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Attachment *o Letter ALWR-416

i;" The NRC, Mr. Tom Cheng, has questioned the use of the ANSYS finite
4y element type STIF63 which is used in the System 80+™ containment
1 analyeis. Mr. Cheng noted that the plot of the containment finite
; model h.d straight lines between the nodes and called Duke
Engineering « Services ( J.F. Snipes, J.T. Oswald and R.J, Pirler)
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 Zfreedom at each node, for & 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 shell 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.

- et L e SN et

T L TEEe et . T
L - =

: lsoparametric 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 corner nodes. The
element has a total of 48 degrees of freedom. The computer costs
of running an analysis with this element is not justified when an
analysis with the STIF63 quadrilateral shell is sufficiently
accurate.

N

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 flrt 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.
L The necegsary coupling for the entire shell comes about because a
r 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 display bending
moments where there should be none,

|
i 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, pgges 2
| .287. Both results are from elements which extend over a egres
T arc. The stress results varied by only 0.6%. This is considered
| accurate enough to justify not using the much more costly
isoparametric element for the System 80+ containment analysis.
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" only in transition cegions and not where simpler higher-order (Type b) elements will
do. For example, the 4-node STIFA2 elemenrt is ceconmended (n place of an equivalent
8-node STIFBZ element with all midside nodes removed. Nodes may also be removed after
the element has been generated with the EMODIF command .

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

' 1:2 coarse model of quadratic elements over a ncdal equivalent fine model of linear

' (Type b) elerants. Note also that a quadratic elemeni has ho more integration points
A ttan a !|inear element,

if usually less accurata than

ST en TS .
Lo}

Quadratic (Type c) Linsar (Type b)

+) Simple meshes of higher-order elements used with the 2x2 integ-ation point
; option {(such as STIFB2 and 93) may produce a g ngilarily due to zérv energy
deformation 'Ref. 29, Cocke).

i

1] Severa! features of the ANSYS program may not be avajlable with the quadratic
element tyoces. For example:

1) Oniy carner nodes are used for section and hidden (ine displays.

'

2) Noval sirees dita for printout and postprocessing are available enly for the
Corngr NoOSES.

f 3) Integr2tion point stress data for printout and postprocessing are no.
avaiiable for all integration points.
e ) T N et —

1 ——

Curved vu. Flat Elerents ~ Another arez subject o user preference is in the use of
curved and flat elements, Again, each class of element has its advantages and
disadvantages, For most practical cases, the majority of probiems can be solved to a
high degree of accuracy in a minimum amount of computer time with flat elements, Care
must be taken, however, to ingsure that encugh flat elements are used to mode! the
cur.od suface adequately. Obviously, the smailer the element, the better the
accuracy. It is recommended that the 3-0 flat shell elements not eaxtend over more
thar: a 15° arc. Conical shel!l (axisymmetric line) elements should be limited to a 10°

arc (or 8" if near the Y axis).

HIGHER ORDER ELEMENTS
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4632 Output Data

a) Printout - The printout associated with the shell element s summarized in
Table 4.63.2. Several items are illustrated 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 sssociated with .t shell element is shown below.
The data are written on File12 (f requested, as described in Section 4.0.4. TX, TV,
TXY are the elemen' in-plane forces per unit length (in element coordinates).

1 ™ 21-24 SX, SY,S1Y,SZ11)<TOP> 129-131 SIG1,8142, S1G3<TOP>
2 Ty 25-36 21-24 @ (J-L)<TOP> 1724133 §.1.,SIGE<TOP»
3 XY 37-68 21-36 @ «M1D,BOT» 134-143 126-133 @ «MI1D,BOT»

4<8  FOUND.PRESS., SPARE D o e 5 - 144-146 XC,YC,2C

B8 M MY, MXY 69-71 S1G1.5162,51G3(1)<TOP> 147149 AREA, TTOP, TBOT

, PO t— i — 72-73 $.1..S1GE(1)<TOP> 160-155 PRESS(1-6)

9-12 SX,S8Y,SXY,S2<T0P> 74-88 69-73 @ (J-L)<TOP» Jevmr e —————— -

13-20 9-12 @ «MID, LOT» B9-128 GU-88 @ «MID, BOT»

4633 Theory

The nambrane stiffness is the same as for the nembrane sheld element (STIF41),
including the modified extra shapes. The bending stiffness s formed from the Linding
stiffness of four triangular sheil elements (DKT formulation, Ref. 49 (Batoz, et al)
and Ref. 59 (Razzague)). Two triangles have one diagonal of the element as a common
side and two triangles have the other diagonal of the element as a common side. The
stiffness is obtained from the sum of the four stiffresses divided by two.

4634 Assumptions and Restrictions

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

————

- T
flat shell eiements can produce a good approximation 1o a curve

An assemblage of
16

ghel ! surface provided that each flat element does not extend over more than a
arc. If an siastic foundation stiffness is input, one-fourth of the total is app!ied
at each node. Shear deflection is not inciuded in this thin-shel|l element.

A triangular element may be formed by defining dupiicate K and L ncde numbers as
described in Section 4.0.9, The extra shapes are automatically deleted for trianguiar
elements so that the membrane stiffness reduces to a constant strain formulation.

The four nodal points defining the element should lie tn an exact 1la’
plane; however, a small out=of-piane tolerance is permitted so that the element may

STIFBS

et N e
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r
VMC3: Barr. Vault Roof Under Self Weight @
Reference: Cook (Ref. 40) pp. 284-287

Analysis Type(s): Static analysis (KAN=0)

Element Type(s): Plastic quadrilaterz! shell elements (STIF43),
Elastic quadrilateral shell elements (STIF63),
8-node isoparametric shell elements (STIF33)

Test 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 (o) at
target point 2 for a series of test cases with increasing mesh refinement using
quadrilateral and trianguiar elerment shapes. A companion problem that studies irregular
element shapes is VMD2.

Material Properties Geometric Properties

E = 4.22x 108 Nm?2 L = 50m
v = 00 N R = 25m
p = 36.7347 kg/m” t = 025m
0 = 40°
0 = 9.8 msec?
R —
z IL %TP-Z
3 2
e 2
LR
4 1 -1
1
7 4 A
«DTP_ :
Problem Sketch Keypoint and Area Model ' x

Loading and Boundary Conditions

At x=0 Symmetric
parameter Definition Al z=0 Symmetric

N = No. elements along each edge. Al x = /2 UX=UY=ROTZ=0
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VMC3: Barrel Vault Rout Under Self Weight (continued) @
Representative Mesh Options
TP-2
T™P-1

Quadriateral Mesh (N = 4)

Triangle Mesh (N « 4)

Target Solution *

p

). m | 0g(1), Bottom, kPa |c, (2). Bottor, kPa|

Ref (40

ETYP | N poF [ Uv(i
) 8

T

2310 | 301

~213.40

Resuits Comparison ~ Quadrilateral Elements

T

Ratio
ETYP N DOF
Uy (1) 0, (1). Botlom g, (2), Bottom
a3 4 180 | 1.048 841 984
43 “ 486 1.012 1,001 L
83 |04 160 1.008 928 1.017
83 LFQ £°8 486 987 994 894
3 4 300 1.012 988 1.030
83 5 1380 1.002 1.001 1.002

SYSTEM BOT ANALYSIS USED MESHES A0 COARSERTHNAN /og;ucx






Section 2.3.4 o« 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 dilu. .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 curresponding doses,
but did not provide specific values. The purpose of this transmittal ig
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. ABE-CE is evaluating whether to
incorporate a revised source term in a revision to the safety analysis in
CESSAR-DC.
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Table 3.2-1 1ists the Safety, Seismic, and Quality classifications of major
structures, systeus and components., The Heated Junction Thermocouple Probe
Assembly is 1isted on sheet 1 of that table. The prersure boundary portion
of the probe is Safety Class | and toe electrical portion is Safety Class
3 (Class 1E). The probe is also Seismic Category I and Quality Class 1
(10CFRS0, Appendix B). The HJTC probe measures reactor vessel coolant
Tevel and meets the Regulatory Guide 1.97 (Revision 3) Category 1 guidance,
as stated in Table 7.5-3 of CESSAR-DC. ABB-CE believes that Table 7.5-3
provides an adequate commitment to the design and qualification of the HJITC
probe and that adding discussion of Regulatory Guide 1.97 (and TMI Item
J1.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
Tetter LD-92-063 (dated Arril 30, 1992) to clarify compliance with Category
1 of Regulatory Guide 1.97. Included with this attachment is a revision
to footnote 12 of Table 3.2-1 to reference Table 7.5-3 for additional
information,
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CESSAR 2. aron

For additional information on the Heatcd Junction Thermocouple probe, see
Table 7.5-3 (footnote B and the corresponding entry for reactor vessel
coolant level),

NOTES
{Cont

.
.
'

a)

(7)

(8)

(9)

(:0)
(1

TABLE 3.2-1 (Cont'd)
(Sheet 16 of 17)

CLASSIFICATION OF
num:’ﬂml;%mm

Core support structures are designed to the critesia described
in Section 3.9.5.4.

CEA and fuel assemblies are designed to the criteria described
in Section 4.2,

Reactor coulant pump auxiliary components required for lubrica-

é:on and cooling of pump seals and thrust bearings are Quality
ass 2.

Except Lifting Frame Assembly, which is NS.
During normal plant operation only. #

Safety Class 1 for pressire houndary; Safety Class 3 for
electrical partion of systyg:‘l

14

(35)

(18)

(N

(18)

The piping, valves, and associated supports/restraints of the
Main Feedwater System from (and ~cluding) 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.

Non-safety Cooling Headers are Safety Class NNS, Seismic
Category 11, and Quality Class 2.

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.

Portions of the Fire Protection System piping and valves which I
are not in safety-related areas of the plant are designed as
non-seismic,

Fugl 011 Recirculation System and storage tank fill )ine
strainer are classed as non-nuclear safely.

The Starting Air System is Safety Class NNS from the starting
air compressor through the desiccant drying towers, and Sifety
Class 3 from the starting air receiver tank inlet check valve
‘o the engine connections,

Amendment 1
December 21, 1990
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§.3.1-2 a0 The onsite power system lor the unit, as depicted on Figures

t.3.0-1
REsemVeE

CESSAR i caron

standby auxiliary transformers the diesel genrerators, an

5.0 ELECTRIC POWER
8.1 INTRODUCTION

An cffsite 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 POWER 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 varijous voltages.

- @
The unit is connected to a switchyard a %he,égy- to the
trangemission system via &we- : transmission |E

lineg. The generator circuit breaker, alprg with the unit
step-up trainsformers, aliows -ene—ef—thesevlineg not only to
supply power to the transmission system during normal operation,
but also to serve as an immediatelyavailable source of preferred
powar. Fhelother separate transmission line is connected, o, via
the switchyard and a-sLandby auxiliary transformers, to provide an
independent second immediate) source of offsite power to the
onsite power distribution [“system’\ fer safety ,and permanent
non-safetv loads. Twe ReseRvE WAL sanerr T
TO THE PONMAD  SWTILHYARD TaTEAE T )"

A description of a representative offsite power system is
provided in Section 8.2.

8.1.2 ONSITE POWER SYSTIMS

. consists of the main generator, the generator circuit |!
breaker, unit main transformers, the unit auxiliary transformers,

alternate AC source, the batteries, and the auxiliary power
system. Under normal operating conditions, the main generator t
supplies power through isclated phase bus and generator circuit |
breaker tc the unit main step-up and unit auxiliary transformers.
The 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 thruugh these unit auxiliary transformers.
Caring 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
8.1-1 December 21, 1990
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The Class 1E safety loads are divided into two redundant and
independent load group Divisions 1 and II. Gtach Load Division is
capable of being supplied power from the following sources,
listed in decreasing order of piiority:

A. Unit Main Turbine Generator

B. Unit Main Transformers (Offsite Preferred Bus~1)

. m Auxiliary Transformer (Offsite Preferred Bus~2)
D. Emergency Diesel Generators

E. Alternate AC Source

1f both the offsite power sources and the standby emergency
diesel generators are unavailable, either one of the Divisiens
may be powered independently from the Alternate AC (AAC) Source.
The AAC 1is a Non-Class 1E gas turbine which provides an
independent and diverse powes source. The AAC source is
furiished with a battery and charger to provide power to the
associated DC loads.

A 125V DC Vital Instrumentation and Control Power System is
available to provide power to the Class 1E DC loads and the
diesel generators. A.ditionally, this system provides power to
Class 1E 120V AC loads through inverters.

The unit alsc has a 125V DC Auxiliary Control Power System and a
25CY DC Auxiliary Power System to supply essential Non-Class 1E
DC loads. Additionally, this system also provides power to
Non-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. ODffsite Power System

I Each of the two offsite power circuits has sufficient
capacity, is normally energized, and is available to
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 wvital safety functions are
maintained,

Amendment 1
8.1-2 December 21, 1990
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loads.
The two offsite power circuits (to the switchyard$

are designed t~ be independent and physically separate
to assure taeir availability under normal and
postulated accident conditions.

B. Onsite Power System

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

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

Voltage levels at the Class 1E safety-related buses are
optimized for the full lcad 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.

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

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.

The emergency diesel gencrators are designed to be
automatically initiated in the event of an accident or
a LOOP.

The vital batteries have adequate capacity, without
chargers, to provide the necessary DC power to perform
the required safety functions in the event of a
postulated accident assuming a single failure.

Each wvital battery charger has adequate capacity to
supply its assigned steady-state loads while
simultaneously recharging its associated battery.

A non-Class 1E AAC source is provided to help mitigate
the effects of I.OOP and station blackout (SBO)
scenarios.

Amendment I
8.1-3 December 21, 1990
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1§. The power distribution system is designed to maintain
independence between the Main Control Room and Remote
Shutdown Panel such that a fire in either location will
not prevent transfer of control to the other location
as described 1. Secticns 7.4.1.1,10 and 7.7.1.3.

11. Non-Class 1E electrical equipment is designed or
located to preclude adverse affects on Class 1IE
electrical equipment due to their failure ducing
normal, accident or post-accident modes of plant
operation. Where there is a risk of adverse impact,
due to post-accident environment or seismic events, the
Non-Class 1E electrical equipment is qualified for
non~interference in accordance with the same
gualification standards as is the "lass 1E equipment.

8.1.4 DESIGN CRITERIA
The design criteria, including the General Design Criteria, NRC
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

The General ODesign Criteria of 10 CFR 50, Appendix A are
discussed in Chapter 3. Additionally, compliance with General
Desion Criteria 17 and 18 is discussed in Sections £.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 1E onsite power systems, both AC and
DC, meets the intent of Requlatory 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 generatcrs used as
standby power sources meets the intent of Regulatory Guide
1.9 as discussed in Secticn 8.3.1.2.4.

o8 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

8.1~4 December 30, 1988
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1, Separate Physical Locations for Equipment -

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

- I Limited Ability to Change System Hardware |g
Configurations =

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

3. On~Line Testing Philosophy = 1

Test modes and methods are dasigned to minimize
disturbing the power distribution system loads. The
test methods and equiprent are designed to preclude |
loss of independence between 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 pre- and post-test conditions and |!
verifies 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 1) (Appendix 13A) for a more
comprehensive discussion on protection against sabotage.

D. Regulatory Cuiilde 1.22

Periodic testing of the Class 1E power systems meets the E
| intent of Regulatory Guide 1.22 ar 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
| 8,1-5 December 21, 1990
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Regulatory Guide 1.29

Class 1E power system eguipment is cla.sified as Seismic
Category I in accordance with the intent of Regulatory Guide
1.29. Qualification of Seismic Category 1 electrical
equigment is discussed in Section 3.10.

Regulatory Guide 1.30

The quality assurance requirements for the installation,
inspection, and testing of Class 1E electrical equipment are
adcressed in the gquality assurance program referenced in
Chapter 17.

Regulatory Guide 1.32

The design of the Class 1E onsite power systems, both AC and
DC, meets the intent of the recommendations of Regulotory
Guide 1.32 as discussed in Sections 8.3.1.2.% and 8.3.2.2.1.

Regulatory Guide 1.40

The gqualification of continuous duty Class 1E motors
installed insi.e the containment is discussed in Section
$.1%.

Regulatory Guide 1.41

Preoperational testing to verify the assignment of loads for
the Class 1E power systems complies with the intent of this
regulatory guide and is included in the tests described in
Chapter 14.

Regulatory Guide 1.47

Automatic indication of a bypass or deliberately induced
inoperable status is provided for Class 1E power systems
required for safety as dJiscussed in Sections 7.2.1.1.% and
7.3.1.1.3.

Regulatory Guide 1.53
The Class 1E onsite power systems, boeth AC and DC, have
sufficient independence and redundancy teo perform their

safety function assuming a single failure as discussed in
Sections 8.3.1.1.2 and 8.3.2.1.2.

Amendment I

8.1-6 December 21, 1990
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Regulatory Guide 1.62

Means for manual initiation of Class 1E power systems
requ_.ed for safety are provided in the contreol room that
meet the intent of the recummendation of Regulatory Guide
1.62 as discussed in Section 8.3.1.1.4.1.

Regulatory Guide 1.63

The inten. of the mechanical, electrical, and test
regquirements 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
electrical penetrations, refer to Section 3.11.

Regulatory Guide 1.68

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

Regulatory Guide 1.73

The qualification of Class 1E electric valve operators
located inside containment i3 discucsed in Section 3.11.

4 TD S STSHmMS As b

A RERCTOR  PRumeTed! SysT,
- L

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 \arranged to minimize the
possibility of common mode failure. \ghis requires that thLe
cabling for the four safety charnelsVbe 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. Satety-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 1£ cabling.

Regulatory Guide 1.75

Cabling associated with redundant channels of safety~-related
circuits is installed such that a single failure cannot
cause multiple chinnel 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

Emen .aent I

8.1~7 December 21, 1990
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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.

Regulatory Guide 1.81

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.

Regulatory Guide 1.89

Compliance with Raegulatory Guide 1.89 is discussed in
Section 3.11.

Regulatory Guide 1.93

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

Regulatory Guide 1.97

The design a1: installation of the accident monitoring
instrumentation is in compliance with the intent of
Regulatory Guide 1.97.

Regulatory Guide 1.100

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

Regulatory Guide 1.106

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

Reguiatory Guide 1.108
The periodic testing reguirements for the safety-related

diesel generators are presented in Chapter 16, Technical
Specifications.

Amendment [
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Regulatory Guide 1.118

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

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 Secti»n 8.3.2.1.2.1.

Regulatory Guide 1.129

Maintenance, testing, and replacement c¢f large lead
batteries complies with the intent of Regulatory Guide
1,128,

Regulatory Guide 1.131

The qualification testing of electric cables, field splices,
and connections complies with the intent of Regulatory Guide
1:131;

Regulatory Guide 1.155% PeR MANEVT
The installation and design of the (onsite AAC power source
system is in compliance with the intent of Regulatory Guide
1.155 for a station blackout (830)'. |The AAC power source is
designed to be made available toj power rne safety load
division and its corresponding eesential non-safety load bus
#ithin 10 minutes of the onset of the SBO; such that the
plant is capable of maintaining core cooling and containment
integrity rer Secticn 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 Divisicn 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 1is further discussed in Section
B:3:3:31:9.

Regulatory Guide 1.158
The gqualificavion testing of safety-related lead storage

batteries complies with the intent of Regulatory Guide
i.158.

Amendment I

8.1~9 December 21, 1990
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8.1.4.3 1EEE Standards

A, IEEE Standard 387-1984
The precoperational 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.

Add Twsert

K. IEEE Standard 741-1986

b
Protection for degraded voltage and loss of voltage
cenditions for safety and non-sufety buses is provided, as
described in Section §.3.1.1.6.

£

,e IEEE Standard 76%5-1983
The offsite preferred power supply and its interface with
the onsite power system comp’y with 1EEE Standard 76%-1983.
The offsite supply consists of two independent transmission
lines as discussed in Sections 8.2.1.3 and 8.2.1.4. These
transmission lines are designed to minimize the probability |F
of their simultanecis loss due to a—pylen failure or a
failure,ef—a .crossings r&smissioq@. The switchyard
design \minimizes e probability of a “single equipment
failure  causing the simultaneous 1lcss [of both preferred
power /supply circuits. il

| OUE TO oTve
144(»( INSef'f R

| Amendment I
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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 the ECCS Accumulator Lines"™

Branch Technical Position 4 of SRP 8.1 discusses Safety
Injection Tank Motor-Op:rated Isolation Valves as
“operating bypasses." C.ntrol logic is implemented to
ensure that the valves .pen when Reactor Coolant System
conditions necessitate the operability of the Safety
Injection Tanks., Refer to Section 6.3.2.2.2.

Branch Technical Position 8 (SRP 8.1) "Use of Diesel-~
Ganerator Sets for Peaking"

System 80+™ design will nnt 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.

Branch Technical Position 11 (SRP 8.1) "Stability of
Offsite Power Systems"

For transmission system reliability considerations, the
sudden loss of generation of the largest cperating 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.

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

The System B0+™ design will incorporate, where
appropriate, the guidelines and considerations of Branch
Technical Pos:tion 18 (SKRP 8.1).

Branch Technical Position 21 (SRP 8.1) “Guidance for
Application 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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Insert B (continued)

Fl

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.

Branch Technical Position PSB-2 (5RP 8.1) "“Criteria for
Alarms and Indications Associated with Diesel~-Generator
Unit Bypassed and Inoperable Status"

Th2e provisions of Branch Technical Positicn PSB-2 (SRP
8.1), 1in conjunction with Regulatory Guice 1.47,
regarding availability of the Emergency Diesel
Generators, are described in Section B:3.1.1.4.8."
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8.2 OFFSITE POWER SYSTEM
E
o5 8.2.1 SYSTEM DESCRIPTIONS
Jisect A -»
8.2.1.1 Utility Grid System

The utility grid system, which is not within the scope ©f the
System 80+ Standard Design, may consist of interconnected nhydro, !
fossil fueled and nuclear plants supplying energy to the service |
area at various voltages. The grid transmission system is 1lso 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 eguipment. E

8:.3.3:2 Utility Grid and Switchyard Interconnections

ARE
The switchyardsis connected to the primary transmission systom by
overhead transmission lines. Figure 8.2-1¢depictg a- typical
interconnection of the switchyardsand onsite power.\_w"3 5.38

B:32.1.3 Station Switchyard

PREFevten InTREACE T
A Transmission \%Qf' from the /primary transmission uystem sh~_1
terminate in thé‘switchyard<with provicions for additional Iines

to be added in the future. -Additiemaily, “the Unit, and Staneby
Aesemver Auxiliary Transformerseare tied to thexswitchyards by ,separate and
independent oveirnead l%/‘ W FED Feom ARIRSRAED)

.nan?ﬁz} £§h¢a:gg\¢y¢nuwu INTERFRCE 1,

po

entire switchyard, including the power circuit breakere,
cablin stem, AC and DC auxiliary power systemgf,4nmwzctive
relaying sysEEmT~4ng control system shall be divided into tro

preferred power buséi“ﬁes;gg;:z; 1 and.2+" These designaticns

shall be consistent with the p >4 power feeder designatichs.
Additionally, the incoming-—tfransmisSten._lines shall be also
assigned to power bus€s in such a way"33*~tq separate the

o

associated/g;b}th, protective relaying, and conE?BIa«fgr_each
;i;;g;hfttansmission line into two distinct sources of offsite
'

PRERERRFD - IVNTERFACE™ T
The‘switchyardddesign shall provide +wedundant offsite power feed
capability to the nuclear unit.

B.2.1.3:.2 Switchyard 480V AC Auxiliary Power System

| A 480V AC Auxiliary Power System shall be provided in the
| switchyard to supply a reliable source of cortinuous AC power Jor
| the power circuit breaker auxiliaries, battery chargers, relay
| house air conditioning, and switchy¢rg 3ﬂghting.

THE UNTT MmN AVD RESERVE  TRAVSFoRmEPs  #e® & oy ST ALY LEPAATEY)

| SueH  THAT No  FLRE  NoK EwvVIRonPrEWTRL  ERFEET S HAL O S/vALL

| BoTH  THE OFFSITE  SoudcEs .,

| Amendment I

| §.2~1 December 21, 1990
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i Attachment -to- Letter ALWR=362
i Section 8.2.1
\-_‘ ‘

| ' I - I:

L _ The ut‘lity grid system and switchyara(s) are cut of scope and site

specific items which shall be provided by the license applicant.

The following sections contain a description of a typical grid
| systen and switchyard and interface regquirements which must be met
B to ensure adequacy with the System 80+™ Standard Design. The word
3 "shall" is used to distinguish interface regquirements which are
- mandatory from the text that is purely descriptive.
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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 the
Data Processing System (DPS) and Discrete Indication and Alarm
System (DIAS) systems described in Chapters 7 and 18,

8.3:2:3:2 Switchyard 125V DC Auxiliary Power System

A 125V DC Puxiliary Power System shall be nrovided to supply a
reliable scurce of continuous DC power for all relaying, control,
and monitoring equipment in the switchyard. This system shall
consist of two 1ndependent{f¢a¥a¢~each supplying DC power to ite
assosciated preferred power(bus equ’pment.

REDUNANT  0F wISTonss
8.2.1.3.3 Switchyard Protective Relaying System

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

8.2.1.3.4 Switchyard Control System

The Switchyard Control System shall consist of all control
circuits ifor 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 additicn to the controls provided in the main control room,
each PCB or MOD shall be able tc 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 tranrmission

line circuits are provided to connect the switchyardsto the Hmit.

These transmission lines shall be desiyned to withstand the heavy
loading conditions defined in the National Electric Safety Code.

Compliance with General Design Criterion 17

The offsite power system is designed with 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
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The offsite power system shall be desiarned 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 network, or the onsite «lectric 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
areas and features. The design shall include the capability to
periodically test the operability and functional performance of
the components of the systems as a whnle and under conditions as
close to design as practical.

B.2:1.8 Offsite Power System Operational Description

onNE
The nuclear generating unit shall be provided with <+we

independent immediate-access circuitg of oifsite power. -Prier—te

and~dur§ng—oeaeeeg—of—ehe—nue&ear—unter—@he~8ﬂ¢t—*ﬁ«t&éafy—¥awe¥
System-shaii receive—power—from the

: —transmission—system—through
iy : S ; ! 14
tfenaGorn9r9r-Buf&ﬂ9—£h§o~pgr§odr~the«generaEQr~e%ree&%—bre*ksr
aﬂd—v&m&e&—d—%«m&l—b&m Truset A

After the unit generator has been brought to rated speed and its
field applied, the unit generator shall be then connected to the
system by closing the generator circuit breaker. Av+tomatic 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
elemeat of the offsite power system subjected to an abnormal
condition that may prove detrimental to the effectiv ope~ation
or integrity of the unit.

8.2.1.6 Reliability Considerations

The t:r-asmission system shall be designed to Jiébform to the
reliability criteria established by the own 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

Sudden loss of entire generating capabllity in-any-eone

piant: of the /lr’“' arerd.'../) uwit em The electricalf ’r.J,

Amendment E

8.2~3 December 30, 1988




"The redundant Class 1E Distrihution Systems shall
receive power from one circuit backfed from the
transmission line through the Unit Auxiliary Trausformers
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 receive power from one circnit
backfed from the grid through a Unit Main Transformer and
Unit Auxiliary Transformers, These backfeeds are
initiated by oupening the generator circuit opreak=sr and
associated disconnect switch teoe isclate the main

‘generator from the Unit Main and Unit Auxiliary

Transformers., The generator circuit breaker is lecated
on the isolated phase bus betwren the main generator and
the connection point of the Unit Main and Unit Auxiliacy
Transformers.

The generator circvit breaker uvsed 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 fault conditions. Verification testing will
include, as a minimum, all tests outlined in Appendix A,
Subsection B.2, to SRP Section 8.2."
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B. Loss of Load
1. Sudden loss of large load or major locad center.
- Loss of Transmisaion

1. The outage of the most c~ritical transmission line
-aused by a three-phase fault during the outage of any
other .ritical transmission line, or

- 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
from the voltage lovel), 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 teo the transmission system design, the switching
arrangement in the switchyard and the redundant relaying that is
provided minimizes the probability of losing coffsite power.

8.2.2 ANALYSIS
8.2.2.1 Grid 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,L00V non-safety load buses do not subject the reactor
coolant pumps to sustained frequency decays of greater than 2
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
failure modes and effects analysis in Tables 8.2-1 and 8..-2.

Amendment I

8.2-4 December 21, 1990
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[0 SR e e e e e e e e e e e e e .

{ SWITCHYARD ;
s \ \

CIRCUIT CIRCUIT
BREAKER BREAKER

................................................. QFFSITE ..
* v ONSITE
T0 T0
DIVISIGN 1 DIVISICN 2
RESERVE RESERVE
AUXIL IARY AUXIL I ARY

TRANSFORMER TRANSFORMER

PREFERRED SWITCHYARD INTERFACE i1
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WITH OFFSITE POWER

FIGURE B8.2-2




Dac EXISTING
TRALE 8.2

AND REANCE wWIT™
THE FOLLOWIING



TABLE 8.2-1
(Sheet 1 of 3)

OCFFSITE
FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component

1 Transmission
System
Preferred
Switchyard

Interface 1

Loss of Power

(a)

(b)

(e)

The switchyard PCB
connecting the
unit to the system
(switchyard) trips
automatically.

If main turbine
generator is
aveilable, all
unit and Ciass 1E
auxiliaries
continue to
receive an
uninterrupted flow
of power from the
main turbine
generator through
the main ge. ~rator
circuit breaker.

If the main
+*urbine generator
ic not available,
the 13.8KV Non-
Safety bus may
receive power from
its alternate
source. un the
4,160V Permanent
Nen-Safety bus, an
autor tic transfer
takes place and
the 4,160V Safety
buses continue to
receive an
uninterrupted flow
of power ftrom the
Preferred
Switchyard
Interface II.



TABLE 8.2-1

(Sheet 2 of 1)

Malfuanction

OFFSITE

Component
24 Preferred
Switchyard

Interface 1
puwer circuit
breaker
connecting
the step-up
transformers
to the
switchyard

r

Circuit from
Preferred
Switchvard
Interface I
to main unit
transformer

or

Main Unit
Transformer

Lose of one due to
a fault or breaker
failure

(a)

(b)

(c)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE PO, FR SYSTEMS

Resulting Consequences

The faulted
equipment is
isolated by
protective
rolaying and
protective
eguipment.

The other
independent
offsite circuit
remains
unaffected.

If on-line, the
unit main turbine
generator is
automatically
tripped.

If the unit main
turbine generator
is off line, the
other offsite
circuit from
Prefiarred
Switchyard
Interface 11 is
available for the
4,160V Permanent
Nor -“afety, 13.8KV
Non -uafety and
Class 1E Division
auxiliaries via
the Resarve
Auxiliary
Transformer



TABLE 8.2-1

(Sheet 3 of 3)

Malfunction

OQFFAITE

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONGITE POWER SYSTEMS

Reg2lting Consequences

Campoaent

3. Transmission
Syst . m
Preferred
switchyard

NOTE:

Interface 11

Preferred
Switchyard
Intarface Il
Pcwer Circuit
Breakers
Connecting to
the Reserve
Auxiliary
Transfoo-mer
switchyard.

or

Circuit from
Preferred
Switchyard
Interface I1I
tn reserve
Transforrer

or
Reserve

Auxiliary
Transformer

T.0o8s of Paower

Loss of one due to
a breaker failure

(a)

(b)

(a)

(b)

(c)

No consequence to
unit.

The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.

The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.

The other
independent
offsite circuit
remaining
unatfected.

No consequenc to
unit.

The Offsite Power System shall be protected such that
it is unaffected by failures in the Onsite Pcver

System.
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[ABLE 8.2-2
(Sheat 1 of 3)
FAILURE MODES AND EFFECTS ANALYSIS FOR THE SWITCHYARD 125V DC SYSTEM

B nent. AT __Malfunction

Comments & Consequences

1. 480V AC power
supply to charger

Loss of power

Loss of power
from one

2. Battery charger

(a) No consequences - power from
bat'ery is available to
supply power without
interruption,

(a) The 125 volt DC bus
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
on the 125 volt DC bus unti)
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.

Amandment E
Decerber 30, 1988
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TABLE 8.2-2 (Cont’d)
(Sheet 2 of 3)

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

Component Malfunction ~ _____ Comments & Consequences

3. 125V DC t-ttery Loss of power
from one

4. DC distribution Bus shorted
center buses

5. 125V DC bus Grounding a
single bus

6. 125V DC bus Gradual decay
of voltage on
one bus

Only “hose 125 volt DC
rontrol panelboards supplied
from the affected bus are
lost. However, the redundan.
panelboards suppiied from the
other 125 volt DC bus are
unaffected and continue to
provide power for protection
and control.

Same comment as 3.

The 125 volt DC

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 dus is
monitored to detect the
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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TATLE 8.2-2 (Cont'd)
(Sheet 3 of 3)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE SWITCHYARD 125V DC SYSTEM
—Lomponent Malfunction ~ ____ Comments & Consequences
T. JC distribution Cables shorted Same comment as 3.

center load feeder
cables
8. 125 DC primary or Bus shorted in (a) Voltage on associated 125
backup panelboards one volt DC bus decays until
isolated by isolating circuit
breakers.

(b) Protective relaying connecied
to the affected panelboards
are lost; however, redundant
protective relaying supplied
from the other 125 volt DC
bus provide protection,

Amendment E
December 30, 1988
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8.3 ONSITE POWER SYSTEMS

8.3.1 AC POWER SYSTENMS

8.3.1.1 System Descriptions with one witalled
Sr’ﬂf( Fou "'rﬁfﬂ\(r

8.:3:1.1.1 Non-Class 1E AC Power Systems :

$.3:1:1.3.2 Unit Main Power System

The Unit Main Power System, as shown on Figure\ 8.3.1-1, consists
of the unit main turbine generator“mggfociateﬁ\j;olated phase
bus, generator circuit breaker, feur ‘unit main) transformers--
and two 50% capacity unit auxiliary transformers¥ The primary
function of this system is to generate and transmit power to tie
transmission system while simultaneously supplying power to the
unit auxiliaries. In the event that the main generator is not in
service, this system is wused to supply power from the
transmission system to the unit auxiliaries. The design bases
for the Unit Main Power System are discussed in Section 8.1.3.

$.3-3:1:1.2 13,800 Volt Normal Auxiliary Power System
feur
The 13,800V Normal Auxiliary Power System consists of +we

non-safety switchgear$ FEOUPES——Fhe——1f 1FSL— 8w LohGear-——Group
g . i

Transformer. T ,co 1 Al

The 13,800 Volt Normal Auxiliary Power System furrishes power to
large motors such as the reactor coolant pump wotors and
condensate water pump motors.

The protective relaying for the 13,800V switchgear [eeders and
buses can be classified as follows:

A. Protection of large motors.
B. Protection of buses and bus feeders.

The protective schemes are designed to isolate the faulted
equipment from the rest of the systea, to minimize the effect of
the fault and to maximize availability of the remaining
equipment. The scheme also limits the damage and the time out of
service of the faulty equipment. Eacn scheme is designed to best

wi one I«'da.//u( 5‘04& +’u~5“rq¢r

L/

achieve this for the specific equipment protected. The basic
schemes consist of ground fault protection, instantaneous
overcurrent and timed overcurrent protection. Other forms of

Amendment E
8.3=1 December 30, 198

8
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Insert Al

Twe 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 ant i-pump
device.

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

8.3.1.1.1.3 4,1€) 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 thex-Unit
ConbrimmetyAUXiliary 434 Transformer to power large non-safety icads such as
Purge Fums , turbine building €€W,pumps, otc.
The second switchgear group Y" is connected to the\otherYUnit

Auxiliary ¥4 Trunsformer to power the remetiring tearge non-safety
loads. Simm ar

roalfﬁﬂ water
The third switchgear group designatedXPermanent Non-safety axu
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). 1Its normal tource is preferred power |(E
from thex4,160V Unit Auxiliary Transformer %, In the event

Keserve . that its normal source is lost, this switchgear may be connected
either to the“Setanddy Auxiliary Transformer tpreferred-bus -2y ror
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 bo:h being closed simultaneously.

o~ alternate

In case of failure of the normal - ower source,(i.e., the Unit
Auxiliary Transformers) without 1loss of offsite power; the
Permanent Non-safety buses are automatically transferreu to the
2nd preferred source of offsite power, i.e., the Standby

Auxiliary Transformerﬂ§ Reserve
————————" "‘_‘M\""’-—«——-—.«
7 Resmry ok .
The Auxiliary Transformer also provides power to the
stations Auxiliary Boiler and, if-reguired, Cooling Tower forced
cooling motors, /f thise Compenenis ace site -specific reguired .

The fourth switchgear group designatedY-Permanent Non-safety <yu

is normally connected to they4,160V Unit Auxiliary Transformer

Y- %%, It also has the same ability to be connected to either the

fRese-veBeandby Auxiliary Transformer¥ or Alternate AC source as
| previously described for the third switchgear.

E 1‘{ ﬂ\e r("‘J ’ L’GI*IJQ 5.( 711( LJ' "00 V Mc‘far5 £ i ad ,GYV(AFC‘N:’SM Nl.rx "A,C
| a“(rut*( SOUPCQJ a fﬂs‘f' %’GNSFQF will r‘e}u[f, :'f’ 'Jlf end 8 N(‘\roN.'SM‘

The +ramsfer will be d(h7¢( vat] The residey) mendment E

: V"‘ih,e _
L IS 5% or |ess. 8.3~2 December 130, 1988
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The Permanent Non-safety "“X" and "Y" switchgears alsc are the
normal supply of preferred power to their respective 4,160 volt
Class 1E Auxiliary Power System Safety Load Divisions I and Il as
described in Section 8.3.1.1.2.9

i ——

B B
These four non-Class 1E switchgear groups, with the four sources
of power (preterreca-1, preferred-2, main generator and AAC) and
their ability to energize the Division I or 11 safety loads
reduce the likelihood of Station Blackout.

The protective relaying for the 4,160 volt switchgear feeders and
buses can he classified infe four geparate provection
confiruraticns, The type, size, and function of th. protected
equipmnent determines which of the schemes belov will be employed.

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

B. Protection of small motors and small transformers.

. Protection of AC sources.

D. Protection of buses and bus feeders.

The protective schemes are designed tec isolate tha faulted
eguipment from the rest of the system, to minimize the effect of
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 1s designed to
best achieve this for the specific eguipment protected. The
basic schemec czonsist of ground fault protection, instantaneous
overcurrent and timed overcurrent protection. Other forms of
protection, such as wundervoltage;}” reverse power flcw, are
provided where applicable. Each breaker in this auxiliary power
system is provided with timed overcurrent protection and an
anti-pump device.

$.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 certer bus through a 480V leocad center circuit Yreaker.
Connected to the load centers are large motors, large heaters and
48y volt motor control centers located throughout the plant in
areas of concantrated 480V loads.

Amendment E

7
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In addition, the non-Class 1E onsite Alternate AC is also
provided to help cope with effects of Loss of Offsite Power and
Station Blackout scenarios. i

8.3.1.1.2.2 480 Volt Class 1E Auxiliary Pover System

ovs
Each of the redundant 4,160V Class 1E Auxiliary PoveriSystcns,
Divisions I and II, includes two load centers (one per ), !
each normally fed from a separate 4,160/48B0V load center
transformer connected to the 4,160V Class 1E Auxiliary Power
System buses. Circuit oreakers are provided on both the primary
and secordary 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 11I. b

The load centeis 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 ali of the 480 velt loads which require power
during LOOP cor accident conditions. A list of Class 1E
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 |!
proper operation of Engineered Safety Feature 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 |
load centers, a selective sysctem is used whereby 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 time J-:lay functions, and the
feeder breakers are equipped with overcurrent trip devices having
long time and instantaneous functions.

All Cl ss 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 Preoperational Tests
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
8.3-5 December 21, 1990
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$:3.2:1:3.2 Periodic Tests

Inspection, maintenance and testing is performed in accordance
with a periodic testing program. The periodic testing program is
conducted so as not to inter‘ere 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 4,160V circuit breakers and associated eguipment
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 tlid>ssandby Auxiliary Transformer to each Class 1E Safety

Load Division is provided to facilitate maintenance and testing
of the normal source breakers feeding cach Division.

The 480V circuit breakers, motor contactors and associatea
equipment can be tested in service by opening and closing the
circui. breakers or contactors. Transfers to the various
emergency power sources can be tested on a routine basis to prove
the operational ability of these systenms,

In compliance with General Design Criterion 18 and the intent of
Regulatory Guide 1.22, the Class 1E Auxiliary Power System design
is such that inspection, maintenance and periodic testiny can be
carvied out with pminimum of interference with operation of the
nuclear unit. ™ 9Unit design includes two completely redundant
4,160V ,—four redwndant 480V, -and feur redundant 120 Volt Class iF
Auxidiary Pover busees. e uring reactor cperation can be
accomplished vy allowing xor?i*:eﬁ%h to be taken out of service
for testing. Breakers can racked out to the test position
while the system is undergoing test. Continuous indication of
unavailable systems is provided in the control room.

The generaior power circuit breaker (PCB) periodic test program
includes tsg?;b':soumaasurements, and dielectric tests.

Testing of protective relays is parformed on a periodic basis.
Testing facilities are prov.ded 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, These protectiva
devices are in service during normal operaticn. 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:

Amendment E
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Each emergency diesel generator room is provided with its own |
independent ventilation system which is designed to automatically
maintain a suitable environment in nach diesel room for equipment
operation and personnel access. b

The emne. jency diesel generator conirols and monitoring h
instrumentation, with the exception of the sensors and other
equipment that must necessarily be mounted on the diesel
generateor or 1ts associated piping, are installed in free
standing floor mounted panels. These panels are desigred for |
their normal vibration environment and qualified to Seismic
Category I reguirements.

The emergency diesel generator engina-mounted components and |
piping are Seismic Category I, seismically gqualified in
accordance with IEEE Standard 244-1987.

8.3.1.1.4.1 Starting Circuits E

Each emergency diesr]l generator is automatically started and |1
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 dissel control panel, E

8.3.1.1.4.2 Ltarting System

Each eme‘gency diesel generator has an independent alr starting |1
system with storage to provide at least five fast starts. The
diesel generator starting air system is further described in
Section 9.5.6.

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 Generator Protection Systems

The emergency diesel generator protection systems initiate
automatic and immediate protective actions to prevent or 1limit
damage to the emergency diesel generator. The following
protrctive trips are provided to protect each diesel generator at
all times and are not bypassed when the emergency diesel
generator is .tarted as a result of an ESF-CCS automatic or
manual start Sigﬂ&l.ﬂcs‘ are ft\( au‘.' f‘r;rs that H;“ loe k cvf‘

the diesed geverater breaker,

Amendment 1
£.31-8 December 21, 1990
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A, Engine Overspeed.
B. Generator Differential Protection.
8 Low=low Lube 0Oil Pressure.

D. Generator Voltage-Controlled Overcurrent (Protection From
External Faults).

The implementation of these protective trips is in accordance
with Briunch Technical Position EICSB-17. Overspeed protection is
proviced by an overspead trip, the set-point is abov: 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 or decrease in load will not exceed nomina® speed plus
75% of the difference between nominal speed and the overspeed
trip setpoint.

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

A. Low Pressure Turbo 0il,.

B. Low Pressure Lube 0il.

~ High Pressure Crankcase.

D. High Temperature Bearings.

B High Temperature Lube 0il Out,

F. High lemperature Jacket Vater,

G. High Vibration.

These mechanical trips are bypassed in the evernt of an ESF
actuation cendition, concurrent with a Loss of Offsite Power. 74
Dca’ad of The &1(015 C3f(wff1 metts the wilent of 1EEE Shavdard 2791171 awel ﬁ‘

In addition, the following electrical trips are provided to
protect the emergency diesel generators during testing periods:

A. Generator Instantancous Overcurrent Protection.
B. Generator Loss of Field Protection.

- Generater Reverse Power Frotection.

D. Generator Ground Protection.

Amendment I
8:2>9 December 21, 1990
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Insert 2

"All conditions that render Lhe emergency diesel
generators incapable of responding to an ESF-CCS
automatic start signal will activate an alarm window in
the control room. These alarws cannot be activated by
any other alarm signals.”
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Insert C:

"Diesel Generator urait Lypass or inoperability status is
automatically lndicated and alarmed in the Control Room. Such
indications and alarns are of sufficiently precise a nature so
48 LT prevent misinterpretation. To enhance HED distinction
Lerween the classes of inoperable status indications/alarms
and the nornal diesel yenerator indications/alarms in the
Control Room, these two classes of indications/alarms are
sSegregated from c<ach other."
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A time delay il be provided between had shedd vg awe Sequewin

pem & To all ow Mmoter residoal veltages Yo decay To lecs th FE 3
(. rated \lﬂhlje‘. s ' . I

Load shedding of all loads at the 4,160V level (except the
4,160/489V load center transformers) occurs whenever a sustained
bus under voltage condition is Jetected by the ESF-CCS logic.

Following the load shedding operation, the emergency diesel
generator load sequencer automatically segqueances the required
loads per Table 8.3.1-., as described in Section T30 11 A

e —— <2t s e} i it i

8.3.1.1.4.7 Lube 0il System

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

8.3.1.1.4.8 Fuel 0il Storage System

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

8.3.1.1.4.9 Cooling System

R~ference Sectlon 9.5.5 for a description of the diesel cooling
systaem.

8.3.1.1.4.10 Emergency Diesel Generator Proven Technology

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

8.3.1.1.4.11 Preoperational and Periodic Testing
In addition to the factory tests, the .(ollowing preoperational

cnsite acceptance tests and periodic tests are conducted on each
diescl generator and thneir associated auxiliary systems.

A. Preoperational Testing
Preoperational acceptance tests meet the intent of the
following:
A IEEE Standard 187-1984, Sections 6.4 and 6.5.

2. Regulatory Guide 1.9, Sectica € 3 ana C.4.
3. Regulatory Guide 1.41, Section C.
4. Regulatory Cuide 1.68, Appendix A, Section 1.g.3.

5% Regulatory Guide 1.108, Sections C.2.a and C.2.b.

Amendment I
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‘rt‘.i"'.‘uj ‘s performed ‘, ﬂath”, ‘7*"-‘""53"‘5 Phe diesel ye~verators
with Fhe offste pewer $7Sf¢~. TA:s 5,~¢bw.',;.1‘,',~ 5 Supervised

" L srﬂt-‘l‘odc'.lu\ C‘((t rc,lr
6. Regulatory Guide 1.137, Section C.1.c.

r ANST N19%Y, 1976, Section 6.1.

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

B. Periodic Testing

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

B4-15, (fDG) Twsert! A

The emergency diesel qenarator' is remove from service in
accordance with approved procedures. Any/Maintenance work on the
diesels is performed and inspected by | qualified personnel in
accord .nce with approved procedures. Upon completion of
maintenance work, appropriate tests are completed to assure
cperability of the diesel generator. Upon completion of tes.ing,
appropriate operating procedures restore the diesels to standby
readiness. Fwsert B

8.3.1.1.4.12 125V DC Emergency Diesel Control Power

125V DC control power for each emergency diesel generator is
provided by the Class 1E 125V DC Fower gystem batteries as

described in Section 8.3.2.1.2. S
8.3.1.1.5 Non-Class 1E Alternate A Source Standby Power
Supply

The Alternate AC Source (AAC) is a non-safety gas turbine power
sourze provided to cope with loss of 7Jffsite Power (LOOP) and
Station Blackout (SBO) scenarios. This standby unit |is
independent and diverse from the Class 1E standby emergency
diesel generators.

The AAC is sized with suftficient capacity to accommodate either

el i B ~ g oo (PRI

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

B. One set of Permanent Non-Safety lc 1s and one set of a

Safety Division’'s load n—Tda ieater. pelow: for a werS! case
unit shutdown to cold ‘f\vffm avd foe Desigu Bagis A&‘fiffuf as a’uJ-’tf‘hl belng

1s Permanent Non-Safety X with Division I enly, or,

2. Permanent Non-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 repetritive failures of
EDG compnnents, including roplacement o1 components with
acceptable substitutes, if warranted."

Insert B:

"After periods of operating the EDG in unlocaded condition, the
EDG will pbe run loaded per manufacturer’s recommendation to
clean any deposits from cylinders, etc."
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The AAC is not normally nor automatically directly cennected to
any Class 1E Safety Load Division However, it can be manually
aligned to power one Safety load D vision via one Permane .
Non-Safety Bus, to accommodate a amergency diesel generat.or
failure or out-of-service condition. 7k, 940 provided with a

c‘&’f’-\ﬁu.vi ﬂ'!q‘, clf.‘lv'-, mars.'v gf " /'A.If /10 f"((~4 h

.03010 ‘-901 Mc 8““1” .’\d lﬂldlhq Cﬁ,'d“." {'.'
The AAC is designed to start automatically within ten minutes
from the onset of a LOOP event. It is thcn avallable for loading
if either of the 4,160V Permanent Non-Safety Load Busges X and Y
become de-energized. Automatic connection and s=»quential loading
of the X and/or Y pgnon-safety lo ds will occur utilizing a
sequencer design similafto that devcribed in 7.3.1.1.2.2.
LGN
8.3.1.1.5.2 AAC Instrumentation and Corirols

The instrumentation and controls necessary to start and ria the
AAC are powered from a dedicated local 125V DC bhattery.

Various monitoring and control devices aie ;rovided locally and
in the control room to give the operator control and operational
status information. The following typical parameters are
menitored and/or alarmed:
A, Lube 0il temperatures and pressures
B. Bearing temperatures
C. Cocling temperatures and pressures
D. Genecator parameters and status
E. Speed
F. Starting air pressure
G. Control mode status (standby, starting, running, local).
8:3.1.3.85:3 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 oneration at rated
load.

Anendment 1
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R, Starting System

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

. Cooling System
The AAC is equipped with a self-contained cooling system,
D. Lubri: “tion System

The AAC design in:ludes a pre/post lubrication system that
utilizes redundant componerts,

3:3:1:1.5.4 AAC Veriodic Testing

The AAC is designed to be routinely inspected and maintained
while the plart is at power,

Instrumentation and controls are provided to permit its
synchronization and loading during refueling periods to
periodically demonstrate its operability.

8.3.1.1.5.5 AAC Quality Assuarance

The intent of the quality assurance guidelines to incorporate a
lesser degree of stringency as identified in Regulatory Cuide
1.155 BSection 3.5 will be implemented, The Q/A program as
uescribed in Chapter 17 contains all the necessary elements to
address the guidance given in Regualatory Guide 1.155 Appendix A.
Selected features of this program will be used to address all
applicable AAC Q/A requirements.

$.3.1.1.6 Protective Relaying System

The baiic criterion for the Protective Relaying System is that it
fhall, with precision and relisbility, promptly initiate the
operation of isolation devices that serve to remove from service
any element of the Onsite Power Eystem when that element is
subjected to an abnormal condition trat 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 sources, 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 1like trip
signals.

This requirement prevents a false trip of the lockout reiays 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 removing 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 false operatiocn
of one relay.

Noﬂaal&.;{r%;ﬂgzgﬂifodinq loads required for unit opera lon .enty
are provide an.undervoltage protacticn- me design to

protect the loads against -&ustained operation under

degraded v ions and shed all major-—ieads..under
=voltage conditions,

‘”‘ﬂxnmwwﬂ
Class 1F Division buses and¥non-safety buses

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 741% “IEEE |g
Standard Criteria for the Protection of Class 1E. Power Systems
and Equipment in Nuclear Power Gencrating Systems* Twe separate
time delays are selected for degraded voltage protection as
recommended in IEEE Standard 7417 Appendix A. Based on the
automatic Lus transfer sequences adopted, a time delay is
provided for loss of voltage relay actuation to preclude
unnecessary starting of the onsite standby power sources durin.,
the transfer sequences. The undervoltage protection schemes use
coincidental logic (e.g., two out of thre- phases) to avoid
spurious trips of the offsite power sources.’

The relay zones in the Onsite Protection System overlap to
maintain protection throughout the system, Any fault condition
in a particular tripping zone trips the circuit breakers in that
zone by its associated protective relays.

B:3:1.1.7 Monitoring Instrumentation and Controls for
Onsite Power System

The monitoring instrumentation associated with the Onsite Power
System provides a reliablt :wurce of information in the control

room and protective functions for major components, The
instrumentation provides (quantitative values and status
conditions for the operator in the control room, This
instrumentation provides the operater with the information
necessary for efficient operation of the unit, The

# aud NRe Braveh Tec A\h‘("\f Position FS&"/ “/9/(;,;-(',
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instrumentation also provides pertinent gquantitative values and
status conditions for alarming and tripping action. All control
room instrumentation and controls are designed in accordance with
the Human Factors Engineering design criteria 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 source for the various
onsite 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 remcte 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 auxillary supporting systems, e.g, transiormer
fanr, Leaters, etc..

- A Startup of standby power ssurnes. K

Class 1E local controls are located behind doors or otherwise
protected against operation by inadvertent contact, e.q.
protected with keys or .interlocks.

All Class 1E 4,160v fafely Division switching devices are
equipped with redundant trip coiis. Each Class 1E medium voltage
switchgear ascembly is provided with two separate sources of
control power, one per redundant tripping circuit. One of the
power scurces is the Class 1E 125VDC Vital Instrumentation
battery of the switchgear’s safety division; the other power
gsourve ig the Class 1E Divisions battery used to power of the
steandby Emergency Diesel Jenerater of the same division.

The 4,160V switchgear used to connect the onsite standby
non-safety AAC source to the plant Permanent Non-safety loads ig
provided with twn separate sources of contrcl 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 switching devices manually in the absence of any DC or
AC power supply.

Amendment E
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st it DR Sanee f?:lpcfl.alp‘fornoptrtﬂd valve (Mov) mofor.s’
As a minimum, Class 12 motorsfar- capable of accelerating thoir
loads within the required time with a starting voltage as low as
75% of _ra}cd motor voltage. MoV mefers chall be capable of accelecat g
A regv e with a Starfin VO”C’C as ‘o ag BB percent,

When opernted under nominal conditions, the plant motors have a
continuous power rating grezter than the maximum power rating of
the ariven equipment,. service factor requirements are in
accordance with NFJ!A(standard MG 1 "Motors and Generators" -

d -1 . . ;
Section MG 1-12,47 fo the woesi case operating demand

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 systens.

Medium voltage motcrs which are reqguired to operate continuously
during nourmal plant operation are provided with thermocouples or
resistance temperuture devices to measure winding and bearing
temperatures.

Twset A

$:3.1.3 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 neet the requirements of General Design Criteria 17
and 18, and the intent 2f NRC Regulatory Guides 1.6, 1.9, 1.22,
1,63, 1.81, and 1.106 as discussed below. A failure modes and
effects 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
availahle to the Class 1F Auxiliary Power Systens,

CEATIN ok TV
The . eparation of the two independen:ﬂrcuits at the offsite
voltage level is maintainod by the switchyards pewer—eiresie
‘breakers., Each circuit is separately connected through
transforners and breakers to the redundant 4,160V Permanent
Non-safety switchgear, whieh—in-tues are connected through double
iso.ation feeder akers to the redundant)Division I or II 4160V
Class 1F Safety Division switchgear. each-ol the eupplies
e—nornally available within - LRG-Lhe - Lripping - of
“the—reacter—and -the —wpening—of —the —Fenerator—breakers,—the

™ requirements of GDC 17 and the intent of guidance in Regulatory

N R THET WikoV SARCTY BUS SWITLHGEW

Guide 1.32 are fully met. THE HI6EV  PeRMAMNWT  fens - SABETY

SUITCH ERR e AUTRRNVATELY OSF

Amendment I

t

8.3=-17 December 21, 1990




U ACAMENT i b ek BV ND. . NI~ LYY
RAL Y30.4;
fa,f = )4 2

Insert A:

“"Actuation circuitry for Class 1E motors/pumps will not
include pressure switch or device permissives (lube oil,
ccoling water, etc.) which would rave to be satisfied

prior to automatic or manual motor/pump ctarts.™
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ho single failure can prevent operation of the minimum number of
required safety loads, and loss of any one division will not
prevent the minimum sa“ety functions from being performed. Each
Class 1E 4,160. switchgear has access to an offsite power source,
the Alternate AC and an emergconcy diesel generator power source.

Two emergency diesel generators are provided, Each emergency
diesel generator is connected exclusively to its associated Class
1E 4,160V safety switchgear division which ensures independence
of the onsite Class 1E atandby power sources.

8.3.1.2.4 Compliance with Regulatory Guide 1.9

The design of the emergency diesel generators used ¢s standby
powver sources complies with the intent of Regulatory Guide 1.9,

Each emergency diesel generator set is capable of starting and
accelerating to rated spead, 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, 3187-1984
and Requlatory Guide 1.32

The Onsite 1E 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 eguipment is physically and
electrically independent from each other in accordance with IEEE
Standard 308-1980. Instrumentation and controls are provided to
perform maintenance ard periodic surveillance tests. The design
complies with the intent of Regulatory Guide 1.32.

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

8.3.1.2.6 Compliance with IEEE Standard 3£4-1981 and
Regqulatory Guide 1.75

The physical layout and separation of the Class 1E AC electrical
system egquipment 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
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A further description of the methods used to comply with the
intent of this standard and Regulatory Cuide regarding physical
identification and independence of redundant power sources,
switchgear, inverters, motor control centers and related cabling [F
are contained in Sections 8.3.1.3 and 8.3.1.4.

$:3.1.2.7 Compliance with IEEE Standard 379-1977

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

Any single failure within the Class 1E Auxiliary Power System
will not prevent proper Class 1E AC Power System action when
regquired.

8.3.1.2.8 Compliance with Regulatory Guide 1.63

The mechanical, electrical, and test guidance as set forth in
Regulatery Guide 1.63 for the design, construction, and
installation of @electric penetration assemblies in the
containment structure are followed.

;~ q',' A.Jv
8.3.1.2.9 Compliance with Regulatory Guide 1.106

The intent of Regulatory Guide 1.106 is met by not using thermal
overload protective 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 Opurated Valve
(MOV) thermal overload status information to the operator via the
Data Processing System (DPS) displays described in Section
T:721.7,

$.3.1.3 Physical Identification of Safety-Related Equipment

All Class 1E equipment, cables, and raceways are identified
according to the particular safety division 4#ain 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 basic
colors: red, green, yellow, and blue. These colors correspond
to the following safety Divisions and channels:

Amendment E
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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 circuit is less than the continuous rating of the
penetration assembly (RTD, thermocouple, transducer, and
annuncilatox circuits).

Redundant protective devices for circuits passing through
containment 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 tal.n into account to ensure circuit
interruption prior to reaching penetration assembly
maximum time-current capabilities. This protection will
be designed to underge 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 cakhle type which penetrates containment will
meet the reguirements of independence and testing
capabilities of IEEE Standard 603-1980, Sections 5.6 and
$.7. Redundant protecticn channels will be designed for
independence to ensure proper operation in any event
(including a random nonsafety equipment failure) which
requirss the protection circuit to be activated.
Protection systems will be designed to allow circuits and
devices %0 be tested while maintaining their capability
to perform vrotective functions wunless this will
adversely af it safety or operability of the unit.”
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Protective flectrical

Channels L Divisions _Associated Channels
Channel A: Red I: Red Channel J: White/Red Stripe
Channel B: Green I1: 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 1E 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
¢o. >r 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 cable number. Color-coded tags are also used to
identify Class 1E cable tray and major pieces of equipment,

Cable routing documentation is prepared to establish a permanent
record of the cable numbers (Class 1E cables have a unigue
identifier in the number), cable types, origin, terminations,
routing, restriction code, and color code. AL T wse .t A

Ali cable trays, conduits, and wireways containing Class 1E
cables are also color coded for ease of identification anc to
assure that separation is maintained. These raceways are marked
at each end, at all entrances and exits to rooms, and at
intervals not to excead 15 feet. Racevays are marked prior to
the installation of their cables.

Add Tusedt (2

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 the
various areas of the plant where Class 1E system: 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 fu-. tion.

Amendment £
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Insert A:

“Component wires of a color coded cable are not themselves
color coded following entry into a safety-related cabinet
and/or panel. However, all such wires are appropriately
labeled, and permanent documentation is maintained."

Insert B:

“"A program for maintaining markings and labeling of safety-
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:

8.3.1.4.1 K. -gency Dicsel Generators

Two mutually redundant emergency diesel 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 Centers

Craine

Redundant 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 faiiire
mode exists which may jeopardize independence between tha
redundant groups for any design basis event.

8.3.1.4.3 Motor Control Centers

Redundant groups of Class 1E motor control centers are provided.
Physical separation is employed to provide the required
indepedence of the groups. No common failure mode exists which
may jeopardize indenmendence 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 C~ntrol 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 Cuble 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 shutdown 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 cable support system is provided for all
raceways containing Class 1FE cables. Additionally, all raceways
are of non-combustible construction,

rmendment 1
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Cables are routed in separs:e 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.:
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 M25V DC + 10% values assumed for the
qualification of Class 1E i(solation devices used in various
instrumentation and control syst. ss. Cable wsplicing is not
allowed in raceways.

-

IM‘C(‘{ 6 P 1#”?" |

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

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
{ntyc-n adjacent trays. Any redvction of thece distances will reguire a
Arrer,

ODrip loops are provided in conduit runs at the inlet to
electrical devices where conduit enters from the top and when
required to maintain device qualification as an alternative to
device-sealing type hardware.

Tusert A2~

Light weight conduit, fittings, and cable tray materials are
vtilized in lieu of rigid steel. Installation of intermediate
metal conduit or aluminum rigid conduit is utilized where
technically acceptable (e.g., outside containment) .

In cable tunnels, in lieu of ceiling supports, large seismic
cable tray support structures aie mounted on floors.

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

Planning of cable pulls are included in the design of eguipment
locations, cable tray routings, and conduit routings to maximize
group rulling of cables.

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

Exothermic cadwelded connections are used in the installation of

ground grid system in lieu of wedge pressure cable connectors
where pousible.

Amendment T
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INSERT 1

“The separation of the wiring at the input and output
terminals of the iscvlation device may be less than 6 in.
provided it is not less than the distance between input
and output terminals.

Minimur sepavation requirements do not apply for wiring
and ccomponei.cs within tne isolation device; however,
separation shall be provided wherever practicable.

The caparility 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 1E side.

The following devices may be used as acceptable isolation
device for instrumentation and control circuits:

. I

(1) Amplifiers

(2) Control switches |
(3) Current transformers

(4) Fiber optic couplers

(S) Photo-optical couplers

(6) Relays

(7) Transducers

(8) Power packs

(9) Circuit breakers"

INSERT 4

"Power cables shall be routed away from controel and
instrumentation cables to prevent faulty operation which
is caused by the electromagnetic interferenve by the
power cables."
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Insert Ab
"The voltage levels in descending order are as follows:

Insert B:

“A raneway designated for a single class of cables shall
contain only cables of the same class."

.'
nyﬂh0~1¥L?~

s 15 KV power cables;

¢ B or 5 KV p.wer cables;

¢ Low voltage power ac and dc cables;

e Migh level signal and control cables (120 VAC,
125 vDC);

e Cables for low level analog and digital

gignal . "
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8.3.1.4.85.2 Cable Separation

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

__._./"1'75' e Tviert 5§
Tusert 5/;371./5'

fable Derating and Cable Tray Fill

$.3.1.85.1 Cable Derating

The cable ampacities for both AC and DC power cables are derated
per IEEE Standard S$-13%5 and IPCEA P~46-426 to assure minimum
degradation of cable insulation caused by high temperatures
should the cahles be loaded to their maximum ampacity rating.

The maximum ampacities for all power cables are determined by
multiplying the appropriate cable m:?ufacturer's IPCEAA cable
ampacity rating by 0.7. 7This prevides a 30 %Yo margin betueey eac.

csflt's rated folf ead capacity amd ifs actual Hidl Ioz.l application, Skt
$.3:.1.5.3 Cable Tray Fill Criteria

The cable tray fill criterion for those trays containing power
cables al’ ws only one single layer of power cables to be routed

in any .:: and, in c¢eneral, separa“ion of one-guarter the
diameter - ‘A larger cable is maintained between adjacent power
cables “hin A tray-+
The cai -~ .1y fill criterion for those trays containing
instrume ..o :v and control cables is that the cross-sectional
area of (¢ cables will not exceed the usable cross-sectional
area of the uray.

1&(5‘—"‘* 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 five 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.

The cable gfnc.‘uj may

Swak ""'"] befween +iedown pom.‘s c/,,e fo  cable

ﬂ MY er c.q‘,lg f~4n-.‘.ij /e,‘ *"”j a tra i Adt\/(\/er‘ if cables Fooed
- £.a ) ; o
tontact s limibed + de-««/ﬂ.’ two feet.

Amendment E
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INSERT 2

“Where the control switchboerd materials are flame
retardant and analysis is not pertormed, the minimum

separ..ion distance shall be 6 in. In the event the
above senaration distances are not maintain»d, barriers
shall be installed petween redundant Class 1E equipment

and wiring.”

INSERT 3

“The minimum separation distance between condult and non-
enclosed raceway shall be 1 foot horizontally and 3 foot
vertically in nonhazardous areas and 3 foot horizontally
and 5 foot vertically in hazardous areas. Where the
plant arrangements preclude maintaining the minimum
separation distance, the circuits reguiring separation
shall be run in enclosed raceways, OF parriers shall be
provided petween circuits. The minimum distance between

these enclnsed raceways shall be | inch."
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*g.3.1.4.6 Electrical [ oaetration

Redundant Class 1E containment electrical
pcnetrationl are physically separated and
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 ure located in four gquadrants of
the containment each enclosed in a penetration
room. The minimum separation between
electrical penetrations contai~ing non-Class
1E circuits and penetrations containing Class

\E or associated cables is 3 foct horizontally

and 5 foot vertically."
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Insert C:
"8.3.1.5.3 1Insulation
Cable insulations are applied very conservatively, The

following guidelines are to be used in applying cable
insulation ratings to various station applications.

BARAR ZoMuiatisn mats Application Rati

15,000 volt 13,800 volt power cable
8,000 volt 4,160 volt power cable
2,000 volt 600 volt power caple
1,000 velt Low volt mower and control

cable
600 volt 208/120 volt lighting cable
300 volt 120 volt ac and 125 volt dc

instrumentation cable"
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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 ca%le or cable tray
configuration penetrating the barrier. The primary types used
are multiple cable transit assemblies (a metal frame with
fire-proof elastoner 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
sprayed with a fire retardant spray), and foam (two fire
retardant plates placed on each side of the barrier and any void
filled with fire retardant foam).

Specifications 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 manu.facturer’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 specificatiors
¢f the original installation.

There are no cable fire stops installed at locations other than
fire sarrier penetrations on vertical or horizuntal cable tray
runs. Fire retardant cables are used throughout the unit. Ail)
4uﬂ&esr-0*eepP—im40u-Nen-G&ase—43~4ﬂe%¥unen%ae+en«aﬂd«fmﬂﬁfo&
cables,-are-of-the intnrlocked armor- type, -with-a fire retardant
§acko%—aad—u&l&~not—propaqa;a—ﬁése—to«anothas—apaavwos~add—;ou;he
severity-of the-fire. These cables have passed the flame test of
IEEE Standard 383-1374,

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
flam - 5le 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 within
the station so as to preclude any single credible event
applicable to that location from rendering inoperative a
sufficient 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)

Isolated
phase bus
from unit
main
transfrrmer
to thL
generator
breaker or to
the unit
auxiliary
transformer.

or
Unit

Auxiliary
Transformer.

Loss due to a
fault.

(a)

(b)

(¢)

(d)

(e)

The faulted
equipment is
isolated by
protective
relaying and
protective
egquipment.

The other
independent
preferred cffsite
circuit remains
unaffected.

Automatic reactor
trip occurs.

The unit generator
automatically
trips and its
breaker opens.

The Permanent Non-
Safety Auxiliary
System switchgear
suppliea 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,



Component

2.

TABLE 8.3.1-)
(Sheet 2 of 19)

FALLURE MODES AND EFFECTS ANALYSIS .OR THE ONSITE JSOWFR SYSTEMS

Reserve
Auxiliary
Transformer

Isolated
phase bus
connecting
the generator
circuit
breaker and
the unit
generator

or

Unit
gensiator

_Malfunction

kKesulting Consequences

Loss due to a
fault

Loss due to a
fault

(a)

(b)

(e)

(a)

(b)

(c)

The fauited
equipment is
isolated by
protective
relaying and
protective
eguipment.

The other
independent
preferred offsite
circuit remains
unaffectad.

No effect on unit
power generation
or Essential
Safety buses,
since not normally
conn.cted to
onsite system.

Cenerator breaker
trip.

The unit turbine
generator is
tripped
automatically.

All unit and Class
1E auxiliaries
continue to
receive
uninterrupted
otfsite power from
the Unit Auxiliary
transformers.



TABLE 8.3.1-1
(Sheet 3 of 19)

EAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Malfunction

Component

4. Generator
circuit
breaker

Breaker fault,
failure, or pole
disagreement

(a)

(k)

(e)

(d)

(e)

Resulting Conseguences

The other two
poles of the
breaker trip.

The faulted
equipnment is
isolated by
protective
relaying and
protective
equipment.

The other
independent
preferred offsite
circuit remains
unaffected.

Automatic reactor
trip occurs.

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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TABLE 8.3.1-1
(Sheet 4 of 19)

Isolated
Phase Bus
Cocling
System

Unit
Auxiliary
Transformers
Cooling
System

Unit Main
Transformer
Cooling
System

Loss of bus
cooling

Loss of one of the
cooler banks

Loss of one of the
cocler banks

(a)

(a)

(a)

No immediate
consequence. The
unit and Class 1E
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 cuwoling.

No immediate
conseguence. The
unit and the Class
1E auxiliaries
continue to
receive an
uninterrupted flow
of power from this
source. However,
continued
transforaer and
unit operation is
dependent upon its
rated design
capacities with
2nd without
cooling.

No immediate
consequence with
step-up
transformer at
full iocad. The
operator must



TABLE 6,3.1-1
(Sheet 5 of 19)
FAILURE MODES AND EiFECTS ANALYSIS FOR THE ONSITE FPOWER SYSTEMS

Component Malfunction Resulting Conseguences

reduce loud to the
transformer
immediately, trip
the unit
generator, and
completely isclate
the transformrer
within
approximately 15
minutes. (The
exact time will be
dependent upon

manufacturer
recommendations.)
8. 13,800V Non- Ereaker fault or (a) The faulted
Safety failure eguipnent is
Auxi’ iary isolated by
Sy=tem protective
switchgear relaying and
source protective
breaker equipment.

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

(¢) Automatic reactor
trip occurs.

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

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



TABLE 8.3.1-1
(Sheet 6 of 19)

Component

10.

13,800V Non-
Safety
Auxiliary
System
switchgear
bus or
switchgear

4,160 Non-~
Safety
Auxiliary
Power System
Switchgear
source
breaker

Bus shorted or (a)
breaker fault

(b)

(€)

Breaker fault or (a)
failure

FLILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Malfunction . Resulting consequences

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

The switchgear
source breaker
trips.

The plant will
experience a
reactor trip due
to the lecss of
reactor coolant
pumps.

No effect on 4160V
Non-Safety, 4160V
Permanent. Non-
Safety or Class 1E
Safety Division
loads.

The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.
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TABLE 8.3.1-1
(Sheet: 7 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Malfunction

Component

11. 4160V Non-
Safety System
Switchgear

Bus shorted or
feeder breaker
fault

Resulting Conseguences
(b) The uther
independent

(c)

(d)

(e)

(a)

(b)

preferred offsite
circuit remains
unaffected.

Automatic reactor
trip occurs.

The unit generator
autnomatically
trips and its
breaker opens.

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, Ciass 1E
auxiliaries
continue to
receive
uninterrupted
offsite power,

The switchgear
source breaksr
trips.

Loss of normal
source to 4,160V
Non~-Safety Bus.
Required uait



TABLE 8.3.1-1
(Sheet B8 of 19)
FAILURE MOLES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Component Malfunction Resulting Consequences

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 isclates 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.



ISR Y
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13.

14.

ITABLE 8.23.31-1
(Sheet & of 19)
FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Malfunction

41507480 Volt
Non~-Safety
Load Center
Transformer
or its Feeder
Cables

or

480V Non-
Safety locad
center source
k. eaker

480 Volt Non-
Safety Load
Center bus

or

480 Volt non-
Safety Load
Center Feeder
Breaker

Fault on one

Fault

(a)

(b)

(c)

(a)

(D)

(c)

Resulting Conseguences

The associated
4160V feeder
breaker trips and
isolates the fault
irom the system.

The load center is
deenergized.

The 480V Non-
Safety motor
control centers
dead bus transfer
to their alternate
source.

The load center
source circuit
breaker trips.

The associated
480V loads are
ueenergized.

The associated
480V Non-Safety
motor control
centers dead hus
transfer to their
alternate source.
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Component.

18.

TABLE 8.3.1-1
(Sheet 11 of 19)

FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

Malfunction

_Resulting Consequences

4160V Breaker Fault or

Permanent Failure
Non-Safety

Auxiliary

Power Systen

Switchgear

Normal ¢. ‘as

Turbin~

Source

Breaker

(a)

(b)

(¢)

(d)

(e)

(f)

The faulted
cquipment is
isolated by
protective
relaying and
protective
equipment.

The other
independent.
preferred offsite
circuit remains
unaffected.

Automatic reactor
trip occurs.

The unit generator
automatically
trips and its
breaker opens.

The 4.16KV
Permanent Non-
Satety 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.

4160V Non-Safety
Bus goes dead.
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19,

20'

IABLE 8.3.1-1
(Sheet 12 of 19)

Malfunction

4160V
Permanent
Non-Safety
System
Switchgear

4160V
Permanent
Non-Safety
System
Switchge
4160V 10wz
feeder cables

Bus shorted or
feeder breaker
fault

Fault on one

(a)

(b)

(¢)

(a)

The switchgear
source breaker
trips.

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

Affected 4,160V
Class 1E
switchgear will be
deenergized and
the diesel will
start. Associated
480V buses will
also deenergize.

The associated
4160V feeder
breaker trips and
isclates the fault
from the system.
Remaining loads
should not be
atfected.
Sufficient
redundant
auxiliaries remain
operable {rom the
redundant
Permanent Non-
Safety System,



(Sheet 13 of 19)

TABLE 8.3.1-1

FAILURE MODES AND EFFECTS ANALYS1S FOR THE ONSITE FOWER SYSTEMS

component.

21. 4160/480 Volt
Permal.ent
Non-Safety
Load Center
Transformer
or its Feader
Cables

ox

480V
Permanent
Non-Safety
load center
source
breaker.

22. 480 Volt
Permanent
Nen-Safety
Load Center
bus

bl o

480 Volt
Permanent
Non-Safety
Lead Center
Feeder
Breaker

~Malfunction
Fault on one (a)
(b)
(c)
(d)
Fault (a)

(b)

(c)

Resultiig Consequences

The associated
4160V tfeeder
breaker trips and
isolates the fault
from the system.

The load center is
deenerqgized.

The 480V Permanent
Non-Safety acter
control centers
dead bus transfer
to their alternate
source.

Should any load
center loads be
lost, sufficient
redundant
auxiliaries remain
operable from the
redundant
Permanent Non-
Safety System.

The load center
source circuit
breaker trips.

The assocliated
480V loads are
deenergized.

The associated
480V Permanent
Non-Safety Motor
Control Centers
automatically
transfer to their
alternate source.
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Component.

23.

24.

25.

TABLE 8.3.1-1

(Sheet 14 of 19)

_Malfunction

480 Volt
Permanent
Non-Safety
load Center
feeder cable

or

480 Volt
Permanent
Non-Safety
Motor Control
Center Source
Breaker

480 Volt
Permanent
Non~-Safety
Motor Control
Center Bus

or

480 Volt
Permanent
Non-Safety
Mcotor Control
Center Feeder
Breaker

480 Volt
Permanent
Non~Safety
Mntor Control
Center Feeder
Cable

Fault

Fault

Fault

(a)

(b)

(a)

(a)

Resulting Consequencesn

The load center
feeaer breaker
trips.

The load or motor
control center
remains
deenergized.

The motor control
center source
breaker trips.

The motor control
center feeder
breaker trips.
Sufficienc
redundant
auxiliaries remain
operable from the



Component

26.

TABLE 8.3.1-1

(Sheet 15 of 19)
FAILURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

4160V AAC
Source feeder
cable or Gas
Turbine
OQutput
breaker

Malfunction Resulting Conseguences
redundant
Cermanent Non-
Safety System.

Fault (a) If the ACC Source

(b)

(c)

(d)

is connected, the
4160V Permanent
Non-Safety
switchgears are
deenergized.

At the operators
discretion,
critical Permanent
Non-Safety loads
may be backfed
from th~ diesel
generat.r provided
sufficient load
shedding has taken
place.

The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.

The circuit from
the Permanent Non-
Safety bus is
automatically
transformed to the
Reserve

Auxiliary



27.

4160V Class
1E Safety
Auxiliary
Power System
Division
Switchgear
Source
Breaker

TABLE 8.3.1-3
(Sheet 16 of 19)

Breaker Fault or
Failure

(a)

(b)

(¢)

(d)

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

The faulted
equipment is
isolated by
protective
relaying and
protective
equipment.

Affected 4160V
Class 1E
switchgear is
deenergized.
Associated 480V
buses are also
deenergized.

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

Sufficient
redundant
auxiliaries remain
operable from the
reduncant class 1E
Safety Power
System Division
for safe shutdown
of the reactor.



2d.

29.

4160V Class
1E Safety
Auxiliary
Power System
Division
switchgear or
feeder
breakers

4160V Safety
Division
Emergency
Diesel
Generator

Fault

Fault

TABLE 8,3.1-1
(Sheet 17 of 19)

(a)

(a)

Source breakers
trip and the
affected 4160V
Class 1E Division
switchgear is
deenergized. Loss
of redundant 1lE
480V buses
(Channels A,C or
B, L) associated
with division.
Sufficient
redundant
auxiliaries remain
operable from the
radundant Class 1E
Safety Auxiliary
Power System
Division for the
safe shutdown of
the reactor.

If the EDG source
is supplying power
under blackout
conditions, the
affected 4160V
Safety Division is
deenergized until
the fault is
cleared and the
AAC source can be
manually aligned
to re-energize the
division.



TABLE 8.3.1-1
(Sheet 18 of 19)

EATLURE MODES AND EFFECTS ANALYS1S FOR THE ONSITE POWER SYSTEMS

Component Malfunction __ __ Resulting Consequences
(k) Sufficient
redundant
auxiliaries rema'a
operable from t’ :
redundant Clas. 1lE
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 remain
1E load operable from the
center redundant Class 1E
transfornmer Safety Power
System Division
or for sate shutdown
of the reactor.
480 V Class
1E load
center source
breaker
31. 480 Volt Fault (a) The load center

Class 1E loz’
cer ~r bus

source circuit
breaker trips.

Sufficient
or redundant
auxiliaries remain
480 Volt operable from the

Class 1E load
center feeder
breaker




Component

2.

33,

480 Volt
Class 1E load
center feeder
cable

or

480 Volt
Class 1E
motor zontrol
center bus

480 Volt
Class 1E
motor control
center feeder
cabla

Fault

Fault

Malfunction

TABLE 8.3.1-1
(Sheet 19 of 19)

FALLURE MODES AND EFFECTS ANALYSIS FOR THE ONSITE POWER SYSTEMS

(a)

(a)

Resulting Conseguences

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

The load center
feeder breaker
trips. Sufficient
radundant
auxiliaries remain
operable from the
redundant Class 1E
Safety Power
System Division
for the safe
operation of the
reactor.

The motor control
center feeder
breaker trips.
Sufficient
redundant
auxiliaries remain
operable from he
redundant Class 1E
Safety Power
System Division
for the safe
operation of the
reactor.



TABLER3.1.2 DIVISION ! TYPICAL CLASS 1E LOADS

COMPONENT BQUIV. LOSS OF OFFSITE DBAAOOF LOAD
COMPONENT ESTIMATED HP MOTOR  LOAD POWER LOAD
EQUIPMENT (NOYEA) #PERBUS VOLTS (NOTEM) pf EFFICIENCY KW SAFETYBUSA SAFETYBUSC SAFETY BUSA SAFETY BUSCT
W
Load Sequence Group A
(NOTE B)
Division | Diese! i 480 s HP 49 09 1 4 0 4
Generator Building
Sump Pump 1A
Divis o | Diesel 1 480 1ISKvaAa 09 135 13.5 0 s
Generator 45072087120
Power Paneiboard
Division | Dhesel 1 480 100 Hp ne LAY 75 75 4] 75
Generator Buildic,
Ventilaton Fan 1A
Division ! Diescl 1 480 025 1P 09 09 n2 02 0 . 02
Generator Crankcase
Blower
Division | Diesel 1 450 15 WP 95 G9 56 0 0 G
Generator Prelube Pump NOTEC
Division | Diese! i 480 ZHP 09 09 1.5 0 Q 0
C.nerator Engine Jackes NGTEC
Water Keep Warm Pusnp
Division | Diescl 1 480 TSKW 10 75 a ¢ o
Generstor Jacket Vo ates NOTEC

Heater

Anachment o Lever ALWR-422 Page ! of 40
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TABLE 83.1-2 DIVISION I TYPICAL "LATS 1E LOADS

COMPONENT EQUIV. LOSS OF OFFSITE DBAAOOP LOAD
COMPONENT ESTIMATED HP MOTOR 1LOAD POWER LOAD
EQUIPMENT (NOTEA) #PERBUS VOLTS (NOTEM) of EFFICIENCY KW SAFEIYBUSA SAFETYBUSC SAFETY BUS A SAFETY BUSC
SSW Pump Strainer i 480 QISP 09 a9 L ¢ L a2 0
Backwash Drive NOTEO
Moter 18
Contenment S~ oy 1 480 IBHP 09 0y s ¢ a9 25
Pump | Room Al
Handitng Ut
Containment Spray Homt i 4RO kR 09 69 25 e 0 G 23
Exchanger Room 1 A
Handling Urit
Service Water Purrp House 1 480 7.5 BHP 58 09 63 9 63 U 63
House Division 1
Ventlzton Fan
Drvision | Emergency 2 480 3By 09 6o So 5 ¢ S
Feedwaer Pump Rooms’
Air Handling Units
Safery Imjection i 480 1 REP 0e 09 50 0 Q 25
Pump 3 Room Asr
Handhng U
Channel € 125 VOC i 480 322KVA 08 2 e Q e

Vital Batiery Charpers
for 1 & €

A chment 1© Letter ALWR-424 Page 7 of 0
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TABLE 83.1-2 DIVISION | TYPICAL CLASS 1E LOADS

COMPONENT
COMPONENT ESTIMATED HP

EQUIV.

LOSS OF OFFSITE DBALOOP LOAD

MOTOR  LOAD POWER LOAD
EQUIPMENT (NOTEA; #PERBUS VOLTS {(NOTEM) pf EFFICIENCY KW SAFETYBUSA SAFTYBUSC SAFETYBUSA SAFETYBUSC

Laad Seguence Group 10

(NOTE G}

Shutdown Cooling Pump | 1 4160 600 HP 08 09 228 4% 0 a5 0
SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 10: 245 0 4R 4]

Manua! Load Group

(NOTEN)

Contanment Hydrogen i 480 WKW 1.0 20 o ] 0 G

Re-umnbiner 1

Spent Fuel Poal i a8 TS HP 09 ne 56 0 5 LE 56

Cooling Pump 1

Essenmial AC Lighting 120 225KEwW 16 225 130 118 i 118

Division | Contrul i 48R0 7 BHP os 0% S8 Q 0 e hS 4

Room Pressunzed Filier NOTEK
Teun Fan
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TABLE 83.1:2 DIVISION | TYPICAL CLASS 1E LOADS
DIESEL GENERATOR LOAD SEQUENCER
ASSUMPTIONS AND INFORMATION

NOTE A

The loads given for the listed components are typical. Actual loads are site dependent based on the

equipment procured. Therefore, the silc-specific SAR shall make appropriate adjustments and
evalualions as necessary,

NOTEB

For Station Loss-of-Offsite Power or DBA/LOOP event, Load Sequence Group A 15 energized
immediately upon closure of the Diesc! Generator Breaker for Safety Bus A,

NOTEC
Although these loads are connected to the Emergency Buses, they are not required once the Diesol
Generator is operating, therefore, they are considered (o be zero for purposes of Diesci Generalor sizing.

NOTED

Load Sequence Groups 1 and 2, Sadety Injoction Pumps 1 and 3, will normally be activaied by the
sequencer 10 provide Direct Vessel Safety Injection. The Safety Injection System (SIS) imterface
requirements specify flow 10 the vessel within 40 seconds afier an Safety Injection Acwation Signal
(SIAS). This assumes a 20 second Diesel Generator stan Lime, a 2.5 second Safety Injection Pump 1
sequence load time (6.5 seconds for Safety Injection Pump 3) and a 10 second interval o provide actual
SIS flow 10 the Direct Vessel Injection nozzles.

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

NOTEF

Load Sequence Group 3, Mator Driven Emergency Feedwater Pump 1, 15 loaded onto the Emergoncy
Bus by the sequencer when it receives a Low-Low Steam Gere  Jor EFAS (Emorgency Feedwaler
Actuation Signal) signal from the Plant Protection System. This Load Group s designed such that the
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assoctaled steam gonorator will receive Emergency Feedwater within 60 seconds after a Low-Low
Steam Generator condivon exists.  The ume breakdown for a station loss of offsiie power (condinon
which could result in low steam generator kevel as 8 result of main fecdwater pumps (ripping) is as
follows: 1 second for low-low steam generator condition 10 be detecic! und EFAS signal generated, 20
seconds for the Diesel Generator 10 start and attain rated speed and voltage, 15 seconds for the
Sequencer w load Load Sequence Group § onto the Emergency Bus, and 24 seconds for the Motor
Driven Emecgoncy Feedwater Pump 10 start and provi'e Emergency Feedwater flow 10 its associated
Steam Generator. This assumes time 10 purge the hot water from the EFW lines adjacent o the steam
generator.

NOTEG

Load Sequence Group 4, Contamment Spray Pump 1, starts the divisional Containment Spray Pump as a
result of a Safety Injection Actuation Signal (SIAS) activating the sequencer. The Contmnment Spray
Pump will then operate in recirculation mode until a Contanment Spray Actuation Signal (CSAS) 1s
generated, which will cause the Containment Spray Header valves o open and supply containment spray
o the spray rings. The interface requirements mandaie that Containment Spray flow to the contamment
aumosphere result within 68 seconds of a CSAS. To accomplish this, Load Sequence Group 4 will be
loaded onto the Emergency Bus 20 seconds after the sequencer begins Accident loading (40 seconds
after receipt of the initiating STAS signal). The Containment Spray pump will then operate in min'“Jow
condition until a CSAS opens the spray header valves.

Load Sequence Group 4 und Load Sequence Group 10, Shurdown Cooling Pump 1, are interlocked such
that either the Containment Spray Pump or Shutdown Cooling Pump may provide Containment Spray.
If a division's Containment Spray Pump is out-of-service, the Shutdown Cooling Pump discharge valves
may be manually aligned 1o supply water from the IRWST (In-Containment Refueling Water Siorage
Tank) to the Containment Spray Heador. At the same time, the sequencer interlock controls are
switched to bypass the defunct Containment Spray Pump 1 and w0 stant the Shuidown Cooling Pump in
its place. The normal, preferred alignment, however, is 10 have the Containment Spray Pump aligned
for standby res/'iness and 10 use the Shuidown Cooling Pump as a backup. In this nornmal alignment,
the sequencer will not load Load Sequence Group 12, unless manually al zned and actuated.

The Shutdown Cooling Pump is listed as a Loss-of-Offsite-Power load, since restart of this pump 1s
required during refueling and Reactor “oolant System dramed-down conditior., However, its load
value is not part of the 1tal Diesel Generator load for the LOOP event, because the Motor Driven EFW
Pump (mutsally exclusive 1© the Shutdown Cooling Pump) in a plant operating LOOP scenano is a
larger, and hence more conservative load 1 be applied 10 the LOOP otal,

The Sawtdown Zookig Pump is also [.0d as a DBA/LOOP load. lis use for such an event would
oceur if the Shuidown Cuoling Pump were functioning as the Containment Spray Pump.  For load

summation purposes, the Shutdown Cooling Pump is not added 10 the DBA/AL QOP wotal, since the

Continment Spray Yomip has already been - Kded,

e e e e e e . e e b s e R e e e R T e T .
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NOTEH

For a Design Basis Accident with no concurrent 1oss of offsite power, the Component Cooling Pump in
each division wil' recain operating. However, il Station Loss-Of-Offsie-Power ocours concurrently
with a Design Basis Accidens, the Diesel Generaor Sequencer will function 1o load the divisional
Component Cooling Pump which was operating just prier 1o the event onto the Emergency Bus within
10 seconds afier the sequencer complotes 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 priof (0 the event onto the Emergency Bus within S seconds after receiving a
Diesel Generator running signal. 11 this pump fails (0 operate, the sequencer will attempt (o load the
otler divisional Component Cooling Water Pump onto the Emergency bus immediacly,

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

NOTE!L

The Station Service Water Pumps will be loaded onto the Emcrgency Bus dependent upon the following
factors and requircments,

1) The sequencer will atlempt 10 Joad onto the Emergency Bus the Station Service Water Pump
which was operating just prior 10 & Staton Loss-OF-Offsite-Power.  This also applies 10 Design
Basis Accident coincident with a Statiom Loss-Of-Offsite-Power. The SSW Pump not loaded by
the sequencer will remain on standby, capable aaly of being started manually when Operations
determines that the corresponding increase in the Diesel Generator loading 1s warranted (2
pumps/division operation) or when pump cycling is desired.  Sequencer logic will prohibit
automatic loading of both & division’s SSW Pumps.

2) If a LOCA occurs and offsite power remains unimterrupied, the running SSW pump will remain
operational, still connected 10 normal incoming bus.

3 If the SSW Pump chosen to st by the sequencer fails 10 start, the sequencer will atlempt 1o
stan the other SSW pump immediately.

4) The 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 running signal (Normal Loss-Of-
Offsite-Power sequence),

NOTEJ

Manual Loads may be added to the emergency bus by Operations whenever plant conditions require
their usage.
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NOTE K

The Control Room Pressurized Filier Train and associated Heating Element will only be manually
employed when high radiation levels are detected in the outside air inakes. The Control Room
Ventilation System has beon designod 1o keep the Control Room at a positive pressure relative 1o its
surrounding environment during normal operation.  Therefore, (e normal divisional Control Room
ventilation unic will activate on a LOCA (normal Control Room Ventilation Unit operating prior 1o the
event will remain loaded unless load shed by a Swation Loss-Of-Offsite Power), but the Control Room
Pressurized Filier Train and its associated Heating Element may or may not be activated, subject 1o
outside environment radiauon levels.

NOTEL

Number of Auxiliary Building Sump pumps is dependent on site characteristics. Two pumps per
division are shown as an example here.

NOTEM

Rated Horsepower was assumed (o account for pump, fan, or other mechanical efficiencies s well as
for motor efficiency. Conversion into equivalent Kilowauts for Rated Horsepower involved nultiplying
raled hexsepower by the conversion factor 0.746 KW/HP. When unit of Brake Horsepower (BHP) was
assurey 1, & motor efficiency of 0.9 was used in addition 10 this conversion facior 1o calculate Equivalent
" Unless designated by "BHP." all horsepowers are “Rated.”

BN. N

This note provides an explanation of the assumptions used for calculating the total diesel loads
al the conclusion of the table. The following subtotal loads are assumed 1o be supplied and
are summed to obtain the resultant total.

Total Load Per Diesel on LOOP Excluding Manual Load:

Load Sequence Group A

Load Sequence Group C

CCW Pump in operation prior (0 event
SSW Pump «n operation prior (o 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.

e R
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Total Load Per Diesel on DBAALOOP Excluding Manual Load:

Load Sequence Group A
SI Pump 1
Load Sequence Group C
S1 Pump 3
Motor Driven EFW Pump

Containment Spray Pump or Shutdown Cooling Pump (Interlocked such that both cannot
operate from sequencer simultancously during accident)

CCW Pump in operation prior (0 event
SSW Pump in operation prior 1o event
Essential Chiller

Total Load Per Diesel on DBA/LOOP Including Manual Load consists of the above total plus
the appropriate manual load.

The following components and times apply 10 Accident Scenarios coincident with a Station

Loss-Of-Offsite-Power:
Load Sequence Group A
Safety Injection Pump 1
Load Sequence Group C
Safety Injection Pump 3
Motor Driven EFW Pump

Containment Spray Pump

Component Cooling Water Pump
Statipn Service Water Pump

Essential Chiller

0.5 seconds
1.5 seconds
4.5 seconds
6.5 seconds

15.0 seconds
(if req'd)

20.0 seconds
30.0 seconds
35.0 seconds

40.0 seconds
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The following componenits and titmnes apply 1 Nomal Loss Of-Offsite-Power scenanios;

Load Sequence Group A 0.5 seconds
Load Sequence Group C 2.5 seconds
Component Cooling Water Pump 5.0 s2conds
Station Service Water Pump 10.0 seconds
Essential Chiller 15.0 seconds
Motor Driven EFW Pump After 20.0 seconds
(if req'd)
NOTEO

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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