001 0.988 0.80

0.00'4 0.953
,_

0.0 0.900 1.50

.0.03 0.010

0.1 0.725 3 00

1 0.550 4.60

I
.

r
_
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LETTER ALWR-444

NRC CONTAINMENT AUDIT i

April 29-30, 1992

Action Item 1.

Discuss the methori used to derive tha design pressure for
severe accident analysis, either e 'enditional containment
failure probability (CCFP) guiceline of 0.1, or a
determinit. ic method thased on the ASME schedule) . Reference
SECY-90-016.

Resr>onse to Item 1.
'

The severe. accident pressure value is derived using a
deterministic method. An axicynnetric finite element model is
loaded with pressure and dead weight. The pressure is
increased until the maximum stress intensity reaches the ASME
Boiler and Pressure Vessel Code, Subsection-NE, Service Level
'C' allowable stress intensity for the given accident
temperature.

Action Item 2.

Address the 60 year life effec' on the spring constant of the
compressible material used in the region where the containment
. is embedded into the concrete.

,

Responne to Item 2.

The~ compressible material used in the containment ana2 ysis is
- a cork material --conforming to specification ASTM- D-1752-73
Type II. A spring constant of 180 psi /in was derived from
test'results and used in the containnont analysis. Because of
the potential for the cork material to deteriorate or harden,
a niore resilient expansion material such as one which has
properties of specification ASTM D-1751-83 is b'eing evaluated.
Tolerance studies of - the spring constant value will be
conducted and a suitable ASTM specification material specified
by October 1992._ Retention of spring constant properties ovet
the life of the plant will be considered when the material is '

specified.

Action Item'3.

Verify the use of the elastic-plastic analysis used in the.
containment . ultimate capacity (ASME collapse load)
calculation.

,

,, u,v .. - . - -. . . ,. .



- . _ - . . . .-. ~ . . . . . . . _ . - -.

.

.

LETTER ALWR-444
i

NRC CONTAINMENT A'JDIT
April 29-30, 1992

Rosponse to Item 3.

The containment ultimate capacity (ASME collapse load) was
determined using the criteria found in Appendix II Article -

1430 of Section III of the ASME Code. The containment vessel
is modeled with t r.e ANSYS computer code as a thin shell
-axisymmetric structure using element STIF51. The nonlinear
material properties (essentially elastic-perfectly plastic)
are included in the model using a tangent modulus which is ,

equal to 0.05 x E(Young's modulus of elasticity) .

A verifi:ation search of the use of the ANSYS element STIF51
and the tangent modulus of 0.00 x E is being conducted by Duke
Engineering and Services, Inc. and a respot se will be provided
by July-1, 1992. -

Action Item 4.

Explain'how localized strains around penatrations are handled
- in the ultimate capacity (ASME collapse load) analysis.

jlesponse to .! tem 4.

The ultimate capacity (ASME collapse load) analysis uses an
axisymmetric finite element model as described in the response
to Item 3 above. The penetrations are not included in this
model.

Additional work on the containment analysis is scheduled to be
,

completed-by October 1992. This work will include applying
the collapse load pressure determined from the.axisymmetric
model to a full three dimensional finite element model which
includes the reinforcement area and barrel for the equipment
-hatch and personnel airlocks.

Extreme fiber' strains will be evaluated using Sandia
Laboratory ultimate capacity strains.

Action Item-5.

Explain how localized strains in the containment embedded
; -region' are handled in the ultimate capacity (ASME collapse
E load) analysis.
,

|
|

~- , , - , , . , - , , , , , , , - -



'
,

LETTER ALWR-444

PRC CONTAI! MENT AUDIT
April 29-30, 1992

Response to Item 5.

The ultimate capacity (ASME collapse load) analysis uses an
axisymmetric finite element model as described in the response
to Item 3 above. Extreme fiber strains in this area are
computed from the axisymmetric model. These strains will be
evaluated using Sandia Laboratory ultimate capacity strains.
This will be completed by October 1992

Action Item 6.

Provide justification for the location of the critical
buckling area. Provide prebuckling stress results from
individual static load cases and combined load cases.

Response to Item 6.

Additional work on the containment stability analysis is
scheduled to be completed by October 1992. This work will
include verifying the critical buckling location, determining
individual static load stress results, combined load stress
results, buckling safety f actor determination and application
of the appropriate " knockdown" factor.

Action Item 7

Provide containment stress results for Test, Design, Jervice
Level Loadings and Jtability analyses.

Responne to Item 7.

Containment stress results requested are contained in
Attachment 1. Intermediate static loading stability stress
results will be available in October 1992 as indicated in Item
6 above. Combined static loading stability stress results for
the lower region will be provided at the same time.

The containment stress results provided in Attachment 1 are
all m;ddle layer stresses along a single meridian in the
containment model. The meridian corresponds to the 90 degree
azimuth on the System 80+ General Arrangement drawings.

| Stress results are shown for two finite element models. Model
| 1 shown in Attachment 2 and Model 2 shown in Attachment 3.
L Model 2 is a model with a refined mesh up to approximately
i elevation 105 ft.

I-

''yr w- w-- - w -. ,-ec -m.> >---,-+---4 L-
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'LETTER ALWR-444

NRC CONTAINMENT AUDIT
April 29-30, 1992

Action Item 8.

Provide results of mesh refinement studies.

Retsponse to Teem 8.

Additional containment analysis is scheduled to be completed
by October 1992. This work will include additional mesh
refinement studies for Service Loading and Stability analysis.

Action Item 9.

For the stability analysis;

a. Justify the use of plate elements.

b. Provide results of mesh refinement studies,

c. Compare the ' finite element results with a closed form
solution or alternate solution.

Response to item 9.

. Additional containment . analysis will be completed by the
October 1992. This will include developing a finite element
model of a full sphere composed of plate elements. A
-stability analysis with external pressure loading will be
performed ar.d compared.to a classical buckling solution. A
Icasonable comparison of results will justify the use of plate
elements, serve as a mesh refinement verification and provide
a comparison to an alternate solution. These results wi]1
provide - the mesh refinement for the stabilits analysis in
Act.on Item 8 above.

Action Item 10.

Provide justification for stability minimum f actors of safety
and the " knockdown" factor used.

-Response to Ttem 10.

Additional containment . analysis will be completed by the
October 1992. .In addition to the analysi.' results, a
justification for the use of stability factors of safety and
the " knockdown" factor will be provided.

<

., , ,, , , - _ - . - , , - - - - _ . , -
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ATTACHMENT I TO ALWR 444 ,

SYSTEM 80+ CONTAINMENT I,

STABILITY STRESS DISTRIBUTION

(Middle of Element PSI)
(Relative stresses. Eigenvectors are normalized in ANS'fS)

MODEL 1 -

Combination. Seismic (84),
Dead Weight, Paxt (2 psi)

Stress -

Elevation Element Component SSE CBE

245.6 2310 Sx 722.65 903.50
~

Sy 1502.95 1139.00
Sxy 284.96 105.60

Sz 1.00 1.00
,

SI 1600.00 1178.40
SE 1391.00 1056.40

_

25L3 2347 Sx 777.36 -806.50
Sy -1486.45 1142.30
Sxy 173.28 74.54

Sz 1.00 1.00

Si 1525.53 1157.10
SE 1321.41 1024.10

256 2419 Sx -1161.99 -1013.56
Sy 1438.50 1124.68
Sxy 85.75 36.77
Sz 1.00 1.00

SI 1461.90 1134.75
SE 1329.40 1074.33

256.8 2491 Sx 1209.01 -1009.61
Sy 1557.11 1221.58

Sxy 36.91 15.70_
Sz 1.00 -1.00

SI 1560.00 1221.70"

SE 1416.00 1129.94

,

257 .2562 Sx 1371.74 -110.75

Sy 1613.36 1265.24

Sxy 13.69 5.22,
-Sz -1.00 -1.00

Si 1636.07 1264.40~
'

SE -1520.61 1194.50
_ ~ -. - , ... . - . .- , _- - _ - . . . . - -
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ATTACHMENT l TO ALWR-444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION
(Middle of Element PSI)

MODEL 1

I

Stress Dead Thermal Thermal OBE |

Elevation Element Component Press (53) Weight 120 F 280 F Soll Case B4

256 2419 Sx 19011.00 ! 168.58 0.005 0.021 66.89
Sy 18788.00 171.72 -0.055 -0.024 75.75
Sxy 0.31 0.12 0.006 0.029 79.56
Sz 26.50 0.00 0.000 0.000 0.00

SI 19638.00 171.23 0.016 0.074 159.;I
,

SE 18927.00 169.92 0.014 0.064 155.36

236 1987 Sx 18086.00 e.0.18 0.007 0.033 509.83
Sy 18225.00 212.33 0.007 0.034 434.91
Sxy 71.32 0.77 -0.009 0.040 536.78
Sz PS.50 0.00 0.000 0.000 0.00

;

Si 18281.00 212.33 0.020 0.105 1078.18
SE 16183 00 195.37 0.020 0.091 1044.87

161 1189 Sx 18128.00 315.16 0.037 0.165 1111.19
Sy 18135.00 330.85 0.002 -0.100 841.55
Sxy 3.01 8.56 0.048 0117 1148.84
Sz 26.50 0.00 0.000 G.000 0.00

SI 18163.00 646.23 0.112 0.508 2313.44
'

SE 18158.00 559.71 0.098 0.441 2228.75

.

119 397 Sx -18135.00 724.41 11.330 49.284 2193.50 .

Sy '18104.00 585.19 0.055 , 0.194 216730-

Sxy 3.63 6.79 0.211 0.939 2580X9''

'

Sz 26.50 0.00 0.000 0.000 0.00

i- SI 18162.00 1309.70 .11.334 49.302 5160.65
'

SE 18146.00 1136.30 11.309 I 49.214 4972.77

1
i-

f

1r
'

\

l'
|
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ATTACHMENT I TO ALWR-444
'

SYSTEM 80+ CONTAINMENT
STHESS DISTRIBUTION

(Middie of Element PSI) ;

MODEL 1

Combinations
SSE Design Level A l.evel D i

Elevation E?sment Soil Case B4 'and Level A Secondary Soll B4
.

256 2419 100.06 18842.70 18869.30 18942.80
84.40 10617.20 19287.50 1870*.60

-111.70 0.19 0.15 111.89

0.00 26.50 0.00 26.50

-

223.95 18869.20 19287.50 19013.20
214.76 18757.50 19081.80 18850.90

__

'
236 1987 618.63 18046.00 18063.10 18664.60

491.47 18012.50 18074 30 18503.90 ,

770.25 70.55 185.54 699.69
0.00 26.50 0.00 26.50

1545.74 18128.20 18254.30 19315.10 ' '

1449.16 18056.20 18071.60 18650.70

161 1189 1290.57 18442.70 18445.50 19733.30
869.21 17304.60 17807.50 18673.80 :

1671.02 11.57 -13.25 1682.59
0.00 26.50 0.00 26.50

3363.50 18469.40 18445.80 20994.10
3110.67 18158.60 - 18134.90 19471.30 -

.

119 397 2506.44 18859.20 19065.60 21365.60 '

2455.34 17518.80 17656.70 19974.20
~

3702.71 10.42 12.23 3713.13
0.00' 26.50 0.00 -26.50

i-

7405.60 18885.80 19065.70 24474.10 *

p
6876.55 18252.50 18401.70 21706.10

[ ,

!
| i

.

u
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ATTACHMENT I TO ALWR 444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION

(Middle of Element PSI) .

.

'

MODEL 1

Stross Dead Tnermat Thermal OBE
Elevation Element Component Press (53) Weight 120 F 280 F Soil Case 04

111 305 -Sx 18011.00 829.78_| 48.125 218.360 || 2558.96
Sy 18100.00 674.23 -0.449 1.884 2581.20
Sxy 6.76 5.54 0.443 2.029 3092.06
S2 26.50 0.00 0.000 0.000 0.00

SI 18127.00 1504.00 48.129 218.380 6184.16

SE 18082.00 1304.90 47.908 217.450 5940.38

103 217 Sx 18497.00 992.94 144.760 687.800 3251.38

Sy 18453.00 778.73 3.182 13.723 3125.43
Sxy 11.20 21.06 0.521 2.322 3S01.76

Sz 26.50 0.00 0.000 0.000 0.00

~

Si 18524.00 1772.20 144.660 687.870 7604.57
~

SE -18354.00 1538.50 143.630 681.120 7316.97

98 145 Sx -18589.00 ' I150.90 380.140 1460.500 3959.69
Sy 18113.00 881.33 14.363 -68.121 3703.34

~

Sxy. 20.95 -31.33 -0.404 1.815 4564.64 '

Sz 26.50 0.00 0.000 0.000 0.00 -

Si 18616 00 2033.10 394.510 1528.700 9132.89

SE 18382.00 1765.90 387.520 1495.800 8788.50 !

93.5 73 Sx 12498.00 627.08 -3418.000 15648.000 1977f,3

Sy 18151.00 969.10 22.230 81.025 4240.10
Sxy - 21.65 38.22 -0.587 -2.657 5207.22

Sz 26.50 0.00 0.000 0.000 0.00

SI 18178.00 1598.00 3418.000 15648.000 10657.40

h SE 16113.00 1394.40 3407.000 15668.000 9739.08
,

.

|

!
:-

!
<|.
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ATTACHMENT I TO ALWR 444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION

(Middle of Element PSI)
'

MODEL 1

Combinations
SSE Dodgn Level A Level D

Elevation Element Soll Case B4 and Level A Secondary Soll B4

111 305 2A79.32 18840.50 18716.20 21719.80
26/5.75 17425.40 17413E0 20301.10
4435.09 1.22 3.18 4436.32

'
0.00 26.50 0.00 26.50

,

8870.19 18867.03 18716.20 25529.60

_
8203.07 18200.70 18100.20 22430.00

103 217 3565.69 19489.90 20021.60 23055.60
3413.58 17373.90 16335.70 20787.50 i

- 5451.15 9.86 - | 2.40 5441.28
~' ~

0.00
_

26.50 0.00 26.50__

10903.40 19516.40 20021.60 27506.30

_10066.80 18549.20 18456.80 23966.60

~ ~

98 145 4270.70 19739.90 24503.60 24010.60
3982.76 17E32.20 27912.60 21214.90
6544.56 -10.38 -12.88 6534.18

0.00 26.50 0.00 26.50
,

13092.30 19766.50 27912.60 29321.30
12065.90 18639.50 26373.90 25426.10

93.5 73 2147.19 13125.40 2842.96 15272.50
4511.59 17182.00 20224.50 21693.60 '

7465.88 -16 57- 34.39 7449.31

0.00 26.50 0.00 26.50

15117.80 17208.50 23067.60 26621.30
-13509.10 15581.40 21785.60 - 23238.00

.

b
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- ATTACHMENTITO ALWR-444

I- SYSTEM 80+ CONTAlWMENT
STRESS DISTPIBUTiON E

| (Middle of Elemert-PSI) [

i I

| MODEL 2 {i

. Stioss - Press Press Dead OBE LevelB LevelB i

j . Elevation Element Component 53 PSIG 49 PSIG Weight Scil Case 84 53 PSIG 49 PSIG !

k

| 256 .3191 Sx 19011.00 17576.21 -168.44 61.03 18904.10 17468.80 L

j Sy 18788.00 i i7370.04 -17138 75.62 13692.50 17274.28 [
Sxy 0.05 0.05 -0.21 75.79 75.64 75.63 i

j Sz -2650 -24.50 0.0G 0.00 -2650 -24.50

|. SI 19038 00 17576.16 171.39 152.29 19954.80 17419.11
: SE 189'7 00 17473.82 169.93 148.53 18826.10 17297.06 :

!

l
| __

*
i ..

236 2759 Sx 18086.00 16721.02. -39.99 481.03 18527.50 17102.06
'

I Sy 18224.00 16848.60 -212.53 411.20 18423.10 17047.27 I

Sxy -71.72 -66.31 0.65 485.91 414.83 420 25 ,

Sz -26.50 -2450 0.00 0.00 -26.50 -24.50
i..

ISi 18281.00 16943.13 212.53 97431 18919.90 17108.57
SE 18183.00 16851.71 195.63 954.46 18516.00 16700.42

:
*.

| 161 1961 Sx 18128.00 16759.85 315.75 1032.14 19476.00 18107.74 '

[ Sy 18135.00 :16766.32 -331.43 807.46 18610.80 17242.35

i Sxy 0.22 0.20 7.8') 1022.36 1030.38 1030.36 ,

! Sz -26.50 -24.50 0.00 0.00 -26.50 -2450

f
SI 18161.00 16766.12 647.37 2057.03 20187.40 17762.21

|
SE 18158.00 16762.72 560.70 2004.89 19167.90 16756.69 ,

i,

:
:

;
*

*
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ATTACHMENT I TO ALWR-444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION

(Mkidle of Element-PSI)

MODEL 2

Stress Press Press Dead OBE Level B Level B
Elevation Element Component 53 PSIG 49 PSIG Weight Soi! Case B4 53 PSIG 49 PSIG

119 1169 Sx 18C99.00 16733.04 746.32 2122.34 20968.20 19602.3G
Sy 18128.00 16759.85 -584.47 2000.26 19543.80 18175.64
Sxy -11.77 -10.88 2.34 2318.37 2308.95 2309.83
Sz -26.50 -24.50 0.00 0.00 -26.50 -24.50

SI 18159 00 16774.59 1330.80 4638.36 22698.80 18996.61
SE 18140.00 16757.19 115130 4215.08 20709 80 17099.55

*
1

111 1077 Sx 18766.00 17349.70 769 42 2145.11 21680.60 20263.23
Sy 18126.00 16758.00 -672.44 2386.56 19840.60 18472.12
Sxy 1.68 1.55 -11.69 2779.71 2769.70 2769.57
Sz -26.50 -24.50 0 00 0.00 -26.50 -24.50

.

g SI 18793.00 17348.15 1442.00 5564.66 23705.50 19509.52
SE 18481.00 17059.83 1249 80 5325.23 21392.80 17347.28

106.6 1010 Sx 18115.00 16747.83 -180.99 2912.47 20846.20 19479.31
Sy 18362.00 16976.19 38.28 3048.66 21449 10 20063.13
Sxy -896.83 -829.14 -746.57 2668.53 1025.14 1092.82
Sz -26.50 -24.50 0 00 0.00 -26.50 -24.50

SI 19170.00 18528.12 1309.20 5649 97 22242.70 19809.53
SE 18332.00 17750.28 1308.90 | 5500.99 21254.90 | 18780.69~

s
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ATTACHMENT I TO ALWR-444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION

(Middle of Element-PSI)

MODEL 2

' Stress Press Press Dead OBE Level B LevelB
Elevation Eternent Component 53 PSIG 49 PSIG Weight Soli Case B4 53 PSIG 49 PSIG

105 865 Sx 10121.0( 9357.15 160.52 881.52 11162.70 10399.19
'

Sy 18968.00 17536.45 -694.84 2387.25 20660.90 19228.86
Sxy -1174.10 -1085.49 -101.69 3271.90 1996.13 2084.72
Sz -26.50 -24.50 0.00 0.00 -26.50 -24.50

SI 19148.00 18763.55 879.21 6714.80 21089 80 17611.60
SE 16588.00 16275.53 806.92 6040.50 18265.90 15282.06

101.5 721 Sx 9145.10 8454.90 29.54 1300.10 10474.70 9784.54
Sy 18412.00 17022.42 -771.43 2873.04 20513.80 19124.03
Sxy 323.94 299.49 IL 23 3327.33 3636.04 361' 59

_

S -26.50 -24.50 s.00 0 00 -26.50 -24.50

SI 18450.00 16733.38 801.55 6838.02 21718.90 16746.09
SE 15978.0') "4493.09 787.06 6278.75 18871.80 14903.35

98.6 577 Ox 842;.40 7788.60 -84.15 1492.38 9832.66 919 183
Sy 18640.00 17233.21 -792.61 3014.24 20862.10 19454.84

Sxf -14.22 -13.15 -36.13 3454 51 3404.16 3405.23
Sz -2650 -2450 0.00 0.00 -26.50 -24.50

SI 18667.00 17246.37 794.44 7074.64 21854.70 17077.08
SE 16190.00 14958.23 756 65 6528.04 19035 1 15263.09.

__ _ - - - _ _ _ _ _ - - _ _
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ATTACHMENT I TO ALWR-444
SYSTEM 80+ CONTAINMENT

STRESS DISTRIBUTION

(Middle of Element-PSI)
L

MODEL 2 r

- Stress Press Press Dead OBE Level B Level B
i

s

Elevation Element Component 53 PSIG 49 PSIG Weight sos Case B4 53 PS!G 49 PSIG

94.6 289 Sx 8032.90 7426.64 -62.71 957.18 8927.38 8321.11
Sy 19031.00 17594.70 -82323 3263.46 21466.70 20'M.93
Sxy 33.08 30.58 -33.05 3650.19 3 G 21 3o*/.72 [
Sz -26.50 -24.50 0.00 0.00 -26.50 -24.50,

i Si 19058.00 17564.21 829.66 7656.00 22478.40 17425.62
SE 16570.00 15273.93 800.78 6958.03 19739.70 15923.87

_

f

92.7 145 Sx 6883 20 6363.71 -101.98 856.98 7638.17 7118.71
Sy 19266.00 17811.96 -848.92 3412.88 21829.50 20375.92 !
Sxy 36.41 33.66 -32.44 3771.48 3775.46 3772.70

d

Sz -26.50 -24.50 0.00 0.00 -26.50 -24.50 :
;

i
Si 19292.00 17778.40 850.32 7964.23 22797.90 17601.65 [
SE 16930.00 15607.65 804.77 7220.08 20289.80 16553.03 i

r

*
4

i

6

I
4

1
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ATTACl&!ENT 2 to ALWR-444

SYSTEM 80+ CONTAINMENT MODEL 1
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ATTACIDIENT 3 to ALWR-444 |

SYSTDI 80+ CONTAlh' MENT HODEL 2
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Enclosure to ALWR-ME-92-037

Request; Will the f ollowing be considered in the LBB evaluations:

a) potential degradation mechanisms, steam hammer,
water hammer, thermal stratification

b) leakage detection outside containment for main
stc et' line

c) dynamic strain aging of carbon steel

d) environmental effects on fatig.le

c) thermal aging of cast stainicas steel

Response: For each piping system evaluau for LDB, potential
degradation mechanisms, steam hammer and wator hammer,
and thermal stratification will be considered, as
applicable, in each evaluation. In addition, dynamic
strain aging of carbon steel, environmental effects on,

fatigue, and thermal aging of cast stainless stool pipe
will be considered in each LBB evaluation as appropriate.
Leakage detection outside containment will be considered
for the main steam line if the anchor-to-anchor portion
of the piping evaluated includes pipe ' which can leak
outside containment.

Request: Describe what is meant by " maximum" design load?

ResponGe: In the stability analyses portions of the LBB evaluation,
the pipe with a leakage crack is subjected to a normal
operation load, which is 100% power plus any lonq term
thermal stratification, plus a design transient load
which challenges the stability of the crack. Tne
transient load can be a load due to SSE, shor't term
thermal stratification, other critical thermal

, transients, or a normal operation dynamic transient such
as frou. rapid valve closure. The maximum of these design
transient loads is' defined as the " maximum" design load,

and is combined with the total NOP load in the stability
analyses.

,

- -_--___ - _ _ ______._____.m_ _ . _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ __ _ _
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Enclosuro'to-ALWP-ME-92-037

i

Request: Clarify leak before-break acceptance criteria and how
liUREG1061 Vol 3 will be employed?

Response: As noted in CESSAR-DC paragraph 3.6.2.1.3, the leak-
before-break evaluation is performed using the guidelines
of 11UREG1061 Vol 3. Leak-before-break evaluations are
performed in accordance with draft SRP 3 . f. 3 following
the guidelines of liUREG1061 Vol 3. ,

,

Request: Clarify which pipe lines will have specific LBB
cvaluations performed prior to design certification?

Response: _ Bounding LBB evaluations based on preliminary pipe design
analyses will be performed for each pipe line listed in
CESSAR DC paragraph 3.6.2.1.3.

Request: Clarify which portion of each piping system will be
evaluated for LBB?

Response: Each piping system listed in CESSAR-DC paragraph
3.6.2.1.3 will be evaluated from anchor point to anchor
point.

.

Request: What leak detection capability is used to establish
leakage crack size for LEB evaluations?

Response A leak detection capability of 1.0 gpm is uced with a
factor of safety - of 20 for calculating leakage crack
length.

Request: Please- provide bench -mark evaluations for CE LDB

methodology?

Response: Khant , L. H . ar.d Ayres , D. J . , " Benchmark Calculation for
Leak Before Break Evaluation of liuclear Piping," PVP-Vol."

218, Piping Component Analysis, Piping and Structural
Dynamics, ASME Conference, San Diego, Ca., June 1991.

(ddAc. hem

Request: How will the Icakage crack size for the LBB cvaluations
be calculated?

-Response: The leakage crack size will be determined using 250 gp_min*based-upon PICEP correlations.

!

. . - _ . ._ , - , - , - - . _ - ._ .- - .. -
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PIPING DESIGN' GUIDE AUDIT

Ouestion:-

Is the containment material SA-537 C1.1 or SA-537 C1. 27

Response:

The containment material is SA-537 C1. 2. |

-Question; i

Why is System 80+ using Inconel 600 with 182 welds? The NRC would prefer the
use of Inconel 690 with 82 welds.

!

Response:

-C-E is. continuing to evaluate _ industry experience with the-use of inconel
within'the primary coolant system. Inconel 650 has already been selected as'

the material of. choice in-the system design in some areas such as the steam
generator tubes. LThis evaluation will continue into the procurement phase of . i
any project at which time the experience gained-by the industry will
considered in specifying the material.

:0uestion:

Is the primary water chemistry in conformance with the EPRI PWR Report and/or -

EPRI ALWR Evolutionary Flant' design requirements?

Resnelei

As noted .in|the C-E response to RAI~281.46, the CVCS is designed to maintain
:the reactor coolant chemistry within the' limits: defined in EPRI report NP-7077
entitled "PWR Primary Water Chemistry-Guidelines: Revision 2" (dated November

0)4 .This_is consistent with the_EPRI Utility Requirement Document for
utionary Plants.-

/

-p .3 -'y.. 4 , ,- 9 . w. ,.39, - - .,,,, - - . - -.,9p-,r . , --Q.9n-.-
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BENCHMARK CALCULATION FOR LEAK BEFORE DREAK+

4

EVALUATION OF NUCLEAR PLANT PIPING

L L H. Khant and D.J. Ayres
Nuclear Power

- A00 Cornbustion Eng|aeering
| Windsor, Connecticut
I-

+

No experimental verification of the methodology
ABSTRACT had been attemt.ed by ABB/CE prior to the present *

;.
. study. The opportunity to perform such a verification* ' An analysis of a large scale cracked pipe test was was provided when the results of a large piping test

-pstformed in order to verify the methods used to were published by Battelle (Ref, 1). Because of itsditermine crack stability in leak before break - (L.BB) direct relevance to 1.28 work, this test presented an
evaluations of nuclear plant piping.1oe test specimen ideal case for comparison of analysis and experimental
wzs a. thirty eight foot long section of thirty six results. The geometry and materials tested matchedinch diameter cracked pipe which- was tested and the ABB.CE hsigned main loop piping exactly and are

4

reparted' by. Battelle Columbus. -In this, test. .a also sintier to the sain steam lines of many operating
section 'of pressurized water reactor main loop piping ' plants. The re f on , the same methodology used in the
containing; a -partial .circumferential through wall previous and. ongoing . hB B analysea vere applied

|j
crack . was . loaded in _ bending until significant . crack ditectly to the Battelle test conditions to compare

,

utension occurrto. The analysis of the experiment the prediction of crack instability provided by this'jt
r - useo essentially.the same finite element models,- methodology to the evperimental results.

calculation acep., - and material data. interpretation
cnd - extrapolation as has .been used in actual plant
piping 126 evaluations. The ,excellet.t -agreement DESCRIPTION OF THr lAPERIMf'NT
between tha analysis predictions ind the experimental
resulta confirms the appropriateness of the methods m m and 1.cading
u2ed for actual plant'LBB evaluattors.

The pipe; size tested is 36.73 inches outside
.INTRODUCfl0N diameter and 3.42 inches thick. The schematic of the

test framat used by Battelle is shown in Figure 1. The
pipe is precracked with a 13) deg ciresusferentialL . -A- procedure' for leak? before break' (128) =I: avalua*1on of nuclear plant pli g based on the tNRi'C through wall crack through the center of the

1061 Volume 1 (Ref.1) guidelines for ducille fracture -circuaferential buttweld. The four point bending load
; analysis has' been . developed .by ABB ' ' Combus tion s app d at the saddles by hydraulic rams. A plot

Enginee ring - (ABS-CE) . This proceddre has. been used f applied load vs. load line displacement of the test
for 'several . evaluations ~ including raain . loop piping. is shown in Figua L 1he same configuration is used
surge line pipings and main scean line piping leak in ne Unite elmnt analysis presented here.

-

bsfore break evaluations, The analysis af the pipe to
d3termine 7 'l' a hypothesized crack is stable when "* ''I"I"

subjected to..a given loading is a key' element to the
do enstration of leak before break'for

~

The ' pipe material is SA.516 Cr. 70 which ' wasa piping
obtained from a cancelled nuclear power plant. The.eystem. .The results of these . analyses - have been

bsnchmarked with other. analysis procedures such as the stress. strain curve of the SA.516 Cr. 70 base notal of
' EPRI/Ch J estimation scheme - (Re f. - 2), and have been s matedal is sh e in Ngurt 3. The stuss
determined to be in g.eneral agreement, recognizing the strain data are obtained from the P!!'RAC data base

_. conse rva tism and range of applicability of the . ch in turn o fe n nee s the Battelle testsimplified metnods-. 4'*I"*"'

'13
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' he J" - a data for the SA 416 Cr. 10 veldd )

matettal ate alas f rom Reference 4. !nur
typically has a higher yield attess and a lowetThe weld material L-W"r 2 - tJ"!M.- :J Aa resistance curve than the base metal, It has I,.ern _.,__ , ,

shown in previous studies sierfoteed at AtB CE for N-
-

Faso e
EPRI. (Ref. 3). that using the base octal sitess

s
'

!

strain curvo and the veld estorial J
the best. correlation to the d #"''' P ''d"' " k ~

veld base metal contined structure. actual behavior of theThe J data arefit .to. a- power.. law for interpol ion e*id
in

s. ne power law curve is shown in Figure h''' * [
extrapolation.
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Extrapolation of J R Data

* '* -e- a - * * = ** "

Methods for extrapolating J Integral data (or J Rs m o -u -

data) from small specimens for use in evalwaiing, real
structures and compone:nts are still under <bve lopment'.t rig. a toed verwe toad hae dispiacomeat recoed teem

o.444.o pipe enperime,n (siete,enne st - = 0ne method which is recognized to be very conservative
was developed in WREC 1061 Vol. 3 (Ref.' 6),
Procedures specified in Witf.C 1361 Vol. J state that
the data is to be fit on a . J vs . d)/da plot up untilthe . ASTH _ validity criterion. Then a I!nsarextrapolation. is made based upon the slope at thevalidity _ point _ but.' not

to exceed twice the valid ~Jvalue,

i

l
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More recently a method which is still The schematic of the test frame used in the pipeconservative but riot so restrictive has been proposed bending fracture empetiment is shown in Figure 1,in support of the Safety lasue A 11 (low upper shelf Using symmetry, the finite element model is 19 feetreactor vessel toughneas) (Pcf. 8). Additional long. The twenty noded isoparametric solid element ofmethods have been proposed which attempt to provide a
CE MARC is used tu the analysis. De model developedconservative representation of crack growth in a
has 199 elements. 1302 nodes and 3664 degrees ofstructure shieb could tolerate a large amount of crack freedom. The model is shown in rigure 5. A detailedgrowth prior to. failure. Wilkowski, et.(aa)g)a section of the madel near the crack tip la showr in.

(Reference 2) suggests that a power law (J. C
il ,ure 6. This model is relatively coarse since itffit to data up to crack growth of 301 of the original is
a typical production type model which had been uses inuncracked ligament will provide a c onse rva t ive previous piping system evaluations,extra 7 elation, yet be much less nestrictive than the

NURgG 1061 Vol . 3 method. A suggestion was made by Three different circumferential through vsllBabcock and Wilces researchers (Re f e r e nc e 4) to fit cracks are analyzed. The cracks considered span art sthe data by an equation of the form
of 116 det, 133 deg and 150 det, The pipe tested by
Battelle had a 133 deg circumferent ial through wall3 (aa), W W al crackJ~Cg C, a C

where the eta is fit to crack growth up to 301
of the uncracked ligament.

All of the -- above methods provide conservative
extrapolation of the teat data. After careful
evaluation of the methods suggested in the References
7 and 8 a power law equation has been chosen to fit '%
the test data. This equation is of the form

-

{f ' :hn-5%>.J-Cg+C2 (aa)" (2) '% %
wNro the data is fit to crack growth up to 301

of the<ancracksd 11gament. *% C

% g s ,i _

Anal)tical Arnroacl3 -e ,

,

-
'

In a 128 analysis varioua hypothestred cracks are
subjected to severe loading conditions. The stability Dof a crack is first estimated using the ETRI/CE scheme
and ti.en the stability is evaluated in detail by the
finite element analysis. nis detailed analysis is ,4, 3 non. . ..m m.a.,

incremental in load and uses the CE MAF#. non i t ne a r
, finite element analysis program, The analysis of the
experiment uses essentially the same procedure.

The program uses the dliferential stiffness '
j '%technique to compute the J integral. The technique is

j/ j Ng hbased on aoving nodes near the crack tip by a small
/ / /amount in the direction of crack extension and / ]f~computing the energy change. There are four {(",4)\

b e{ , IIndependent paths defined to estimate the J integral ,/ \in the - model chosen. Based on two elements through / ''

the thickness of the pipe, three paths for the inside, Q '( g
!' ' [T/gf-outside, and center Ineations and one path for the

-

9 / j/ave' rage of all the locations thiough the thickness are
/ b'N'

employed to compute the J integral. The J integral is N( .\ I'

computed for all load increments for each crack model.
?. /, -.The average J integral is used in the evaluation of *

crack stability. 4f .

'

The~ J integral computed in this manner is the
N-%('j('(\ ({,deformation J or J . Therefore, it is appropriate to f'

riconsider the J ma al usistance cu ne * n maH ng
\ /

,

comparison dof applied J and material J integral N /a

%
h,

fy e o.i.ii.a se<uon e,e # i a moocq
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|he constraints imposed on t he pipe model are '

based only en ayimme t ry . A uniform body force was I

i

uwapplied to the model at the location where the saddle MHMis shown in the Figure 1. This body force simulates MME1
,

the saddle and provides a good distribution of the tuo -/tpplied load on the pipe. The direction of the force '

cpplied la the same as in Figure 1. In all cases, the P |
,

load was applied in increments so that the analysis 5 ne
i

followed the stress strain work hardening curve. The $ ['

final load on all the models corresponded to at least z [ /940 kips. The Battelle test report lists the maximum 8"
- '

load as 918 kips (see Figure 2). Therefore, the y [ [cnalysis for all cases was estried well beyond the 918
kips maximum test load. g ,/ f j

u, f f p-
U //*

The applied force Ya displacement analysis q , _ ,,, praiG b* "
,

results for the cases of 133 des and 150 des crack are * 2 2 35 s n, a n s a mpresented in the rigure 7. As the load increases, the
data better matches the results of the longer crack.
This implies that the crack is~ growing as the load is FOHCE l.'1S ( MILUON )increasing.. This agreement between the experimental
and analytical results indicates that the model is
appropriate for the calculation of JalCtegral values. ' " *" " ' * *P'*d d*'P ''
For all crack lengths considered, the average through
wall J-integral for all load steps is plotted against
the applied force (see Figure 8), A cross plot of the
computed values of Figure 8 showing J vs. crack eno , , , , ,length for various loads is shown in Figure 9.

O'-[ ff
4hFresenting the data in this manner is essential for

relating the applied loads to the material resistance z $8" " * "$
ecurve.

E /E / /Crack Stability tvaluation ~3 # />
z /

The material resistance J curve of Figure 4 is 2'yd ,w
extrapolated to ' 1stger crack ex t et.s ions using the
fitted power law and plotted simultaneously with the g

3 jloading results of figure 9 in order to predict the h' am ;,
-

j
load at crack instability. This. comparison is shown 3 *

in Figura 10. It is seen that J vs. crack length for 4 -

the load of 890 Lips. la tangentiel to the material 8,
,

curve for J vs. crack extension. All the curves of , , , , , ,

d
J vs. cre.ck length for loads algher than 890 Kips. do
not touch the material curve. This indicates that the s C8*0K LENGTH INCH
ca lum lead which the pipe can carry is 890 Kips,
h computed maximum load value of 890 Kips is just 31

'less than the experimental maximum load of 918 Kips. M 'PP"d d " *"* * ''"9 "'

sne. m
* ? = =

,

"~ * * * ' ''" loads smaller than 890 Kips would cause the 133.

deg circiunferential crack to grow larger, perhaps asn-
" large 150 deg, but stability would be maintained.asu.

Becausn the loading and material curves are tangent,
1 ".

,

5 the J dntegral at the point of intersection la not,

I [. well defined from Figure 10. In order to obtain a"u
/ mote precise value for the J. integral at instability,,- i

i , "' '

,
the derivatives with respect to crack length of .the

[ 893 Kip loading and the matettal resistance curves areu- . o
) plotted. These curves are plotted in terms of J V8'.-

"~ d*
p <U/da in Figuge 11. It is now clear that a J value of

n1 22000 inib/in is required for the crack instability..,

i to occur.,;
.

. ,..~ .+ . .. ,,

u u, % m

rig. 7 Lo.4 wer kmon u. pine.<n.nt e.c ed from
eoks i.g pace esp.omenuneter.nea a); and ann.
.temens eney.i.
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CONC 1.USION '

'The' excellent agreement between the analys ts. and
experimental results .. indicate that the methods used
for both the finite element analysis and the material-
Pt0 Petty --interpretation care- capable of accurately
predicting crack instability in large piping systems, ,

- This ' agreement. demonstrates that the crack . stability
analysis ' aspect ..of a leak: before break evaluation of -
nuclear piping can be performed. with. confidence using

_ this _ evaluation methodology.

_
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Diversity and Defense _-in-Depth
, ,

Diversity is to be provided for those devices in the System 80+ design that rely
on software:for their operation and may be, therefore, vulnerable to a common-

~

: mode failure (CMF) o/- software. < Examples of this < include processors and
multiplexors but_'not power supplies, relays, analog circuits, and hardware
portions of video display units.

< For software CNF vulneraoilities,' defense must be provided by diverse software
(and'hardwareLas necessary) or by non-software-based systems. These diverse
systems may:be non-safety systems. Diversity need not be provided-where the-

.

- designer can demonstrate that CHF vulnerability is not cedible. Criteria to
'

demonstrate that a credible ~ vulnerability to CMF de,es not exist have not been
formally established. However, simplicity of design and invariant deterministic

"- -

performance would be considered as key factors in demonstrating that a credible
- vulnerability .does not exist. Manual action (that does not rely on systems 1
.

affected by the CMF) is-an acceptable element of defense if time and information
|

.'are available to-the operator to complete a task that is part of the diverse
level of defense. '

ABB-CE will demonstrate that the above requirements have been satisfied- by '

-performing a Defense-in-Depth.and Diversity Assessment' of the proposed digital
iinstrumentation and: control systems design.- This4 analysis must describe howith~e4.~

common-mode failure vulnerabilities were identified and how the remaining level-
@wm,*of defense can mitigate'the consequences of the analyzed events. The assessment:- 1

l
e - Should! include evaluation of -all Chapter -15 ~ event initiators

. (individually) concurrent ~ with ,the CMF. Seismic events' need not be
considered concurre'nt with,the event. ~

e: Should describe how the CMF affects system control-and actuation functions,

within the systems incurring the CMF.'

3,c
c

.

Should -include bases: for: demonstrating mitigation of the event (e.g.,-o
,

times for operator action),-

Need not ' assume lack of operation of_ non-safety control systems (such as
'

e:

being- in ' manual 1 mode).- where lack of operation would ~ tend to make the'

consequences of the event more adverse,

:m



o Need not assume that low probability dependent failures (c.g., loss of
offsite power follcwing a turbine / generator trip) or pre-existing failures
(e.g., failure of emergency feedwater pump) occur in addition to the j
postulated software CHF. High probability dependent occurrences (e.g., )
loss of main feedwater pumps following a loss of AC power) must bo |
included in the evaluation). |

I

Should demonstrate qualitatively that expacted radiological releases aree
,

within NRC regulatory ' limits. Where a conservative margin cannot be
demonstrated qualitatively, quantitative evaluation should be employed to
demonstrate that the radiological release limits are not exceeded.

'

Evaluations that differ from the above rnst be considered on a case-by-case
basis.

ABB-CE is perform 0 . u Defense-in-Depth and Diversity Assessment that postulated
'

- - a common-mode ~so.6 are error which simultaneously failed a number of systems,~

including all RPS reactor trips, all Engineered Safety Features Component Control
System automatic and rnnual functions, and all functions of the Discrete
indication and Alarm System. These systems are specified by ABB-CE as having
software that is diverse from the software used in the following systems:
Process Component Control System (which includes the Alternato Protection
System), Power Control System, Manual Reactor Trip (hardwired), and the Data
Processing System. _The assessment assumed the failure occurred concurrent-with

event. initiators frei-CESSAR-DC Chapter 15 Accident Analyses. A qualitativer.

assessment is being performed to highlight potential vulnerabilities and to
+ --discuss-potential mesns for resolution, including any needed design changes.

This assessment is currently under review ty the staff.-

The ABB-CE design methodology for defense-in-depth for CHFs appears to meet the
staff requirements described above, subject to completion of staff review;
including review of any resulting modifications to the instrumentation and
controls design.- ABB-CE expects that any such design modifications would be
" low-impact" changes to the diverse non-safety systems to improve the level of
defense-in-depth in vulnerable araas.

A quantitative evaluation will be performed, if necessary, to resolve any
- significant uncertainties in the qualitative evaluation described above and to
finalize resolutions for known vulnerabilities.

-

. .
.


