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The nprimary containment system, vhich includes the drywvell and
suppression chamber,.is designed, fabricated, and erected to
accomnodate, without failure, the pressures and temperatures
resulting from the double-ended rupture or equivalent failure of
any coolant pipe within the primary containment. The reactor
buildina encompassing the primary containment provides secondary
containment. The two containment systems and their associated
safety systems are designed and maintained so that offsite doses,
which could result from postulated design basis accidents, remain
below the quideline values stated in 10CFR100 when calculated by
the methods of Requlatory Guide 1.3 (Rev. 2, 6/74). Sections 6.2
and 15.1 have detailed information which demdnstrates compliance
with Criterion 16.

An onsite electric power system and an offsite electric power
system shallc be provided to permit functioning of structures,
systems, and components important to safety. The safety function
for each system (assuming the other system is not functioning)
shall be to provide sufficient capacity and capability to assure
that (1) specified acceptable fuel design limits and design-
conditions of the reactor coolant pressure hboundary are not
exceeded as a result of anticipated operational occurrences and
(2) the core is cooled and containment inteqrity and other vital
functions are maintained in the event of postulated accidents.

The onsite electric power supplies, including the batteries, and
the onsite electric distribution system shall have sufficient
independence, redundancy, and testability to perform their safety
functions, assuming a single failure.

Electric power from the transmission network to the onsite
electric distribution system shall be supplied by two physically
independent circuits (not necessarily on separate rTights of way),
designed and located so as to minimize to the extent practical
the likelihood of their simultaneous failure under operating and
postulated accident and environmental conditions. A switchyard
common to hoth circuits is acceptable. EBach of these circuits
shall be designed to be available in sufficient time follovwing a
loss of all onsite alternating current power supplies and the
other offsite electric power circuit, to assure that specified -
acceptable fuel design limit and design conditions of the reactor
coonlant pressure boundary are not exceeded. One of these
circui*s shall bhe designed to be available within a few seconds
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following a loss-of-coolant accident to assure that core cooling, ‘
containment integrity, and other vital safety functions are
maintained.

Provisions shall be included to minimize the probability of
losing electric povwer from any of the remaining supplies as a
result of, or coincident with, the loss of power generated by the
nuclear power unit, the loss of power from the transmission
network, or the loss of power from the onsite electric power
supplies. -

Two offsite power transmission systems and four onsite standby
diesel aenerators with their associated battery systems are
provided. ©Either of the two offsite transmission power systems
or any three of the four onsite standby diesel generator systems
have sufficient capability to operate safety related equipment
for cooling the reactor core and maintaining primary containment
inteqrity and other vital functions in the event of a postulated
accident in one unit with a safe shutdown of the othar unit.

The two independent offsite power systems supply electric pover
+0 the onsite power distribution system via the 230 kV
transmission qrid. Bach of the offsite power sources is supplied
from a transmission line which terminates in switchyards (or
Substations) not common to the other transmission line. The two
transmission lines are on separate rights-of-wvay. These two
+ransmission circuits are physically independent and are designed
to minimize the possibility of their simultaneous failure under
operating and postulated accident and environment conditions.

Rach offsite power source can supply all Engineered Safety
Feature (ESF) buses throuqh> its associated transformer.. ‘Power is
available to the ESF bhuses from their preferred offsite power
source during normal operation and from the alternate offsite
pover source if the preferred power is unavailable. PRach diesel
generator supplies standby power to one of the four ESF buses in
each unit. Loss of both offsite power sources to an ESP bus
results in automatic starting and connection of the associated
diesel generator within 10 seconds. Loads are progressively and
sequentially added to avoid generator instabilities.

There are four independent ac load gqroups provided to assure
independence and redundancy of equipment function. These meet

the safety requirements assuming a single failure since any three

of the four load groups have sufficient capacity to supply the

minimum loads required to safely shut down the unit. Independent
routing of the preferred and alternate offsite power source

circuits to the ESP buses are provided to meet the-single failure .
safety reqguirements. ‘

Rev. 30, 5/82 3.1-18
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As discussed in Section 2.4, all Seismic Category I structures’
are secure aqainst flooding due to probable maximum f£lood (PMF)
of the Susquehanna River or probable maximum precipitation (PMP)
on the area surrounding the plant. Therefore, special flood
protection measures are unnecessary. The Seismic Category I
structures have, hovever, been desiqned for hydrostatic loads
resulting from groundwater, as discussed in Section 3.8. The.
groundwater table is at elevation 665 MSL in the main plant area.

A postulated break in the cooling tower basins or of the water
delivery pipes to the basin could result in a build-up of water
against the walls of either or both of the ESSW pumphouse and the
turbine building. In the event of such water build-ap breaching
the turbine buildinqg wall, water that would not be intercepted by
the floor drains or qrilles and thus would flow through the

.turbine building to the reactor building would be prevented from

endangering equipment in the latter by means of watertight doors.
Plood water building up against the ESSW pumphouse would also be
prevented from entering the building by means of watertight
doors. Impact forces and water pressure due to flood water will
not endanger the inteqgrity of the ESSW pumphouse.

All safety-related systems are located an the Reactor Bullalng,
Diesel Generator Building, Control Struéture and the Engineered
Safeguard Service Water (ESSW) Pumphouse.

Sufficient physical separation between these buildings is
provided to prevent internal spreading of any floods from one
building to another.,

Redundant Engineered Safety Features, pumps and drives, heat
exchangers and associated pipes, valves and instrumentation in
the reactor building subject to potential flooding, are housed in
separate watertiqht rooms. Seismic Category I level detectors
trip alarms in the main control room when the water level in any
roon exceeds the set point. Isolation of the floor drainage
lines from these rooms is provided by outside manual valves. .

All other rooms in the reactor building and control structure
containing safety related equipment which are subject to
potential £looding by process fluid leakage or fire protection
vater are provided with at least one open floor drain,

Floods in excess of the approximately 80 gpm floor drain capacity
increase the water level in the affected area and are released
through the door-to-floor clearance of these rooms.

Refer to Subsection 9.3.3 for a detailed description of the
reactor building and control structure drainage system.

Rev. 29, 3/82 341
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The four diesel generator sets are housed in individual water
tight compartments within the diesel generator building. Floor
drain line branches from each of these compartments are equipped
with check valves to prevent backflooding from the common sump.

The ESSW pumphouse is divided into two redundant compartments.
Flooding from internal leakage would, therefore, only affect one
of the redundant pump sets. The control and electrical 'panels
are mounted on minimum 4 inch high concrete pads or structural
supports. Operating floor openings allow drainage of any leakage
to the ESSW pump suction space below or to a reserve sump space
that could be emptied with a portable pump.

Rev. 29, 3/82 3.4~2
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APPERDIX 3.6A

PIPE BREAK OUTSIDE CONTAINMENT
SUMNMARY OF ANALYSIS AND RESULTS

PART I - ANALYSIS POR SPACES OTHER THAN MAIN STEAH TUNNEL

In addition to the analysis provided in Table 3.6-3, compartments

containing high enerqy lines were analyzed to determine the peak

pressures that nmight result- from breaks in these lines. The

analysis
Duration
adeguate
declined
adequate
analvsis.

vas done mainly to verify structural integrity.

of the blowdown was not a factor in th'e analysis since
vent area was provided, and pressure peaked quickly then
to a lower steady state value. The structures are

to withstand the peak pressures indicated by the

The valves which would be used to terminate the blowdown are
indicated. In general, however, it is unnecessary to qualify
equipment for the pipe break environment because the safequards
systems are separated into compartments which are vented directly

to the atmosphere and high enerqy breaks affect only a single

space.
‘ affected by the high enerqgy line break.
)}

The plant can be safely shutdown using equipment not

The following information for each compartment was utilized with
tha analytical techniques described in Appendix 6B of the PSAR to
determine the pressures and temperatures resulting from high
enerqgy line breaks outside containment.

ANALYSIS_ FOR_HPCI_PENETRATIOQON_ ROOM_(UNIT 1)

Pipe Break Data

Isolation Valve Designation and Location: HV E41-1F003 located in

Rev._

31,

Location: HPCI Pepetration Room
Line Identification/Size: DBB-114/10"

+ . the HPCI Peqetration
. Roon

7/82 3.6A-1
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Blowdown Datas

r{lbp/sec) - h{BTU/lbm)

t(sec)
0.0 1892 1192.2
0.1 1892 1192.2
0.1 1353 , 1192.2
0.2 1353 .+ 1192.2
0.2 738 1192.2 |
0.882 : 738 1192.2
0.882 . L. 407 . 1192.2
51.0 0 _ 1192.2 |

Y '

Compartment Volume: 87,680 cu ft
Vent Area: 67.0 sq ft

Vent Coefficient: .574
/A 0.0022 Ft-t ,

Peak Pressure: 2.12 psiqg -

Results:
ak Temperature: 288.4 F

Results
Pe

Lo’
¢ . .
' ¥

ANALYSIS_ FOR-HPCI_PUMP_.ROOM_(UNIT_1)

Pipe Break Data

Location: HPCI Pump Roon
Line Identification/Size: DBB-114/10"%

Isolation Valve Designation and Location: HV E41-1F003 located in
d " the HPCI Penetration

Room
Blowdown Datas ’ Vo ’ 1

tisec) - n{lbn/sec) - h{BTU/Lbm)
0.0 1892 7 1192.2
.088 1892 . Y 1192.2
.088 ¢ 1u02 1192.2
.164 1402 . 1192.2
.164 946 1192.2
.218 - 946 - 1192.2
.218 283 . 1192.2
50.0 | o - 1192.2

Compartment Volume: 27,883 cu ft

Vent Area: 60 sq ft

Rev. 31, 7/82 3.6A~-2
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Vent Coefficient: .575
L/A 0.0172Pt—1

Results: Peak Pressure: 4.11 psig
Peak Temperature: 298.6 F

ANALYSIS FOR_RCIC_PUMP_ROOH_(UNIT 1) --

— s

Pipe Break Data ,
" Location: RCIC Pump Room
Line Identification/Size: DBB-109/4%

Isolation Valve Designation and Location:

Blowdown Data:

t(sec) m(lbm/sec)
0.0 286.6
0.024" 286.
0.024 218.5
0.042 218.5
0.042 143.3
0.278 143.3
0.278 29
7.6 29
28.0 _ 0

Compartment Volume: 18,129 cu ft
Vent Area: U6.0 sq ft

Vent Coefficient: .575
L/A 0.0426 Ft—1?

Results: Peak Pressure: 0.52 psigqg
Peak Tenperature: .238.3 P

e S e i T S B S e SR S S vk R o S o Sy e e U S S SR WS D g SR BN

Pipe Break Data

Location: RHR Room A

Line Identification/Size: 0BB-115/10%

Isolation Valve Designation and Location:

L}

“HV—ESi—lFOOS Located in

the HPCI Penetration
Room

h (BTU/lbm}

1192.2
1192.2
1192.2
1192.2
1192.2
1192.2

© 1192.2
1192.2.

. 1192.2

HV E41-1F7003 located in
the HPCI Penetration
Room
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Blowdown Data:

t{sec) = {lbn/sec)
0.0 1892
.092 1892
.092 1336
.151 1336
.151 . 738
.261 . .. 738
.261 348
| 1.7 348
52.0 0

Compartment Volume: 48,554 cu ft

Yent Area: 85 sq ft

Vent Coefficient: .575
L/A 0.0098 FPt—1?

Results: Peak Pressure: 2.1§ psigqg
Peak Temperature: 297.1 F

——— v - — —
L

Pipe Break Data

Location: RHR Room B .
| Line Ydentification/Size: OBB-115/8%

IIsolat;on Valve Designation and Location:

Blowdown Data:

tsec) B{lbm/sec)
0.0 1892
0.023 1892
0.023 946
0.222 946
0.222 - 255
2.6 255
53.0 ‘ 0

Compartment Volume: 60,000 cu ft

Vent Area: 85 sq ft

Rev. 31, 7/82 3.6A-4

1192.2
1192.2
1192.2
1192.2
1192.2

HV E41-1F003 located in

the HPCI Penetration
Roon

- .+h(BTU/1bm)

1192.2
1192.2
£ 1192.2
1192.2
1192.2
1192.2
1192.2
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Vent Coefficient: .575
L/A 0.0076 Ft-—-1

Results: Peak Pressure:r 1.33 psigq

o Bl o e e

. Peak Temperature: 287.# F

ANALYSIS FOR REACTOR WATER CLEANOUP SYSTBH (RHCS)
EENETRATION ROOM

Pipe Break Data

Location: RWCS Penetration Roonm '
Line Identification/Size: DBC-101/6%" ‘' -

Isolation Valve Designation and Location: HV G33-1F004 in RWCS
Penetration Roon

)
Blowdown Datas i ‘ K .

t{sec) m{lbn/sec) h (BTU/1bm)
0.0 3630 - ‘ 513
0.063 3630 .- 513
‘ 0.063 2450 513
J11 2450 513
.11 1085 : 513
.843 1085 * 513
- 843 450 ' 513
30.0 . 0 » 513
Compartment Volumes:
Arch._Room_ No. . Volume (Cu. Ft.)
I-501 ) : 5552
I-502 2540
I-503 v 2540
I-504 S 4933
I-505 : S 4850
Area i “ PFlow L/A
Flow_path AEt2) ‘Coefficient {BE1)
I-501 to ATH . . 45 . 0.575 0.0426
I-501 to I-503 64 0.711 0.0327
I-503 to I-S504 64 0.682 . 00580
I-504 to I-505 150 ' 0.709 0.0169
I-503 to I-502 53 0.745 0.0854

’ Results:

Rev. 31' 7/82 3.63-5‘
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No. Peak Pressure: Peak Temp.-

Arch._ Room:-No. Peak Te
I-501 2.14 PSIG 211.7°F
I-502 2.07 PSIG 113.9°F
I-503 2.14 pSIG 154 .40F
I-504 2.27 PSIG 113.3°F
I-505 '~ 2.31 PSIG - 132.3°F

The RHCS penetration room I-501, communlcates with the
two RY¥CS Pump Rooms,; I-502 and I-503 (vol. 2,540 cu ft
each), the Regenerative Heat Exchanger Room, I-504 (vol.
4,933 cu ft), and the Non-regenerative Heat Exchanger
Room, I-505, (vol. 4,850 cu‘ft). A break in the RWCS
penetration room results in a more severe environment
than a break in any other room; therefore, only results
for this break are presented.

Analysis for Compartment Pressurization in Unit 2 is identical to

Unit 1, w
These ana

ANALYSIS

ith the exception of breaks in the HPCI and RCIC Roons.
lyses are presented below.

FOR_RCIC' PUMP_ROON_(UNIT 2)

Pipe Brea

Locat
Line

Isolation

Blowdown

k Data

ion: RCIC Pump Room “ N

Tdentification/Size: DBB-209/4n

Valve Designation and Location: HV-~-E51- 2F008 located in
HPCI Penetration

_ Roonm ’
Data:
tosec) "m{lbm/sec) h{BTO/1bm)
0 286 1192.2
.024 - 286 . 1192.2
.024 215 . .1192.2
. 045 215 ~1192.2
.0U5 143 1192.2
.278 ‘ 143 -1192.2
.278 29.2 1192.2
7.6 - 29.2 1192.2
58 0 1192.2 -

Compartme

RCIC
HPCI

Rev. 31,

nt Volumes:

18129 Cu. Ft.
27883 Cu. Ft.

7/82 3.6A-6




SSES~-FSAR

Tunnel . 2650 Cu. Ft.
Area Flow L/A
Flow_Path- {Bt2) Coefficient (Ftl)
RCIC to Tunnel : 25 0.677 0.341
Tunnel to HPCI 72 0.711 0.355
Tunnel to ATH 45 . 0.679 0.319
Results:
gggi Péak Pressure (psgél Peak Tenp. (°F)
RCIC 0.57 | 238.5
HPCI 0.74 T ‘ 108.1
Tunnel y 0.74 220.2
Notes:

-
A break in the RCIC pump room results in a change in environment
to the HPCI pump room via connection of the tunnel to both rooms.
Therefore, peak pressures are shovn for all three compartments.

ANALYSIS. FOR_HPCI_PUMP_ROOM_(UNIT_2) "

- e ey ds eag

Pipe Break Data

Location: HPCI Pump Roon
Line Identification/Size: DBB-214/10%
Isolation Valve Designation and Location: -HV-E41-2F003 located in
the HPCI Penetration

Roon
Blowdown Data:
tisec) " mflbm/sec) ” " h(BTU/Lbm)
0 1892 1192.2
.07 1892 ©. 1192.2
.07 1412 . 1192.2
.127 1412 0 1192.2
.127 . 946 1192.2
.223 946 -+ 1192.2
.223 284 1192.2
.500 0 1192.2

HPCI 27883 Cu. Pt.
RCIC 18129 Cu. Pt.
Tunnel 2650 Cu. Ft.

4

Rev. 31' 7/82 ) ' '3.6‘A—6a




»

Area FPlow L/A

Plow _Path {F22) Coefficient AFt!
HPCI to Tunnel 72 0.842 0.355
Tunnel to RCIC ~ 25 0.626 0.341
Tunnel to ATM 45 0.679 0.319
Results:

Room- Peak Pressure Peak Temp. (2F)

HpCI 3.69 298.7

RCIC 2.98 143.5

Tunnel ’ 3.07 -, 294.7
Notes:

A break in the HPCI pump room results in a change in environment
to the RCIC pump room via connection of the tunnel to both ,rooms.
Therefore, peak pressures are shown for all three compartments.

PART II - ANALYSIS OF HMAIN STEAM LINE BREAKS IN THE MAIN STRAM
LINE TUNNEL - : .
Subcompartment differential pressure analysis were performed for
the main steamline tunnel. Two break locations were chosen to
render the design of each portion of the tunnel (viz. - Reactor
and Burbine Building -sides) conservative. They are:

Case A. HMSLB in the Reactor Building. .
(24" DBB-103 at El. 719'-8%", lst elbow)

Case B. NSLB in the Turbine Building.
(24" DBB~103 at El. 719*-8", 2nd elbow)

The pressure and temperature response of these areas to the
postulated pipe breaks are predicted using the analytical model
described in Appendix 6B with the changes described below. The
Appendix 6B model ignores “momentum effects™ within a
subcompartment. For most cases considered, this is justified as
the momentum effects are insignificant relative to the absolute
pressure peaks. However, momentum effects are,impqrtant to

Rev. 31, 7/82 3.6A-6Db
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conservatively predicting pressures resulting from the main stean
tunnel case. Therefore, for this study, the nomentum equation

N - - -
%,c (o) + Vo (piid) = - V. T+o%

is "one-dimensionalized" and solved in the following manner:

A(x) ﬁzgxg t)

1 ) .
— A, m(xt)]=-_1 R | ] (1)
gCA(x) aT (x) gcA(x) ax p (x’t )
- p(x,t) - 1 AF(x,1T)
ox A(x) fx

Where the F(x,t) term includes shear forces and non—one-
dimensional momentum change effects. Its integral over a flow
path is evaluated by means of empirically determined flow
coefficients (see Appendix 6B).

Equation (1) is now integrated from midpoint to midpoint of two
adjoining compartments assuming unconpressible flow, but with a
uniquely determined fluid density. The density of the flow
mixture is evaluated in a way which assures that, as flow
approaches steady state conditions, the density and the computed
mass flux approach the values obtained from the compressible
steady state equations in Appendix 6B.

Using this assumption and integrating term by term, we obtain:

First term:

1 s x* 1 9 . x?
e« AGo 30 KM meDlacs 1o W) S g (12)

Q)

_1 oduet) I é£5
ge dt i Al

Where the inteqral of (dx/A(x)) is evaluated sequantially for
constant area seqments between X, and X,. L. thus represents the
. 1 2 i

length of segment 1.

REV. 2 9/78 3.6A-7
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Second term:

Hhere the p in the above expression remains to be defined.
Third term:
~ 3
LD ax e - e,

xk

Py ] (1c)

It should be noted that the above pressures are static values and
to match the units of Equation (1) are, at this p01nt, given in
terms of 1lb /ft=2.

Fourth term:

2 2
-r% 1 IF(x,%) o - Ve 1d
“x! A(X) ox dx ki 2gc p (1d)
Where i = +1 if W 2 0 and 1 = -1 W < 0.

The above equation is not really a proper integration, but just a
replacement of this inteqral by the appropriate empirical
correlation. The coefficient K is a properly summed coefficient
for the flow path fron x; to x, and can include friction terms.
The velocity Vp depends on the empirical correlation used, but is
usually taken as the "throat" velocity. This is assumed to be
the case, then Equation (1d) becomes:

2 2
-'Ki Vp7p p . -y B (D)
25 o ‘ ) K Tg'é_—zAT (1e)

Where Ap is the junction flow area.

REV. 2 9/78 3.6A-8
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Before collecting all the inteqrated terms, it is preferable to
convert the static pressures of Equation lc into stagnation

pressurese.

2 (
Pstat(i) = psgag(i) - Eg.é%)_ - Ps:ag(i) - ‘;chi)\. (1£)
i

Sumnming the expressions obtained by Equations (lb) to (le) and
using (1f) we get:

2 (1g)
1 awd) T Ly, - pox - KW (1)
8¢ _d{_ 1 Gy = B B2 - gcoar

Where the starred pressures imply stagnation values.

Now the flow rate of the previous time step is used to evaluate a

finite-difference approximation of the time derivative:

@

au(t) | w)-w(t-at)
dt At

In a given time interval, ® (t—-at) is known, thus Equation (lq) is

a quadratic in @ (t). Writing it in the customary quadratric forn

ve have:
L.
Ki 2 v,
EBEEZFQ W) + ztAic W)
1 i LR _
H—‘é‘-‘; W (t-At) + P1%x —p2% } = (3)

and substituting the compressible flow cquation for W. The
resulting ratio is:

-— s k 1
e T ) [rog ) 16D V& (5)
Pl
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In the linmit as (P2/P1)-»-1. Equation S approaches a value of one
as required and the P,/P. ratio stays below one for all other
values of Pp/p; and for "all positive k. p is thus smaller than
the arithmetic mean of the densities and smaller than the
downstrean density itself. This assures a conservatively
mininized flow rate for a given pressure gradient. This also
holds true when the inertial effects (time dependent momentum
equation) are included. Table 3.6A-1 shows representative mass
flux values calculated by densityp2 + and the proper compressible
flow compatible density p is used. ““As seen for all cases, the
use of. p results in minimum and thus conservative flow rates.

The calculational sequence can now be summarized.

(1) After compartment ‘state functions have been obtained, a first
estimate of #(t) is evaluated using the compressible flow
equation.

(2) The estimate of H(t) is used in Equation 3b to evaluate the
fluid density.

(3) Utilizing the flowv rate from the previous tine step and the
calculated p , Equation (3) is solved to obtain W (t).

During each time step, the junction flow rate is chosen as the
smaller of the flow rate resulting from the one-dimensional
momentum equation or the flow rate resulting from the selected
steady state compressible flow correlation. (Appendix 6B).

Schematic dravings showing the nodalization of the steam tunnel
for Case A and Case B are given in Pigures 3.6A-1 and 3.6A-5,
respectively. Blow out panel locations are shown in Piqure 3.6A-
2. Volumes, flow areas, flow coefficients, and L/A's for the
nodels are presented in Tables 3.6A-2 through 3.6A-5. As
indicated in Piqure 3.6A-1, the main steam tunnel is subdivided
into a total of eiqghteen volumes to model the effect of
obstructions such as pipe restraints and blowout panels. For
Case B, in Fiqure 3.6A-5, a ten volume model is used since the
one-way blowout panels completely block the flow path to reactor
building side, leaving it unpressurized. The overall flow
diagrams for both Cases A & B are presented in Piqures 3.6A-3 and
3.6A~6.

The blowdown data for the postulated double end guillotine
mainsteam line break is shown in Table 3.6A-4. This blowdown is
done in a way similar to ANS 176 standard (draft), as discussead
below, but system friction is accounted for to reduce the
calculated mass and energy releases to reasonable levels while
maintaining a deqree of conservatism. ' Other criteria are
addressed as follows:
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l. Pull double—-end break area MHoody f£low for steam blowdown
immediately after pipe break.

2. Choking Moody flow occurs first at the break, then moves up
to choke at flow restrictors.

3. Prictional loss of valves is not included.

4. Level swell (4% quality blowdown) occurs at 1l sec.

5. Steanm isolation valves close in 5 seconds with a 0.6 second
instrument and signal delay time. A linear ramp in flow area

is used to model this closure.

The computational method of this double-end guillotine mainstean
line break is shown in Fig. 3.6A-8.

In Fiqure 3.64-8, flow from the RPV to the break location is
"forvard f£lov," while the flow from the turbine to the break
location is "reverse flow."

= The distance from flow restrictors to break location.

g

®

"

I."‘
=
l

The distance from reactor pressure vessel nozzle to
the flow restrictors.

|
N
I

L= The distance from flow restrictor to the turbine crosstie.

L, = The shortest distance from the MSL crosstie back to the
break location.

(A) Calculation of mass and energy release rates from the forward
direction.

Let A, = The cross-sectional flow area of the break, ft2.
Ay, = The throat area of the flow restrictor, ft2.
P, = No-load system pressure, PSIA.
X = Steam quality.
h = Enthalpy of fluid, BTU/IBM
N = Number of lines.

c = Sonic speed for stean.

f = Prictional factor.
D = Diameter of the pipe systen.
3.6A~-11
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(1) At 0 <T<Lj/c sec.

. ¢
Wop= (Gy Ap— K0) (1-T/(Lyjc)) ¢ W,y

Where Gjp; = Moody specific flowrate (LBM/sec*ft2) based
on ?0 = 1050 PSIA and h = 1190.0 BTU/IBM.

This ramp-down in flow rate simulates the increasing
system resistance downstream of the decompression wave

FrAnd

{2)At Ll/C T <2% (1.1 * Ll_)_ sec(Time for choking at flow restrictor)
0.9 * C

Wop = Gip * B
Where Gyy = Moody specific flow rate based on p = 1050 psia
and h = L190.0 BTU/IBN with

(3) At 5 % (1,1 *1,) <T<1.0 sec (Tine for level swell)
(0.9 * CJ
°
Wyg = Gy3 * Ay
Where Gyz = Moody specific flow rate based on p = 1050 psia
and h = 1190 BTU/IBNM with ‘

{(B) Calculation of mass and enerqgy release rates from the reverse
direction.

(1) AtOiTi_L_é_ sec

. & o
= - - + W
Wi = G * 4, - Wp)@ T/L, ) + Vigr
This ramp-down in flow rate simulates the increasing
system resistance downstream of the decompression wave

front.

(2) At Ly o<T<2* (Ly+L) goc (fime for choking at the flow restrictors)
C

[
= *
Worp = Gyop * Ay * N

Where Gyop = NMoody specific flow rate based on
h = 1190 BTU/IBHM with f(L34-L4)
D

{(3) At 2 % (Lz + L!;) < T < 1.00 sec (Tinme for level swell)
c 1=

Rev, 9 5/79
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, L4

W3R = W3R (A LINE) + W3R (B LINE) + W3R ( C LINE)

= Ay [Gysp (A) + Gygp (B) + Gyap (C)]

Where G M3r (A)s Gpy3r (B) and G Mag (C) are the Moody
specific tlow rates for lines A, ﬁ, C based on Py = 1050
PSIA and H = 1190 BTU/IBM with L for each line.

{C) Calculation of mass and energy release rates from the swell
phenomenon.

(1) At 1.0<T <4.35 sec. (Time for choking at the valve)

o ]
W = Wy (&) +Wg (B) + Vg (C) + g (D)

S

= A, [Gy, (8) + Gyg (B) +Gyg (C) + Gyg (D) ]

Where Gyo (A), Gyn2 (B), Gym2 (C), Gyz (D) are

the Moody specific flow rates for lines A, B, C, D based

on h =572 BTU/IBM (4% quality) andf L2/ for each line.
D

(2) At T = 5.6 sec. (Time for valve completely closed)

L 4

¥

s 0.0 LBM/sec

{D) Calculation of the total mass and energy release rates.

The total flow rate is obtained by adding up the forward flow
and reverse flow at each time sequence by superpositioning of
the tvwo curves (forward and reverse). Then after 1.0 second,
the total flow rate will be just the flow rate calculated
from swell on section (C).

The pressure transients of this analysis for Cases A and B are
plotted in Fiqures 3.6A-4 and 3.6A-7. It can be seen that the
maximum pressure for Case A in the Reactor Building is 22.9 PSIA
and for Case B in the Turbine Building is 37.1 PSIA. The peak
temperature for Case A is 300.0°F and for Case B is 325.0°F.

The following essential equipment is located with the steanm
tunnels on Susquehanna SES:

Main Steam Isolation Valves (MSIV*'s) and Piping
Feedwater Check Valves and Piping

HPCI Piping

RCIC Piping

Leak Detection Instrumentation

Pipe breaks in the remaining portion of the main steam piping
between the reactor building and the turbine building will not

Rev, 9 5/79
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impact essential equipment since breaks in these areas are
conmpletely vented to the turbine building.

Waterflooding in either the turbine building or reactor building
portion of the tunnel will drain to the turbine building without
damage to the structure.

All of the terms in the coefficients of Equation 3 can be
evaluated except for the as yvet undefined fluid density,p . As
stated in the assumptions,, ¢ will be evaluated in such a way
that, under steady state conditions, Bquation (3) and the
conpressible flow equations of Appendix 6B will yield identical
results for W(t). Under steady state conditions W(t) = H (t-At)
and Bquation (3) reduces to:

K 2_pok = 0
provyey i (3a)

which yields

‘FK

P 7 2gchPho* (3b)

where the W2 can be obtained from the steady state compressible
flow equations in Appendix 6B.

Under steady state conditions, the above value of ¢ 'which is used
in the momentum equation has a straightforward definitiom -- it
is the density which has to be used in the steady state
incompressible flow equation in order to reproduce correct steady
state compressible flow rates. To achieve this, the density
includes an implied correction factor which conmpensates for the
enerqy required in compressible flow to accelerate the expanding
fluid. Because of this correction, p will, in fact, be smaller
than the downstream density,p, , calculated by the isentropic
expansion relationship. This“can be shown by dividing Equation
(3b) by

1/ i
p2 =pl (37 P1 ) 4)-.

Vgse?
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3-9.1

24.10_ _Puel Assembly. (Including Channels)

GE BWR fuel assembly design bases and analytical methods
including those applicable to the faulted conditions, are
contained in References 3.9-4 and 3.9-5. Reference 3.9-5 is
written primarily for BWR/6 plants; however, the methodology is
applicable to BWR/4 plants.

4,11__Refueling Bquipment

Refueling and servicing equipment that is important to safety is
classified as essential equipment per the requirements of 10 CFR
50, Appendix A. This equipment and other equipment whose failure
would degrade an essential component is defined in Section 9.1
and is classified as Seismic Category I. These components are
subjected to an elastic dynamic finite element analysis to
generate loadings. This analysis utilizes appropriate seisnic
floor response spectra and combines loads at frequencies up to 33
Hz for seismic and up to 60 Hz for the hydrodynamic loads in
three directions. Imposed stresses are generated and combined
for normal, upset, and falilted conditions. Stresses are
compared, depending on the specific safety class of the
equipment, to Industrial Codes, ASME, ANSI or Industrial
Standards, AISC, allowables. The calculated stresses and
allowable limits for the faulted loads for the fuel preparation
machine are provided in Table 3.9~-2(s). The refueling platforn
has also been examined; it can withstand the faulted loads due to
seismic hydrodynamic events. )

S o i — B Sy S ST D e o e Tomls e Sivt Tl Wt T e e e G

Por statically applied loads, the stress allowables of Appendix F
of the ASME Code, Section III, Winter 1972 vere used for code
components. For noncode components, allowables were based on
tests or accepted standards consistent -yith those in Appendix F
of the code. a

» »
Dynamic loads for components loaded in the elastic range vere
calculated using dynamic load factors, time history analysis, or
any other method that assumes elastic behavior of the component.

The limits of the elastic range are defined in Paraqgraph 1323 of
Appendix F for the code components. The local-yielding due to
stress concentration is assumed not to affect the validity of the
assumptions of elastic behavior. The stress allowables of
Appendix F for elastically analyzed components were used for code
components. For noncode components, allowables were based on
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tests or accepted material standards conszstent Vlth those in
Appendix F for elastically analyzed components.
The methods used in evaluating the pipe break effects are

discussed in Section 3.6.

3.9.2_ _DYNAMIC_ TESTING-AND: ANALYSIS

3.9.2.1a Preoperational Vibration and Dynamlc BEffects
_— Testing_on_NSSS g;p;nq

The test program is divided into three phases:' -preoperational
vibration, startup vibration, and operational transients.

3.9.2.1a.1__Preoperational Vibration Testing

The purpose of the preoperational vibration test phase is to
verify that operating vibrations in the recirculation piping are
acceptable. This phase of the test uses visual observation.

3.9.2.12.3 _Startup Vibration

The purpose of this phase of the program is to verify that the
main steam and recirculation piping vibration are within
acceptable limits. Because of limited access due to high
radiation levels, no visual observation is made during this phase
of the test. Remote measurements shall be made during the
following steady state conditions:

(a) Main steam flow at 25% of rated;
(byY Main stean flow at 50% of rated;
{c) Main steam flow at 75% of rated;

(d) Main stean flow at 100% of rated.

-
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TABLE_3.9-2.INDEX.
CONTENTS-

— . B . o

LOAD COMBINATION AND ACCEPTANCE CRITERIA FOR ASME CODE
CLASS 1, 2, "AND 3 PIPING AND COMPONENTS

REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY
(i) Vessel Support Skirt

(ii) sShroud Support

(Lii) RPV Feedwater Nozzle~

(iv) CRD Penetration - CRD Housing

(v) CRD Penetration - Stub Tube

REACTOR INTERNALS & ASSOCIATED EQUIPHMENT

{1) Top Guide - Hiqhest Stressped Bean

(ii) Core Plate (Ligament in Top Plate)

(1ii) Vessel Head Spray Nozzle

REACTOR WATER CLEANUP (REGENERATIVE & NON-REGENERATIVE)
HEAT EXCHANGERS .

ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE MOUNTED
EQUIPMENT .

ASME CODE CLASS 1 REéIRCULATION PIPING AND PIPE MOUNTED
EQUIPMENT

NOT USED

MAIN STEAM SAFETY/RELIEF VALVES -

MAIN STEAM ISOLATION VALVE

RECTRCULATION PUMP

REACTOR RECIRCULATION SYSTEM GATE VALVES

CLASS III SAFETY RELIEF VALVE1§I§CHARGE PIPING
STANDBY LIQUID CONTROL PUNP

STANDBY LIQUID CONTROL TANK

ECCS PUNPS

(1) REBR Punmps
(ii) Core Spray Pumps

RESIDUAL HEAT REMOVAL (RHR) HEAT EXCHANGER

Rev. 31, 7/82




SSES-FSAR

of this portion of the system is specifically exenpted from the
requirement for volumetric inspection by paragqraph IWB-1220({a) of
Section XI of the ASME Boiler and Pressure Vessel Code {(Summer

1975 Addenda).

— i i G A e S B . s e S . T S S

INSTRUMENTATION FOR LIGHT WATER
COOLED NUCLEAR POWER PLANTS TO
ASSESS PLANT CONDITIONS DURING
AND FOLLOWING AN ACCIDENT

The accident monitoring instrumentation was designed prior to
this Requlatory Guide being issued. The instrumentation for
accident monitoring is not specifically identified on the control
panels and has not been evaluated against Requlatory Guide 1.97,

Revision 1.

safety related display instrumentation and seismic gqualification
will be addressed following issue and project resolution of Req..

Guide 1.97 (Rev.

ASSUMPTIONS USED FOR EVALUATING
THE POTENTIAL RADIOLOGICAL
CONSEQUENCES OF A RADIOACTIVE
OFFGAS SYSTEM FAILURE IN A
BOILING WATER REACTOR
{March_1976)

Subject to the clarifications or exceptions indicated below, the
assumptions of Requlatory Guide 1.98 are followed in the analyses
of the offgas system failure in Subsection 15.7.1.

Position C.l4.a. Dose conversion factors are
taken from the most recent data available. The average beta and
qampa enerqgies used are given in Section 15. 8.

{1) Reference:

Position C.4.a. BExternal whole-body gamma doses
and beta-skin doses are presented separately, inasmuch as the
dose from beta radiation to the whole body is negligible. The
total dose to the skin is the sum of the beta-skin dose and

(2) Reference:

vhole~-body dose.

EFFECTS OF RESIDUAL ELEMENTS
ON PREDICTED RADIATION DAMAGE
TO REACTOR VESSEL MATERIALS

e e o om0 e s s 2 Sl s o g e 55 S e et e s om0 o s s e

GE is responding to this quide under the Appendix G program
Fracture Toughness Requirements.

32, 12/82
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. Requlatory Guide 1.100 - SEXSNIC QUALIPICATION OF
ELECTRIC EQUIPMENT FOR
NUCLEAR POWER PLANTS
{March_1876)

The implementation paragraph'of this requlatory quiae states that
the requirements of the position statements will only be applied
to plants that received construction permits after November 16,
1976. The Construction Permit for Susquehanna SES was issued in
Novenber 1973 and therefore the quidelines of this requlatory
quide have not been utilized in the desiqgn o€ this nuclear pover
station. "

Seismic gqualification of the safety related electric equipment
{non-NSSS scope of supply) has been conducted in accordance with
the TEER Standard 344-1971. Section 3.10 describes the complete
qualification methods and procedures that have been utilized.

The safety-related electric equipment (NSSS scope of supply)
meets IFEBE 323-1971 and IEEE 34u4-1971.

Requlatory Guide_1.101 -~ EMERGENCY PLANNING FOR

Requlatory Guide_ 1.102 - FLOOD PROTECTION FOR NUCLEAR
POHER PLANTS (Revision 1,
September 1976)

The present design of the Susquehanna SES complies with the
provisions of this requlatory quide. :

Requlatory Guide_ 1.103 - POSTTE NSIONED PRESTRESSING
' ) ’ SYSTENS FOR CONCRETE REACTOR
VESSELS AND CONTAINMENTS
{Revision_1l, October 1976) _

Not Applicable.

Requlatory Guide 1.104 - OVERHEAD CRANE HANDLING SYSTEMS

: FOR NUCLBAR POWER PLANTS
(February 1976}

Subject to the clarifications and exceptions indicated below, the
safety related overhead crane handling systems of this station
comply with the provisions of this requlatory gquide.

(1) Reference: Position C.1.b(2). The nil-ductility transition
temperature for the structural steel associated with the cranes
vas not determined as suggested by this position. Position

Rev. 32, 12/82 3.13-38
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5.3.1.4.1.3 Regulatory Guide 1l.43, (5/73) Control of
Stainless Steel Weld Cladding of Low—Alloy
Steel Components

Reactor pressure vessel specifications require that all low alloy
steel be produced to fine grain practice. The requirements of
this regulatory guide are not applicable to BWR vessels.

5.3.1.4.1.4 Regulatory Guide 1l.44, (5/73) Control |
of the Use of Sensitized_Stainless Steel |

Controls to avoid severe sensitization are discussed in |
SUbseCt ion 5. 2. 3. uo l- 1- ' ‘

5.3.1.4.1.5 Regulatory Guide 1.50 (5/73), Control of Preheat
Temperature for Welding Low—Alloy Steel

Preheat controls are discussed in Subsection 5.2.3.3.2.1.

O 5.3.1.4.1.6 Regulatory Guide 1.71, (12/73) Welder
Qualification for Areas of Limited Accessibility

Qualification for areas of limited accessibility is discussed in
Subsection 5.2.3.3.2.3.

5.3.1.4.1.7 Regulatory Guide 1.99, (Rev. 1) Effects of Residual
Elements on Predicted Radiation Damage to
Reactor Pressure Vessel Materials

Predictions for changes in transition temperature and upper shelf
energy were made in accordance with the requirements of
Regulatory Guide 1.99.

Rev, 13, 11/79 5.3-3
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5.3.1.5 Practure Touqhness : : .

5«3.1.5.1 Compliance with 10CFR50 Appendix G

A major condition necessary for full compliance to Appendix G is
satisfaction of the requirements of the Summer 1972 Addenda to
Section ITI. This is not possible with components which «ere
purchased to earlier Code requirements. Por the extent of the
compliance, see Tables 5.3-1a and 5.3-2a.

Ferritic material complying with 10 CFR 50, Appendix G, must have
both drop weight tests and Charpy V-notch (CVN) tests with the
CVN specimens oriented transverse to the principal naterial
working direction to establish the Ry . The CVN tests must be
evaluated against both an absorbed energy and lateral expansion
criteria. The maximum acceptable RIyyp mMust be determined in
accordance with the analytical procedures. of ASME Code Section
ITI, Appendix G. Appendix G of 10 CFR 50 requires a minimum of
‘75 £t-1b upper shelf CVN energy for beltline material. It also
requires at least 45 ft-1lb CVN energy and 25 mils lateral
expansion for bolting material at the lower of the preload or
lowest service temperature.

By comparison, material for the Susquehanna SES reactor vessels .
was gqualified by either drop weight tests or longitudinally

oriented CVN tests (both not required), confirming that the

material nil-ductility transition temperature (NDTT) is at least

60°F below the lovest service temperature. When the CVN test was
applied, a 30 ft-1b energy level was used in defining the NDTT.

There was no upper shelf CVN energy requirement on the beltline
material. The bolting material was qualified to a 30 £t-1lb

energy requirement at 60°F below the minimum preload temperature.

From the previous comparison it can be seen that the fracture
toughness testing performed on the SSES reactor vessel material
cannot be shown to comply with 10 CPR 50, Appendix G. However,
to determine operating limits in accordance with 10 CFR 50,
Appendix G, estimates of the beltline material RT,pr and the
highest RTypy of all other material were made, as explained in
Subsection 5.3.1.5.1.2. The method for developing these
operating limits is also described therein.

on the basis of the last paragraph on page 19013 of the July 17,

1973, Federal Register, the following is considered an
appropriate method of complaince.

Rev. 13, 11/79 5.3-4
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5.3-1.5.1.1 Intent of Proposed Approach

The intent of the proposed special method of compliance with
Appendix G for this vessel is to provide operating limitations on
pressure and temperature based on fracture toughness. These
operating limits assure that.a margin of safety against a
nonductile failure of this vessel is nearly the same as that for
a vessel built to the Summer 1972 Addenda.

The specific temperature limits for operation when the core is
critical are based on a proposed modification to 10 CFR 50,
Appendix G, Paragraph IV, A.2.C. The proposed modification and
the justification for it are given in GE Licensing Topical
Report, NEDO-21778-A. ‘

5.3.1.5.1.2 _operating Limits Based_on Fracture_ Toughness

Operating limits which define minimum reactor vessel metal
temperaturés vs reactor pressure during normal heatup and
cooldown and, during in-service hydrostatic testing, were
established using the methods of Appendix G of Section III of the
ASHE Boiler and Pressure Vessel Code, 1971 Edition, including the
summer 1972 Addenda. The results are shown in Figure 5.3-4a for
Unit 1 and 5.3-4b for Unit 2. ; ,

All the vessel shell and head areas remote from discontinuties
plus the feedwater nozzles were evaluated, and the operating
limit curves are based on the limiting location. The boltup
limits for the flange and adjacent shell region are based on a
ninimum metal temperature of RT + 60°. The maximum through-
wall temperature gradient from continuous heating or cooling at
100°F per hour was considered. The safety factors applied vere
as specified in ASME Code, Appendix G, and GE Licensing Topical
Report, NEDO-21778-A.-

Por the purpose of setting these operating limits, the reference
temperature, RTNDT, is determined from the toughness test data
taken in accordance with requirements of the Code to which this
vessel is designed and manufactured. This toughness test data,

Charpy V-notch (CVN) and/or drop-weight nil-ductility transition

temperature (NDT) is analyzed to permit compliance with the
intent of 10 CFR 50, Appendix G. Because all toughaness testing
needed for strict compliance with Appendix G was not required at
the time of vessel procurement, some toughness results are not
available. For example, longitudinal CVN's, instead of
tranSverse, were tested, usually at a single test temperature of
+109F or +40°F, for absorbed energy. Also, at the time either
CVN or NDT testing was permitted; therefore, in many cases both

Rev, 13, 11/79 5.3-5
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tests were not performed as is currently required. To substitute
for this absence of certaim data, toughness property correlations
were derived for the vessel materials in order to operate upon
the available data to give a conservative estimate of RTnT »
compliant with the intent of Appendix G criteria.

These toughness correlations vary, depending upon the specific
material analyzed, and were derived from the results of WRC
Bulletin 217, "Properties of Heavy Section Nuclear Reactor
Steels", and from toughness data from the Susquehanna SES vessels
and other reactors. In the case of vessel plate material (S5A-533
Grade B, Class 1), the predicted limiting toughness property is
either NDT or transverse CVN 50 ft-1lb temperature minus 60°F.

CVN and NDT are available for all the beltline plates. Where NDT
results are missing, NDT is estimated as the longitudinal CVN 35
ft-1b transition temperature. The transverse CVN 50 ft-1b
transition temperature is estimated from longitudinal CVN data in
the following manner. The lowest longitudinal CVN ft-1b value is
adjusted to derive.a longitudinal CVN 50 ft-1b transition
temperature by adding 2°F per £t-1b to the test temperature. If
the actual data equal or éxceed 50 ft-1lb, the test temperature is
derived by interpolation. Once the longitudinal 50 ft-1b
temperature is derived, an additional 30°F is added-to account
for orientation effects and to estimate the transverse CVN 50 ft-
lb temperature minus 60°F, estimated in the preceding manner.

For forgings (SA-508 Class 2), the predicted limiting property is
the same as for vessel plates. CVN and NDT values are available
for the vessel flange, closure head flange, .and feedwater nozzle
materials for Susquehanna SES. RTNDT is estimated in the sane
way as for vessel plates.

For the vessel veld metal, the predicted limiting property is the
CVN 50 ft-1lb transition temperature minus 60°F, as the NDT values
are —=50°F or lover for these materials. This temperature is
derived in the same way as for the vessel plate material, except
the 30°F addition for orientation effects is omitted since there
is no principal working direction. When NDT values are
available, they are also considered and the Rng is taken as the
higher of NDT or the 50 ft-l1lb temperature minus 60°F. WRhen NDT
is not available, the RT ypp shall not be less than -50°F, since
lover values are not supported by the correlation data.

Por vessel weld heat affected zone (HAZ) material, the R%P is
assumed the same as for the base material as ASME Code we g :
procedure qualification test requirements, and post weld heat
treatment indicates this assumption is valid.

Closure bolting material (SA-540 Grade B24) toughness test

requirements for Units 1 and 2 were for 30 ft-1lb at 60°F below
the bolt-up temperature. Current Code requirements are for 45
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ft-1b and 25 mils lateral expansion (MLE) at the preload or
lovest service temperature, including bolt-up. Therefore, since
CVN values as low as 40 ft-1lb (with 25 mils lateral expansion)
exist at the 10°F test temperature for Unit 1 closure bolts, 60°F
is added to the test temperature in order to derive the bolt-up
tenperature of 70°F. All Unit 2 closure stud materials meet
current requirements at: 10°F. ,

Using the above general approach, an initial RTypr of #18°F was
established for the core beltline region for Unit 1 and +30°F for

The effect of the main closure discontinuity was considered by
adding 60°F to the RTypT toO establish the minimum temperature for
boltup and pressurization. The minimum bolt-up temperature of
+709P for Units 1 and 2, which is shown on Figures 5-3.4a and
5.3-4b, is based on an initial RTypp of +10°F for the closure
flange forgings.

The effect of the feedwater nozzle discontinuities was considered
by adjusting the results of a BWR/6 reactor discontinuity
analysis to the reactor. The adjustment was made by increasing
the minimum temperatures required by the difference between the
Susuehanna SES and BWR/6 feedwater nozzle forging RTpNpT *S.. The
feedvater nozzle adjustment was based on an RTyyp of —16°F for
Unit 1 and an RTypyp of -10°F for Unit 2.

The reactor vessel closure studs for Unit 1 have a minimum Charpy
impact energy of 40 ft—-1lbs and a 25-mil lateral expansion at
10°F. The lowest service temperature for the closure studs is
70°F for Unit 1. For Unit 2, the closure studs have a minimum
Charpy impact energy of 48 ft-lb and a 27-mil laterial expansion
at 10°P; therefore, the lowest service temperature for the Unit 2
closure studs is ‘+10°F. ‘ ‘ '

5.3.1.5.1.3 Operating limits During Heatup, Cooldown and
Core_QOperation

The fracture toughness analysis was done for the normal heatup or
cooldown rate of 100°F/hour. The temperature gradients and
thermal stress effects corresponding to this rate were included.
The results of the analyses are a set of operating limits for
non-nuclear heatup or cooldown shown as curves labeled B on
Figures 5.3-4a and 5.3-4b. Curves labeled C on these figures
apply whenever the core is critical. The basis for the C Curves
is described in GE BWR Licensing Topical Report NEDO-21778-A.

Rev, 13, 11/79 5.3-7,
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5.3.1.5.1.4 Temperature Limits for Preoperational System
Hydrostatic Tests and ISI Hydrostatic or Leak
Pressure_Tests

El

Based on 10 CFR 50, Appendix G, IV, A.2.d, which allows a reduced
safety factor for tests prior to fuel loading, the preoperational
system hydrostatic test at 1563 psig may be performed at a
ninimum temperature of 117°F for Unit 1 and 129°F for Unit 2
which is established by the intermediate shell plate RTypr of
20°F for Unit 1 and the core beltline plate RTypr ©of 30°F for
Unit 2.

The fracture toughness analysis for in-service inspection or leak
pressure tests resulted in the curves labeled A shown in Figures
5.3-4a and 5.3-4b. The curves labeled "core beltline" are based
on an initial RTyp of +18°F for Unit 1 and +30°F for Unit 2.

The predicted shxé% in the RTypp from Pigure 5.3-4c {based on the
neutron fluence at 1/4 of the vessel wall thickness) must be
added to the beltline curve to account for the effect of fast

neutrons.

5.3.1.5.1.5__Temperature Limits for_ Boltup

A minimum temperature of 70° for Unit 1 and of 102 for Unit 2 is
required for closure studs. A sufficient number of studs may be
tensioned at 70°F to seal the closure flange O-rings for the
purpose of raising reactor water level above the closure flanges
in order to assist in warming them. The flanges and adjacent
shell are required to be warmed to a minimum temperature of 70°F
before they are stressed by the full intended bolt preload. The
fully preloaded bolt-up limits are 'shown on Figure 5.3-4a for
Unit 1 and Figure 5.3-4b for Unit 2.

5.3.1.5.1.6__Reactor_ Vessel Annealing

In-place annealing of the reactor vessel because of radiation
embrittlement is unnecessary because the predicted end of life
value of adjusted reference temperature will not exceed 200°F .
(see 10 CFR 50, Appendix G, Paragraph IV.C).

Rev. 13, 11/79 5.3-8
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Appendix G
_Pac._No._

I, II

IXI.A
III.B.1
IIl.B.2

III.B.3

III.B.4

III.B.5
IXI.C.l
IIr.c.2
Iv.a.1

IV.A. 2.2

IV.A.2.D

Rev. 13, 11/79

TABLE 5.3-2a

APPENDIX_ G_MATRIX_POR_SUSQUEHANNA SES UNIL 2

Topic
Introduction; Definitions

Conpliance ¥ith ASME Code,
Section NB-2300

Location & Orientation of
Inpact Test Spec

Materials Used to Prepare Test
Specinens

Calibration of Teap. Inst. and
Charpy Test Machines

Qualification of Testing
Personnel

Test Results Recording and
Certification

Test Conditions

Materials Used to Prepare Test
Specinens for Reactor Vessel
Beltline

Acceptance Standard of Materials

Calculatad Stress Intensity
Factor

Requirements for Nozzles, Flanges
and Shell Rejion Near Geoaetric
Discontinuities

Conply
Yes/No.
or_N.A.

Yes

Yes

No

Ko.

No

Yes

No

Yes

Yes

No.

Alternate Actions

See Subsection 5.3.1.5.1.2 for discussion.
See III.A, abova.

Conpliance except for CVN orientation and CYN apper
shelf.

Paragraph ¥B~2360 of the ASNE B&PV code, Section IV,

vas not in existence at the tine of purchase of the
Susquehanna SES Unit 2 reactor prassure vessel., However,
the requirenents of the 1971 edition of the ASHME B5PY
Section III CTode, Summer 1971 addeanda, were met. Por
the discussions of the GE interpretations of coapliance
and NRC acceptance see References 1 and 2. The
tenperature instruments and Charpy Test Nachines cali-
bration data are retained until the next recalibration.
This is in accordance with Reg. Guide 1.88 Rev. 2,

GE Alternative Position 1.88, and ANSI N45.2.9, 1974.
Therefore, the instrument calibration data for Susquehanna
SES Unit 2 would not be currently availabhle.

No written procedures were in existence as required by
the Regulation; however, the individuals were qualified
by on-the-job training and past experience. For the
discussion of the GE interpretation of conpliance and
NRC acceptance see References 1 and 2.

See References 1 and 2.

See III.A, IIXI.B.2, above.

Conpliance on base netal and weld metal tests. Test
veld not nmade on same heat of base plate, necessarily.

Plus 60°9P wvas added t> the RT for the reactor
vessel flanges. FPor feedvater nozzles the results of
the BWR/6 analysis were adjusted to Susguehanna Unit 2
RTypr conditions.




Appendix G
Par._Ko.
IVero2.C

IV.A.2.4

Iv.A.3

IV.A.8

IvV.B

Iv.C

Y.A

Rev. 13, 11/79

TABLE 5.3-2a {continued) Page 2
Conply
Yes/No Alternate Actions
Topic Or_N.A. or_cosments
RPY Metal Teaxperature Requiremeant Ho Regulation change in process (See LTR NEDO-21778-1).
When Core is Critical
Minimun Permissible Teap. During Yes
flydro Test
Baterials for Piping, Pumps Ko Main steanline piping is in coampliance. Sece
and valves Subsection 5.2.3.3.1 for discussions on pumps and
valves.
Materials for Bolting and Yes Current toughnass requiresznts for closure head studs
Other Pasteners are met at 10°p.
Mininsum Opper Shelf Energy For Ho No upper shelf tests run. Howvever, recoamend
RPV Beltline acceptance based upon lowast longitudinal CV¥n's for
plates at +109P of 45 ft-1b (50X shear) for heat
C2421~3 (0.10% Cu), 50 ft-1lb (SO0X shear) for- heat
€2929-1 (0.13% Cu), and 39 ft-1b (80X shear) for
heat C2433-2 (0.10% Cu). Lowvest CVN*s for velds
are 22, 30, 31, 43, 55 ft-1b (no X .shear racords)
at -20°PF with 0.06% Cu. The scatter in energy data
at -20°P indicates transition behavior and the
probability that upper shelf is in excess of S50 ft-lb
(for 100% skeac). End-of-life upper shelf values
(100X shear) are predicted to be in excess of 50
ft-1b, based upon preceding data and Regulatory
Guide 1.99.
Requirement for Annealing N/A
Vhen RT 2009p
Requirenents for Naterial See
Surveillance Progran App. H
Conditions for Continued Yes See Sections 5.3.1.5.1l.1, 5.3.1.5.1.2, 5.3.1.5.1.3, S.3.1l.5.1.4,
Operation 5.3.1.5.1.6, 5.3.1.6 and Trable 5.3-2b
Alternative XIf V.B Cannot Be - -
Satisfied
Requirenent FPor RPV Thermal K/A
Annealing If V.C Cannot Be
et
Reporting Rejuirement FPor K/A
V.C and Y.D
References
1. Letter MPN-~814-77, 5. G. Sherwood (GE) to Edson G. Case
(NRC) dated October 17, 1977.




Appendix G
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TABLE 5.3-2a {continued) Page 3
Conply
Yes/No . Alternate Actions
or_H.A. Oc_Comments

2. Letter, Robert B. NMinogue (NRC) to G. G. Sherwood (GE)
dated FPebruary 14, 1978.
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instrumentation and control systems and no discussion is

provided.

.

Non-NSSS - Refer to Subsectlon 3.11.2b.2 and Section
3.13.

»

Requlatory Guide_ 1.47 (54731

a) NSSS - The systen of bypass indication is designed to
satisfy the requirement of TEEBE 279-1971 paragraph 4.13
and Requlatory Guide 1.47 and is discussed for each .
safety-related systewm under Sections 7.2, 7.3, 7.4, and
7.6. The desiqgn of the bypass indication system allows
testing during normal operation and is used to
sunplement administrative procedures by providing
indications of safety systems status.

The bypass indication system is designed and installed
in a manner which precludes the possibility of adverse
affects on the plant safety system. The bypass
indication system is electrically isolated from the
protection circuits such that the failure or bypass of a
protective function is not a credible consequence of
failures in the bypass indication system and the bypass
indication system cannot reduce the independence between
redundant safety systenms.

b} Yon-NSSS - Refer to individual systenms in Spctlon 7.3
and discussion in Section 7.5

Z_1_2_5_JQ__anﬁesmangg_tg_ngulatoxx Guide 1.53_1(6/73)

a) NSSS - The safety~-related system desiqgns conform to the
sinqle failure criterion. The analysis portions of
Sections 7.2, 7.3, 7.4 and 7.6 provide further
discussion. )

h) Non~-NSSS Refer to Section 3.13

7.1.2.6.11__Conformance_to_Requaltory Guide 1.62_ (10/73)

»

a) NSSS - HManual initiation of the protective action is

. providad at the system level in the Reactor Protection
Svysten, (primary) Containment and Reactor Vessel

« Isolation Control System and Emergency Core Cooling
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Systems. The analysis portions of Sections 7.2 and 7.3
provide further discussion.

h) Non-NSSS — Refer to Section 3.13.

71.1.2.6.12__Conformance _to_Regulatory_Guide 1.63_(10/73)

T e e D e S e w0 5 v e Sap 0 e e 2 o - o

a.) NSSS - Requlatory Guide 1.63 applies to electrical
penetration assemblies which ars not part of NSSS scope.

b;) Non-N$SS - Refer to Section 3.13.

7.1.2.6.13__Conformance_to_Requlatory Guide_ 1.68_(11/73)

— T v e e e T i S Cas S W Soy e o S W A S S Vo S T PN A ST GRS s S

e T e o e G . e Ve s e i e en e e S Gt i e e e w Seh STe  ma iy D e S e e S S et P T S S PR S St e S T T S A S e e S

The €ormat and content of Chapter 7 conform to the requirements‘
of Regulatory Guide 1.70.

7.1.2.6-15__Conformapnce to_Requlatory Guide 1.73_(1/78)

Refer to Section 3.13.

a) NSSS Requlatory Guide 1.75 is not applicable to
Susquehanna SES; however, deqree of compliance to
separation criteria of IEEE 384 is discussed in
Subsection 7.1.2.5.8.

h) Non-NSSS - Refer to Section 5.13 and Subsection 8.1.6.1,
Paragraph n.

71.1.2.6.17__Conformance_to_Regqulatory Guide 1.80 (6 /74)

a) NSSS - Requlatory Guide 1.80 applies to the testing of
instrument air systems which are not part of the NSSS
5COpQ.
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b) Non-NSSS - Refer to Section 3.13.

a) NSSS - See the Susquchanna SES Environmental Equipment
Qualification Proqgram.

b) Non-MSSS - Refer to Section 3.13.

o o 2D G T e v S W M B e e St G 4 S e aiy T e A S s S S e

Main Steamline Tsolation Valve Leakage Control System is designed
to the regnirements of Requlatory Guide 1.96. FPurther
discusssion is provided in Subsection 7.3.2a.3.

—— . 2 P U P S T Wt WS T T b et Ay S P en S At T W Y i B e e s

The technical design bases for RPS are in Subsection 7.2.1, for
angineered safety features in Subsection 7.3.1, for systenms
required for safe shutdown in Subsection 7.4.1, and for other
systems required for safety in Subsection 7.6.1.

T e o~ S T e e s et e Sk G s e e S e e e e i e s e S

The safety system setpoints are listed in the Technical
Specifications. The settings are determined based on operating
axperience and conservative analyses. The settings are high
enongh *o preclude inadvertant initiation of the safety action,
but low enough to assure that significant margin is maintained
between the actual setting and the limiting safety system
settings. JTnstrument drift, setability and repeatability are
considered in the setpoint determination (scee Subsections
7.1.2a.4 and 7.1.2b.%4). The margin between the limiting safety
system settings and the actual safety limits include
consideration of the maximum credible transient in the process
being measured.

The periodic test frequency for each variable is determined from

oxperimental data on setpoint drift and from quantitative
reliability requirements for each system and its components.
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equipped for automatic depressurization are identical. Ten
additional safety/relief valves providing only the SRV function
are discussed in Subsection 7.7.1.12.

The control system consists of drywell pressure and reactor water
level sensors arranqged in trip systems that control two solenoid-
operated pilot air valves {(one for each ADS system) for each
safety relief valve. EBach of these two air valves controls
pneumatic pressure for safety relief valves actuation. (A third
solenoid-operated pilot air valve with each safety relief valve
is used for the Relief Valve function. See Subsection 7.7.1.12
for details of Relief Valve control.) An accumulator is included
with the control equipment to store pneumatic energy for
safetv/relief valve operation. The accumulator is sized to
provide air for five actuations of the ADS piston type pneumatic
actuator via the solenoid valves following failure of the
pneupatic supply to the accumulator. Cables from the sensors
lead to the control structure where the logic arrangements are
formed in cabhinets. The electrical control circuitry is powered
by dc from the plant batteries. The power supplies for the
redundant control circuits are selected and arranged to maintain
tripping ability in the event of an electrical power circuit
failure. Electrical elements in the control system energized to
cause opening of the safety/relief valve.

7.3.1-13.1.4.3__XInitiating Circuits

The pressure and level switches used to initiate one ADS logic
are separated from those used to initiate the other logic on the
same ADS valve. Reactor vessel low water level is detected by
six switches that measure differential pressure. Primary
containment high pressure is detected by four pressure svitches,
which are located outside the primary containment and inside the
reactor building. The level instruments are piped individually
so that an instrument pipeline break will not inadvertently
initiate auto blowdown. - The primary containment high pressure
signals are arranged to seal into the control circuitry; they
must be mapually reset to clear.

A timer is used in each ADS logic. The time delay -setting before
actuation of the ADS is long enouqh that the HPCI system has time
to operate, vet not so long that the LPCI and CS systems are
unable to adequately cool the fuel if the HPCI system fails to
start. An alarm in the main control room is annunciated when
either of the timers is timing. Resetting the ADS initiating
signals recycles the timers.
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Three initiation siqgnals are used for the ADS; namely, reactor
vessel low water level, drywell high pressure, and RHR and/or CS
pumps running. All signals must be present to cause the
safety/relief valves to open, as shown in Pigqure 7.3-5. Reactor
vessel low water level indicates that the fuel is in danger of
becoming uncovered. The second (lower) low water level initiates
the ADS. Primary containment high pressure indicates a breach in
the RCPB inside the drywell. A permissive signal indicating LPCI
or CS pump discharge pressure is also required. Discharge
pressure on any one of the RHR pumps or either pair of the CS
punps (A&C) or (BE&D) is sufficient to give the permissive signal,
vhich permits automatic depressurization when the LPCI and CS
systems are operable.

After receipt of the initiation signals and after a delay
provided by timers, each of the pilot gas solenoid valves is
enerqized. This allows pneumatic pressure from the accumulator
to act on the gas cvlinder operator. The gas cylinder operator
holds the relief valve open. Lights in the main control room
indicate when the solenoid-operated pilot valves are energized to
open a safety/relief valve.

Manual reset circuits are provided for the ADS initiation
signals. By manually resetting the initiation signal the delay
timers are recycled. The operator can use the reset push buttons
to delay or prevent automatic opening of the relief valves if
such delay or prevention is prudent.

Control svwitches are available in the main control room for each
safety/relief valve associated with the ADS. The OPEN position
is for manual safety/relief valve operation. ]

Two ADS logics trains are provided as shown in Fiqure 7.3-8.
Division I sensors for low reactor water level and high drywell
pressure initiate ADS A (logics A & C), and Division II sensors
initiate ADS B (logics B & D). One of the two solenoid-operated
pilot air valves associated with each safety relief valves is
controlled by ADS A and the other is controlled by ADS B.

The reactor vessel low water level initiation setting for the ADS
is selected to depressurize the reactor vessel in time to allow
adequate cooling of the fuel by the LPCI system or CS system
following a LOCA in which the HPCI system fails to perform its
function adequately. The primary containment high pressure
setting is selected as low as possible without inducing spurious
initiation of the automatic depressurization system. This
provides timely depressurization of the reactor vessel if the
HPCI system fails to start, or fails after it successfully starts
following a LOCA.
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The ESSW pumphouse HVAC system described in Subsection 9.4.8 is a
supporting system to the emergency service water systenm.
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Non-safety related instrumentation in the control room includes:
a) ESH pump A/C discharqge header temperature {(loop A)

b) ESW pump B/D discharge header temperature (loop B)

c) Diesel qenerator A cooler outlet temperature
d) Diesel generator B cooler outleé temperature
e) Diesel generator C cooler outlet temperature
£) Diesel generator D cooler outlet teqperature

q) ESH loop A (B) flow (recording)

Refer to Section 7.5 for instrument ranges, accuracy, and panel
location for the above mentioned instruments.

Control room annunciators are not required for safety, but alert
the operator of abnormal process conditions. The following
alarms are in the main control roon: .

a) Spray pond low level

b) ESSW structure flooded

c) ESW loop low flow

d) Diesel generator coolers high outlet temperature

e) Diesel generator rooms flooded

7.3.17.1b.8.2 RHR Service ¥Water System - Instrumentation
: and_Controls_ -

The description, the design basis and the safety evaluation of
the RHR service water system are in Subsection 9.2.6.
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The controls and instrumentation for the RHR service water systen
are designed to provide adequate information to the control room
operator for control and monitoring of the system during systen
operating modes. Capability for test and calibration is provided
as described in Subsection 7.3.2b.2-4.10.

The RHR service water system can be manually initiated from
either the main control room or the remote shutdown panel.

7.3-1.1b.8.2.2__Logic, Bypasses,_Interlocks, and_Segquencing

—— iy — - B S . — oy ot e S e ol s i o~

The RHR service water system control logics are designed using
electromechanical relays and control switch signals to actuate
the equipment.

The RHR service water system logics are powered from two
independent divisionalized 125 V dc Class 1E powvwer sourcese.
Refer to Section 8.3 for description.
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Por documentation of the logqic, refer to electrical schematic
diagram E-150 which was submitted under separate cover.

Fach RHRSR pump can be started from the main control room, or one
can be started from the unit remote shutdown panel (1B/24) and
the other (1A/2B) from the unit switchgear. 1In order to start
any RHRSW pump the following conditions must be satisfied:

a) Power supply bus voltage is available

h) Control switch is turned to pump run position

Any of the following conditions trip the ciréuit breaker to the
pump motor:

a) Manual stop by operator in main control room or at the

remote shutdown panel (or local circuit breaker control
switch at the switchgear)
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e) RHR service water radiation monitoring {refer to Section
11.5)
) Spray pond temperature

q) Computer inputs for process monitoring
h) Annunciator systenm
All instrument data and ranges for the RHR service water systenm

are listed in Section 7.5.

7.3.1.1b.8.3 Containment Instrument Gas System Instrumentation
and Control -
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The containment instrument gas system is- described in Subsection
9.3.1.5 and qives the design basis, system operation, and safety"
evaluation.

The two redundant sets of high pressure nitrogen storage bottles
are desiqned as an ESF auxiliary supporting system to provide the
necessary compressed gas for the operation of the main stean
relief valves for auto depressurization (ADS).

Containment isolation of the instrument gas system is described
in Subsection 7.3.1.1b.1. . Capability for testing is provided
vhen testing containment isolation and further described in
Subsection 7.3.2b.2-4.10.

A pressure sensing transmitter is located in piping headers AEB
leading to the ADS relief valves.

A sigqnal from an electronic switch automatically opens the
isolation valve of the nitrogen storaqge bottles if the normal
supply pressure is not available from the gas compressors. A
signal from containment isolation also initiates the automatic
opening of the nitrogen storage isolation valve.

The manual control of the outboard isolation valves allows the
operator, after determining that adequate supply pressure is
available from the compressors, to open the normal supply line to
the ADS relief valves. This operation will isolate the
instrument gas storage bottles. Hovwever, low instrument gas
header pressure will automatically overrider this interlock to
ensure the necessary gas supplye.
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Refer to electrical schematic diagram E-172 which was submitted
under separate cover.

The loqic povwer supply for containment isolation valves is
divisionalized from a 125 V dc Class 1E bus.

The instrument panel supply is provided by a 120 V ac Class 1B
source to 120 V ac/24 V dc pover supply.

The system is not desiqned with bypass capability.

Sequencing is not applicable for this system. This system is not
interlocked with other systenms.

7-.3.1-1b.8.3.3

Redundancy:

Instrumentation and controls are provided on a one-to—-one basis
with the mechanical equipment.

TJe3.1.1b.8. 3.4 Contalnment Instrument Gas Instrumentation Not

The instrumentation application discussed in Subsection 9.3.1.5.5
describes the monitoring instruments and controls for the gas
compressors and its controls.

The monitoring instruments in the auxiliary support system are
not safety-related. Bach train of gas bottles has a low header
pressure alarm in the main control room. The isolation valve
position is indicated by status liqghts on the main control room
panel. Refer to Table 7.5~7 for listing of instrumentation for
the containment instrument gas systenm.

7.3-1.1b.8.4 - Standby_ Power Systen

Descriptions of the standby power system and supporting systenm
can be found in the following:

a) Refer to Subsection 8.3.1 for description of the dxesel

generators. Refer to Section 7.6.1b.3 for NSSS to non-
NSSS diesel initiation signal.
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0 Tndicating_Lamps
(1) Storage tank heaters AEB status
24.1.2.5.3__Set Points

The SLCS has sét points for the various instruments as follows:

(1) The injection valve position switches are adjusted to 1
indicate the valve is fully open.

{2) Loss of continuity activates the annunciator below the
trickle current that is observed when both primers of
an explosive valve are nevw.

{3y The high and low standhy liquid temperature switch is
set to activate the annunciator at temperatures of
110° P and 70° F, tespectively.

{¢) The high and low standby liquid storage tank level
switch is set to activate the annunciator when the .
level is approximately 94% and 89% of the storage tank |
capacity respectively..

‘ (5) The thermostatic controller is set to‘ turn on the
operating heater when the standby liquid temperature
drops to 75°F and to turn off the heater at 859F.

T.8.1.3 RHRS/Reactor shutdown Cooling Mode - i
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The shutdown cooling mode of the RHR System (including the
reactor vessel head spray) used during a normal reactor shutdown
and cooldown is the non-safety portion of the RHRS. The shutdown
cooling mode utilizes most of the safety classified portions of
the RHRS.

The initial phase of a normal RCPB cooldown is- accompllshed by
routing steam from the reactor vessel to the main condenser which
serves as the heat qlnk.
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The Reactor Shutdown Cooling System consists of a set of pumps, ‘
valves, heat exchangers, and instrumentation designed to provide

decay heat removal capability for the core. The systenm

specifically accomplishes the following:

(1) The reactor shutdown cooling system is ‘capable of
providing cooling for the reactor durlng shutdown
operation after the vessel pressure is reduced to
approximately 135 psig.

(2) 'The system is capable-of cooling the reactor water to a
temperature at which reactor refueling and servicing
can be accomplished.

(3) The system is capable of dlvertlnq part of the shutdown -
flow to'a nozzle in the reactor vessel head to condense
the steam generated from the hot walls of the vessel )
while it is being flooded.

The system can accomplish its design objectives by a preferred
means by directly extracting reactor vessel vater from the vessel
via the vecirulation loop B and routing it to a heat exchanger
and back to the vessel, or by an alternate means by indirectly
ex+ract1nq the wvater via relief valve discharge lines to the
suppression pool and routing pool water to.the heat exchanger and
back to the vessel.

A W JUE -4 RSN S T AL F R R

Electrical components for the Reactor Shutdown Cooling Mode of
the Residual Heat Removal System are classified as Safety Class 2
and Seismic Cateqory I.

...._.,..,.._.__.....__. PR AR PO~ Do

This system utilizes standby pcuer sources, since the RHRS has
safety modes of operation (e.g., LPCI) connected to-this
equipment, .
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The reactor water is cooled by taking suction from one of the
recirculation loops:; the water is pumped through the system heat
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. 7.5_.SAPETY_RELATED.DISPLAY ;nsmaugggmnwxon (SRDI).

- L . . .
R s .

Safefv Related Dlsplay Instrumentatlon (SRDI) req01red for safe
functioning of the plant durlnq normal operating and accident
conditions is incorporated-: in a control room conplex named the
Advanced Control Room (ACR). It is: necessary to consider the ACR
as a whole to verlfv conformance to the requirements. ‘

The ACR is a complex of major components, provided Hlth the NSSS,
for monltorlnq and controlling two units and providing safety
functions. ~The entire complex consists .of the Power Generation
Control Complex {(PGCC) in the upper relay room at the 754 ft

0 in. level .and the lower relay room at the 698 £t 0 in. level,
the plant computer system at the 698 ft 0.in. level and the
plant-operator interface at the 729 £t 0 in. level.x

a) =PGCCE

The PGCC provides supporf and interconnections to' the
systens panels of the upper and lower relay rooms and ’
the computer room of the ACR complex. The plant-
overator interface noted below is not mounted on PGCC,
hovever, all:other principles of the PGCC concept, eq,
separatlon. are used. .

b) Plant-Operator interface

Major components are in the main control room arranged
as shown on Fiqure 7.5-1 and include the followving:

Unlt Operating Benchboard Panel (C651/ﬂ12—?680) - houses
‘controls, hardwlred displavys, the control rod position
display and process displays which are computer
qenerafed from the plant computer system described below
and in Section 7.7. The combination of displays on this
panel and panel (C652/H12-P678),. Standby Information
Panel, are arranqged by system and are used for start up,
‘normal operation, and shut down.. See Section 7.7 for a
description of the Display. Control System (DCS).

Standbv Informatlon Panel (c652/H12-9678) - houses
hardwzred lndlcafors and recorders required to start up,
run, and shut down the plant. It is a hardwired backup
to-the DCS. See below and Section 7.7 for.DdDCS
description. :

Reactor Core Cooling System Benchboard (C601/H12-P601)

houses hardwired 'indicators, recorders, manual controls{;
.o and annunciators for ESP systenms includlng contalnment

atmosphere svstems.

s
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Unit Services Benchboard (C668/H12-P870) - houses .
*hardwired i'ndicators, _recorders, annunciators and

controls for unit BOP system's functions which do not ‘
require, the operator's immediate attention during normal
operation of the power plant. ' Functions on this panel

have been determined to be long time response functions.

Plant Operating (Common Plant) Benchboard (C653/H12-
P853) - houses hardwired indicators, recorders, controls
and annunciators for systems common to both units.
Manual controls for the diesel generators are located
here. It also houses two CRTs connected to the plant
computer systen.

fnit Monitoring Console (C684,/C92-P628) - provides the
unit operator with sit down surveillance of the unit
operating benchboard and access to DCS and Performance
Monitoring System CRT displays with the use of a
selection .keyboard.

RPlant Monitoring Console (C683/C92-P627) - provides sit
down surveillance of both units and keyboard access to
conmputer functions of both units. There is also
comnputer generated trend recording of variables fron
either unit.

Panels which support the primary plant-operator .
interface are mounted in back rows of the main control

room and on PGCC floor modules on floors above and below

the main control room.

The annunciator system is a hardwired system which
provides the operator with the alarm information
required for unit operation, startup, and shutdown.

This system is independent of the plant computer systen,
is not part of the SRDI, and is not Class 1E.:*

Plant Computer Systen

-The Plant COmputer System is divided into the Display

.Control System (DCS) and the Performance Monitoring
Systems (PMS). The DCS is the system primarily used for
monitoring unit operation by generating qraphlc displays
to optimize operator surveillance. The PMS is a
supporting system capable of displays, NSSS and BOP
calculations, historical recording, data logging and
off-line capabilities. The PMS and DCS are not part of
the SRDI and are not Class 1E.

The DCS makes use of redundant computérs which are .both npdatéd

with current information. Either computer may be automatically '

30,

or manually switched into operation thus maximizing availability.
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The prlmary control method 1s administrative control which is_
exercised:iby. "the unit control roon operator; howvever, these
administrative controls are supplenented by an automated Bypass
. Indication System (BIS). ' Restricted access to various in-plant
areas 1is also used’ to supplement the admlnlstratlve control.

The BIS:indicators amnunciate. on the Reactor Core Coollng System |
benchboard in the control room, automatically, at the systen
level, indicates the bypass: or dellberately induced lnoperabllltyl
of a safetv related system. :

The BIS is Drov1ﬂ°d wlth the capability*for'manual initiation of
each system-level 1nd1cator.: This manual-entry method is used to
cover system components that “have not been provxded with
antomatlc BIS lnput capability.

The vaass Tndlcatlon System for non-NSSS Systems consists of the
‘follow1nq. ) .

L)

a) - Two lndlcator lamp boxes each consisting of 4x6 array of|

lights and located in the, control room on the Reactor
Core Cooling Systen benchboard Bachwindow, provided"
with dual lamps and an 1nteqra1 pushbutton for lanmp
test, will indicate a svstem-level bypass.

b) Two annunciator ulndows, 1ocated above ‘the lamp box
assemblies,will alert the operator that a system-level
bvpass has occurred. .

c) The’indication of‘the,bypass status of components,
systens, channels, and/or.divisions is provided on a
backrow-panel-in the main control room. 'This panel
contains the hardware logic required to translate the
combination of component bvpasses that constltute system

. "bypasses. : -

A manual control, switch for each safety systen enables the
operator to indicate a system's 1noperab111ty whenever a
component which is not included in the automatic lndlcatlon
systen is aellberatelv bypaqsed.

The BIS and its logic can be tested by depressxng test
Dushbuttons.

- The followlnq svstems provide inputs to the Bypass Indication
‘ evstem°’, .

" Emerqency. service water systen
“Diesel generator control system
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Diesel generator output systen
Diesel generator auxiliary system
Control“room habltabllltv system
Standby gqas treatment systen
Battery room exhaust systenm

‘RHR service wvater systen

. Remote shutdown panel

: Containment instrument gas systen
Containment hydrogen recombiner systen
Containment isolation systen
Drywell ventilation systen

Reactor building emergency switchgear and

motor control center cooling

Table 7.5-8 1dent1f1es the system and components of the automatlc
Bypass Tndication System.

7.5.2a Apalysis. of NSSS_safety-Related Displays
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7.5.2a.1 General
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The safety-related display instrumenthtion provides adequate
information to allow the reactor operator to perform the
necessarvy mnanual safpty functlon.

All protective actions requlred under accident conditions for the
NSSS equipment are automatic, redundant, and decisive such that
inmmediate reactor operator information or intervention is
unnecessary. ' ' '

The ACR desiqgn improves the availability of the plant by
providing the operator with more readily accessible information
and control of the various plant operational parameters. This is
accomplished by the logical organization of functional plant
system indicators, displays, controls and- a computer display
systen. )

A complete description and analysis of design.criteria applicable
to the hard-wired indicators, displays and controls for the
various safety-related systems are described elsewhere in Chapter
7 with the systems they serve. Redundancy and independence or
diversity are provided in all of those information systems. which
are used as a basis for operator-controlled safeguards action.

A complete failure of the Display Control System which serves as
an active part of the operator/plant interface does not degrade
the guantity or quality of necessary information presented by

. 'hard-wired devices needed to determine the status or action of
plant safety systems.
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7.5:2h.5__Analysis_of the Bypass _Indication Systenm
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The Bypass Indication System (BIS) indicates on panel (C601/H12-
P601) that any non-NSSS ESF or ESF supporting system is
“inoperable. That is indication of inoperability at a systen
level. Tndication of component inoperability within the non-NSSS
ESF systemns is provided on panel C694. Both panels are located
in the operator interface ring of panels.

Table 7.5-8.1ists the systems.and components included in the
systen. .

Manual capability for testing operability of each indicatiom is
provided. The system desiqgn maintains the divisionalized
structure of the ESF and signals to the BIS are mechanically and
electrically isolated from the associated ESF systen.

Requlatory Guide 1.47 and Branch Technical Position EICSB 21 are
complied with in the desiqn of BIS.
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Table 7.5-7

SAFETY RELATED DISPLAY INSTRUMENTATION
CONTAINMENT INSTRUMENT GAS SYSTEM

No. of Type of Panel Pover
Parameter Measured Channels Range Accuracy Readout Location No. 1IE Bus RPS ESF AS PPD Renarks
Instrunent Gas 1 0-180 +2% Ind CR Cc601 no : X
Pressure to Main psig
Stean Relief Valve
Instrument Gas Supply 1 0-100 +2% Ind CR C601 no X
Pressure psig
Instrument Gas 2 -— - LT CR C601 yes X *) v
Bottles Isol Vlv
Status .
Instrument Gas Suction 2 —-—— - LT CR C601 yes X *)
IB/0B Isol Vlv Status
Instrument Gas Contain- 9 -—- -——- LT CR C601 yes X *)
ment IB/0B Isol V1w
Status
Note: PAN

Post Accident Monitoring; RSP = Remote Shutdown Panel; RPS = Reactor Protection Systen;
Engineered Safety Peature; AS = Auxiliary Support; PPD = Plant Process Display

ESF
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pressure switches actuating on low pressure. Additionally,
differential pressure of the common steamline (Piqures 5.4-13,
6.3-1a and 6.3-1b) is monitored by-rdifferential pressure
indicating switches to detect HPCI line break. Annunciation is
provided in the main control room. These monitoring systems are
described in Subsections 7.6.1a.4.3.9.3 and 7.6.%1a.4.3.9.4.
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Normally, the safety/relief valves are in the shut tight
condition and are all at about the same temperature. Steam
passaqge through the valve.will elevate the sensed temperature at
the a2xhaust, 'causing an "abnormal" temperature reading on the
recorder. Switch contacts on the recorder, adjusted to actuate
at a predetermined set point, close to complete an annunciator
circuit. Safety valve operation usually occurs only after relief
valve actuation. Leakage from a valve is usually. characterized
by- a temperature increase on a single input. As discussed in
Subsection 18.1.24.3, each of the sixteen safety/relief valves
are provided with a safety grade accoustic monitoring systeam to
detect flow through the valve.
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A temperature element (sensor) is placed in the discharge pipe of
each of the sixteen (16) safety/relief valves for remote
indication of leakage. The outputs of the temperature elements
are sequentially sampled and recorded by one common temperature
recorder. Each temeprature element is compared against a set
point valve which if exceeded will be annunciated by one conmon
anunciator. Thus, when the annunciator sounds, it is possible to
ascertain which specific valve (s) may be leaking by observing the
recorder print-out.
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No action is initiated by the safety/relief valve teqperature

monitoring circuit. ’

There are no bypasses or inﬁeflocks associated with this
subsysten.
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A pressure between the inner and outer head seal riny will be
sensed by a pressure switch. If the inner seal leaks, the
pressure indicating switch will monitor the pressure.

The plant will continue to operate with the outer seal as a
backup and the inner seal can be repaired at the next outage when

, the head is removed. If both the inner and outer head seals
leak, the leak will be detected by an increase in drywell
temperature and pressure. : ‘

A pressure indicating switch will monitor the ﬁressdre between
the inner and outer head seals.

&
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Each system provides a continuous, isolated signal to the remote
shutdovn panel (RSP) which does not require any transfer action
in the Control Room. Two indicators are provided at each RSP and
are divisionalized. .

The primary Containment and suppression pool temperature elements
‘and temperature indicators will be qualified. to operate following
a DBA. : -

7.6.1b.1.2.3 _Power Sources
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The safety related instrumentation is powered fron divisionalized
power sources. Division I Class IE bus (120 V ac)' povers Loop A,
Division TII Class IE bus (120 V ac) powers Loop B.
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Four dual element RTDs per redundant system are located in the
primary containment to sense the temperature at the following
elevations: '

a) Reactor pressure vessel head

h) Upper platform

) Lover platform

d) Dryﬁell (helov reactor pressure vessel).

Two redundant temperature ‘elements monitor the suppression
chamber air space temperature.

The selected location for the temperature sensors helps the
operator to define the area of the heat 'source within the primary
containment.

The siqnal from the RTD elements is amplified by electronic
temperature transmitters to drive meters, recorder channels, and
alarm switches in the control roomn.

Two redundant indicators, for the primary containment are located
in the main control room. The initiating contacts for the high
speed start of the drywell cooling fans (refer to system
description in Section 9.4) are derived from the two redundant

il
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temperature sensing elements located in the service area of the
fans. If high temperature is detected the electronic switches
will initiate the low speed operation of the drywell cooling
fans.

Blectronic signal converters with full electrical input-output
isolation are placed between safety related instrumentation and
the input channels to the recorders. :

Two redundant multipoint recorders for the primary containment
pool temperature monitoring system provide a permanent history of
all RTD measurements to the operator in the conprol room.

Each temperature sensing circuit is equipped with alarm switches
and initiate one control room alarm per redundant channel.

One temperature indicator for the primary containment is located.
on the remote shutdown panel. Refer to Subsection 7.4.1.4 for
system description. Instrument ranges are defined in Section
7.5'
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The suppression pool temperature is monitored by two Fedundant
systems,each of which performes as described below.

Bight RTD's per redundant system are located in the suppression
pool approximately six inches below the minimum pool water level.
These sensors are located around the pool in order to provide a
good spatial distribution of pool temperature. Refer to Table
7.6-9 for the exact location of these sensors.

The signals from the sensors are processed by an electronic unit
located on a main control room back panel. This electronic unit
converts the RTD signals into deqrees Pahrenheit and computes the
average of the eiqght temperatures. If one of the RTD's fails, an
error alarm is generated, and the failed RTD may be removed fron
the calculation of the average by operator action. The average
value is displayed by digital indicators located both on the
electronic unit, the main control board, and a vertical meter
located on the RSP. A keyboard allows the operator to display
any individual temperature input.

A high temperature alarm is generated by comparing the average
temperature to several internally stored setpoints. The alarn
condition is displayed by status lights located both on the
electronic unit and on the main control board. Electrically
isolated ouptuts interface with an annunciator located on the
main control board.
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APRN downscale

APRM upscale
(high)

V/’APRH upscale
(high-hiqh)
APRM
inoperative

APBN Bypass

€1) sSee plant Technical Specifications for setpoints.
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TABLE_7.625
APRY_SYSTEYN_TRIPSC1)

TRIR_ROINT_RANGE

2% to full scale

Setpoint varied with flow,
slope adjustable, intercepts

separately adjustable

2% to full scale .

Calibrate switch or too
fev inputs

Manual Switch

ACTIOHN

Rod block, annunciator’
vhite light display
Rod block, annunciator

anber light display

Scrams, anaunciator, red
light display

Scraa, rod block,
annunciator, red light
display

#hite light
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evaluation of core thermal limits with subsequent modification to
the LPRM ATS based on the new reactor oparating level. Execution
of these rapid computations does not exceed 3 minutes and yields
ATS values that are conservative with respect to the more
accurate periodic power distribution calculation, which requires
approximately 10 minutes to execute. This range of surveillance
and the rapidity with which the computer responds to reactor
chanqes permit more rapid power maneuvering with the assurance
that thermal operating limits will not be exceedad.

Flux level and position data from the traversing in-core probe.
(TIP) equipment are read into the computer. The computer
evaluates the data and determines gain ad-justment factors by
which the LPRM amplifier qains can be altered to compensate for
exposure-induced sensitivity loss. The LPRM amplifier gains are
not to he physically altered except immediately prior to a whole
core calibration using the TIP system. The gain adjustment
factor computations help to indicate to the operator when such a
calibration procedure is necessary.

Using the power distribution data, a distribution of fuel
exposure increments from the time of previous power distribution
calculation is determined and is used to update the distribution
of cumulative fuel exposure. Each fuel bundle is identified by
batch and location, and its exposure is stored for each of the
axial seqments used in the power distribution calculation. These
data are printed out on operator demand.

Exposure increments are determined periodically for each quarter-
leng+h section of each control rod. The corresponding cumulative
exposiure totals are periodically updated and printed out on
operator demand.

¥
>

The cxnosure increment of each local power range monitor is
determined periodically and is used to update both the cumulative
ion chamber: exposures and the correction factors for exposure-
dependent LPRM sensitivity loss. These data are printed out on
operator demand.

The NSSS computer system provides on-line capability to determine
monthly and on-demand isotopic composition for each one-quarter-
length section of each fuel bundle in the core. 'This evaluation
consists of computing the weight of one neptunium, three uraniunm,
and five plutonium isotopes as well as. the total uranium and
total plutonium content. The isotopic composition is calculated
for each one-quarter length of each fuel bundle and supmed
accordingly by bundles and batches. The method of analysis
consists of relating the computed fuel exposure and average void
fraction for the fuel to computer stored isotopic characteristics
applicable to the specific fuel type.
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Major components are arranged as shown in FPigure 7.7-13.
Functional dzscription and operational arrangement is as follows:

Unit_oOperating_Benchboard (H12-P680) (Panel C651) - houses
controls, annunciators and displays, including the control rod
position display. The primary process displays are computer-
generated CRT formats from the DCS and PMS computers. All
variables in the DCS displays that are required for unit
operation, startup and shutdown are displayed on hardwired
indicators on either the Unit Operating Benchboard or the Standby
Tnformation Panel. These variables in bhoth CRT and hardwired

displays generally orginate from the same source.
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indicators and recorders required to startup, run, and shutdown
the plant without the use of the Display Control System. It is a
hardvired hackup to the DCS.

Reactor _Core _Cooling System_ BB_(#12-p601) (CAO01) - houses
hardwired indicators, recorders, annunciators and controls for
unit BOP system'’s functions which do not require the operator's
immediate attention during normal operation of the power plant.
Functions on this panel have been determined to be long tima

response functions.
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indicators, recorders annunciators and controls for systems which
are common to Units 1 and 2. It als»s houses two CRT's connected
to the Performance Monitoring System (PMS).
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operator sit down surveillance of the Unit Operating Benchboard
and access to DCS and PMS CBT displays with the use of a
selection keyboard.
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surveillance of hoth units and keyboard access to computer
functions of both units. There is also computer generated trend
recording of variables from either unit.

The annunciator system is a hardwired system which provides the
operator with the alarm information required for unit operation,
startup, and shutdown. This system is independent of the Plant
Computer System although the computer system does provide
redundant and auxiliary alarm information as AID's through the
DCS and the alarm status summary CRT display from the PH¥S.

The Display Control System collects unit process information and
presents it on nine of the ten video displays (CRTs) on the Unit
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Any averaqe power ranqge monitor (APRM) upscale rod
block alarm. The purpose of this rod block function is
to avoid conditions that would require reactor
protection system action if allowed to proceed. The
APRY upscale rod block alarm setting is selected to
initiate a rod bhlock before the APRM high neutron flux
scram setting is reached.

Any APRM.inoperative alarm. This assures that no
control rod is withdrawn unless the averaqge power range
neutron monitoring channels are either in snrvxre or
sorrectly bypassed.

Either recirculation flow converter upscale or
inoperative alarm. This assures that no control rod is
withdrawn unless the recirculation flow convérters,
vhich are necessary for the proper operation of the
RRYs, are operable. ,
Recircnlation flow converter comparator alarm or
inoperative. This assures that no control rod is
withdrawn unless the difference between the outputs of
the f£low converters is wzthln limits and the comparator
is in service.

Scram discharge volume high wafter level. This assures
that no control rod is withdrawn unless enough capacity
is available in the scram discharge volume to
accomnodate a 'scram. The setting is selected to
initiate a rod block earlier than the scram that is
initiated on scram discharqe volume hiqh water level.

Scram discharge volume high water level scram trio
bypassed. This assures that no control rod is
withdrawn while the scram discharge volume high water
level scram function is out of service.

The rod worth minimizer (R®#M) function of the process
computer can initiate a rod insert block, a rod
withdrawal block, and a rod select block. The purpose
of this function is to reinforce procedural controls
that limit the reactivity worth of control rods under
lower power conditions. The rod block trip settings
are based on the allowable control rod worth limits
established for the desiqn basis rod drop accident.
Adherence to prescribed control roi patterns is the
normal method by which this reactivity restriction is
observed. Additional information on the rod worth
minimizer function 15 available in Subsection
7.7.1.2.8.

12/82 T.7-21
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Rod position information system malfunction. This
assures that no control rod can be withdrawn unless the
rod position information systen is in service.

Rod movement timer malfunction during withdrawal. This
assures no control rod can be withdrawn unless the
timer is in service.

The Rod Sequence Control System initiates rod blocks,
whenever out of sequence r»>ds are selected. The RSCS
is required to be in operation below 20% rated power to
prevent the operator from establishing control rod
patterns that are not consistent with a prestored rod
sequence.

Fither rod block monitor (RBY) upscale alarm. This
function is provided to stop the erroneous withdrawal
of a control rod s> that local fuel damage does not
result. Although local fuel damage poses no
sigqnificant threat in terms of radioactive material
released from the nuclear system, the trip setting is
selected so that no local fuel damage results from a
single control rod ulthdrawal -error during power range
operation.

Eithar RBM lnopecatlve alarm. This assures that no
control rod is withdrawn unless the RBM channels are in
service or correctly bhypnassed.

Hith the mode switch in the RUN position, any of the
following conditions initiates a rod block.

d.

Any APRM downscale alarm. This assures that no control
rod will be withdrawn during power range operation
unless the average power range neutron monitoring
channels are operating correctly or are correctly
hypassed. All unbypassed APRMs nust be on scale during
reactor operations in the RUN mode.

Fither RBM downscale alarm. This assures that no
control rod is withdrawn during power range oparation
unless the RBM channels are operating correctly or are
corctectly bvpassod Unbvpassed RBMs must he on scale
during reactor operations in the RUN mode.

With the mode switch in the STARTUP or REFUEL position, any
of the following conditions initiates a rod block:

Qe
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Any source range monitor (SRM) detector not fully
inserted into the core when the SRM count level is
below the retract permit level and any IRM range switch
on either of the two lowast ranges. This assures that

12/82
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The interlocks from the refueling equipment to the Reactor Manual
Control System actuate circuitry that provides a control rod
block. The rod block prevents the operator from withdrawing any
control rods.
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The refueling interlocks are not designed to nor required to meet
the IEEE 279-1971 criteria for Nuclear Power Plant Protection
Systems. However, a single interlock failure will not cause an
accident. Refueling interlocks and are used in con-junction with
admistration controls during planned refuelinq operations.

Conplete functional testing of all refineling interlocks bhefore
any refueling outage will positively indicate that the interlocks
operate in the situations for which they were designed. The
interlocks can be subjected 'to valid operational tests by loading
each hoist with a dummy fuel assembly, positioning the refueling
platform, and withdrawing control rods. Where redundancy is
provided in the logic circuitry, tests are performed
automatically, on a periodic basis, to assure that each redundant
loqic element can independently perform its function.

¢
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Bquipment {(refueling) will be subjected to the conditions listed
in Table 3.11-1 during normal operation. The refueling
‘interlocks are not required to operate under the conditions
listed in Table 3.11-3.

Refueling components are capable of surviving design basis events
such as ecarthquakes, accidents, and anticipated operational
occurrences without consequential dawmage, but are not required to
be functional during or after the event without repair.
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The refueling interlocks system is required only during refueling
operations.
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In the refueling mode, the control room operator has an indicator
liqht for "Select Permissive" whenever all control rods are fully
inserted. He can compare this indication with control rod
position data from the computer as well as control rod in-out
status on the full core status display. Purthermore, whenever a
control rod withdrawal block situation occurs, the operator
receives annunciation and computer logs of the rod block. He can
compare these outputs with the status of the variable providing
the rod block condition. Both channels of the control rod
withdrawal interlocks must aqree that permissive conditions exist
in order to move control rods; otherwise, a control rod
withdrawal block is placed into effect. Failure of one channel
may initiate a rod withdrawal block, and will not prevent
application of a valid control rod withdrawal block from the
remaining operable channel.

Core flux activity monitoring is provided during refueling by the
SRM's and/or dunking chambers which are specified and controlled
in Technical Specification 3/4.9.

In terms of refueling platform interlocks, the platform operator
has analog type readout indicators for the platform x-y position
relative to the reactor core.

The position of the grapple is shown on a digital indicator
immediately below the platform position indicators. Analog load
cell indications of hoist loads are given for each hoist by
locally mounted indicators. Individual push button and rotary
control switches are provided .for local control of the platform
and its hoists. The platform operator can immediately determine
vhether the platform and hoists are responrding to his local
instructions, and can, in con-junction with the control room
operator, verify proper operation of each of the three categories
of interlocks listed previously.
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There are no safety set points associated with this systen.
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AFFILIATED AND NON-CLASS 1E CIRCUITS
THAT CONNECT TO CLASS 1E POWER SUPPLIES

CIRCUIT METHOD OF 23

NUMBER NON CLASS 1E LOAD CLASS 1E POWER SUPPLY ISOLATION
(Ref.FSAR
8.1.6.1n.5)

1 Control Structure Control Structure H&V i ]

HVAC Chiller Room Div.I Engineered

Condenser Water *
Pump OP170A

Control Structure

HVAC Chiller
Condenser Water
Pump OP170B

Drywell Area
Unit Cooler
IV411A

f

Drywell Area
Unit Cooler
IV411B

Drywell Area
Unit Cooler
IV412A

Drywell Area
Unit Cooler
IV412B

Drywell Area
Unit Cooler
IV413A

Drywell Area
“Unit Cooler
IV413B

Drywell Area
Unit Cooler
IV417A

Rev. 23, 6/81

Safeguard MCC
OB136

Control Structure H&V
Room Div.II Engineered

Safeguard MCC
0Bl146

Reactor Area
Div.I Engineered
Safeguard MCC
1B236

Reactor Area
Div.II Engineered
Safeguard MCC
1B246

Reactor Area
Div.I Engineered
Safeguard MCC
1B236°

Reactor Area
Div.II Engineered
Safeguard MCC
1B246

Reactor Area
Div.I Engineered
Safeguard MCC
1B236

Reactor Area

Div. II Engineered
Safeguard MCC
1B246

Reactor Area
Div.I Engineered
Safeguard MCC
1B236



B CIRCUIT
NUMBER

10

11

12 .

13

14

15

16

17

18

19

Rev. 23, 6/81

NON CLASS 1E LOAD.

CLASS 1E POWER SUPPLY

Drywell Area
Unit Cooler
LV4178B

Drywell Area

Unit Cooler .

2V411A

Drywell Area
Unit Cooler
2V411B

Drywell Areal

Unit Cooler
2V412A

Drywell Area
Unit Cooler
2V412B

Drywell Area
Unit Cooler
2V413A

Drywell Area
Unit Cooler
2V413B

Drywell Area
Unit Cooler
2V417A

Drywell Area
Unit Cooler
2V417B

Instrument Air
Compressoxr 'A'

1K107A

Reactor Area
Div.II Engineered
Safeguard MCC
1B246

Reactor Area
Div.I Engineered
Safeguard MCC
2B236

Reactor Area
Div.II Engineered
Safeguard MCC
2B246

Reactor Area
Div.I Engineered
Safeguard MCC
2B236

Reactor Area
Div.II Engineered
Safeguard MCC
2B246

Reactor Area
Div.I Engineered
Safeguard MCC
2B236

Reactor Area
Div.II Engineered
Safeguard MCC
2B246

Reactor Area
Div.I Engineered
Safeguard MCC
2B236 "

Reactor Area
Div.II Engineered
Safeguard MCC
2B246

Channel B/Div II
Engineered
Safeguard Load
Center 1B220

Page 2
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21

22

23

24

25

26

27

28

29

Rev. 23, 6/81

NON CLASS 1E LOAD

CLASS 1E POWER SUPPLY

Instrument Air
Compressor 'B!'
1K107B

Instrument Air
Dryer Panel 'AB'
1C142A

Instrument Air
Dryer Panel 'B!
1C142B

Instrument Gas
Compressor 'A'
1K205A

Instrument Gas
Compressor 'B'
2K205B

Instrument Air
Compressor ‘A’
2K107A

Instrument Air
Compressor 'B'
2K107B

Instrument Air
Dryer Panel ‘A’
2C142A

Instrument Air
Dryer Panel 'B'
2C142B

Instrument Gas
Compressor 'A'
2K205A

Channel D/Div II
Engineered
Safeguard Load
Center 1B240

Reactor Bldg.
Div.II Engineered
Safeguaxrd MCC
1B247

Reactor Bldg.
Div.II Engineered
Safeguard MCC
1B226

Reactor Bldg.
Div.I Engineered
Safeguard MCC
1B217

Reactor Bldg.
Div.I Engineered
Safeguard MCC
1B236

Channel A/Div.I
Engineered
Safeguard Load
Center 2B210

Channel C/Div. I
Engineered
Safeguard Load
Center 2B230

Reactor Bldg.
Div.I Engineered
Safeguard MCC
2B237

Reactor Bldg.
Div.I Engineered
Safeguard MCC
2B216

Reactor Bldg.
Div.I Engineered
Safeguard MCC
2B217
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8.1.6.1n.5)
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NUMBER

30

31
32

33
| 34
35
36

37
38

39

Rev. 23, 6/81

NON CLASS 1E LOAD

Instrument Gas
Compressor 'B!'
2K205B

Turbine Area 480V
MCC 1B116

Turbine Area 480V
MCC 1B126

Auto Transfer Switch
1ATS21B

Auto Transfer Switch
1ATS218

Auto Transfer Switch
1ATS228

Auto Trdansfer Switch
1ATS228

Computer Power
Supply inverter
1D656

Vital Power
Supply inverter
1D666

Computer Power
Supply inverter
1D656

-

CLASS 1E POWER SUPPLY

Reactor Bldg.
Div.I Engineered
Safeguard MCC
2B236

Channel A/Div. I
Engineexed
Safeguard

Load Center
1B210

Channel B/Div. II
Engineered
Safeguard

Load Center

1B220

Reactor Area
Div.I Engineered
Safeguard MCC
1B216

Reactor Area
Div.I Engineered
Safeguard MCC
1B236

Reactor Area
Div.II Engineered
Safeguard MCC
1B226

Reactor Area
Div.II Engineered
Safeguard MCC
1B246

Div. I 250V DC
Load Center
1D652

Div. II 250V DC
Load Center
1D662

Reactor Area

Div. I Engineered
Safeguard MCC
1B236
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NUMBER

40

41

42

43

44

45

46

© 47

48

‘l' 49

0 CIRCUIT

Rev. 23, 6/81

NON CLASS 1E LOAD

CLASS 1E POWER SUPPLY

Vital Power
Supply inverter
1D666

250V DC Turbine
Building control
center A

250V DC Turbine
Building control
center B

125V DC
Distribution
Panel

1D615

125V DC
Distribution
Panel

1D625

125V DC
Distribution
Panel

1D635

. 125V DC

Distribution
Panel
1D645

480/277V
Essential
Lighting
Panel

480/277V
Essential
Lighting Panel
1EPO8

480/277V
Essential
Lighting Panel
1EP03

Reactor Area
Div.II Engineered
Safeguard MCC
1B246

Div.I 250V DC
Load Center
1D652

1D155

Div.II 250 V DC
Load Center
1D662

1D165

Channel A/Div. I
125V DC

Load Center
1D612

Channel B/Div. II
125V DC

Load Center
1D622

Channel C
125V DC
Load Center
1D632

Channel D
125V DC
Load Center
1D642

Reactor Area
Div.I Engineered
Safeguard MCC
1B217

1EP07

Reactor Area
Div.II Engineered
Safeguaxrd MCC
1B227

Reactor Area

Div. II Engineered
Safeguard MCC
1B226

Page S'
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NUMBER

.50
51
52
53
54
55
56.

57
58

59

J'Ib 60

Rev. 23, 6/81

NON_CLASS 1E LOADf CLASS 1E POWER SUPPLY

480/277V Reactor Area
Essential Div.II Engineered
Lighting Panel Safeguard MCC
1EPO4 1B246
Turbine Area 480V ‘Channel A/Div. I Engineered
MCC 2Bl116 Safeguard
' Load center
2B210
Turbine Area 480V Channel B/Div.II:Engineered
MCC 2B126 Safeguard
Load Center
k3B220
Auto transfer switch Reactor Area \
2ATS218 " Div.I Engineered
Safeguard MCC
2B216
Auto transfer switch Reactor Area
2ATS218 Div.I Engineered
Safeguard MCC
2B236
Auto transfer switch Reactor Area
2ATS228 Div.II Engineered
Safeguard MCC
2B226
Auto transfer switch Reactor Area
2ATS228 Div.II Engineered
Safeguard MCC
2B246
Computer Power Div.I 250V DC
supply inverter Load Center
2D656 2D652
Vital Power . Div.II 250V DC
supply inverter Load Center
2D666 2D662
Computer Power Reactor Area
supply inverter Div.I Engineered
2D656 Safeguard MCC
: 2B236 .
Vital Power Reactor Area
supply inverter Div.II Engineered
2D666 ) Safeguard MCC
2B246 )
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Table 8.1-2 (cont.)

CIRCUIT
NUMBER NON CLASS lE LOAD

50 480/277vV
Essential
Lighting Panel
1EPO4

51 Turbine Area 480V
MCC 2Bl16

52 Turbine Area 480V ~
MCC 2B126

53 Auto transfer switch
2ATS218

54 Auto transfer switch
2ATS218

55 Auto transfer switch
2ATS228

56 Auto transfer switch
2ATS228

57 Computer Power
supply inverter
2D656

58 Vital Power
supply inverter
2D666

59 Computer Power
supply inverter
2D656

60 Vital Power

supply inverter
2D666

Rev. 30, 5/82

CLASS 1E POWER SUPPLY

Reactor Area

Div. II Engineered
Safeguard MCC
1B246

Channel A/Div. I Engineered
Safeguard

Load Center

2B210

Channel B/Div. II Engineered
Safeguard

Load Center

2B220

Reactor Area

Div. I Engineered
Safeguard MCC
2B216

Reactor Area

Div. I Engineered
Safeguard MCC
2B236

Reactor Area

Div. II Engineered
Safeguard MCC
2B226

Reactor Area

Div., II Engineered
Safeguard MCC
2B246

Div. I 250V DC
Load Center
2D652

Div. II 250V DC
Load Center

.2D662

Reactor Area

Div. I Engineered
Safeguard MCC
2B236

Reactor Area

Div. II Engineered
Safeguard MCC .
2B246
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62

63

64

65

66

67

68

69

70

Rev. 23, 6/81

NON CLASS 1E LOAD

250V DC Turbine
Building Control
Center A

250V DC Turbine
Building Control
Center B

125V DC
Distribution Panel
2D615

125V DC
Distribution Panel
2D625

125V DC
Distribution Panel
2D635

125V DC
Distribution Panel
2D6457

480/277V
Essential
Lighting Panel
2EP07

480/277V
Essential
Lighting Panel
2EP08

4807277V

Essential
Lighting Panel
2EP03

480/277V
Essential
Lighting Panel
2EP04

CLASS 1E POWER SUPPLY

Div.I 250V DC
Load Center
2D652

2D155

Div.II 250V DC
Load Center
2D662

2D165

Channel A/Div.I
125V DC

Load cCenter
2D612

Channel B/Div.II
125V DC

Load center
2D622

Channel C
125V DC
Load center
2D632

Channel D
125V DC
Load Center
2D642

Reactor Area
Div.I Engineered
Safeguard MCC
2B217 -

Reactor Area
Div.II Engineered
Safeguard MCC
2B227

Reactor Area
Div.II Engineered
Safeguard MCC
2B226

Reactor Area
Div.II Engineered
Safeguard MCC
2B246

v
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CIRCUIT
NUMBER

71
72
73

74
75
76
77
78
79
80
o
82

Rev.

29,

NON CLASS 1E LOAD

CLASS 1lE POWER SUPPLY

'480/277V
Essential

~ Lighting Panel

OEPOl1

480V/277V
Essential
Lighting Panel
0EPO2

© 480V/277V

Essential
Lighting Panel

* 1EPO5

Reactor Bldg.
Chiller compressor
1K206A

Control Rod Drive
Water pump
1P132A

Turbine Bldg.
Chiller compressor
1K102A

Reactor Bldg.
Chiller compressor
1K206B

Main condenser
Mechanical vacuum
pump 1P105

Turbine Bldg.

Chiller compressor .

1K102B

Control Rod Drive
Water pump ‘
1P132B

Control Structure
Passenger Elevator
0DS108

Engr. Safeguard

Service Water Pumphouse

OLP16

3/82

Control structure
H&V Room

Eng. Div.I Safeguard MCC
. OB136

Control structure
H&V Room

Eng. Div.II Safeguard MCC

0B146

Control structure
H&V Room

Eng. Div.II Safeguard MCC

0B146

' Channel A/Div.I

Emergency auxiliary
Switchgear 1A201

Channel A/Div.I
Emergency auxiliary
Switchgear 1A201

Channel A/biv. I
Emergency auxiliary
Switchgear 1A201

Channel B/Div.II
Emergency auxiliary
Switchgear 1A202

Channel B/Div.II
Emergency auxiliary
Switchgear 1A202

Channel B/Div.II
Emergency auxiliary
Switchgear 1A202

Channel D/Div.II
Emergency auxiliary
Switchgear 1A204

Control Structure H&V
Room Div.I Engineered
Safeguard MCC

0B136

Div.I Engr. Safeguaxd

house MCC
0B517

Service Water Pump

METHOD OF
ISOLATION
(Ref.FSAR
8.1.6.1n.5)
111

iii

iit

iv

iv

iv

iv

iv

iv

iv

iv






CIRCUIT

NUMBER

83

84

85

86

87

88

89

90

91,

92

93

Rev.

NON CLASS 1E LOAD

Engr. Safeguard

Service Water Pumphouse
Distribution Panel
OPP509A

Engr. Safeguard.
Service Water Pumphouse
Distribution Panel
0OPP511

Spray Pond Piping
Drain Pump
OP513A

Spray Pond Piping
Drain Pump
0P51338

Reactor Bldg. Closed
Cooling Water Pump
1P210A

Reactor Bldg. Closed
Cooling Water Pump
1rP210B

‘Reactor Bldg. Equip. Rm.

H&V Supply Fan
Iv232

Reactor Bldg. Equip. Rm.
H&V Supply Fan
2V232

Reactor Bldg.
Service Elevator

1DS204

Process Radiation
Monitoring Cabinet
1C604

Process Radiation
Monitoring Cabinet
1C604

12/82

CLASS 1E POWER SUPPLY

Div.I Engr. Safeguard
Service Water Pumphouse
MCC

0B517

piv.II Engr. Safeguard
Service Water Pumphouse
MCC .
0B527

Div.I Engr. Safeguard
Service Water Pumphouse
MCC

0B517

Div.II Engr. Safeguard
Service Water Pumphouse
MCC

0B527

Reactor Area

Div. I Engineered
Safeguard MCC
18216

Reactor Area
Div.I Engineered
Safeguard MCC
1B237

Reactor Area
Div. II Engineered
Safeguard MCC 1B227

Reactor Area

. Div. II Engineered

Safeguard MCC 2B227

Reactor Area

Div. II Engineered
Safeguard MCC
1B246

Div. I 24VDC
Distribution Panel
1D672

Div. 11 24VDC
Distribution Panecl
1D682
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CIRCUIT

NUMBER

94

: 95 -
96
97
98
99
100

101

102

103
104

105

Rev.

NON CLASS 1E LOAD

.Control Rod Drive
", Water Pump
" 2P132A

Tﬁrbine Bldg.
Chiller Compressor
2K102A

Reactor Bldg.
Chiller Compressor
2K206B

Main Condenser
Mechanical Vacuum
Pump 2P105

Turbine Bldg.
Chiller Compressor
2K206A

Control Rod Drive
Water Pump
2P132B

Turbine Bldg.
Chiller Compressor
2K102B

Reactor Bldg. Closed
Cooling Water Pump

2P210A

Reactor Bldg. Closed
Cooling Water Pump
2P210B

Process Radiation
Monitoring Cabinet
2C604

3/82

Page 10

METHOD OF
CLASS 1E POWER SUPPLY ISOLATION
(Ref.FSAR
8.1.6.1n.5)
Channel A/Div. I iv
Emergency Auxiliary
' Switchgear 2A201
Channel A/Div. I “ | iv
Emergency Auxiliary
Switchgear 2A201
Channel B/Div. II ) iv
Emergency Auxiliary
Switchgear 2A202
Channel C/Div. I iv
Emergency Auxiliary
Switchgear 2A203
Channel C/Div. I iv
Emergency Auxiliary
Switchgear 2A203
Channel D/Div. II- iv
Emergency Auxiliary |
Switchgear 24204 ;
Channel D/Div. II iv
Emergency Auxiliary |
Switchgear 2A204 |
Reactor Area iv '
Div. II Engineered
Safeguard MCC
2B247
Reactor Area v |
Div. II Engineered
Safeguard MCC
2B226
Div. I 24VDC iv
Distribution Panel
20672 ’



CIRCUIT
NUMBER

106

107

108

109
110
111
112

113
114-
115
116
117

118
119
120
121
122
123
124
125

126
127

128 -

129

130

131

132

Rev. 27, 10/81

NON ‘CLASS 1E LOAD

Process‘Radiation
Monitoring Cabinet
2C604

Containment Vacuum

Relief Valve PSV-15704A1

PSV-15704B1
PSV-15704C1
PSV-15704D1
PSV-15704E1
PSV-15704A2

PSV~15704B2
PSV-15704C2
PSV~15704D2
PSV-15704E2
PSV~25704A1

PSV-25704B1
PSV-25704C1
PSV-25704D1
PSV-25704E1
PSV-25704A2

PSV-25704B2
PSV-25704C2
PSV-25704D2
PSV-25704E2
Reactor Protection
System
Transformer 2X201A

Reactor Protection

System
Transformer 2X201A

ES Transformer
Cooling Fans
and Control
0X201

ES Transformer
Cooling Fans
and Control
0X203

ES Transformer
Cooling Fans
and Control
0X201

ES Transformer
Cooling Fans
and Control
0X203

SSES ~ FSAR
TABLE 8.1-2

CLASS 1E POWER SUPPLY

Div. II 24VDC
Distribution Panel
2D682

Div., I 120V Inst.
AC 1Y216 PNL

Div. II 120V Inst.
AClY226 PNI,

Div. I 120V Inst.
AC 2Y216 PNL

Div. II 120V Inst.
AC 2Y226 PNL

Reactor Area

Div. II Engineered
Safeguard MCC

1B227

Reactor Area

Div. II Engineered
Safeguard MCC

2B227 .
Diesel Generator Rm.
Ch. A Engineered
Safeguard MCC

0B516

Diesel Generator Rm.
Ch. B Engineered
Safeguard MCC

0B526

Diesel Generator Rm.
Ch. C Engineered
Safeguard MCC

0B536

Diesel Generator Rm.
Ch. D Engineered
Safeguard MCC

0B546
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TABLE 8.1-2

CIRCUIT

NUMBER

133

134

135

136

137

138

139

140

141

142

143

144

NON CLASS 1E LOAD

HPCI Vacuum Tank
Condensate Drain Pump
1P215

HPCI Barometric
Condensate Vacuum Pump
1P216

RCIC Barometric
Condensate Vacuum Pump
1p219

RCIC Vacuum Tank
Condensate Drain Pump
1P220

SLC Storage Tank
Electric Heater 'A'™ .
1E219 -

SLC Storage Tank
Electric Heater 'B'
1E220 "

HPCI Vacuum Tank
Condensate Drain Pump

2P215

HPCI Barometric
Condensate Vacuum Pump
2P216

RCIC Barometric
Condensate Vacuum Pump
2pP219

RCIC Vacuum Tank
Condensate Drain Pump
2P220

SLC Storage Tank
Electric Heater 'A'
2E219

SLC Storage Tank
Electric Heater 'B'
2E220

.

CLASS 1E POWER SUPPLY

Div. 1II 250VDC Motor
Control Center
1D264

Div. II 250VDC Motor
Control Center
1D264

Div. I 250VDC Motor
Control Center
1D254

Div. 1 250VDC
Motor Control Center
1D254

Channel C 480V
Motor Control Center
1B236 )

Channel C 480V
Motor Control Center
1B236

piv. II 250 VDC
Motor Control Center
2D264

Div. II 250VDC
Motor Control Center
wD264

Div. I 250VDC
Motor Control Center
2D254 '

Div. I 250VDC

Motor Control Center

2D254

Channel C 480V
Motor Control Center
2B236

Channel C 480V
Motor Control Center
2B236

Page 12
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SSES-FSAR ’

8.2 . OPFSITE_POWER_SYSTEM

8e2.1. DESCRIPTIOQON

8.2.1.1-_Transmission Systen

The bulk power transmission system of PPSL operates at 230 KV and
500 KV. Unit #1 of the Susquehanna Steam Electric Station .
supplies power to the 230 KV system through a 230 KV svitchyard
and Unit. #2 supplies power to the 500 KV system through a
separate 500 KV switchyard. The offsite power system for the
plant is supplied through the 230 KV portion of the bulk ‘power

‘ system.

Fiqure 8.2-1 shows the Susquehanna 230 KV and 500 KV svwitchyards
and the transmission lines associated with each yard and in the
vicinity of.the plant. The figure shows the line arrangement
with both units in operation. The two switchyards are physically
separate and are tied together by a 230 KV yard tie line with a

230-500 KV transformer in the 500 KV yard.

Two independent offsite power sources are supplied to the
Susquehanna plant. One source is established by tapping the
Montour~Mountain 230 KV 1line north of the plant and constructing
1300 ft. of 230 KV line on painted steel pole structures to
startup transformer #10. The Montour-Mountain line shares double
circuit steel pole structures with the Stanton-Susquehanna #2 230
KV line in the vicinity of the plant. The double circuit line
extends to a point 1.5 miles east of the transformer #10 tap at
which point the two circuits split as shown in Fiqure 8.2~1. The
Yontour-Hountain line extends 16.8 miles north on double circuit
lattice towers with the Stanton-Susquehanna #1 230 KV line and
terminates in the Mountain Substation. The Stanton-Susquehanna
#2 circuit extends southward on double circuit towers with the
Stanton-Susquehanna #1 circuit and terminates in the Susquehanna
230 KV Switchyard.

To the west of the tap into the Susquehanna plant the Montour-
Mountain 230 KV circuit extends 1500 feet on double circuit steel
pole structures at which point the Stanton-Susquehanna #2 circuit
separates and extends northward to Stanton Substation. The
Montour-Mountain 230 KV circuit then <joins the Montour-
Susquehanna 230 KV circuit on double circuit steel lattice towers
and extends 29.0 miles to the Montour Switchyard. The total
distance to HMountain Substation from the tap into the plant is
18.7 miles. The distance from Montour to the tap is 29.7 niles.
Several lines feed the Montour Switchyard and Mountain
Substation, as can be readily seen in Pigure 8.2-3. These lines
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offer a multitude of possible supplies for the tap into )
Susquehanna startup transformer #10. Montour Ssuitchyard is .
supplied directly by generation from the Montour Steam Electric

Station. Other generating stations are indirectly linked by the -

bulk povwer grid system. The conductors for the transformer #10

tap and the Hontour-Mountain line are 1590 kcmil 45/7 ACSR and

are supported by single string insulator assemblies. Maximum

conductor temsion is limited to 16,000 pounds on steel pole line

sections and 21,900 pounds on-lattice tower sections under

maxinum anticipated loading conditions.

The second offsite power source is supplied at 230 KV from the
vard tie circuit between the Susquehanna 500 kV and 230 kV
Substations south of the Susquehanna Steam Electric Station. The
source is provided by a single 400 ft. span tap from the 230 KV
vard tie circuit to startup transformer #20.

The yard tie line consists of 230 KV double circuit tubular steel

pole structures supporting tvo parallel circuits of 1590 kcmil

45/7 ACSR conductors on single string insulator assemblies. The

circuits are tied together to form a two conductor per phase

single circuit line. The 400 ft. tap to transformer #20 consists

of one 1590 kcmil 45/7 ACSR conductor per phase. The distance

from the tap point west to the 500 KV yard is 1500 ft. The

distance from the tap point east to the 230 KV yard"is 1.6 miles.

Maximum conductor tension is limited to 16,000 pounds in the yard

tie line under maximur loading conditions. ‘

The second offsite pover supply is furnished by the multiple
sources throughout the bulk power grid system through the 230 KV
and 500 KV lines emanating from the Susquehanna 230 KV and 500 KV
sWwitchyards. See Fiqure 8.2-3.

All transmission lines meet or exceed design requirements set
forth by the National Electric Safety Code. One or two overhead
ground wires are employed on the transmission lines above the
phase conductors to provide adequate lightning flashover
protection. All lines meet the Army Corps of Engineers
requirements for clearance over flood levels. All bulk power
transmission lines are designed to withstand 100 mph hurricane
wind loads on bare conductors.

The Montour—-Mountain 230 KV line is crossed by the Stanton-
Susquehanna #2 230 KV line. No transmission lines cross over the
Susquehanna 500 KV to 230 KV yard tie line or the two tap lines
supplying transformers #10 and #£20.

No single disturbance in the bulk pcower grid system will cause

comnplete loss of offsite power to the Susquehanna SES. This is a
basic system desiqn criteria. N
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i a

8.2.1.2 _Transmission_Interconnection-

PP6L is a member of the Pennsylvania, New Jersey, and Maryland
Interconnection which permits economical exchanges of power with
neighboring utilities and provides emergency assistance. Direct
bulk pover ties are betueen PPSEL and Philadelphia Rlectric,
Luzerne Electric DPivision of UGI, Metropolitan Edison,
Pennsylvania Electric, Jersey Central Power and Light, Public
Service Blectric and Gas, and Baltimore Gas and Electric
Companies.. ' '

8-.2.1.3__Suitchyards

822-.1.3.1__sStartup _Transformers £10 and #20 '

The Montour-Hountain 230 KV line and the 230 KV yard tie line
supply power to startup transformers #10 and #20, respectively,
through motor operated air break switches. High speed positive
ground switches are installed between the motor operated air
break svitches (MOABs) and the startup transformers. The startup
transformers and low side bus connections are discussed in
Section 8.3.1. The startup transformer yards are physically
separated from each other, the Unit #1 and #2 main transformer
vards and the 230 KV and 500 KV switchyards as can be seen on
fiqure 8.2-1. 1590 kcmil 45/7 ACSR conductors connect the air
sWwitches to the startup transformers. 13.8 KV cables are
installed in underqround conduit between the startup transformers
and the turbine building. WNon-seqregated phase bus ducts
establish the tie to the 13.8 KV startup buses within the turbine
building. See Fiqure 8.2-4 for a one line diagram of the offsite
pover systemn.

Line relay protection for the Montour-Mountain 230 KV line and
the 230 KV yard tie circuit is provided by two independent
directional comparison carrier blocking pilot relaying and two
zone directional distance backur systems which ensure adequate
line protection in the event of a malfunction. These relaying
schemes detect faults on the transmission line and isolate the
poWwer sources to the transformers by tripping the power circuit
‘breakers (PCBs) at the line terminals. Breaker failure relaying,
applied at each line terminal, detects a failure to trip or
failure to interrupt conditiom at the line terminal and trips all
associated PCBs necessary to isolate the line. Power to the line
relaying facilities is supplied from the local switchyard power
sources.

Startup transformers #10 and #20 are protected by high speed
percentage differential, sudden pressure and overcurrent

Rev. 28, 1/82 8.2-3




SSES—PSAR

relaying. Direct transfer trip facilities are utilized as the
primary relaying scheme to open the PCBs at the transmission line
remote terminals in the event of transformer trouble. Backup
protection is provided by the high speed ground switch on the 230
KV side of the startup transformer. This switch is closed to
place a positive fault on the 230 KV transmission line which will
be detected by the remote line’'terminal relaying systems if the
primary direct transfer trip scheme fails to function correctly.
The motor operated air switch automatically opens after the 230
KV system is de-energized to isolate the startup transformer from
the transmission system and permit reclosing of the transmission-
line terminal PCBs.

A time delay undervoltage relay monitors the 13.8 KV startup bus
voltage. On loss of offsite power the relay trips the startup bus
incoming feeder breaker and initiates transfer of the bus loads
to the other startup transformer through closure of the startup
bus tie breaker. The time delay undervoltage relay also prevents
unnecessary automatic trip of the incoming feeder breaker for
short duration disturbances on the transmission line.

Power to transformer #10 and #20 switchgear, motor operated air
break switches, and hiqh speed ground switches is supplied fronm
the station 125 V DC power supplies.

Overhead 1590 kcmil 45/7 ACSR conductors, bundled two per phase,
tie the Unit #1 main stepup transformers, through a high voltage
Disconnect swvitch~Synchronizing PCB-Disconnect switch
arrangement, to the 230 KV switchyard. The synchronizing breaker
and disconnect switch arrangement is provided at the Susquehanna
SBS site to improve reliability in synchronization and
flexibility of operating Unit 1. Steel pole structures support
the strain bus and the 2.2 mile 230 KV tie with’ sinqle string
insulator assemblies. The tie line is capable of transmitting
the full 1280 MVA output of the Unit #1 generator.

Relay protection between the Unit #1 transformer and the
synchronizing breaker is provided by high speed percentage
differential relays which trip Unit #1 and the synchronizing
breaker by the unit master trip lockout relays. & second
protection scheme is provided by the Unit #1 overall differential
relaying which also detects fault conditions between Unit #1
transformer and the synchronizing breaker. Two directional
comparison carrier blocking pilot and two zone directional
distance backup relaying systems provide fault protection between
the 230 KV synchronizing PCB and the Susquehanna 230 KV
Switchyard. Breaker failure protection relaying is applied at °
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each terminal to detect a failure to trip or failure to interrupt
~condition and to electrically isolate the faulty component.
Control power to the synchronizing pover circuit breaker and

pover to the onsite relaying equlpment are provided by the plant
125 Vv DC pover supplles.

8.2.1.3.3 _Susquehanna_230_ KV_Switchyard

The 230 KV switchyard is an outdoor steel structure, comprised of
6 bay positions containing 14~230 KV power circuit breakers
arranged in a breaker and one half scheme. Terminating positions
are provided for seven lines, one generator lead, and a yard tie
to the 500 KV svitchyard. The switchyard breakers can he
operated by remote supervisory control from the PPSL Systen
Operating Offices.

Service power to the 230 KV switchyard is provided by a local 12
KV distribution line with a backup diesel generator in the 230 KV
switchyvard. An automatic throwover scheme is employed in the
event of one source failure. Line protection equipment power is.
provided by a single 125 V DC switchyard service tattery equlpped
with two full capacity chargers. N

8.2.1.3.4 Susquehanna Unit #2 S00 KV Main
Transformer leads

Unit #2 generator output is connected to the 500 KV switchfhrd by
a 1400 ft. overhead 500 KV transmission line. 2493 kcmil 54/37
ACAR conductors bundled tvo per phase are supported by V-string
insulator assemblies cn steel pole H-frame structures. The tie
ils capable of transmitting the full 1280 MVA generator output of
Unit #2 to the 500 KV switchyard.

Relay protection for the connection betvween the Unit #2
transformer and the Susquehanna 500 KV switchyard is provided by
high speed bus differential relays vwhich trip Unit #2 and the
three 500 KV svitchyard generatcer breakers by the master trip
lockout relays for a fault in the connection. An overall
differential protection scheme provides a second system to trip
Unit #2 and the three PCBs connected to the generator in the 500
KV switchyard for a fault on the transformer leads. Breaker
failure protection is applied at each terminal to detect a
failure to trip or failure to interrupt condition and to
electrically isolate the faulty component.

Rev. 28, 1/82 8.2-5




SSES-FSAR

8.2:1.3.5 Susquehanna 500 KV _Switchyard

The S00 KV switchyard is an outdoor steel structure, comprised of
three bays containing five 500 KV power circuit breakers arranged
in a modified ring bus confiqguration. The switchyard provides
for unltimate future expansion to 5 bays in a breaker and one half
scheme., Terminating positions are provided for two lines, one
500 XV generator lead circuit and a circuit to a bank of three
single phase 500-230 KV autotransformers. Manual operation of
the 500 KV generator lead synchronizing circuit breakers is by
the plant control room operator. The remaining PCBs can be
operated by PPEL's remote supervisory control or'by the plant
supervisory control.

Service power to the 500 KV swvitchyard is provided by two
sources: one from the generating station, and the second fronm
the tertiary winding of the vard tie autotransformers with an
automatic low voltage throwover scheme in the event of one source
failure. Line protection equipment is powered by a single 125 V
DC switchyard service battery equipped with two full capacity
battery chargers.

]

8.2.1.3.6_.Montour_and Mouptain 230-kV_Switchyards

Figure 8.2-5 shows a one line diaqram of the off-site povwer
system for Startup Transformer #10.

The Montour Switchyard is an outdoor steel structure comprised of
four bay positions containing 11-230 kV power circuit breakers
arranged in a breaker and one half scheme. Two generating leads
from the Montour Steam Electric Station and five transmission
lines are terminated in the yard. The switchyard breakers can be
operated by remote control from the PPEL System.Operating
offices.

The Mountain Switchyard is owned and operated by UGI Corporation,
Luzerne Electric Division. It is an outdoor steel structure with
two bay positions each containing one 230 kV PCB. The two PCBs
are arranged back to back between the Montour-Mountain and
Mountain-Lackawanna Lines. Between the two PCBs is a normally
open MOAB to the Susquehanna-Stanton #1 line. The PCBs and MOAB
can be operated by remote supervisory control from the UGI
Corporation System operator's office. PCB and MOAB status is
monitored by PP&EL's System Operating offices.
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842,14 Offsjte Pover System Monitoring

'

PP&L's transm1551ou lines are patrolled approxxnately three tines
throughout a year to ensure that the physical and electrical
integrity of the transmission line supports, hardwvare,
insulators, and conductors ls maintained for safe and rellable
continuity of service. . .

The periodic transmission line’ patrol 1s conducted by hellcopter.
Less frequent foot patrols and selective structure inspections
. are performed depending on the age of the 1line.

Monitoring of the Unit #1 and Unit #2 offsite power sources.in
the plant control room is via a hardvired mimic bus arrangement
vhich shows startup transformers #10 and #20, the transformer #10
and #20 nmotor operated air break switches, the 13.8 KV start—-up
buses, the 13.8 KV bus.feeder breakers, and the 13.8 KV bus tie
breaker. Annunciation signals abnormal tripping to the control
room operator. Control and status indication are provided for
the 230 KV HOAB switches and the 13.8 KV breakers. Potential
1ndlcat10n for the PPEL grid and 13.8 KV bus and status
indication of the 230 KV ‘high speed ground switches are prov1ded

A cathode ray tube (CRT) dlsplay is provxded by the plant
computer system which provides the operator with additional
information about the offsite power sources. The dlsplay is a
mimic bus arrangement, similar to the hardwired mimic bhus, and
includes the status of the PCBs at the renmote terminals of the
transformer #10 and #20 supply lines x

Monitoring of the Unit #1 main generator output leads to the 230
KV switchyard is provided in the control room. A hardwired mimic
bus arranqement provides control and status indication of the
synchronizing PCB. Potential indication and monitoring of
current, vatts, vars, watt hours and voltaqe are provided.
Annunciation signals an abnormal change in status of the
synchronizing PCB. The computer CRT dlsplay system provides the
operator with the status of all PCB's in the 230 KV swlfchyard
and the synchronizing PCB via input from PPEL's supervisory
control system. Annunciation accompanies a failure of the
supervisory system. Manual control of the 230 KV switchyard is
by a supervisory system from selected PPSL System.Operating
facilities.

»

Monitoring of the Unit #2 main generator output leads and the 500
KV switchyard is provided in the control roowm via a mimic bus
arrangement. PCB open-close status indication and control are
provided for all PCBs in the 500 KV switchyard. Except for the
main generator synchronizing breakers which are hardvwired
directly to the control room alonq with potential indication, all
500 KV PCB control and status indication in the control room is
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provided through a supervisory system. Digital displays monitor
output cuorrent, uatts, va#s, vatt hours, and voltage.
Annunciation accompanies uncommanded PCB status changes, loss of
potentlal, transformer trouble, fire protection systen actuation,
carrier equipment failure, and fault recorder failure. Control
of the 500 KV switchyard fault recorder and tap change control on
the 500-230 KV transformer are nade available to the operator.
Similar information is provided to the control room operator via
the computer CRT mimic bus arrangement display through the
supervisory system. Primary control of the 500 KV switchyard is
via the System Operating supervisory control system except for
the main generator synchronizing breakers which can be controlled
only by the plant operator.

Preoperational and initial startup testing of all apparatus,
equipment, relaying, and PCBs is conducted at transformers %10
and #20 and the 500 KV and 230 KV switchyards to ensure
compliance with design criteria and standards.

PCB protective relay testinqg, maintenance, and calibration in the
230 KV and 500 KV switchyards, Montour switchyard and at
transformers #10 and #20 will be conducted approximately once
every tvo years. PCB protective relay testing, maintenance and
calibration at Mountain switchyard is performed approximately
every year. ;

'8.2.1.5._Industry_ Stapdazds .

»

The requirements, criteria and recommended practices set forth in
the following documents are ;nplemented in the design of the
transmission system.

A Natlonal Electric Safety Code, 7th Addition.

B. PJM Interconnection Protective Relaying
Philosophy and Design Standards

C. MAAC Group Reliability Principles and Standards for
Planning Bulk Pover Electric Supply System of MAAC
Group, July 18, 1968 (Appendix 8.2A)

D. In. general, high,voltaqe circuit breakers are
manufactured and tested in accordance with the latest
recommendations and rules of the ANSI, IEEE, NEMA,
and AEIC.

B. Pennsylvania Power & light Company Substation
and Relay'and Control Engineering Instruction
Manuals, Engineering and Construction Standards,
Operating Principles and Practices; Relay and
Control Facilities 3/3/76 and sound engineering
principles. The design criteria include consider-
ation of aesthetics, reliability, economics, and
safety. \
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8+2.2: Ana S

8.2.2.1__6pid _Availability

4
4

The offsite pover sources provide adequate capacity and
capability to start and operate safety related equipment. In
addition, the sources provide both redundancy and electrical and
physical independence such that no single event is likely to
cause a simultaneous outage of both sources in such a way that
neither can be returned to service in time to prevent fuel design
linits and design conditions of the reactor coolant pressure
boundary from being exceeded. EBach of the circuits from the off-
site transmission network to the safety.related distribution
buses has the capacity and capability to supply the assigned
loads during normal and abnormal operating conditions, accident
conditions and plant shutdown conditions.

The PP&L bulk power system is planned in accordance with
established PP&L bulk povwer planning criteria. These criteria
are based on the Reliability Principles and Standards of the Mid-
Atlantic Area Council (MAAC). HMAAC is a regional reliability
council of the National Electric Reliability Council (NERC).
MAAC is comprised of the electric utility companies of the
Pennsylvania—-Nev Jersey-Maryland (PJH) Interconnection, of which
PP&L is a member. The primary objective of MAAC is to augment
reliability through a continuing review of all planning in
connection with additions or revisions to generating plant or
bulk power transmission facilities. The PP&L bulk pover systen
is designed to meet the HAAC Reliability Principles and
Standards, wvhich are included in Appendix 8.2A.

Digital power flow and transient stability studies were conducted
to demonstrate that bulk power system is in compliance with the
MAAC reliability criteria. The digital pover flow studies
included an evaluation of all practical single contingencies,
including double circuit tower line, outage conditions and

. several abnormal system disturbance conditions.

Based on historical operating data for the PPEL transmission
netvwork, the annual forced outage rate per 100 circuit miles for
500 KV and 230 KV lines is 0.46 and 6.04 outages, respectively.
The number of permanent faults per yvear per 100 circuit miles for
500 KV and 230 KV lines is 0.23 and 1.79 respectively. The
duration of the individual outages varies greatly (from 3 minutes
to in excess of 8 hours) depending on the cause of the outage.
The major causes of forced outages and permanent faults are H
lightning '‘and weather related phenomena, tree contacts, equipment
failure or malfunction, and emergency nmaintenance.
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Transient stability studies were conducted using a digital
computer proqgram. These studies show that for various 230 KV and
500 KV bus and line faults, system stability and satisfactory
recovery voltages are maintained resulting in uninterrupted
supply to the offsite power system. Specifically, the systenm is
stable for any three phase fault cleared in normal clearing time
and for any single phase to ground fault with delayed clearing.
The system is also stable for any three phase fault applied to
the 500 KV and 230 KV transmission associated with the
Susquehanna plant and cleared with delay. A transient stability
case list is included in Table 8.2-1.

The loss of either Susquehanna Unit #1 or Unit #2 represents the
loss of the largest single supply to the network. For the loss of
either Susquehanna unit, grid stability and the integrity of
supply to the offsite power system are maintained. Grid
stability and the inteqrity of supply to the offsite power systenm
are also maintained for the loss of any other sinqgle generating
unit in the network. Supply to at least one of the offsite power
sources is also maintained for the following abnormal
disturbances:

1. The sudden loss of all lines emanating from the
" Susquehanna 230 KV Switchyard,

2. The sudden loss of all lines emanating from the
Susquehanna 500 KV Switchyard.

No sinqgle occurrence is likely to cause a simultaneous ontage of
all offsite sources during operating, accident,or adverse
environmental conditions. While the loss of all offsite power is
improbable, such an event would not prevent the safe shutdown of
the station because the onsite batteries and standby diesel
generators are able to supply the necessary pouer to systenms
required for safe shutdown.
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- TABLE 8-2=1
1982 S50% OF SUMHER PEAK LOAD

SUSQUEHARNA UNIT #1 & #2
STABILITY CASE_LIST

DESCRIPTION .

3 phase fault at Susquehanna 500 KV on the
Sunbury 500 KV line. FPault cleared in
normal 3.5 cycle clearing tine.

3 phase fault at Susquehanna 500 KV on
the Sunbury 500 KV line with one breaker
pole stuck at Sunbury. Clear Susquehanna
in 3.5 cycles. Clear renote

terminal in 7.5 cycles.

3 phase fault at Susquehanna 500 KV on

Wescosville 500 KV line with one Susquehanna

500/230 KV transformer breaker pole

stuck. Clear remote terminal in 3.5 cycles.

Clear Susquehanna in 7.5 cycles.

3 phase fault at Susquehanna 500 KV on
Sunbury 500 KV line with one Susquehanna

500/230 KV breaker pole stuck. Clear remote
terminal in 3.5 cycles. Clear Susquehanna in

7.5 cycles.

Phase-qround fault at Susquehanna
500 KV on Sunbury 500 KV line with
Susquehanna 500/230 KV breaker stuck.
Clear remote terminal in 3.5 cycles.
Clear Susquehanna in 12.0 cycles.

3 phase fault at Susquehanna 230 KV

on the Susquehanna 500,230 KV transformer.
Fault cleared in normal 4.0 cycle
clearing tinme.

3 phase fault at NMontour 230 KV on
Susquehanna 230 KV line. Pault cleared
in normal 4.0 cycle clearing time.
(Reclosed after 10 seconds).

3 phase fault at Susquehanna 230 KV
on Montour line with stuck west bus
breaker. Clear remote terminal

in 4.0 cycles, clear Susquehanna

in 8.0 cycles (lose Stanton-
Susquehanna #2 230 KV line).

3 phase fault at Susquehanna 230 KV
on Jenkins line with stuck

Rev. 28, 1/82

RESULT

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable
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TABLE_8.2-1_(Continued)
DESCRIPTION

10

11

12

13

14

15

Rev.

east bus breaker. Clear renote .
terminal in 6.0 cycles, clear Susquehanna
in 8.0 cycles.

3 phase fault at Susquehanna 230 KV

on the 500/230 KV transformer with one

pole stuck on vest bus breaker. Clear

tvwo poles in‘'4.0 cycles, clear fault in 8.0
cycles (lose Stanton-Susquehanna #2

230 KV line).

3 phase fault at Susquehanna 230 KV

on Harwood line with stuck tie breaker rpole.

Clear two poles in 4.0 cycles. Clear
stuck pole in 8.0 cycles (lose Sunbury-
Susquehanna 230 KV line).

3 phase fault at Susquehanna 230 KV

on E. Palmerton line with one

pole stuck on west bus breaker. Clear two
poles in 4.0 cycles. Clear stuck pole

in 8.0 cycles (lose Stanton-Susquehanna

#2 230 KV line).

Phase-ground fault at Susquehanna 500 KV on
Wescosville 500 KV line with Susquehanna
500/230 KV breaker stuck. Clear

remote terminal in 3.5 cycles. Clear
Susquehanna in 12.0 cycles.

Susquehanna—-Wescosville 500 KV and
Susquehanna-Harvood (E. Palmerton) Double
Circuit 230 KV crossing failure

(3 phase fault on all circuits).

Trip Susquehanna Unit #1 in 12

cycles. Clear Susquehanna-Wescosville
500 KV line in 3.5 cycles. Clear
Susquehanna-Harwood and Susquehanna-

E. Palmerton 230 KV lines in 4.0 cycles.

3 phase fault near E. Palmerton on

all lines in E. Palmerton-Harwood R/W
corridor. Clear Susquehanna-Hescosville
500 KV line in 3.5 cycles. Clear

E. Palmerton-Susquehanna and Harwood
-Sieqfried 230 KV lines in 4.0 cycles.

28, 1/82

Stable

Stable

Stable

Stable

Stable

Stable
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dgAgL} 8.2~1_{(Continued)

CASE  DESCRIPTION

16

17

18

19

20

21

Rev.

28,

3 phase fault near Susguehanna on

both lines in Sunbury-Susquehanna R/W
corridor. Clear Sunbury-Susquehanna
500 KV line in 3.5 cycles. Clear
Sunbury-Susquehanna 230 KV line in 4.0
cycles.

3 phase fault near Susquehanna 500 KV
at Sunbury 230 KV line crossing. Trip
Susquehanna-WHescosville 500 KV,
Sunbury-Susquehanna 500 KV, and

Unit #2 in 3.5 cycles. Trip

Sunbury-Susquehanna 230 RV in 4.0 cycles.

3 phase fault at Susquehanna 230 KV
on Harvood (E. Palmerton)- Double
Circuit. Trip Harwood and ‘
BE. Palmerton breakers in 4.0 cycles.

3 phase fault at Columbia-Prackville
230 KV line crossing. Trxp Sunbury-
Susquehanna 500 KV line in .

3.5 cycles. Trip Columkia-Frackville
and Sunbury-Susquehanna 230 KV

lines in 6.0 cycles.

3 phase fault on 230 KV side of Unit #1
main transformer. Trip Unit #1 main
transforner. Trlp Unit #1 and

overtrip Unit &2 in 4. 0 cycles ({loss of
entire station).

3 phase fault at Susquehanna 230 KV on
Onit #1 generator leads with a

stuck vest bus breaker. Trip Unit #1
and Stanton #2 line in 12.0 cycles.

1/82

RESULT

Stable

Stable

Stable

Stable

Stable

Stable
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The on-site ac power systems are divided into Class IE and non-
Class IF systems. FPiqure 8.3-1 shows the single line of both
systems with the Class IE system identified by a dotted line
enclosure.

The on-site ac power systems consist of main generators, main
step-uo transformers, unit auxiliary transformers, and diesel
generators. The distribution system has nominal ratings of 13.8
kv, 4.16 kv, 480 v, and 208/120 V.

The off-site ac power system supplies power to plant systems
throuqh two start-up transformers. ”

The non-Class TE portion of the on-site power systems provides ac’
power for non-nuclear safety related loads. A limited number of
nonsafety related loads are important to the power generating
equipment intaqrity and are fed from the Class IE distribution
svstem throuqh the isolation system as discussed in Subsection
8.1.6.1{n).

The non-Class IE ac power system distributes power at 13.8 kV,
4.16 kv, 480 v, and 208/120 V voltaae levels. These distribution
levels are qrouped into two symmetrical distribution systems
emanating from the 13.8 kV buses. '

All non self-activated svitchgears receive control power from the
125 vdc control povwer sources. The 125 Vdc control power sources
for the non-Class 1E 13.8 kV and 4 kV switchgear breakers, and 480
V lo0ad center breakers are shown in Tables 8.3-17 and 8.3-18
respectively. ‘
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The unit auxiliary transformer supplies all the non-Class IE unit
auxiliary loads except unit RVAC and Units 1 and 2 common loads,
which are fed by the two startup transformers as shown on quures
8.3-1 and 8. 3 2.

The unit auxxllarv,transformer primary is connected to the main
generator isolated phase bus duct tap (24 kV) while the secondary
of the transformer is connected to two 13.8 kV unit auxiliary
buses throuah a nonségregated phase bus.

During plant startup, shutdown, and post shutdown, pover is
supplied from the off-site powver sources through the two startup
transformers. In addition, capability is provided to transfer -
the unit auxiliary buses to the startup power source to maintain
continuity of power at the unit-auxiliary.distribution svstenm.

In addition to the loadinq‘conditions mentioned in the above
paragraph, the 13.8 kV startup buses also supply the preferred
power supplies to the Class TE load groups through their
respéctive 13.2 kV - 4.16 kV enqgineered -safequard transformers as
discussed in Suhsection 8.3.1.3 (Fiqure 8.3-1).

The auxiliary bus feeder hreakers from the unit auxiliacy
transformers and the startup tie bus section are interlocked to
orevent supplying vower to the startup bus from the unit
auxiliary transformer. )

A 13.8 kV tie bus is provided for the two startup buses. A
separate (not in switchgear line-up) bus tie breaker is located
in the tie bus. In the event of a loss of startup pover supply
to the 13.8 kV startup bus, an alarm is initiated and, a time
delav undervoltage rvrelay initiates the trlpplnq of the 13.8 kV
incoming breaker and the closing of the tie breaker, resulting in
2 slov transfer. However, this transfer is prevented if either
auxiliarv 13.8 kV bus is belnq fed from the undervoltaqge tie bhus
section. This condition is sensed by the closure of two (2)
auxiliary "b® contacts in series, one from each of the unit
auxiliary bus to tie-bus circuit breakers connected to a comnon
tie bus section. Manual initiation of the tie breaker is also
provided. However, the use of this manual control is
administratively limited as an overriding means only. Under
automatic operating conditions of the tie breaker, auxiliary
sWwitch "b" contacts of the startup. transformer incoming breakers
are also utilized as a permissive to close the tie breaker to
prevent tying of the two startup transformers. .

At the 4 kV ESF power distribution subsystem a three-way transfer
systen is provided to enable the ESF loads to connect to either
of the two off-site power sources or to the standby diesel
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generators. FEach BSF bus is normally connected to a preferred
source which is one of two ES transformers connected respectively
to the two startup buses. During loss of one off-site power
source, that is, upstream of the startup bus, the startup hus
undervoltagé relay will trip the feeder breaker to the ES
transformer, causing a transfer at the U4kv ESF bus. If povwer
loss occurs between the 13kV stattup bus and the 4kV ESF bus, a
4kxv transfer will occur. The 4kV ESF bus transfer is initiated
by the bus undervoltaqe relay, which trips the normal incoming
breaker and subsequently closes the alternate incoming breaker.
This is practically a dead bus transfer. If both off-site power
sources’'are unavailable, the diesel generator breaker closes as
soon as the diesel generator power is available.

The above transfer mechanism allows only one source breaker to be
closed at any one time and to ensure this, breaker auxiliary
switch contacts are used for interlocking. A manual live bus
transfer is possible through a synchronizing device in which case
- an alternate source breaker is first closed and is followed by an
automatic tripping of the preferred supplvy breaker. In this case
the duration of the tie is merely a few cycles. Furthermore, the
diesel qgenerator can be tied with any one of the two off-site
sources for an indefinite time undevr test condition but this does
not in any way cause the two off site power systems to be tied
together.

The plant security load center is double ended, each end being
supplied from one of the 13 kV start-up buses through a stepdown
transformer and is provided with a normally open tie breaker.
Each bus is supplied from its own start-up source. Should one
source be lost the undervoltage relay at the transformer
secondary trips the bus incoming breaker. The bus undervoltage
relay then initiates closure of the tie hreaker provided the
incoming breaker has successfully tripped. Upon return of the
failed source the incoming hreaker will not automatically close
and can only be manually closed after the tie breaker has been
tripped.

In all of the foreqoing tie or transfer systems, there is no way
that the two off-site power systems can be tied together at the
on-site huses assuming loss of one off-site source.

The 13.8 kV switchgear provide power for large auxiliary loads
and 480 V load centers. The 13.8 kV switchgear feed double-ended
480 Vv load centers. A manual tie breaker is provided for each
set of load centers to intertie the two load centers in the event
of failure of one load center transformer. Load centers
generally supply power to 480 V loads larger than 100 hp and
pover for their respective motor control centers. The motor
control centers supply 480 V loads smaller than 100 hp while 480
v, 480/277 Vv, 208/120 V panels provide miscellaneous loads such
as unit heaters, space heaters, lighting systems, etc.
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Refer to .Figqure 8.3-1 for interconnections of the following

equipment. Physical locations of each of the following equipment

can he found in Section 1.2,
. a) Unit Auxiliary Transformer

33/44/55 MVA, 3d, OA/FA/FOA, 55°C

'37/49.3/61.6 MVA, OA/FA/FOA, 65°C
-, 23.0-13.8 kV Grd. Y/7.96 kV

Z = 9.0% @ 33 MVA

b) Startup Transformer

45/60/75 MVA 3¢, OA/FOA/FOA, 65°C
225/129.9 == 13.8/7.97 kV

Z = 15.0% @ 45 MVaA

LTC £+ 15% in 15/16% steps

c) Engineered Safequard Transformer
10.5/13.12 MVa, 3¢, OA/FA, 55°C
11.76/14.7 WVA, OA/FA, 65°C
13.2-4.16 kxV Grd. Y/2.4 kvV
7 = 6.8% 2 10.5 MNVA

d) nit Auxiliary 13.8 kV Syitchqear

Buses 2000 A continuous rating,
MVA bracing

Incoming bhreakers -2000 A continuous rating,

MVA 34 Class 28,000 A syn

interrupting rating
Feeder breakers 1200 A continuous rating,
. . MVA 34 Class 28,000 A sym
interrupting rating
e) Startup 13.8 kV Switchgear

Buses 3000 A continuous rating,
MVA bracing

Incoming hreakers . 3000 A continuous rating,

MVA 3g Class, 28,000 A sym
intercupting rating

750

750

750

750

750
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Tie breaker

Feeder breakers

4,16 kV Switchgear

Buses

Incomning breakers

Feeder breakers

480 V Load Centers

Transformers

Control structure,
Administration,

. Security and machine

shop transformers
only

Buses

Inconing breakers

Feeder breakers

Tie breakers

3/82

3000 A continuous rating,
MVA 3# Class 28,000 A sym
interrupting rating

1200 A continuous rating,
MVA 34 Class 28,000 A sym
interrupting rating

1200 A continuous rating,
MVA bracing

1200 A continuous rating,
MVA 38 Class 29,000 A sym
interrupting rating

1200 A continuous rating,
MVA 34 Class 29,000 A synm
interrupting rating

1500/2000 kVA, 3¢, AA/FA,
13200-480 V Grd. Y/277 V

100071333 kVA, 34, AA/FA,
13200-480 Vv Grd. Y/277 V

3000 A continuous; 65,000
bracing (1500/2000 kVa)

1600 A continuous; 50,000
bracing (1000/1500 kVA)

3000 A continuous, 5,009
sym interrupting rating
(15002000 kVA)

1600 A continuous, 50,000
sym interrupting rating
(10001500 kVA)

750

750

250

250

250

600 A continuous, 30,000 A sym

interrupting rating

1600 A continuous, 50,000
sym interrupting rating

L

8. 3"5
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h) 480 V Motor Control Centers

Horizontal bus (main) 600 A continuons; 42,000 A

. bracing

Vertical bus . ) 400 A continuous; 42,000 A
3 bracing

Breakers (Molded Case)

150 A frame : 25,000 A symmetrical
interrupting rating

250 A frame . 22,000 A symmetrical
’ interrupting rating

i) 480 Vv pistribution Panel

Rus 225 A rating, 14,000 A bracing

Branch breakers 100 A frame, 14,000 A
interrupting rating

E)] 208/120 Vv ac Tnstrument ac Distribution Panels

Main breaker 225 A continuous

(molded case) | 22,000 A sym interrupting
rating

Buses 225 & continuous

Branch breakers 100 A frame size

(molded case) © 10,000 A sym interrupting
rating

~
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The Class IE ac portion of the on-site power system is shown on
Fi—qure 8.3-10 o

The Class IF ac system distributes power at 4.16 kV, 480 Ve and
208/120 V to the safety related loads. The safety related loads
are divided into four load qroups per generating unit and are
tabulated in Table 8.3-1. FRach load group has its own
distribution system and power supplies.

The #4.16 kV bus of each Class IF load group channel is provided
with connections to two off-site power sources designated as
preferred and alternate power supplies. Diesel generators are
Droviaeg as a standby power supply in the event of total loss of
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the preferred and alternate power supplies. Standby power supply
is discussed in Subsection 8.3.1.4.

preferred and alternate power supplies up to the 4.16 kV buses of
the Class IR power system are cons idered as non-Class IE.

A1l non self-activated switchqears receive control power from the
125 vdc control power sources. The 125 Vvdc control power sources
for the Class 1lF 4.16 kV switchgear breakers and 480V load
center hreakers are shown in Tables 8.3-19 and 8.3-20
respectively.

In order to achieve adequate separation between channelized load
qroup and divisionalized load qroup, two 125 Vdc control power
supplies are provided for each 4.16 kV switchgear (refer to Table
8.3-19). '

- — v o m  — —

Each Class IE U4.16 kV switchgear of a load group channel is
provided with a preferred and an alternate (off-site) power
supply feeder and one standby diesel generator feeder. Fach bus
is normally energized by the preferred power supply. If the
preferred power source is not available at the 4.16 kV bhus,
auntomatic transfer is made to the alternate power source as
described in Subsection 8.3.1.3.6. Tf both preferred and
alternate power feeders become de-energized, the safety-related
loads on each bus are picked up automatically by the standhy
diesel generator assiqned to that bus as described in Subsection
8.3.1.4,

-—--——-—_————.—.——-— T3 T ey e oo S S B i W s b e

pPower feeder cables for the 4.16 kV system are aluminum
conductor, and are rated 5 kV, 90°C conductor temperature with
high temperaturg Kerite insulation. The cables are provided with
an overall flame resistant Kerite jacket covering. For the 480 V
system, cables of size #4/0 AWG and larger are aluminum
conductor; cables less than #4/0 AWG are copper conductor. Both
types of cables are rated 600 V, 90°C conductor temperature with
ethvlene-propylene insulation with a f£lame-resistant hypalon
jacket covering. The conductors are sized to carry the maximunm
available short circuit current for the time required for the
circuit breaker to clear the fault. All Class IF cables have
been designed for operation as discussed in Section 3.11.

The 4.16 kV switchgear, D.C. load centers, and D.C. Control
centers are equipped with aluminum buses and silver-plated bolted
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connections. The 480 V load centers and motor control centers
are equipped with copper/aluminum busses and the bolted
connections are also silver-plated. All circuit breaker
terminals are copper. For pover cable terminations, Burndy
compression aluminum terminals (HYLUG) are used. These terminals
are of seamless tubular construction, tin-plated to resist
corrosion, and factory filled with oxide inhibhiting compound
penetrox A. Conpression adapters MAC ADAPT MPT series or
equivalent are used for equipment/vendor supplied components
having mechanical lugs which cannot be converted to accept a
Burndy compression lug due to physical or practical limitations.
A non-oxidizing lubricant such as D50H47 or equivalent will be
applied on all contact surfaces at bolted joints to avoid
damaging the silver-plated contact surfaces.

S mRe v e S G G S S Py S TS i Tt e S . Ay P T S b T G P Y B

The Class IE ac system is divided into four load qroup channels
per unit (load qroup Channels A, B, C, and D). Power supplies
for each load group are discussed in Subsection 8.3.1.3.1. All
Class IE ac loads are divided among the four load groups so that
any combination of three out of four load qroups has the
capability of supplying the minimum required safety loads.

The distribution system of each load group consists of one #4.16
kv bus, one 480 V load center, four or five motor control
centers, and several low voltage distribution panels. The bus
arrangements are shown on Fiqure 8.3-1, 8.3-3, 8.3-4, 8.3-7 and
8.3-8. =
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Table 8.3-1 provides a listing of all the loads supplied from
each Class IR, bus.

Bt i B B e P e S Sm D . S T St e S Tl S G e T i S M T S S S S S S e > ot —

Two redundant 480 V swing buses are provided for each unit for
the RHR injection valve motor operators, recirculation loop
bypass valve motor operators, and recirculation discharge valve
motor operators. The single line of the swing bus is shown on
Fiqure 8.3-9. :

A Class IE 480 V load center of one load qroup channel supplies

the preferred pover to the svwing bus through the electrical
isqlaxion of a motor-generator (M-G) set. The alternate pover is
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supplled ‘directly from another redundant Class IP 480 Vv load
center. The M-G set is.used for eloctrlcally isolating two
redundant load groups. Faults at the swing bus cannot be
propagated onto more than one load group.

The swing buses are Class IR motor control center constructions.
An automatic transfer switch is provided for transferring the
swing bus from the preferred to the alternate power source upon
reduction or loss of voltage at the swing bus. Tf the:
undervoltage is caused by a fault at the swing bus, the transfer
vill be prevented even if the alternate power is available. The
svwing bus will be retransferred back to preferred power when the
voltaqge is restored within acceptable limits.

The svwing bus and transfer swltch are desaned so that for a 1oss

of off-site power 'and any single failure, the ninimum required
ECCS flow to meet 10CFR50 Appendix X criteria is always
available.

The following is a common mode-common cause failure analysis
(CMCCTFA) for the aufomatxc transfer sultch95°

Fiqure 8.3-13 doplcts a almpllfled single line dlaqram for the
swing bus system to facilitate the analysis.

Table 8.3-284 provides a step-by-step CMCCFA of the auto transfer
switch'by postulating the various major common causative factors
{events).

Normal conservatism in desiqn and manufacturing margins,
mandatory requirements of QA/QC procedures, Tnitial Test Progran,
Preoperational Tests, applicable administrative procedures and
maintenance proqrams as well as operator actions contribute to
minimize the susceptibility of the auto .transfer switch to the
various common causative factors as analyzed in Table 8.3-24.
This analysis demonstrates that the transfer switch, as a
component of the swing bus system design, will not degrade the
independence and separation between the redundant Class IE
channels (load center channels A afd C or B and n).

The test progran (Section 14.2 and Technlcal Specification 314.8)
for the 480V swinq bus system (Fiqure 8.3-13) consists of:

a) Periodic xnspectlon ‘of wiring, insulation, and connections
etc. to assess the continuity of the components and systen.

bh) Periodic testing to verify the operability and functional
performance of individual components in the system.

c) Periodic testing of operational sequenco and operability of
the system as a whole.

Rev. 29, 37382 8.3~9



SSES-FSAR

8.3.1.3.6 Hanual and Automatic Interconnections Between
Buses, Buses_and_Loads,_and Buses_and.Supplies

T D e P S At i S e e e s = S

« .

No provision exists for automatically or manually connecting one
Class IF load qroup to the redundant Class IE load group or for
automatically transferrinq loads between load groups except the
swing buses as discussed in.Subsection 8.3.1.3.5. ‘

Por each load group, one 4.16 kV feeder circuit breaker is
provided for the normal incoming preferred power source, and
another U4.16 kV feeder circuit breaker is connected to the
alternate power source (see Subsection 8.3.1.3.1). The normal
preferred power source to each bus is electrically interlocked
with the alternate power source such that the bus can be
connected to a single power source at any one time. Tn the event
of loss of preferred power to the load qroup, undervoltage relays
(less than or equal to 15 percent voltage) on the 4.16 kV
switchgear will initiate an automatic transfer to the alternate
povwer source 'if availahble. 1In the event of losing both preferred
‘and alternate power supplies, the load groun will be powered from
the standhy diesel generator.

Restoration of power from standby pover to the preferred source
of offsite power is manually initiated in the control room on
panel 0C653. When the stnadby power source is in synchronism
with the offsite power source, the preferred offsite source
incoming breaker is closed. Upon closing of this preferred
source breaker, the standby source bhreaker will automatically
trip.  This tripping is initiated by the preferred offsite source
breaker auxiliary switch contact interlock.

A similar procedure is used to restore power from standby to the
alternate offsite power.

8.3.1.3.7 Interconnections Between Safety Related and
Nonsafety Related Buses, Nonsafety Related
ieemziz._.Loads, and_safety R%lated Buses |

Discussion of interconnections betwecn safety related and non-
safety related buses, nonsafety related loads, and safety related
buses is presented in Subsections 3.12.2 and 8.1.F.1.

Rev. 29, 3/82 8.3-10
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8.3.1.3.8 Redundant_ Bus_Separation

The engineered safety features switchqgear, load centers, and
motor control centers for the redundant Class IE load groups are
located in separate Seismic Cateqory I rooms in the reactor
building to ensure electrical and physical separation.

Blectrical equipment separation is discussed in Subsection 3.12.2
and Subsection 8.1.6.1. Equipment layout drawings can he found
in Section 1.2.

— T . — — . o S — D o 0 LS et £e B G Sip W S umh i

a) 4.16 kV Switchgear

Buses 1200 A continuous rating, 250
MVA bracing

Incoming breakers 1200 A continuous rating, 250
MVA 34 Class 29,000 A synm
interrupting rating

Feeder breakers 1200 A continuous rating, 250
MVA 34 Class 29,000 A svm
interrupting rating

b)" 480 V Load Centers

Transformers (Unit 1) 75071000 kVA, 34, AA/FA,
13800-480 V Grd. Y/277. Vv

Transformer (Unit 2) 750 kva, 3¢, AA, 13800-~480 V
Grd. Y/277 V

Buses 1200 A continuous, 30,000 A
bracing

Breakers . 600 A frame size, 30,000 A syn
‘ interrupting rating

c) 480 Vv Motor Control Centers

Buses
Horizontal (main) 600 A continuous, 42,000 2
‘ bracing’ ’
Vertical ' 400 A continuous, 42,000 A )
bracing
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Breakers (molded case)

150 A frame 25,000 A sym interrupting
” sating
250 A frame 22,000 A . sym interrupting
rating
d) Automatic transfer 480 v, 3, 400 A
o switch continuous 31,000 A
sym withstand capability
e) 208/120 Vv ac Instrument ac Distribution Panels
Buses 225 A continuous
10,000 A sym interrupting
rating
Branch breakers 100 A frame size
{rolded case) 10,000 A sym interrupting
: rating

. S e $e — i S S S S N o et Wy Nt s o S P P B i Y S Bt i

If preferred off-site power is available to the Class 1E 4.16 kvV ‘
bus following a LOCA signal, the required ES¥® loads will start as
shown in Tables 8.3-1 and 8.3-1b.

Tn the event of loss of preferred and alternate off-site power
supplies, the Class 1E 4.16 kV buses will shed all loads except
the 480 V load centers and connect the standby diesel generator
to the Class 1E bus. The loading sequence is shown on Table 8.3-
1.

However, if a slow bus transfer (bus voltage on transfer is less
than 15%) at the Class 1F 4.16 kV bus is initiated to the
alternate off-site power as a result of a loss of preferred off-
site power, all loads are shed except the 480 V load centers.
Then the required ESF loads will start as shown on Tables 8.3-1
and 8.3-1b.

Emergency loads are also sequenced with off-site power because of
the pover system limitation (transformer capability). Load
sequencing is designed to minimize system disturbance.

Tables 8.3-1 and 8.3~1 show the anticipated starting time of all
ESF loads. Both Unit 1 and Unit 2 bhuses for a qiven diesel
generator are normally supplied by the same off-site power
supply. An individual timing unit is provided for each of the
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ESF loads with automatic start function. Failure to start on one
load will not affect the starting initiation of other loads.

The loading sequence for a simultaneous LOCA in one unit and a
false LOCA in the other unit is shown in Table 8.3-1b., A false
L.OCA signal as used in this section refers to a non-mechanistic
failure resultinag in a _LOCA signal in one reactor unit when a
LOCA has not occurred in that unit.

The load starting transient on the diesel generators is reduced
if the Unit 1, and Tnit 2 load sequences 4o not start
simultaneously.

Tf off-site power is available, the LOCA signal in one unit. and
false L0OCA siagnal in the other will shed 2 RHR motors and 2 core
spray motors of each unit and sequentially start 2 'RHR and 2 core
spray motors as shown.in Table 8.3-1h. This is done in order not
to exceed the loading limitations of the ES Transformers and to
provide at least the minimum core cooling requirements of both
units. Under the modified core cooling arrangement, 2 RAR pumps
{one in each loop) and 2 core spray pumps (both in the same loop)
vill satisfy the minimum cooling requirements of each unit.
Approixmately ten minutes after the above event the operator will
be able to determine which is the false-LOCA unit and shutdown
non-essential loads in the non-LOCA. unit. TIn case off-site power
is not available, the loading is the same as discussed above, but
the sequencing is slightly altered as shown in Table 8.3-16.

Onder all conditions discussed in Subsections 8.3.1.3.10.17 and

8.3.1.3.10.2, safety functions are met within the time limits
shown in Table 6.3-1. :

Subsection 8.3.1.11.3 provides information regarding the physical
identification of Class IE equipment.

8.3.1.3.12 Instrumentation and Control Systems for the
Applicable Power Systems with the Asslqned
Power Sugply Tdentlfled

T Y e S iy e, a4 4 VD D o a0 Sis e - - -

The dc power supplies for the control of the redundant Class IB
equipment are physically and electrically separate and
independent. Refer to' Subsection 8.3.2 for a detailed discussion
of the dc systen.
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Protective"relav schemes .and direct-acting trip devices on
primarv and backup circuit breakers are provided throughout the
. on—site power system in order to:
a) Isolate faulted equipment and/or circuits from
unfaulted equipment and/or circuits

b) Prevent. damage to equipment
c) Protect personnel
d) Minimize system disturbances

e) Maintain continuity of the power sﬁpply

Major types of protectlon measures employed include the

follow1nq-
a)’ Bus Differential Relayiﬂq
, A bus differential relay is provided for'each Class IE

4.16 KV bus. This relay provides high speed
disconnecting of bus supply breakers to prevent
. propaqgation of 1nternal bus fault to another bus.

b) Overcurrent Relaving . .

Each Class IE 4.16 kV bus feeder circuit breaker is
equipped with three extremely inverse~-time overcurrent
relays to sense and to protect the bus from an
overcurrent condition.

The standby diesel generator feeder circuit breaker to
the 4.16 kV bus is equipped with three voltage )
restrained overcurrent relays and one inverse-tinme
ground fault relay for feeder circuit protection.

Bach 4.16 kV motor feeder circuit breaker has three
overcurrent relays, each with one long time and one
instantaneous element for overload, locked rotor, and
short-circuit protection. FRach breaker is also
equipped with an instantaneous qround- current relay.

Each Class IE 4.16 kV supply circuit breaker to a 480 vV
load center transformer is protected by three
overcurrent relays with long-time and instantaneous

. elements. An instantaneous overcurrent ground sensor
relay provides sensitive qround fault.protection.

Rev. 29, 3/82 ° 8.3-14
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c) Under/Overvoltage Relaying

Bach 4.16 kV Class IR bus is equipped with undervoltage
relays for diesel generator starting and undervoltage
annunciation. EBach 4kV bus is provided with deqgraded
grid voltaqe protection. Each 480 V Class IE load
center bus is equipped with under/overvoltaqe relays
for annunciation.

d) Diesel Generator Differential Relaying

Bach diesel generator is equipped with differential
relaying protection. This circuitry provides high
speed disconnection to prevent severe damage in case of
diesel generator internal faults.

o) 480 V Load Center Protection

Each load center circuit breaker is equipped with
inteqral, solid-state, dual magnetic, adjustable,
direct-action trip devices providing inverse-time
overcurrent protection. Motor feeders are equipped
with long-time overcurrent and instantaneous short-
circuit protection.

£) 480 V Motor Control Center Protection

Molded-case circuit breakers provide inverse-time
overcurrent and/or instantaneous short circuit
protection for all connected loads. For motor
circuits, the molded-case circuit breakers are equipped
with an adjustable instantaneous magnetic trip function
only. Motor thermal overload protection is provided by
the heater element trip unit in each phase of the motor
feeder circuit. The molded-case breakers for nonmotor
feeder circuits provide thermal inverse-time
overcurrent protection and instantaneous short circuit
protection. The thermal overload trip units for safety
related motor-operated valves are normallv bypassed
except during maintenance tests.

The circuit protection system is desiqned so that fault isolation
is secured with a mipimum circuit interruption. The combination
of devices and settings applied affords the selectivity necessary
to isolate a faulted area quickly with a minimum of disturbance
to the rest of the system.® The protective devices are
preoperationally tested in accordance with the requirements of
Chapter 14, After the plant is in operation, periodic tests will
be performed to verify the protective device calibration, set
points, and correct operation in accordance with the requirements

-of Chapter 16.
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All Class IE circuit breakers and motor starters, excep: for the
electric equipment associated with Class IE loads identified in
Subsection 8.3.1.3.15, are testable during reactor operation.
During periodic Class IE system tests, subsystems of the ESF
system such as safety injection, containment spray, and
containment isolation are actuated, thereby causing appropriate
circuit breaker or contactor operation. The 4.16 kV and 480 V
circuit breakers and control circuits can also be tested
independently while individual equipment is shut down. The
circuit breakers can be placed in the test position and exercised
without operation of -the related -equipment. : '

A. Feedvater Line Isolation Valves
The feedwater line isolation valves (HV-F032 A/B) are of the
mo*or operated check valve type and are not testable with
the feedwater flow present. Motor operation is not required
for isolation. Only the outermost isolation valve is Class
1E powered and would be motor operated for long term
isolation after isolation of the feedwater line.

Conformance with Regqulatory Guide 1.22 Section b.lU:

1. The feedwater isolation is not designed for isolation
with feedwater flow present as the loss of flow would
adversely affect operability of the plant.

2. Motor operation is not' required for isolation.

3. The motor operator of the outermost isolation valve is
' fully testable during shutdown.

B. Main Steam Tsolation Valves

The' main steam isolation valves can be tested 'individually
to the 90% open position at full powerQwith the slow acting
test solenoid valve. A fully closed test using the two fast
acting 'main solenoids would require a reduction in ractor
pover. ' : “ : .

Conformance with Requlatory Guide 1.22: See Subsections
‘7e3.22.2.2.1.2 and S5.4.5.4. ’

C. ADS System - Safety/Relief Valves

Rev. 29, 3/82 ‘ ., 8.3-16
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The active components of the ADS system except the
safety/relief valves and their associated solenoid valves
are designed so they may be tested during plant povwer
operaiton. The relief valve and associated solenoid are not
tested during reactor power operation.

Conformance with Raqulatory Gui&é 1.22:

1.  The safety/relief valves are not tested during powver
operation because of resulting adverse affect on plant’,
‘operation.

2. Because of low failure rates of valve actuation, the
probability of failure is accéptably low without
testing.

3. The safety/relief valves and associated solenoid valves
can be tested durinag startuo following shutdown.

D. Recirculation‘Lodp Isolation Valves

The recirculation pump isolation valves are not tested
during reactor power operations.

Conformance with Regunlatory Guide 1.22 Section D.Y4:

1. Operation of a recirculation loop isolation valve would
’ result in a reduction of circulation which would
adversely affect the safety and opprablllty of the
plant.

N
.

The probability of failure is acceptably low without
testing the valve motor during operation.

3. The valve and motor are fully testable during reactor
shutdown.

8.3.1.4 _standby_Power ngglz
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The standby power supply for each safety related load qroup
consists of one diesel generator complete with its accessories
and fuel storaqge and transfer systems. Each diesel generator is
rated 4000 kw at 0.8 pf for continuous operation and 4700 kw for
2000 hr operation. The ratings for each diesel generator are
‘calculated in accordance with the recommendation of Requlatory
Guide 1.9 (discussed in Subsection 8.1.6.1). The diesel-
generators can operate at loads of from 50 to 100 percent for
unlimited periods without harm. Any diesel generator
continnously operated at loads of less than 50 percent will be
loaded to 75-100 percent for 15-30 nminutes approximately every
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six hours and immediately prior to shutdown. Any diesel
generator continuously operating at loads of less than 50 percent
for less than six hours will be loaded to 75~-100 percent for 15-

© 30 minutes immediately prior to shutdown. Such operation will

enhance engine performance and reliability.

- The four diesel generators are shared by the two units. Each

diesel generator is connected to the 4.16 kV hus of the assigned
load qroup per unit. The capacity of the diesel qenerators
(assuming one diesel fails) is sufficient to operate the
engineered. safety features loads of one unit and those systems
required for concurrent safe shutdown of the second unit.

No provisions are provided for parallel operation of the diesel
generator of one load group with the diesel generator of the
redundant load qroup. The diesel gencerator circuit breaker and
the off-site power incoming circuit breakers are interlocked to
prevent feedback into the off-site power system. These
interlocks are bypassed during diesel generator load tests;
however, only one unit is tested at any one time. During the
test period, the diesel generator under test is manually
synchronized to the preferred off-site power system. Upon
receipt of a LOCA signal under the test condition, the diesel
generator hreaker is tripped but the diesel generator continues
to run.

The diesel generators are physically and electrically isolated
from each other. Physical separation for fire and missile
protection is provided between diesel generators by separate
roons within a Seismic Cateqory I structure, Power and control
cable for each of the diesel generators and associated switchgear
are routed in separate raceways. Physical electrical equipnent
layout of the diesel generator rooms is shown on Fiqure 8.3-10.

Auxiliaries required for starting and continuous operation of
each diesel generator are fed by the Class TIE power load qroup
associated with that diesel generator.

Control power for each diesel qenerator is provided by its
corresponding 125 Vv dc systems from both Unit 1 and Unit 2.

These two power feeders are not redundant, but have been provided
for ease of maintenance. 1Indication of which unit is supplying
the dc control power is not provided in the control room. Manual
switches are installed at the local panel to select the preferred
power feeder. Since each diesel generator is shared by both
units, eithgr source of DC control power is adequate. Loss of DC

.power to the Diesel Generator is indicated on the BIS panels as a

group trouble alarm on panel 0C653 in the main control roon.

Bach diesel generator is provided with a local engine control
panel, a generator-exciter control panel, a local 4.16 kV

“
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distribution panel, and a 480 V motor control center in the
diesel generator roon.

a) Local Engine Control Panel - consists of a local
annunciator, engine control devices, gauges, and
control for diesel generator auxiliary equipment such
as fuel oil transfer pump, standby jacket water punmp,
etc.

The diesel generator control system is designed in such
a manner that some control devices are mounted in the
free standing control panel separate from the engine,
while others are mounted directly on the engine, as
required for reliable service. All devices that are
essential to the start-up or power output of the
di.esel~-generator set have been seismically qualified by
analysis or test to acceleration levels consistent with
their mounting location.

by Generator-Exciter Control Panel - consists of generator
excitation control equipment, generator protective
relays and devices, etc. .

c) 4.16 kV Distribution Panel - prov1des connections for
diesel generator feeders to Unit 1 and 2. Also houses
potential transformers and current transformer, etc.

d) 480 V Motor Control Center - provides power to all 480
Vv auxiliary equipment related with that diesel
generator. This MCC is equipped with an automatic
transfer switch for connection to either Unit 1 or 2
480 V Class IE load center. These two load centers
helong to the same load qroup channel as the diesel
generator.

Physical separation of standby pover system is discussed in
Section 3.12.

Automatic Starting Initiating Circuits
The diesel generators are automatically started by any of the
following conditions:

a) Total loss of power to the 4.16 kV Class IE bus of
either unit to which the diesel generator is connected

b) Safety injection signal - low water level in the
reactor, high drywell pressure, or manual actuation.
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T?wo redundant control/starting circuits are provided. for each
diesel generator. Failure of one circuit would not prevent the
respective diesel generator from starting or from continuous
operation.

The diesel generators are ready to accept loads within 10 sec
after the initiation of the start circuit.
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The diesel generator start system is described in Subsection
9.5.6. To ensure fast and reliable starting, each diesel engine
is provided with immersion heaters in the engine jacket water and
the lube o0il system to maintain the engine coolant and lube oil
temperature at an operable level. The electric jacket water
immersion heater and the water circulating pump are interlocked
for simultaneous operation when the jacket water temperature
drops below the preset temperature. The electric lube oil
inmersion hecater and the prelube circulating pump are interlocked
for simultaneous operation when the engine is below 280 rpa.
rRefer to Subsections 9.5.5 and 9.5.7 for further description.
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The protective and alarm logic diagrams for the diesel‘qenerator
and its associated breakers are shown on Fiqures 8.3-11 and 8.3~
12.

While supplying loads following an automatic start, each diesel
enqgine and related generator circuit breaker are tripped by
e, .. .. Protective devices under the following conditions only:

PR TR
w ARSI
PASIEN
.

X a) Engine overspeed
' b) Lube oil low pressure
c) Generator differential

To prevent spurious tripping of the diesel generator due to
malfunction of the engine lube o0il low pressure trip device, four
independent sensors are provided and connected in a coincidence

one-out-of-two taken twice tripping logic. An individual i ‘
tripping alarm is provided by the annunciator at each local
control panel. o .

The starting circuit is also equipped with a "fail to start"
relay operator that interrupts the starting of the diesel
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generator if a predetermined speed is not reached within a
limited time following a start initiation.

=

In addition. to the above~listed trips, each generator circuit
breaker is tripped by the following protective relays to
disconnect the generator from a faulty bus (the diesel generator
continues to run): - .

a) Voltaqe restrained overcurrent
b) 4 kv bus differential.

FPollowing a manunal start, a diesel generator is in the test mode
and ready for a load test. When so operated, in addltlon +*o the
above-listed trips, each diesel engine.and related generator
circuit breaker are automatically trlpped by the following
protective devices:

a) Generator loss of field

b; Generator overexcitation

c) Antimotoring . .

d) Generator underfrequency

2) Generator overvoltaée

£) Generator high bearing temperature
a) High -jacket water temperature

h) Turbo lube oil pressure low

i) Main and connecting rod bearing temperature hiqht
) Engine vibration

k) Turbo thrust bearing failure.

hn individual alarm is also provided for each of these abnormal

conditions at the local control panel. A group alarm is provided

in the main control room as a high nriority alarm.

Other relays and devices are provided to annunciate abnormal

diesel engine and generator conditions at the local control panel

as' following. These conditions are annuncxated in the main
control room as a low prlorltv alarm.

a) Generator field qround

b) Generator voltage unbalance
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v)

w)

X

y)
z)

aa)
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Generator neutral overvoltaqge
Enqine’lube 0il pressure high

Crankcase pressure hiqgh

Engine lube o0il temp off normal

Enqine crankcase level low

Auxiliary standby pumpron

Jacket water temperature off normal
Jacket water low pressure

Fuel o0il pressure high

Fuel oil pressure low

Fuel strainer %iqh differential pressure
Fnel filter hiqh differen+ial pressure
Lube o0il filter hiqh differential pressure
Starting air system low pressure or malfunction
Voltaqge requlator transfer to standby
Jacket water standpipe level high

Jacket water standpipe level low

Fuel oil day tank level high

Puel oil day tank level low

Fuel storage tank level high

Fuel storage tank level low

Motor control center not proper for automatic operation
{actuated by bhlown control fuse, etc.)

Control switches not proper for remote automatic
operation (diesel generator auxiliaries)

Lube o0il circulating pump malfunct.ion

Lube o0il heater malfunction
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bb) Jacket water heater malfunction

cc) Jacket water circulating pﬁmp malfunction

The following alarms are provided in the main control room

annunciator:
a) Niesel generator tripped
b) ' Hiqh priority alaram (all trip conditions listed
previously :
c) Lov priority alarm (all abnormal condition; listed
previously
d) Diesel generator breaker tripped’
. e) PDiesel qgenerator fails to start .
£) Diesel generator near full load
q) Diesel generator not in automatic mode.
8.3.1.4.4__Breaker_Interlocks
‘ Interlocks have been provided in the closing.and tripping of the

4.16 kV Class IE circuit bhreakers to protect against the
folloving conditions:

a)

b)

c)

Rev. 29,

Automatic enerqizing of electric devices or loads
during maintenance

Automatic closing of the diesel generator bhreaker to
any energized or faulted bus

Connecting two sources out of synchronisnm
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8.3.1.4.5__Control Permissive
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A sinqgle key-operated switch at the local control panel is
provided for each diesel generator to block automatic start
signals when the diesel is out of service for maintenance. An
annunciator alarm in the main control room and an indication at
the bypass-indication-system panel indicate when the switch is
not in automatic position.

A pushbutton in the control room and a local pushbutton at the
local control panel in the diesel generator room are provided to
allow manual start of the diesel when all protective systems are
perpissive. During periodic diesel generator tests, permissives
and interlocks are designed to permit manual synchronizing and
loading of the diesel generator with either off-site povwer
source.

A key operated switch at the local control panel is provided for
each diesel generator to regain speed and voltage control of the
diesel generators following a loss of and subsequent restoration

of offsite power. This permits the diesel generators to be
synchronized to the offsite power source, while maintaining the
diesel generator in the emergency mode of operation. An annunci-
ator alarm in the main control room indicates when the switch is
not in the normal position. ’

Upon automatic starting of the diesel (emergency mode),
connection of the diesel generator to the 4.16 kV bus is not made
unless both off-~-site power sources are lost. As the generator
reaches the predetermined voltage and frequency levels, control
relays provide a permissive signal for the closing of the
respective diesel generator breaker to the corresponding 4.16 kV
bus. The diesel generator circuit breaker is closed within

10 sec. after the receipt of the starting signal. The required
safety related loads are connected in sequential order to the
Class IE buses as shown in Table 8.3-1. This prevents diesel
generator instability and ensures voltage recovery thereby
minimizing motor accelerating time. A fast-responding exciter
and voltage regulator ensures voltage recovery of the diesel
generator after each load step.
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Fach diesel generator is tested at the site prior to reactor fuel
loading in accordance with requirements of Chapter 14.
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After being placed in service, the standby power system is tested

periodically to demonstrate continued ability to perform its

intended function, in accordance with the requirements of Chapter
16.
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The diesel generator cooling system is described in Subsection
q.s.s‘

8.3.1.4.10 Instrumentation and Control Systems for'
Standby_Power_ Supply "

The instrumentation and control circuit of each diesel generator
is provided with a manual selector switch for connection to
either Unit 1 or 2 125 v dc povwer supply. These two pover
supplies helong to the same load qroup channel to which the
diesel generator is connected.

Control hardware is provided in the control room for each diesel
generator for the following operations:

a) Starting and stopping * .
b) Synchronization

c) Prequency and voltaqe adjustment

d) Manual or automatic voltage reqgulator selection
e) "Isochronous and droop selection.
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Control hardware is provided at each local control panel for the
following operations:

a) Starting and stopping
b) Frequency and voltage adjustment

c) Manual or automatic diesel generator mode (key lock

selector switch) ‘ .
d) Automatic or manual voltage regulator selection * .
e) Normal or standby voltage regqulator selection i

£) Units 1 or 2 dc control power supply selection.

Electrical metering instruments are provided in the control room
for surveillance of the diesel generator: -

a) Voltaqge
b) Current
c) Frequency

d) " Power output.

Blectrical metering instruments are provided at the local control
panel for surveillance of the diesel generator: ‘

a) Voltage

b) Current

c) Frequency

d) Pover (watt) outp;t

e) Reactive power (var) output.
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The diesel-generator sets are designated Class IE since they
perform essential safety-related functions. - Therefore, the

equipment was qualified per IEEE 323-1971 and documented in

Cooper Enerqgy Services (CES) Report #CE-0188-1. The diesel

engine, synchronous generator, and auxiliaries, such as heat
exchangers, air receivers, and fuel tanks were qualified.

All testing conducted by CES for the Susquehanna SBS diesel-
generator sets provides the basis for data evaluation of future,
onqoing, periodic, jobsite testing. Periodic exercising of the
diesel-generator sets shows availability and reliability. Data
taken during those tests will be compared to data taken under
corresponding load conditions during factory testing. By
comparison, trends which may indicate equipment degradation are
developed and utilized to predict maintenance intervals.

Testing and analyses completed to verify equipment performance

< capability are as follows:

a) Testing performed on the first generator of this

: contract included the following parameters, vith
testing procedures as outlined in IEEE 115. Refer to
Electric Products test report for generator serial
number 17402243-200 dated 5-20-76 for documentayion of
test results.

1. synchronous impedance curve.

2. Zero ?ower factor saturation curve.

3. Losses {for efficiency calculation).

4. Direct-axis synchronous reactance.

5. Negative sequence reactancee.

6. Direct-axis transient reactance.

7. Direct-axis transient open circuit time constant.
8. Open circuit saturation curve.

9. Start circuit test.
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c)

d)
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Testing performed on each generator furnished under
this contract included the following parameters with
testing procedure as outlined in IEEE 115. Refer to
Electric Products test report for generator serial
numbers 17402244/246-200-dated 6/22/76 for
documentation of test results.

1. Insulation resistance.

2. Hiqh potential tests.

3. Winding resistance.

4. Overspeed.

5. Phase sequence rotation.

6. Mechanical balgnce.

Testing vas performed on each assembled engine-
generator set per TEEE 387 and included the following.
Refer to CES test procedure T1-TS5 and to CES reports
for engine serial numbers 7157-60 for documentation of
test results. ’

1. High potential testing of control wiring.

2. Measurement of engine vibration. |

3. ~Fast start capability.

4. Transient performance evaluation.

5. Steady state load capability.

6. Load rejection.

7. Number of starts from a single air receiver.

8. Performance evaluation of power factor
discriminator and standby voltage requlator.

Functional auxiliaries, such as lube o0il punps, jacket
water pumps, heaters, and coolers were evaluated to
ensure proper operation during the assembled engine-
generator set testing described in c above. The
functional capability of the auxiliaries is documented
in the test loq section of the CES reports for engine
serial numbers 7157-60. The establishment of adeguate
pressures and temperaures in the .lube oil, cooling
vater, and fuel oil systems confirms correct operation
of auxiliaries. ‘
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Engine and qenerator control panels yvere assembled and

tested with their respective engine-generator sets and

evaluated for proper control and monitoring. Refer to

CES reports for engine serial numbers 7157-60 for test

results. The achievement of engine-generator transient
and steady state performance confirms correct operation
of control panels.

£) To evaluate the seismic effects on the safe shutdown
capability some tests have been performed, but most
evaluations were achieved by analysis. Both CES and
vendor furnished equipment, which are essential to the
power output capability of the generator, have been
seismically evaluated and determined adequate to meet
the specified response spectra with no loss of
functional or structural integrity. Refer to CES
seismic reports numbered CES-1 through CES-49 for
documentation of seismic analyses and tests.

8.321-8.11.3__Performance_In Service Environment

Actual performance requirements and service conditions are
achievahle in the field installation only. Simulation of
performance is attained through computer techniques vhich
comparatively analyZe motor starting data taken during factory
testing with motor load starting characteristics predicted for
the essential pumps-motors to be started at the jobsite.
Simulation of service environments, such as the predicted diesel
generator room ambient temperature, would require an

. environmental chamber large enough to store the entire engine-
generator set. In order to ascertain the ability of this
equipment to perform in the predicted environment, operating
experience and design experience are used. The varied types of
engines designed, the varied installation applications, and the
resultant experience gained have determined the capabilities of
this equipnent to perform under different service conditions.
This experience is auqmented by previous and ongoing RED testing
of a similar CES Type KSV engine wvhere specific data may be
needed relative to particular performance requirements. However,
much of this data is proprietary.

As a result of this experience and testing, it is concluded the
service conditions described in Section 3.11 can be accommodated
while fulfilling the performance requirements. For example,
installation elevations of up to 1500 feet are accommodated
without any derating or desiqgn modification. The 676 feet
elevation for the Susquehanna SES diesel-generator sets falls
well within this range. To accommodate variance in combustion
air temperature, coolers/heaters are supplied which either add
heat to or take heat from combustion air as needed to provide the

e
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necessary manifold air temperature. The range of -19°F to +10509F
air temperature is therefore accommodated.

In addition, all service water heat exchangers are designed with
fouling factors incorporated permitting the buildup of specified
amounts of dirt or sludge while maintaining the necessary heat
transfer characteristics under the most adverse load and cooling
water temperature conditions. Particles or minerals in the
service water are therefore accommodated in heat exchanger
design. i

Seismic effects are taken into account analytically and by test
for all essential components and systems of the diesel-generator
sets.

8.3.1.4.12__cControl and Alarm_logic

The control and alarm logic for the diesel generators is shown on
Pig. 8.3-12. Conditions vhich render the diesel generator
incapable of responding to an automatic emergency start are shown
on Table 8.3-16. The following is an item by iter analysis of,
each of these conditions:

The diesel generator will be tripped by (1) generator g
differential relay, (2) engine overspeed, and (3) low engine lube
0il pressure (one-out-of~tvo taken twice logic) under emergency
operation. For test operation, the diesel generator will be
tripped by all conditions listed under “Diesel Generator High
Priority" alarm as shovn on Piqure 8.3-12. Following a manual
stop, nho reset is necessary for subsequent emergency or test
operation except the mode selector switch must be returned to
"Remote" position. This condition is annunciated locally and in
the control room. Pollowing a trlp, the control circuit must be
reset. The diesel generator trip is also alarmed locally and in
the control roomn.,

There are two engine starting circuits for each diesel generator
for added reliability. Each circuit is supplied from the sane
125 v battery system but through separate circuit breakers. Only
one circuit 1is required for starting and keeping the diesel
generator in a running mode. Therefore, any single component
failure (as listed in Column B of Table 8.3-16) cannot prevent
the diesel generator from starting. .

1)) ID-B.1 Generator Differential Relay activated
A generator differential relay is provided for each diesel

generator for internal fault protection. This relay will
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trip the diesel generator under any mode of operation. The
diesel generator differential alarm is annunciated locally
and repeated as a group alarm "Diesel Generator High
Priority Trouble" in the main control room.

ID-B.2 Engine Overspeed Relay activated

An independent overspeed sensor is provided for each diesel
generator starting circuit. Activation of any one sensor is
alarmed, but will not prevent the diesel generator from
starting or running.

ID-B.3 Engine Lube 0il Low Pressure Relay activated

Each of the control circuits have tvwo independent engine
lube o0il low pressure switches arranged in a one out of two
logic. Pressure svwitches are bypassed during engine
starting. Therefore, alarm is initiated for any one
pressure switch (or relay) activation. Disabling of the
diesel generator can only be accomplished with one engine
lube 0il low pressure relay activated in each control
circuit.

ID-B.4 Operating Mode Switch in "Local®

Operating mode switch (key locked) is put on "Local" for
local testing and maintenance services only. "Local
position" is annunciated in the main control room as "Diesel
Generator not in Auto." Alarm is also indicated in the
Bypass Indication System (BIS) on "Diesel Generator Switch
in Local" (also in the main control room). Automatic bypass
of the “Local'" operating mode under emergency condition is
not provided. Only one diesel generator will be tested or
taken out for service at any one time.

IpD-B.5 Loss of 125 VDC Engine Control Power

As discussed above, two separate control circuits are
provided for each diesel qgenerator. Alarm is indicated
locally and annunciated in the main control room as "Diesel
Generator High Priority." 1Indication is also provided at
the BIS panel. Loss of either circuit will not prevent the
diesel qenerator from starting or operating.

ID-B.6 Control Relay Malfunction

Control. relays can fail in either contact open or closed
state. Since there are two circuits provided assuming a
single relay failure, the diesel generator vill not be
prevented from starting or operating.

ID-B.7 Engine & Generator Mechanical Trouble
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Lov prlorlty and high priority trouble alarms are provided ‘
for engine and generator mechanical-‘trouble as shown on
Figure 8.3-12 and Table 8.3-16.

8) ID-B.8 Starting Air Control Solenoid Valve Pailure

There are two starting air solenoid valves for each of the
tvo starting circuits for each D/G. Loss of any three
starting solenoids will not prevent the diesel generator
from starting.

9) ID-B.9 Starting Air System Trouble

See (9) ID-B.9 and Section 9.5.6 for a complete starting air

system discussion. The starting air pressure is monitored

at all times with annunczatxon provided locally and in the |
main control room. |

10) ID-B.16 Fuel 0il Control Solenoid Failure

one fuel o0il control solenoid is provided in each of the two
control circuits for each diesel-generator. A failure of
either fuel oil control solenoid will not prevent the diesel
generator from starting.

l
11) ID-B.11 Loss of 125 VDC Generator Control Power ‘ '
Loss of the generator control power will prevent the |
operation of the excitation system. Indication is provided
at the Bypass Indication System as "Excitation Control Power ‘
Loss" (Main Control Room). |
12) 1ID-B.12 Disabling of Engine and Generator Mechanical Parts
During Maintenance Services

Before the diesel generator is taken out of the automatic
mode for maintenance services, the operating mode selector
svitch must be in "Local" position as required by
maintenance procedures. This will result in an alarm in the
main control room as "Diesel Generator not in Auto" ("Diesel
Generator Control Switch in LOCAL"™ in BIS panel).

|
No alarms are specifically provided for monitoring of engine and
generator mechanical parts under the subject condition.
|
\

Conclusion

S e e o = e 2t e

No modifications are necessary as a result of this evaluation
because adequate alarms and indications are provided in addition
to the alarm redundancy of the control circuits.

‘ .
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Class IE switchgear, load centers, motor control centers, and '
distribution panels of.redundant load groups are in separate
roons of the reactor building and the control structure.

Standby diesel generators and associated equipment are in
separate rooms of the Seismic Cateqory I diesel generator
building. Each room is provided with a separate ventilation
systen. ‘

-

pPlant layout drawings are included in Section 1.2.

8.3.1.6__Reactor Protection System_Pouer_ Supply-:

The reactor protection systen (RPS)‘ppwet supply is a non-Class
IE system. The normal 120 V ac pover to each of the two reactor
protection systems is supplied, via a separate bus, by its owun
high inertia motor generator set. The drive motor is supplied
from a 480 vV Class IE motor control center. High inertia is
provided by a flywheel. The inertia is sufficient to maintain
voltage and frequency within 5 percent of rated values for at
least 1.0 sec following a loss of power to the driive motor.

The alternate 120 V ac power for each of the.reactor protection
systens is supplied by a non-Class IE motor control center
through a 480-120 V, 1¢ transformer. A selector switch is
provided for the selection of. the two power supplies. The switch
also prevents paralleling the motor generator set with the
alternate supply.

The electrical protective assembly (EPA), ,consisting of Class 1E
protective citcuitry is installed betveen the RPS and each of the
power sources. The EPA provides redundant protection to the RPS
and other systems which receive power from the RPS busses by
acting to disconnect the RPS from the power source circuits.

The EPA consists of a circuit breaker with.a trip coil driven by
logic circuitry which senses line voltage and frequency and trips.
the circuit breaker open on the conditions of overvoltage,
undervoltaqe and underfrequency. Provision is made for setpoint
verification, calibration and adjustment under administrative
control. After tripping, the circuit breaker must be reset
manually. Trip setpoints are based on providing 115 VAC, 60 Hz
power at the RPS logic cabinets. The protective circuit
functional range is + 10% of nominal AC voltage and -5% of

nominal frequency.
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The BEPA assenblies are packaged in an enclosure designed to be
vall mounted. The enclosures are mounted on a seismic Category I
structure separately from the motor generator sets and separate
from each other. Tvwo BPAs are installed in series between each
of the tvo RPS motor-generator sets and the RPS busses and
between the auxiliary power sources and the RPS busses. The
block diagram in Figure 7.2-9 provides an overview of the EPA
units and their connections betvween the povwer sources and the RPS
busses. The EPA is designed as a Class 1lE electrical component
to meet the qualification requirenments of IEEE 323-1974 and IEEE
344-1975. It is designed and fabricated to meet the quallty
assurance requirements of 10CFR50, Appendix B.

The enclosures containing the EPA assemblies are located in an
area vhere the ambient temperature is between 40°F and 122°F.
The circuits within the enclosure are qualified to operate under
accident conditions from 40°F to 137°PFP, at 10% to 95% relative
humidity and survive a total inteqrated radiation dose of 2x105
rads. The assemblies are seismically qualified per IEEE 344-
1975, to the Safe Shutdown Earthquake (SSE) and Operating Base .
Earthquake acceleration response spectra and environmentally
qualified to the requirement of IEEE 323-1974. The enclosure
dimensions are approximately '16x24x8 inches and accommodate power
cable sizes from 7 AWG to 250 MCH.

8.3.1.7 Class IE 120 V ac Instrumentation and Control

Four independent Class IE 120 V ac.instrumentation and control
power supplies are provided to supply the four channels of
engineered safety features load groups. The four bus arrangement

provides a separate single-phase electric power supply to each of )

the four protection channels that are electrically and phys1ca11y
isolated from the other protectlon channels. Each

powver supplv consists of a 480-120 Vv transformer and a
distribution panel. The 480 V pover supply is provided by the
corresponding 480 Vv Class IE motor control center.

There is no manual or automatic transfer between the four 120 Vv
ac Class 1E panels. <

There is no automatic loading or load shedding of the panels.
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8.3.1.8__Non~Class_IE_Instrument_and_Vital _ac_PovWer Supply

>

Non-Class_IE_Instrument ac Po¥er Supply

Two 208/120 V non~Class TIE instrument ac power supplies per unit
furnish reliable power to non-Class IE miscellaneous
instrumentation systeuns.

The non-Class IE instrument ac power supply for each unit
consists of two subsystems, each with a requlating transformer,
an automatic transfer switch, and a 208/120 Vv distribution panel.
Fach distribution panel is supplied as an associated circuit fron
tvo Class IE motor control centers.

The transfer switch maintains separation between the two Class IE
power supplies, and the redundant breakers act as an isolation
system between the Class IE povwer supply and the non-Class IE
load.

Vital ac_Povwer supply- ;

Two 208/120 V non-Class IE vital ac powver supplies
(uninterruptible powver supplies) per unit supply essential non-
Class IF equipment such as the plant computer. Each vital ac
power supply consists of one inverter, automatic transfer switch,
manual bypass switch, and distribution panel(s). Normally, the
distribution panel is supplied by the inverter.

Each -inverter is supplied by a separate Class IE 250 V dc
subsystem as described in Subsection 8.3.2. If the inverter is
inoperable or is to be removed from service for maintenance or
testing, a transfer to the backup supply is made through the
manual bypass switch. The backup supply is a regulating type
transformer from a 480 V Class IE motor control center. A
transfer switch provides the automatic switch-over in case of
inverter failure.

The supply from the Class IB 480 V MCC is an associated circuit.

Redundant breakers act as an isolation systemr between the Class
IE power supply and non-Class XIE load.
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The following design criteria are applied to the Class IE
equipnment.

MOTOR SIZE - Motor size (horsepover capability) is equal to or .
greater than the maximum horsepower required by the driven load
under normal running, runout, or discharge valve {or damper)
closed condition.

MINIMUM MOTOR ACCELERATING VOLTAGE - The electrical system is
designed so that the total voltage drop on the Class IE motor
circuits is less than 20 percent of the nominal motor voltage.
The Class IE motors are specified with accelerating capability at
80 percent nominal voltage.at their terminals.

MOTOR STARTING TORQUE - The motor starting torque is capable of
starting and accelerating the connected load to normal speed
within sufficient time to perform its safety function for all
expected operating conditions, including the design minimum
terminal voltage.

MINIMUM MOTOR TORQUE MARGIN OVER PUMP TORQUE THROUGH ACCELERATING
PERIOD - The minimum motor torque margin over pump torque through
t he accelerating period is determined by using actual pump torque
curve and calculated motor torque curves at 80 and 100 percent
terminal voltage. The minimum torque margin (accelerating
torque) is such that the pump~motor assembly reaches nominal
speed in less than 6.5 seconds. This margin is usually not less
than 10 prercent of the punmp torque.

MOTOR INSULATION - Insulation systems are selected on the basis
of the ambient conditions to which the insulation is exposed.

For Class I motors located within the containment, the insulation
system is selected to vithstand the postulated accident
environment.

TEMPERATURE MONITORING DEVICES PROVIDED IN LARGE HORSEPOWER
MOTORS - Six resistance temperature detectors (RTD) are provided
in the motor stator slots, two per phase, for motors larger than
1500 hp. In normal operation, the RTD at the hottest location
{selected by test) monitors the motor temperature and provides an
alarm on high temperature. RTDs are provided for motors from 250
to 1500 hp. Each bearing that is not antifriction type has a
chromel-constantan ISA Type E thermocouple bearing temperature
device to alarm on high tenmperature.

TNTERRUPTING CAPACITIES - The interrupting capacities of the
protective equipment are determined as follows:
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Switchgear

Switchgear interrupting capacities are greater than the
maximumr short circuit current available at the point of
application. The magnitude of short circuit currents
in medium voltage systems is determined in accordance
with ANSI C37.010-1972. The off-site pover system, a
single operating diesel generator, and running motor
contributions are considered in determining the fault
level. High voltage power circuit breaker interrupting
capacity ratings are selected in accordance with ANSI
C37.06-1971. :

Load Centers, Motor Control Centers, and Distribution
Panels

Load center, motor control center, and distribution
panel interrupting cavacities are greater than the
maximum short circuit current available at the point of
application. The magnitude of short circuit currents
in low-voltage systems is determined in accordance with
ANSTI C37.13-1973, and NEMA AB1. Low-voltage pover
circuit breaker interrupting capacity ratings are
selected in accordance with ANSI C37.16-1970. Molded
case circuit breaker interrupting capacities are
determined in accordance with NEMA AB1.

ELECTRIC CIRCUIT PROTECTION - Electric circuit protection
criteria are discussed in Subsection 8.3.1.3.13.

GROUNDING REQUIREMENTS f Equipment and system grounding are
designed in accordance with IBEE 80-1961 and 142-1972.
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Safety-related logic and schematic diagrams are provided as
listed in Section 1.7.

8:3,1.11__Analysis

A faiiure node effects analysis for the ac power systen is
presented in Table 8.3-9.
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8.3.1.11.1 General Design Criteria and Requlatory Guide
- Compliance : .
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The following paragraphs analyze compliance with General Design
Criteria 17 and 18. All Requlatory Guides are discussed in
Subsections 3.13 and 8.1.6.1.
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An on-site electric pover system is provided to permit functioning of
structures, systems, and components important to safety.

With total loss of off-site power, the on-site power system provides -,
sufficient capacity and caprability to ensure that:

a) Specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary are
not exceeded as a result of anticipated operational
occurrences

b) The core is cooled and containment integrity and other
vital functions are maintained in the event of
postulated accidents.

Tables 8.3-1 to 8.3-5 list those loads important to safety under
design conditions.

The on-site electric power system includes four load groups. The
load qroups are redundant in that three load groups are capable
of ensuring (a) and (b) above. Sufficient independence is
provided between redundant load qgqroups to ensure that postulated
sinqgle failures affect only a single load group and are limited
to the extent of total loss of that load group. The redundant
load qgroups remain intact to provide for the measures specified
in (a) and (b) above.

bDuring a loss of off-site power, the Class IE system is
automatically isolated from the off-site power system. This
minimizes the probability of losing electric power from the on-
site povwer supplies as a result of the loss of power from the
transmission systen.

Protection, such as voltage restraint overcurrent and 4.16 kV bus
differential relays, is provided to trip the diesel generator -
circuit breaker, if abnormal conditions occur. This protection
prevents damage to or shutdown of the diesel generator.

The turbine generator is automatically isolated from the
switchyard following a turbine or reactor trip. Therefore, its
loss does not affect the ability of either the transmission
network or the on-site power supplies to provide povwer to the

Rev. 32, 12/82 8.3-38




-

SSES-FSAR |

Class IE system. Transmission system stability studies indicate.
that the trip of the most critical fully- loaded generating unit
does not impair the ability of the system to supply plant station
service. Purther discussion is provided in Subsection 8.2.2.

GENFERAL DESIGN CRITERION 18, INSPECTION AND TESTING OF
ELECTRICAL POWER_SYSTENS . .
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The Class IR system is designed to permit:

a) Periodic inspection and testing, during equipment
-shutdown, of wiring, insulation, connections, and
relays to assess the continuity of the systems and the
condition of components

b) During normal plant operation, periodic testing of the
operability and functional performance of on-site power
supplies, circuit breakers and associated control
circuits, relays, and buses

c) During plant shutdown, testing of the operability of
the Class IE system as a whole, including the systenm’s
operational sequence, operation of signals of the
engineered safety features actuation system and the
transfer of power between the off-site and the on-site
power system.

8.3.1.11.2 sSafety Related Equipment Exposed to
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The detailed information on all Class IE equipment that nust
operate in an accident environment during and/or subsequent to an
accident is furnished in Section 3. 11.

8.3.1.11.3 Physical Identification of Safety Related

Each circuit and raceway is given a unique alphanumeric
identification, which distinquishes a circuit or raceway related
to a particular voltage, function, channel, or load group. One
alpha character of the identification is assigned to a load group
on the basis of the following criteria: '

SEPARQTION GROUP CHANNEL A (Red Color Code) ~ Class IE
instrumentation, controls, and power cables, raceways, and
equipment related to Channel A loads, dc subsystem A, 120 V ac
instrumentation and control channel a, Division I raceways.

Rev. 32, 12/82 * e IO 8.3-35.



SSES-FSAR

SEPARATION GROUP CHANNEL B (Green Color Code) - Class IE
instrumentation, controls, and pover cables, raceways, and
equipment related to Channel B loads, dc subsystem B, 120 V ac
instrumentation and control channel B, Division II raceways.

SEPARATION GROUP CHANNEL C (0Orange Color Code) - Class IE
instrumentation, controls, and power cables, raceways, and
equipment related to Channel C loads, dc subsystem C, 120 V ac
instrumentation and control channel C.

SEPARATION GROUP CHANNEL D. {Blue Color Coae) -~ Class IE
instrumentation, controls, and povwer cables, raceways, and
equipment related to Channel D loads, 120 V ac. instrumentation
and control channel D.

SEPARATION GROUP N (Black Color Code) - Non-Class IE
instrumentation, controls, and power cables, racewvays, and
related equipment.

SEPARATION GROUP DIVISION I (Red/Brown Color Code) - Class IE
instrumentation, control, and power cables.

SEPARATION GROUP DIVISION II (Green/Brown Color Code) -~ Class IE
instrumentation, control, and power cables.

The affiliated cables are routed with the separation groups they
are associated with. The affiliated cables are identified as
follous: .

a) Red/Brown - associated with separation group channel A
or division I.

b) Green/Brown - associated with separation group channel
B or division II.

c) Oranqge/Brown - associated with separation group channel
C. .

d) Blue/Brown — associated with separation group channel
DQ

Cable and raceway separation qroups are summarized in Table 8.3~
10 .

Por identification of raceways and Class IE cables refer to
Section 3.12.

Design drawings provide distinct identification of Class IE

equipment. The‘applicable separation group or load group
designation is also identified.
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Electrical combonent identification is discdssedziﬁ Subsection ’
1.8.60 - ‘ v
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This subsection establishes the criteria and the bases for
preserving the independence of redundant Class IE pover systens.
(For PGCC see Section 3.12). ,
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Rherever possible, cable trays are arranqged from top to bottonm,
with trays containing the highest voltage cables at the top. A
racevay desiqgnated for one voltage category of cables contains
only those cables. Voltage cateqories are:

a) 480 V ac, 120 Vv ac, 125 V dc and 250 V dc pover

b) 120 V ac, 125 Vv dc, and 250 V dc control and digital
signal .

c) Low level signal.

The 480 VAC power, 120 VAC control, and digital alarm signal
cables originated from the same 480 VAC motor control center
(MCC) are routed through a common shuttle tray and riser above
the MCC. The shuttle tray covers the length of the MCC, and it
is used to connect the MCC to the main raceway system via’
vertical tray risers. The cables are routed in accordance with
the above raceway cateqories once they leave the shuttle tray and
vertical tray risers.

15 kv and 5 kV class cables are routed in conduits only.
Cables corresponding with each separation group, as defined in
Subsection 8.3.1.3, are run in separate conduits, cable trays,
ducts, and penetrations. )

Refer to Subsection 3.12.3.4.2 for description of physical
separation of raceway and cable routing.
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8.3.1.11.5 Administréti#e Responsibilities and Controls for
- Ensuring_Separation Criteria

The separation group identification described in Subsection
8.3.1.11.3 facilitates and ensures the maintenance of separation
in the routing of cables and the connections. At the time of the
cable routing assiqgnment during design, those persons responsible
for cable and raceway scheduling ensure that the separation group
designation on the scheme to be routed is compatible with a
single-line-diaqram load.group designation and other schemes
previously routed. Extensive use of computer facilities assists
in ensuring separation correctness. Bach cable and raceway is
identified in the computer program, and the identification
includes the applicable separation group designation. Auxiliary
progqrams are made available specifically to ensure that cables of
a particular separation group are routed through the appropriate
racevays. The routing is also confirmed by quality control
personnel during installation to be consistent with the design
document. Color identification of equipment and cabling
{discussed in Subsection 8.3.1.11.3 and Section 3.12) assists
field personnel in this effort.

Al

The dc power systems are divided into Class IE and non-Class IE
systens.

8.3.2-1.1__Class IE dc Power system

The Class IE dc system is shown on Piqures 8.3-5-and 8.3-6 . The
dc system for each generating unit comsists of four 125 V dc
subsystens, two 250 V dc subsystems, and two 24 V dc subsystens.

A - ALY PR Y P T Pttt

Four Class IE 125 V dc power subsystems provided for each unit
are located in separate rooms in the control structure. These
four subsystems are identified as channels A, B, C, and D. Each
subsystem provides the control power for its associated Class IE
ac power load group channel: U4.16 kV switchgear, 480 V load
centers, and standby diesel generator as dicussed in Subsection
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8.3.1. Also these dc subsystems provide dc pover to the
engineered safety feature valve actuation, diesel generator
auxiliaries, plant alarm and indication circuits, and emergency
lighting systen.

Bach 125 v dc subsystem consists of one load center, one Class IE
and one non-Class IE distribution panel, one 125 V battery bank,
and one battery charger. The non-Class IE distribution panel is
connected to the Class IE dc pover supply through an isolation
system. The isolation system is defined in Subsection
8.1.6.1(n). The battery charger of each system is supplied vith
480 Vv Class IE ac powver from the motor control center associated
with the same load group channel. One spare 125 V battery
chargqer is provided for both generating units.

The charqger output voltage can be regulated at two different
control points. One is a variable resistor located inside the
cabinet and is used for rough voltage settings. The other is a
screwdriver adjusted potentiometer located on the front of the
cabinet, and is used for fine. adjustments. By setting both
controls at their maximum positions, the charger output voltage
would bhe 145.2 volts. All equipment or devices connected to the
125 vV DC supply are rated 105 V to 144 Vv DC. Maximum output
voltage resulting from a failure of charger voltage control
circuit is not available at the present time.

There are no overvoltage protection devices provided for the 125
Vv dc subsystem. "The 125 v dc power is distributed through
circuit breaker type distribution panels. The 125 V dc loads are
shown in Table 8.3-6.% '
The failure mode and effect analysis for the 125 V dc subsystem
is shown in Table 8.3-21.

Two Class IE 250 V dc subsystems are provided for each unit and

identified as Divisions I and II as shown on Piqure 8.3-5. The

250 v dc subsystems are located in separate rooms in the control
structure. °'The tvwo subsystems supply the dc power required for

larqger loads such as dc motor driven pumps and valves, inverters
for plant computer and vital 120 V ac power supplies. The 250 V
dc loads are shown in Table 8.3-7.

A 2,000 anp fuse is provided at each pole of the 250 V dc battery
output for short circuit protection. These fuses are also used
to disconnect the load center from the battery during battery
discharge and service tests.
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The Division I 250 V dc subsystem is provided with one 250 V
battery bank, one load center, two equal ‘capacity chargers, and
motor control centers. The Division II 250 Vv dc subsystenm is
provided with one 250 V battery bank, one distribution load
center, one battery charger, and motor control centers.

The 250 V dc battery chargers are supplied by 480 V Class IE ac
motor control centers.

One spare 250 V battery charger is provided for both generating
units. o

There is no load shedding provided for any of these non-Class 1B
loads.

All 250 Vv dc motor control centers (NCC), including non-Class 1E,
are seismically qualified. However, the Class 1E MCC's are
located in a seismic Cateqory I structure while the non-Class 1E
MCC's are located in a non-seismic Category I structure {Turbine
Buildinqgy.

The charger output voltage can be regulated at two different
control points. One is a variable resistor located inside the
cabinet and is used for rough voltage settings. The other is a
screwdriver adjusted potentiometer located on the front of the
cabinet, and is used for fine adjustments. By setting both
controls at their maximum positions, the charger output voltage
. would he 290.4 volts. All equipment or devices connected to the
250 Vv dc supply are rated 210 V to 288 V dc. Maximumr output
voltage resulting from a failure of charger voltage control
circuit is not available at the present time. There are no
overvoltage protective devices provided for the 250 v dc
subsysten.

The 250 Vv dc power is distributed through dc motor control
centers except for the inverters, which are fed directly from the
distribution load centers.

The non-Class IE 250 V dc loads are supplied by a non-Class IE dc
motor control center. The non-Class IE dc motor control center
is connected to the Class IE dc distribution load center through
an isolation system as defined in Subsection 8.1.6.1{n). The
non-Class IE 250 V dc loads consist mainly of emergency turbine
generator auxiliaries.

The failure mode and effect analysis for the 250 V dc subsysten
is shown in Table 8.3-22.
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Tvo +-24 V dc subsystems are provided for each unit for radiation
monitoring circuits. These two subsystems are located in ‘
separate rooms *in the control structure and are identified as
Divisions I and II. Bach #24 V dc subsystem consists of two 24 V
battery banks, two chargers, and a circuit breaker type ‘
distribution panel.

The 24 V dc charqers are supplied by 120 Vv Class IE instrument ac
power panels. The +24 V dc loads are shovwn in Table :8.3-8.

One spare 24 V dc battery charger is provided for both generating
units. S ‘

The 24 v dc subsystem is equipped with under/overvoltage relays
for tripping of the chargers and annunciation. All 24 V dc
equipment and devices in Susquehanna SES are rated for 20 to 28 V
dCQ ‘ - .

8.3.2.1.1.4__class_IE_Station_Batteries _and_Battery Chargers
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-

Refer to Subsection 8.3.2.1.1.5 for all Class IE dc systeﬁ
equipment ratings.

The battery chargers are full wvave, silicon controlled
rectifiers. The housings are freestanding, NEMA Type I, and are
ventilated. The chargers are suitable for equalizing the
hatteries. The chargers are in compliance with all applicable
NEMA, andpANSI standards.

The capacity of each battery charqer, or the combined capacity of’
both chargers in the case of Division I 250 V dc subsystem, is
based on the largest combined demand of all the steady-state
loads and the charger current required to restore the battery
from the design minimum charqed state to the fully charged state
within 12 hr.

The battery chargers are constant voltage type with capability of
operating as battery eliminators, and would function properly
with battery disconnection being a normal condition. The battery
eliminator feature is incorporated as a precautional measure to
protect agqainst inadvertent disconnection of the battery. There
are no planned modes of operation which would require battery
disconnection. Variation of the charqger output voltage has been
determined by testing to be less than 1% with or without the
battery connected: Maximum output ripple for the 24 V and 125 V
dc chargers is 30 millivolts RMS with or without the battery, and
200 millivolts for the 250 V chargers.
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The failure mode and effect analysis for the + 24 V dc subsysten
is shown in Table 8.3-23. ’

Each 125 Vv, 250 V, and +24 V battery bank has sufficient capacity
without its charqger to independently supply the required loads
for 4 hr as shown in Tables 8.3-6, 8.3-7, and 8.3-8 respectively.

In accordance with IEBEE 450-1972 initial rated battery capacity
is 25 percent greater than required. This margin allows
replacement of the battery to be made when its capacity has
decreased to 80 percent of its rated capacity (100 percent of

‘ desiqn load). o~ :

e e oy e A ey e s e s v W S o e e g e e S e i e s e o S e o e — s et ey e e e Sk et i S e

a) 125 V¥ dc Subsystems

Battery

Chargqer

Load Center

Main bus (horizontal)
Vertical bus:

Breakers

DPistribution Panel
Main bus
Breakers
, {molded case)
b) 250 V dé Subsystens

Battery

Rev. 32, 12/82 8.3-46

60 lead-calcium cells
720 amp-hr (8 hrs to
1.75 V per cell @ 779F)

ac input -~ 480 Vv, 39

dc output - 100 A continuous
rating o :

1600 A continuous rating,
25,000 A short circuit bracing

1200 A continuous rating,
25,000 A short circuit bracing

600 A frame size, 2 poles
25,000 A interrupting rating

225 A continuwous rating,
50,000 A short circuit bracing

100 A frame size, 2 poles
10,000 A interrupting rating

120 lead - calcium cells
1800 amp~-hr (8 hrs to
1.75 V per cell @ 779°p)

4
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Chargers

Load Center

Main bus (horizontal)
Vertical bus
preakérs

Control Center -

Main bus (horizontal)

’ Verticalqbus

Breakers
{molded case)

+24 Volt Subsystenms.

Battery

3

Charqgers

Distribution Panels

Main bus

Breakers
(molded case)

ac input - 480 v, 3¢
dc output - 300 A continuous

" 1600 A continuous rating

25,000 A short circuit bracinq‘

1,200 A continuous rating
25,000 A short circuit bracing

600 A continuous rating

+ 25,000 A interrupting rating

600 A continuous rating
10,000 A short circuit bracing

600 A continuous rating
10,000 A short circuit bracing

100 A, 225 A and 600 A franme

" rating sizes, 2 poles,

10,000 A interrupting

2 groups of 12 lead-calcium
cells. 75 amp-hr (8 hrs to
1.75 V per cell @ 77°F),

ac input - 120 v, 1¢ )
dc output - 25 amp continuous

100 A continuous
5,000 A short circuit bracing

100 A frame size, 2 bpoles,
5,000 A interrupting rating

Testing of the dc power systems is performed prior to plant
operation in- accordance with the requirements of Chapter 14.
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In-service tests and inspections of the dc power systens
including batteries, chargers, and auxiliaries are specified in
Chapter 16.

Separation_and_Veptilation .

For each Class IE dc subsystem, the battery bank, chargers, and
dc switchgear are located in separate rooms of the Seismic
Cateqory I control structure. The battery rooms are ventilated
by a system that is designed to preclude the possibility of
hydrogen accumulation. Section 9.4 contains a description of the
battery room ventilation systen.

8.3.2.1.1.8__Non=Class_IE_dc_Systenm

A e e Bl D S vt Sa v mn e S e S - e S amp ea S e we e e v e e v

Generally, non-Class IE dc loads are connected to a Class IE dc
system through a non-Class IE dc distribution panel. These cases
are discussed in Subsections 8.3.2.1.1.1 and 8.3.2.1.1.2.

A non-Class IE 125 V dc system is provided for the remote river
water intake pump house 4.16 kV switchgear control. This 125 V
dc system consists of a distribution panel, two 25A chargers, 60
lead-calcium cells and is rated 50 Ah at 8 hr discharge rate
hasel on a terminal voltage of 1.75 V per cell when discharged.

-~
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8.3.2.2.1 Compliance with General Design Criteria,
Requlatory Guides,_ and_ IBEE_Standards
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The following paragraphs analyze compliance of the Class IE dc
power systems with General Design Criteria 17 and 18, Regulatory
Guides 1.6, 1.32, 1.41, 1.81, and 1.93, and IEEE 308-1974 and
450-1972.
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’ a) General_Desiqn_Criterion_17, Electric_Power_Systens
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COnsideration of Criterion. 17 leads to the inclusion of the
following factors in the design of the dc power systenms:

1 Separate Class IE 125 V dc subsystems supply
control power for each of the Class IE ac load
qroups.

2) The ac power for the battery chargers in each of
these dc subsystems is supplied from the same ac
" load qroup for which the dc subsystenm-supplies the
control povwer. ‘

3) Two independent 250 V dc subsystems are provided
to ensure the availability of the dc power systenm
for maintaining the reactor inteqrity durin
postulated accidents.

) The Class IE dc subsystems including batteries,
chargers, dc switchgear, and distribution
equipment are physically separate and independent.

S5y ..Sufficient capacity, capability, independence,
redundancy, and testability are provided in the
‘ , Class IE dc subsystems, ensuring the performance
: of safety functions assuming a sinqgle failure.

b) General Desiqn Criterion 18, Inspection and Testing

- PP PP PP PN PP T — - — S G S S - — " s G

Each of the Class IE subsystem is designed to permit:

1) Inspection and testing of wiring, insulation, and
connections during equipment shutdown to assess
the continuity of the subsystem and the condition
of its components.

2) Periodic testing of the operability and functional
performance of the components of the subsystems
during normal plant operation.

The Class IE dc subsystems are periodically inspected and
tested to assess the condition of the battery cells,
charger, and other components in accordance with Chapter 16.
Preoperational testing is discussed below in assessment of
compliance with Requlatory Guide 1.41.
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c) Requlatory_ Guide 1.6 _(1/71) . ‘ .

The design of the dc system complies with Regulatory Guide
1.6. ’

Separate Class IE 125 V dc subsystems supply control power
for each of the four Class IE load groups. Loss of any one
of the subsystems does not prevent the minimum safety
function from being performed. The 125 V dc subsysten
chargers are supplied from the same ac load group for which
the dc subsystem supplies the control power. Each of the
four 125 V dc subsystems, including battery bank, charger,
and distribution system, is independent of other 125 V dc
subsystems. Thus, sufficient independence and redundancy
exist between the 125 V dc subsystems to ensure performance
of minimum safety functions, assuming a single failure.

Two independent Class IE 250 V dc subsystems are provided.
Each subsystem is independent of the other. Sufficient
independence and redundancy exist in these subsystens so
that a single failure in the 250 V dc subsystems does not
prevent the performance of minimum safety functions.

Two independent Class IE #24 V- dc subsystems are provided.

Bach subsystem is independent of the other. Sufficient

independence and redundancy exist in these subsystems so ‘
that a single failure in the t24 V dc subsystems does not

prevent the performance of minimum safety functions.

d). Regqulatory_Gujde_ 1.32_(8/72)

SR :, The battery charger capacity for each of the Class IE dc
subsystems complies with this Regqulatory Guide.

Each Class IE battery charger has sufficient capacity to
supply the largest combined demand of the various steady-
state loads and the charging current required to restore the
. battery from the design minimum charge state to the fully
. charged state irrespective of the status of the plant during
which these demands occur. :

e) Requlatory Guide 1.41(3/73)
The Class IE dc subsystems have been designed in accordance
with Requlatory Guides 1.6 and 1.32 and testing capabilities
are provided in accordance with the quidance of Requlatory
Guide 1.41 and will be preoperationally tested as described
in Chapter 14.
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h)
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Regulatory Guide_ 1.81_(1/15)

" 4
The requirements of the Requlatory Guide are met. Each
generating unit is provided with separate and independent
on-site dc electric power systems capable of supplying power
to the control systems of engineered safety features loads
and loads such as valves, and actuators, required for
attaining a safe and orderly cold shutdown of the unit,
assuning a sinqgle failure. \

Requlatory Guide 1.93_(12/74)
Compliance is discussed in Subsection 8.1.6.1 (q).
IEEE _standarpd 308=1974

The Class IE dc systems provide power to Class IE loads and
for control and switching of Class IE systems. Physical
separation and electrical isolation are provided to prevent
the occurrence of common mode failures. The design of the
Class IE dc systems includes the following: ‘

1 The 125 V dc system is separated into four
. Subsystenmns

2) The 250 V dc and + 24 V dc systems are each
separated into two subsystens

3 The safety action hy each group of loads are
independent of the safety actions provided by
their redundant counterparts

4) BEach dc subsystem includes power supplies that
consist of one battery bank and one or two
chargers as required for capacity as shown on
Fiqures 8.3-5 and 8.3-6.

5) The batteries are not interconnected.

Fach Class IE distribution circuit is capable of
transmitting sufficient enerqy to start and operate all
required loads in that circuit. Distribution circuits to
redundant equipment are independent of each other. The
distribution system is monitored to the extent that it is
shown to be ready to perform its intended function, The dc
auxiliary devices required to operate equipment of a
specific ac load gqroup are supplied from the same load
qroup.

Each battery supply is continuously available during normal
operations and following the loss.of power from the ac
system to start and operate all required loads.
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The 125 V dc and 250 V dc subsystems are ungrounded; thus, a’
single ground fault does not cause immediate loss of the
faulted system. Ground detection and alarm is provided for
each dc subsystem so that qround faults can be located and
removed. The #+24 V¥ dc subsystem is grounded.

Equipment of the Class IE dc system is protected and
isnlated by fuses or circuit breakers for short circuit or
overload protection. The following instrumentation is
provided to monitor the status of each of the dc subsystems:
1 125 Vv dc and 250 V dc subsystems:
System undervoltage
System gqround

Battery availability

Battery charger trouble - ac undervoltaqei charger
failure; charger output breaker trip

Load center breaker trip (250 V dc subsystem only)

LY

All above alarms are annunciated as a group alarm
in the main control roon.

2) + 24 VvV dc subsystems:
Positive bus low voltage
Negative bus low voltage
Positive bus high voltage
Negative bus high voltage
Battery availability

Battery charger trouble - ac failure; charger
failure; charger output breaker trip

All above alarms are annunciated in the main
control room as + 24 V dc system trouble, a group
alarm for each battery bank and its associated
systen.

The batteries are maintained in a fully charged condition
and have sufficient stored energy to operate all necessary
circuit breakers and to provide an adequate amount of enerqgy
for all required emergency loads for four hours after loss
of ac pover. '
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Bach battery charger has an input ac and output dc circuit
breaker for isolation of the charger. Each battery charger
power supply is desiqgned to prevent the ac supply from
becoming a, load on the battery due to a powver feedback as
the result of the loss of ac power to the chargers.

The battery charger ac supply breaker can be periodically
opened to verify the load carrying ability of the battery.

The batteries, battery chargers, and other components of the
dc subsystems are housed in the control structure, which is
a Seismic Cateqgory I structure. :

The periodic testing and surveillance requirements for the
Class IE batteries are detailed in Chapter 16.

The recommended practices of IEEE 450 for maintenance,
testing, and replacement of batteries are followed for the
Class IE batteries and are discussed in Chapter 16.

8.3.2.2.2 Physical Identification of Safety Related
itee—z_>-__Eguipment ____ . _______ el

Physical identification of Class IE equipment is discussed in
Subsection -8.3.1.3.
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The general considerations for the independence of Class IE dc
povwer subsystems are described in Subsection 8.1.6.1(n). The
physical separation criterion is discussed in Section 3.12.

T i B e P T S e S = o . G S

The power and control cable insulation is designed for a
conductor temperature of 90°C. Allowable current carrying
capacity of the cable is based on not.exceeding the insulation
design temperature while the surrounding air is at an ambient
temperature of 65.5°C for the primary containment and 40°C for
all other areas. The design operating conditions of all Class IE
cables are discussed in Section 3.11.
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The power cable ampacities are established in accordance with
TPCEA Publications P-54-440 and P-46-426 and arenshown in Tables
8.3-11 through 8.3-15.

For control circuits, minimum #14 AWG conductors are generally
used.

Instrumentation cable is also designed for a conductor
temnperature of 90°C., Operating currents of these cables are low
(usually mA or mV) and will not cause the design temperature to
be exceeded at maximum design ambient temperature.

In aeneval, cable tray £ill is limited to 30 percent fill by
cross-sectional area. In cases where the limitation is exceeded,
a review will be performed for each case for the adeguacy of the
desiqn.

In general, conduit fill is in compliance with Tables I and II,
Chapter 9, National Electrical Code, 1975. 1In cases where these
values are exceeded, a review is performed for each case to
insure the adequacy of the design.

Pover cables, control cables, and instrumentation cables are
defined as follows:

Power_Cables

Power cables are those cables that provide electrical enerqgy for
motive power or heating to all 13.8 kV ac, 4.16 kV ac, 480 V ac,
120 v ac, 250 Vv dc, and 125 V dc loads.

Control_ Cables

Control cables, for the purpose of derating, are generally 120 V
ac, 250 v dc, 125 Vv dc, and 24 Vv dc circuits betveen components

responsible for the automatic or manual initiation of auxiliary

electrical functions and the electrical indication of the state

of auxiliary components.

Instrumentation cables are those cables conducting low-level
instrumentation and control signals. These signals can be analog
or digital. Typically, these cables carry signals from

t hermocouples, resistance temperature detectors, transducers,
neutron monitors, etc.
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Rlectrical equipment and cabling has been arranged to minimize
the propagation of fire from one separation group to gnother.
Physical separation of cabling systems is discussed in Subsection
3.12.2.

Wher=2 the minimum physical separation cannot be met as specified
in Suhsection 3.12.2, and a fire barrier is selected as the
alternative, a 1/4 in. Haysite ETR-FR-C is installed. The bolts
and hardware used to secure the Haysite panel to the tray support
are coated after installation with 1/8 in. of fireproofing
material Dynatherm's Flamemastic 71A compound.

Pire stops and seals are provided for cable penetrations in the
floor for vertical runs of raceways, at each access opening in
ceilings and at fire-rated wall penetrations. ' The fire stops are
furnished to provide a method of sealing off air spaces around
cable penetrations. The properties of materials and
qualification tests are discussed in Subsection 9.5.1.
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AC POWER FAILURE MODE EFFECTS ANALYSIS

ID
No.

Coaponent Nanme

Function

Pailure Mode

BEffect on Subsysten

Sffect on Safety
Punction

3A

Offsite power source
through engincered
safequards transforaer
101

Offsite power source
through engineered
safegquards transforner
201

Load Group "A®

4.16 kV Bus 1A201

Circuit breaker
52-20101

Circuit breaker
52-20102 :

Circuit breaker
52-20103

Circuit breaker
52-20104

Supplies preferred
power to Units 162
load group channels
AEC

Supplies alternate
powver to Units 162
load gqroup channels
BED

Supplies preferred
power to Units 1862
load group channels
B&D -

Supplies alternate
povwer to Units 162
load group channels
ASC

Provide power to
all loads belonging to
load group "AW

Provides preferred

pover to load group
"A“

Provides power to
RHR punp 1P202A

Provides power to
reactor chiller
1K206A

pProvides standby
power to bus 1A201

Loss of power

Lcss of pover

Loss of powver

Loss of pover

Fault

Pails open

Fails open

Pails open

FPails to close

Loss of preferred
power to Units 182
load groups A&C

Loss of backup
power to Units 182
load groups BED

Loss of preferred
povwer to Units 182
load groups BED

Loss of backup
power to Units 182
load group A&C

Loss of power to
all load group "AY
loads

Loss of preferred

pover to load group
”" All

Loss of pover to
RHR punp 1P202A

Loss of power to

reactor chillegr
1K206A

Pailed to provide
standby power to
load ygroup "A®

No effect - offsite
pover through engineered
safegnards trauasfocumer
201 supplies backup

No effect - diesel
generators provide
standby power

No effect - offsite
pover through enginecred
safegnards transforaer
101 supplies backup

No effect - diesel
generators provide
standby powver

No effect - redundant
cquipaent from load
groups B,C,&D provide
the required safety
function

No effect - automatic
transfer to alternate
offsite power by
closing breaker
52-20109 (Seec ID No. 11)

No effect - three
redundant RHR puaps

fron load groups

B8,C,6D provide the
required safety function

No effect - non-Class IE
eyuipaent

No effect - safety
functions are provided
by redundant equipaent
suppliad by load yroups
B,C,5D
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ID
No.

Conponent Nane

Function

Failure Hode

Effect on Subsysten

BEffect on Safety
Punction

10

b

12

13

13A

Circuit breaker
52-20105

Circuit breaker
52-20106

Circuit breaker
52-20107

"

Circuit breaker
52-20108

Circuit breaker
52-20109

Circuit breaker
52-20110

Load Group "C"

4.16 kV bus 1A203

Circuit breaker
52-20301

Provides pover to
core spray punp
1P206A

Provides power to
480 V load center
18210 (2B210)

Provides pover to
CRD vater pump
1P132A (2P13234)

Provides pover to
the emergency service
vater puap OPS504A

Provides alternate
preferred offsite
pover to bus 1A201

provides powver to
turbine building
chiller 1K102A

Provides powver to
all loads belonging to
load group "“C“

Provides preferred
povwer to load group
ncn

Pails

Pails

Fails

Fails

Pails

Pails

Pault

Pails

open

open

open

open

to close

open

open

Loss of power to
core spray puap
1P206A

Loss of power to
all load group "A"
480 Vv loads

Loss of power to
CRD water punp
1P132A (2P132a)

Loss of power to
the enmergency service
vater puap OP504A

Loss of alternate
preferred offsite
pover to load group
”n All

Loss of power to
turbine buildiug
chiller 1K102A

Loss of power to
all load group "C"
loads

Loss of preferred
power to load group
llcll

No effect - three
redundant core spray
puaps froz load groups
6,C,6D provide the
required safety function

No effect = safety
functions are provided
by redundant equipaent
supplied by load groups
B8,C,&0

No effect - non-Class 1B
equipnent

No effect — three
redundant emergency
service vater puaps

from load groups !
B,C,&D provide the
required safety function

No effect - diesel
gepnerator provides the
standby power (see

ID No. 6)

No effect - non-Class IE
equipnent

No effect - redundant
equipnent from load
groups A,B,&D provide
the required safety
function

No effect - autoaatic
transfer to alternate
offsite power by
closing breaker
52-20309 (See ID $21)




IDp effect on Safety
No. Conponent Nane Function Pailure Mode Effect on Subsystea Function
14 Circuit breaker Provides power to Pails open Loss of power to No efféct - three
52-20302 RHR pump 1P202C RHR puap 1P202C redundant RHR puaps
(2P202C) (2P202C) fron load groups
A,B,6D provide the
required safety function
15 Circuit breaker Provides eaergency Fails open Loss of pover to No effect - three
52-20303 service water puap emergency service redundant emergency
op504C vater pump 0PS04C service water puaps fron
load groups A,B,6D
provide the required
safety function
16 Circuit breaker Provides standby Pails to close Pailure to provide No effect - safety
52-20304 pover to bus 1A203 standby power to functions are provided
(2A203) load group "C¢ by redundant equipaent
supplied by load groups
A,B,&D
17 Circuit breaker Provides pover to Fails open Loss of power to - No effect - three
52-20305 core spray puap core spray puap redundant core spray
1P206C 1p206C purps froam load groups
A,B,6D provide the
required safety function
18 Circuit breaker Provides power to Fails open Loss of power to No effect - safety
52-20306 480 V load center all load group "C" functions are provideid
18230 480 VY loads by redundant equipment
suppliced by load groups
B,C,&D
19 Circuit breaker Spare
52-20307
20 Circuit breaker Provides power to Pails open Loss of power to No effect - redundant
52-20308 the RHR service RHR service water RHR service water
vater punmp 1P506A puap 1P506A punp 1P5068 provides
the required safety
function
21 Circuit breaker Provides alternate Fails to close Loss of alternate No effect — diesel
52-20309 preferred offsite preferred offsite generator provides
power to bus 1A203 povwer to load group the standby power
nen (sec 1D Ho. 16)
22 Circuit breaker Provides pover to Pails open Loss of power to No effect - the

52-20310

control structure
chiller 0K112a

the control structure

chiller 0K112A

redundant control
structure chiller 0K112B
provides the required
safety function




ID
No.

Conponent Naame

Punction

Failure MYode

Effect on Subsysten

effect on Safety
Function

23

23A

24

25

26

27

28

29

Load Group "B"

4.16 kV bus 14202

Circuit breaker
52-20201

Circuit breaker
52-20202

Circuit breaker
52-20203 -

Circuit breaker
52-20204

Circuit bhreaker
52-20205

Circuit breaker
52-20206

Circuit breaker
52-20207

Provides powver to
all loads belonqging
to load group “B"

Provides preferred
power to load group
IIBII

Provides power to
RHR pump 1P202B

Provides pover to
reactor building
chiller 1K206B

Provides standby
power to bus 14202

Provides pover to
core spray puap
1P2068

.

Provides power to
480 Vv load center
18220

Spare

Pault

Fails

Fails

Fails

Fails

Fails

Pails

open

open

open

to close

open

open

Loss of power to
all load group "8"
loads

Loss of preferred
pover to load group
[ 1] Bll

Loss of pover to
RHR puap 1P202B

Loss of power to
reactor building
chiller 1K206B

Pailure to provide
standby power to
load group "B"

Loss of power to
core spray puap
1P206B

Loss of pover to
all load group "B®
480 Vv loads

No effect - redundant
equipacnt from load
groups A,C,&D provides
the required safety
function

No effect -~ automatic
transfer to alternate
offsite power by
closing breake:z
52-20209 (ID No. 31)

No effect -~ three
redundant RHR pumps
froaz load groups A,C,8D
provide the required
safety function

No effect - non-Class IE
equipnent

No effect - safety
functions are provided
by redundant equipaent
supplied by load
groups A,C,&D

No effect - three
redundant core spray
puaps from load groups
A,C,ED provide the
required safety function

No effect - safety
functions are provided
by redundant equipment
supplied by load
groups A,C,&D







_TABLE_B.3:z9_(Continued) '
1D . Effect on Safety
No. Component Nanme Function Failure HNode Effect on Subsysten Function
30 Circuit breaker Provides power to Fails open Loss of power to No effect - three
52=-20208 emergency secvice energency service redundant service wvater
vater pump OPS04B water puap OP504B punps froa load groups
A,C,6D provide the
required safety function
31 Circuit breaker Provides alternate Fails to close Loss of altecrnate No effect - diesel
$2-20209 preferred offsite preferred offsite generator provides
pover to bus 1A202 power to load group the standby pover
npgn {(Sce ID No. 26)
32 Circuit breaker Provides powver to FPails open ' Loss of power to No effect - non-Class LE
52-20210 condensate vacuua condensate vacuua equipoent
puap 1P105 punp 1P105
33 Circuit breaker Provides power to Fails open Loss of power to No effect - non-Class IE
52-20211 turbine building turbine building equipnent
chiller 1K102B chiller 1K102B
Load Group "D"
34 4.16 XV bus 1A204 Provides power to Pault Loss of power to No effect - redundant
all loads belong all load group "D" equipoent from load
to load group "D" loads groups A,B,&C provide
the required safety
function
35 Circuit breaker Provides preferred Pails open Loss of preferred No effect - automatic
52-20401 pover to load group pover to load group transfer to alternate
npn npn offsite pover by
closing breaker
52-20409 (See ID No. 43)
36 Circuit breaker Provides power to Pails open Loss of powver to No effect - three
52-20402 RHR pump 1P202D RHR puap 1P202D redundant RHR puaps
froa load groups A,B,&C
provide the required
safety function
37 Circuit breaker Provides power to Pails open Loss of pover to No effect - three

52-20403

emergency service
vater pump OPS504D

energency secvice
vater puno OP504D

redundant eazergency
service water puaps
fron load groups A,B,&C
provide the required
safety function




-

TABLE_

823-9_(Continued)

ID

No.

Conponent Rame

Punction

Pailure Mode

Effect on Subsysten

Effect on Safety
Punction

38

39

40

41

42

43

44

45

Circuit breaker
52~-20404

Circuit breaker
52-20405

Circuit breaker
52-20406

Circuit breaker
52-20407

Circuit breaker
52-20408

Circuit breaker
52-20409

Circuit breaker
52-20410

Circuit breaker
52-20811

Provides standby
pover to bus 14204

Provides power to
core spray puap
192060

Provides pover to
480 Vv load center
1B240

Provides power to
CRD puap 1P132B

Provides power to
RHR service vater
punp 1P5068

Provides alternate
preferred powver

supplies to bus 1A204

Provides pover to
control structure
chiller 0K112B

-

Spare

Pail to close

Fails open

Pails open

Pails open

Pails open

Pail to close

Pails open

Pailure to provide
standby power to
load yroup "C®

Loss of pover to
core spray puap
1P206D

Loss of power to
all load group "D"
480 V loads

Loss of pover to
CRD pump 1P132B

Loss of power to
RHR service water
puap 1P5068B

Loss of alternate
preferred offsite
pover to load group
" Dll

Loss of power to
control structure
chiller 0X112B

No effect - safety
functions are provided
by redundant equipaent
supplied by load
groups A,B,&6C

No effect - three
redundant core spray
pusps froam load groups
A,B,&C provide the
required safety function

No effect - safety
functions are provided
by redundant egquipnent
supplied by load groups
A,B,5C

No effect - non-Class IE
equipunent

No effect - redundant
RHR service vater puap
1P506A provides the
required safety function

No effect -~ diesel
generator provides the
standby pover (See ID
No. 38)

No effect ~ redundant
control structure
chiller 0K112A provides
the required safety
function
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TABLE_8.3-11

CABLE AMPACITIES - 15 kV CABLES (ALUMINUHY)

Conductor
Size

3-1/c *

#4/0 AWG
350 KCMIL
500 KCMIL
750 KCHMIL

1000 KCMIL

6—-1/c

#4/0 AWG
350 KCMIL
500 RCHIL
750 KCMIL

1000 KCHMIL

9-1/c

#4/0 AWG
350 KCHIL
500 KCHIL
750 KCMIL

1000 KCMIL

Amps in Duct

Amps in Conduit

and Embedded in Air
Conduit .
4ooCc 400c¢ 65.50C
Ambient Ambient Ambient
1/c 1/c 1/¢c
195 232 162
258 313 219
313 387 271
386 486 340
quy 574 402
2/c 2/cC 2/¢c
353 427 299
463 576 403
559 712 498
686 894 626
786 1056 739
3/c 3/c 3/c
472 592 414
616 798 559
738 987 691
900 1239 867
1024 1463 1024

% 3-1/¢ indicatgs single conductor per phase, and
6-1/c indicates two conductors per phase, etc.
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TABLE 8.3-12

CABLE AHPACITIES

. by e -

-~ 5 kV CABLES (ALUMINOUM)

Anmps in Duct « Anps in Conduit

and Embedded in Air

Conduit :

Conductor 400°C 40ocC 65.59°C

Size Ambient - Ambient Ambient
3-1/¢c /¢ . 1/¢ ) 1/¢
#48/0 AMG 194 226 . ' 158
350 KCMIL 257 307 215
500 KCMIL 312 1381 267
750 KCMIL 386 479 335
1000 KCMIL 445 560 ) 392
6-1/c 2/c 2/c 2/c¢
$4/0 ANG 333 416 291
350 KCMIL 438 565 396
500 KCMIL 527 701 491
750 KCMIL 647 881 . 617
1000 KCMIL 7481 1030 L 721
9-1/c . 3/c 3/c - 3/¢c
#4/0 AWG 471 576 403
350 KCMIL 618 ‘ 783 548
500 KCMIL 743 972 680
750 KCMIL 907 1221 ‘ 855

.1000 KCMIL 1037 1428 1000

.....
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cooling system alone. It is therefore necessary to connect the
RHR system to the spent fuel pool. When this is done the pool
temperature can be maintained well below 125°F.

All plplnq and equipment shared with or connectlnq to the RHR
intertie loop are Seismic Category I, Quality Group C, and can be
isolated from any piping associated with the non-Seisnic Cateqory
I Quality Group C fuel pool cooling system.

Provisions to minimize and monitor leakage from the fuel pool are
described in Subsection 9.1.2. 3.

Hakeup for evaporative and small leakage losses from the fuel
pool is normally supplied from the demineralized water system to
the skimmer surge tanks of each unit. The intermittent flow rate
is approximately 50 gpm to each surge tank.

A Seismic Category I makeup of 60 gpm is provided by a 2 in. line
from each emergency service water (ESW) loop to the RHR fuel pool
diffusers, thus providing redundant flow -paths from a rcliable
source of water. The design makeup rate from each ESW loop is
based on replenishing the boil~off from the MNHL in each fuel
pool for 30 days following the loss of the FPCCS capacity. The
time required to reach boiling after loss of loading is ‘
approximately 25 hours.

The water level in the spent fuel storage pool is maintained at a
height which is sufficient to provide shielding for regquired
building occupancy. Radioactive particulates removed €from the
fuel pool are collected in filter demineralizer units in shielded
cells. Por these reasons, the exposure of station personnel to
radiation from the spent fuel pool cooling and cleanup system is
normally minimal. Further details of radloloqlcal considerations
are described in Chapter 12.

An evaluation of the radiological effect of a boiling fuel pool
is presented in Appendix 9A. e

2ﬂl-é_ﬂ_,lageeg*s;ga-éag_Ees.ic.;.ug Besr.ul ments
™~

No special tests are required because at least one pump, heat
exchanger, and filter demineralizer: are contlnuously in operation
while fuel is stored in the pool. The remaining components are
periodically operated to handle increased heat loads during .
refueling.

The pool liner leak detection drain valves are periodically 4
opened and the leak rate estimated by the volumetric method. Gas
or dye pressure testing from behind the liner plate may be ‘
performed to locate a liner plate leak.

Rev. 29, 3/82 9.1~-27



SSES-FSAR

Routine visual inspection of the svstem components,

instrumentation, and trouble alarms is provided to verify systen ‘
operability. Components and piping of the PPCCS designed per

ASME Boiler and Pressure Vessel Code, Section III, Class 3 are

in-service inspected as described in Section 6.6.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

The fuel-handling system is designed to provide a safe and
effective means for transporting and handling fuel from the time
it reaches the plant until it leaves the plant after post-
irradiation cooling. Safe handling of fuel includes design
considerations for maintaining occupational radiation exposures
as low as practxcable during transportation and handling.

Design criteria for major fuel handling system equipment is
provided in Tables 9.1-2 through 9.1-4 which list the safety
class, quality group, and seismic category. Where applicable,
the appropriate ASME, ANSI, Industrial and Electrical Codes are
identified. Additional desiqgn criteria 'is shown belou and
expanded further in Subsection 9.1.4.2.

The transfer of new fuel assemblies between the uncrating area
and the new fuel inspection stand and/or the new fuel storage
vault is accomplished using the reactor building crane or the
refueling floor jib cranes equipped with a general purpose
grapple.

The reactor building crane auxiliary hoist or a refueling floor
jid crane is used with a gemneral purpose grapple to transfer new
fuel from the fuel inspection stand or the new fuel vault to the
fuel storaqge pool. From this point on, the fuel will be handled
by the telescoping qrapple on the refueling platforn.

The refueling platform including refueling platform rails,
clanps, and clips are Safety Class 2 and Seismic Class 1 from a
structural standpoint in accordance with 10CPRS0, Appendix A and
B. Allowable stress due to safe shutdown earthquake loadlnq is
120 percent of yield or 70 percent of ultimate, whichever is
least. A dynamic analysis is performed on the structures using
the response spéctrum method with load contributions resulting
from each of three earthquakes being combined by the RMS
procedure. .
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New fuel arrives in the railway bay of the reactor building Unit
1 either by railcar or truck. The access doors are closed to
maintain the secondary containment as required by Technical
Specifications. Unloading of the metal shipping containers is
done by the auxiliary hoist of the reactor building crane.

- P S e . e e M ey WA A4 M Ml e A e e e By e i e S ey e e S e Sl —

The plant refueling and servicing sequence diagram is shown in
Fiqure 9.1-15. Fuel handling procedures are describad below and
shown visually in Fiqure 9.1-16 through Fiqure 9.1-19.

The Refueling Floor Layout is shown in Fiqure 9.1-4 and component
drawings of the principal fuel handling equipment are shown in
Fiqures 9.1-7 through 9.1-14 and Figqure 9.1-20.

The fuel handling process takes place primarily on the refueling
floor above the reactor. The principal locations and equipment
are shown onh Figure 9.1-16. The reactor, fuel pool, and shipping
cask pool are connected to each other by slots, as shown at (A)
and (B). Slot (A) is open during reactor refueling, and slot (B)
is open during spent fuel shipping. At other times the slots are
closed by means of blocks and gates, which make water-tight
barriers.

The handling of nev fuel on the refueling floor is illustrated in
Fiqure 9.1-17. The transfer of the bundles between the crate (C)
and the new fuel inspection stand (D) and/or the new fuel storage
vault (E) is accomplished using 5-ton auxiliary hoist of the
reactor building crane or a half-ton floor mounted refueling jib
crane equipped with a general-purpose grapple. The fuel bundle
cannot be handled horizontally without support, so the crate is
placed in an almost vertical position before being opened. The
top and front of the crate are opened, and the bundles removed in
a vertical position.

The auxiliary hoist of the reactor building crane or the 9jib
crane are also-used with a general-purpose qgrapple to transfer
new fuel from the new fuel vault or inspection stand to a storage
rack position in the fuel pool. From this point on, the fuel is
handled by the trelescoping grapple on the refueling platform.
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The storage racks in both the vault and the fuel pool hold the
fuel bundles or assemblies vertical, in-an array which is
subcritical under all possible conditions.

The new fuel inspection stand holds one or two bundles in
vertical position. The Inspector(s) ride up and down on a
platform, and the bundles are manually rotated on their axes.
Thus the inspectors can see all visible surfaces on ;he bundles.

The general-purvose grapples and the fuel qrapple of the
refueling platform have redundant hooks, and an indicator which
confirms positive grapple engagement.

The refueling platform uses a qrapple on a telescoping mast for
lifting and transporting fuel bundles or assemblies. The
“elescoping mast can extend to the proper work level; and, in its
normal up position state, maintains adequate water shielding over
the fuel heing handled.

The reactor refueling procedure is shown schematically in Figure
9.1-18. The refueling platform (G) moves over the fuel pool,
lowers the grapple on the telescoping mast (H), and engages the
bail on a new fuel assembly which is in the fuel storaqe rack.
The assembly is lifted clear of the rack, and moved through slot
{A) and over the appropriate empty fuel location in the core (J).
The mast then lowers the assembly into the location, and the
grapple releases the bail.

The operator then moves the platform until the grapple is over a
spent fuel assemnbly which is to be discharged from the core. The
assembly is grappled, lifted, and moved through slot (A) to the
fuel pool. Here it is placed in one of the fuel prep machines
(K) .

An operator, using a long-handled wrench, removes the screws and
springs from the top of the channel. The channel is then held,
while a carriage lowers the fuel bundle out of the channel. The
channel is then moved aside, and the refueling platform grapple
carries the bundle and places it in a storage rack. The channel
handlinqg boom hoist, (L), moves the channel to storage, if
appropriate. 7

In actual practice, channeling and dechanneling may be performed
in many sequences, depending on whether a new channel is to be
used, or a used channel is to be installed on a new bundle and
returned to the core. A channel rack is conveniently located
near to the fuel prep machines, for temporary storage of channels
vhich are to be reused.

To preclude the possibility of raising radioactive material out

of the water, redundant electrical limit switches are
incorporated in the auxiliary hoists of the refueling platform
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and the jib crane hoist, and interlocked to prevent hoisting
above the preset limit. In addition, the cables on the hoists
incorporate adjustable stops that will jam the hoist cable
against the hoist structure, vwhich prevents hoisting if the limit
switch interlock system should fail.

Wwhen spent fuel is to be shipped, it is placed in a cask, as
shown in Pigure 9.1-19. The refueling platform grapples a fuel
bundle from the storage rack in the ‘fuel pools, lifts it, parries
it through slot (B) into the shipping cask pool, and lowvers it
into the cask, (M). When the cask is loaded, the reactor
building crane sets the cask cover (N) on the cask. After

“draining the shipping cask pool, the cask is decontaminated and

lovered through the open hatchways, (P), onto the truck or
railcar in the railway bay at grade level. .

Provision of a separate cask loading pool, capable of being
isolated from the fuel storage pool, eliminates the potential
accident of dropping the cask and rupturing the fuel storage
pool.

Additional detailed information is provided‘belou.‘

. 2 Bt Sy A ey By e P s T S D WV P P min 2t
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The incoming new fuel will be delivered to a receiving station .
The crates should be unloaded from the transport vehicle and
examined for damage during shipment. The crate dimensions are
approximately 32" x 32" x 18 feet long. Each crate contains two
fuel bundles supported by an inner metal container. Shipping
weight of each unit is approximately 3000 pounds. The receiving
station includes a separate area vhere the crate covers can be
removed. The crates are then moved to the reactor building where
the metal inner containers are removed and lifted to the
refueling cloor. Both inner and outer shipping containers are
reusable. Handling during uncrating is to be accomplished by use
of the reactor building crane extending down from the refueling
floor through the equipment hatch.
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9.1.4.2.10.2.1.2__:Channeling:New Fuel.

The initial core for both units will be channeled as each new
fuel bundle is inspected in the fuel inspection stand. This
process will be repeated whenever new fuel channels are to be
placed on new fuel bundles. Usually channeling new fuel is done
concurrently with de-~channeling spent fuel. Two fuel preparation
machines are located in the fuel pool; one used for de-channeling
spent fuel and the other to channel new fuel. The procedure is
as follows: Using a jib crane and the general purpose grapple, a
nevw fuel bundle is transported to one the fuel prep machine if it
had been residing in the fuel storage vault. Otherwvise it is
moved from a spent fuel pool storage rack to the fuel preparation
machine using the refueling bridge. A spent fuel bundle is moved
from a spent fuel pool storage rack to the other fuel prep
machine. The channel is unbolted from the spent fuel bundle
using the channel bolt wrench. The channel handling tool is
fastened to the top of the channel and the fuel prep machine
carriage is lovered removing the fuel from the channel. The
channel is then positioned over a new fuel bundle located in the
first fuel prep machine #2 and the process reversed. The
channeled new fuel is then stored in the pool storage racks ready
for insertion into the reactor.

9.1.4.2.10.2.1.3_: _Equipment_Preparation

———— T e D A M o A Y — G T — — n

Prior to the plant shutdown for refueling, all eguipment must be
placed in readiness. All tools, grapples, slings, strongbacks,
stud tensioners, etc. should be given a thorough check and any
defective (or well worn) parts should be replaced. Air hoses on
grapples should be routinely leak tested. Crane cables should be
routinely inspected. All necessary maintenance and’ interlock
checks should be performed to assure no extended outage due to
equipment failure.

The in-core flux monitors, in their shipping container, should be
on the refueling floor. The channeled new fuel and the
replacement control rods should berreadv in the storage pool.

T e e e T g e B e B B e A S W e Bk ol L iy i it e Gy e . "t Gt B G b

The reactor is shut down according to a prescribed procedure.
During cool down the reactor pressure vessel is vented and filled
to above flange level to equalize cooling. The drywell and
suppression chamber are de~-inerted. The eight reactor well
shield plugs can be removed. This is accomplished with the
reactor building crane and the supplied slings.
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This operation can be immediately followed by removal of the
three canal plugs and the three slot plugs. Thus, a total of 14
separate plugs must be removed and placed on the refueling floor.
A "Refueling Equipment Storage and Crane Clearance™ arrangement
drawing is issued to locate placement of these plugs on the
refueling floor. The outer fuel pool gate is also removed at
this time. The gate sling is attached to the gate 1lifting lugs
and the reactor building crane lifts the gate and places it on
the fuel pool gate storage lugs. ,

Inmediately after removal of the reactor well shield plugs, the
vork to unbolt the drywell head can begin. The drywell head is
attached by removable bolts protruding from the lowver drywell
flange. The nuts on top are merely loosened and the bolt heads
sving outward. The bolts are then pulled upwards and supported
with the nuts on a slotted lip of the head.

The sister hook of the reactor building crane is attached to the
hook box on top of the unbolted drywell head and lifted to its
appointed storage space on the refueling floor. The drywell seal
surface protector is installed before any other act1V1ty proceeds
in the reactor vwell area.

When the drywell head has been removed, an array of piping is
exposed that must be serviced. Various vent piping penetrations
through the reactor vwell must be removed and the penetrations
made water tight. Vessel head piping and head insulation must be
removed and transported to storage on the refuelinq floor.

Hater level in the vessel is now brouqht to flange level in
preparation for head removal.

"

9.1.4.2.10.2.3.1___Vessel Head-Removal

The stud tensioner is transported by the reactor building crane
and positioned on the reactor vessel head. Each stud is
tensioned and its nut loosened in a series of 2-3 passes. When
the nuts are loose, they are backed off using a nut runner until
only a few threads enqage. The vessel nut handling tool is
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#

engaged in the upper part of the nut and the nut is rotated free
from the stud. ' The nuts and washers are placed in the racks
provided for them and transported to the refueling floor for
storage. With the nuts and wvashers removed, the vessel stud.
protectors and vessel head guide caps are installed.

The head strongback, transported by the reactor building crane,
is attached to the vessel head and the head transported to the
head holding pedestals on the refueling floor. The head holding
pedestals keep the vessel head elevated to facilitate inspection
and "O" ring replacement.

The six studs in line with the fuel transfer canal are removed
from the vessel flange and placed in the rack provided. The
loaded rack is transported to the refueling floor for storage.

9. 1.4, 2.10 2.3.2__.pryer_Removal

28—

The dryer-separator sllnq is lovered by the reactor bulldlng
crane and-.attached to the dryer lifting lugs. The dryer is
lifted from the reactor vessel and transported to its storage
location in the dryer-separator storage pool adjacent to the
reactor well. The dryer is transported in air. However, if the
dryer should become highly contaminated, the reactor well and
storaqge pool can be flooded and a wet transfer effected.

9.1.4.2.10.2.3.3.__Separator Removal

-

In preparation for separator removal, the service platform and
service platform support are installed on the vessel flange.
From the service platform work area, the four main steam lines
are plugged from inside the vessel using the furnished plugs for
this duty. * Servicing of the safety and relief valves can thus be
accomplished without adding to the critical refueling path time.
Working from the service platform, the separator is unbolted
using the shroud head bolt wrenches furnished.

fhen the unbolting is accomplished, the service platfornm is
renoved and stored on the refueling floor. The service platform
support remains on the vessel flange during the remainder of the
refueling outage and acts as the flange seal surface protector.

The dryer-separator sling is lovered into the vessel and attached
to the separator lifting lugs. The water in the reactor well and
in the dryer—separator storage is raised to fuel pool water level
and the separator is transferred underwvater to its allotted
storage -place in the adjacent pool.
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9.1.4.2.10.2.3.4___-Fuel-Bundle_Sampling-

During reactor operation, the core off-qas radiation level is
monitored. If a rise in off-gas activity has been noted, the
reactor core will be sampled during shutdown to locate any
leaking fuel assemblies. The fuel sampler or sipper rests on the
channels of a four bundle array in the core. An air bubble is
pumped into the top of the 4 fuel bundles and allowed to stay
about 10 minutes. This stops water circulation through the
bundles and allows fission products to concentrate if a bundle is
defective. After 10 minutes, a vater sample is taken for fission
product analysis. If a defective bundle is found, it is taken to
the fuel pool and if required, may be stored in a special
defective fuel storage container to prevent the spread of
contanmination in the pool.

. G S - = A T S T A My T WY S e Wp L S e ey s ave. — s W S e T

The remaining gate isolating the fuel pool from the reactor well
is now removed thereby interconnecting the fuel pool, the reactor
well, and the dryer~-separator storage pool. The actual refueling
of the reactor can now begin.

During a normal equilibrium outage, approximately 25% of the fuel
is removed from the reactor vessel, 25% of the fuel is shuffled
in the core (generally from peripherial to center locations) and
25% new fuel is installed. The actual fuel handling is done with
the fuel grapple which is an inteqgral part of the refueling
platform. The platform runs on rails over the fuel pool and the
reactor well. In addition to the fuel grapple, the refueling
platform is equipped with two auxiliary hoists which can be used
wvith various grapples to service other reactor internals.

,

To move fuel, the fuel grapple is aligned over the fuel assembly,
lovered and attached to the fuel bundle bail. The fuel bundle is
raised out of the core, moved through the refueling slot to the
fuel pool, positioned over the storage rack and lowered to
storage. Puel is shuffled and new fuel is moved from the storage
pool to the reactor vessel in the same manner.
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9.1.4.2.10.2.5__-Vessel Closure-

The following steps; vhen performed, will return the reactor to
operating condition. The procedures are the reverse of those
described in the proceeding sections: Many steps are performed
in parallel and not as listed.

a)

b)

q)

Rev. 29,

Install innér fuel pool gate.

-

Core verification. The core position of each fuel
assembly must be verified to assure the desired core
confiquration has been attained. :

Control rod drive tests. The control rod drive timing,
friction and scram tests are performed.

Replace separator.

prain dryer-separator storage pool and reactor well.
Decontaminate reactor well.

Install service platform, bolt separator, and renove
the four steam line plugs. Return the service platforn
and platform support to storage on refueling floor.
Remove drywell seal surface coveriné.

Open drywell vents, install vent piping.

Replace fuel pool outer gate.

Replace steam dryer.

Decontaminate dryer-separator storage pool.

Replace vessel studs.

Replace slot plugs.

Install reactor vessel head.

Install vessel head piping and insulation.

Replace dryer-separator canal plugs.

Hydro~-test vessel, if necessary.

Install dryvell head.

Inert reactor drywell and suppression chanmber.
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u) Install reactor well shield plugs.

v)  Startup tests. The reactor is returned to full power
operation. Power is 1ncreaseduqradua117 in.a series of
steps until the reactor is operating at rated power.

At specific steps during the approach to power, the in-
core flux monitors are calibrated.

vt
"

2;1.&;2.10.3 - Departure_of_ Spent Eue; from_Site

S

The spent fuel shipping cask arrives by railcar or truck in the
railwvay bay of the reactor building OUnit 1. It is lifted fronm
there by the 125 ton hook of a reactor building crane through the
floor hatches to the refueling floor and placed into the empty
shipping cask pit betueen the fuel pools of Units 1 and 2:

The cask outside is decontaminated- from road dirt and the lid
renoved by the reactor building crane. One of the inner gates of
the shipping cask pit is removed. After f£illing of the shipping
cask pool, the second gate to one of the fuel pools is removed
and loading of the cask with irradiated fuel commences. The
refueling platform is used to transfer fuel bundles of
sufficiently low decay heat level from the spent fuel storage
racks undervater into the shipping cask. '

Pollowing replacement of the .cask lid, the gates to the fuel pool
are inserted, the shipping cask pit drained and the cask outside
decontaminated. The reactor building crane then transfers the
cask from the storage pit onto the Shlpplnq vehicle where a
cooling systen dissipates the remalnlng decay heat of the fuel
during transport. |

9.1.4.3 Safety Evaluation

9.1.4.3.1__Spent_Fuel Cask

The spent fuel cask is equipped ulth dual sets of 11ft1nq lugs
and yokes compatible with the reactor building crane main hook,
thus preventing a cask drop due to a single failure. ,An analysis
of the spent fuel cask drop is therefore not requlred.
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9.1.4.3.2_ -Reactor Building.Crane

See Subsection 9.1.5.3 for the reactor building-crane safety
evaluation.’ ’

9.1.4.3.3__Fuel Servicing Equipment-

- ———

Pailure of any fuel servicing equipment listed in Table 9.1-2
poses no hazard beyond the effect of the refueling accident
analyzed in Chapter 15.

safety aspects'(evaluation)}of the fuel servicing eguiéhent are
discussed in Subhsection 9.1.4.2.3.

W
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The small manual devices listed in Table 9.1-5 facilitate
undervwater viewing and handling of fuel. Pailure of any
servicing aid does not pose any hazard beyond the effect of the
refueling accident.

’

The dryer-separator sling and the reactor vessel head strongback
are both of a cruciform design providing two redundant sets of
lifting points compatible with the single failure proof reactor
building crane main hoist and hook. Therefore accident analysis
is not required.

9.1.4.3.6 In-Vessel Servicing_Egquipment

e n ZUI5E AL e s o e et e e s e e W e e et S e S e v

Failure of any in-vessel servicing equipment-listed in Table 9.1-
S poses no hazard beyond the effect of the refueling accident
analyzed in Chapter 15. :
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9.1.4.5.4 Radiation_Monitoring

)

The area radiation monitoring equipment for the refueling area is
described in Subsection 12.3.4.

9 1-5__REACTOR_BUILDING_CRANES

Two reactor buildinqg cranes are provided for the Susquehanna SES.
Unit 1 crane is a single failure-proof crane and is designed to
handle the spent fuel cask. The Unit 2 crane is not single
failure-proof and is designed to handle construction loads and
all normal plant operation loads except the’  spent fuel cask.

The Unit 2 reactor building crane, rated 125 tons (main hoist), 5
tons (auxiliary hoist),. is potentially.capable of carrying any
loads within its rated capacity, but not over or within-
restricted areas of the refuelinqg floor. Limits of the

.restricted areas are shown on Fiqures 9.1-16 A & B.

Administrative controls are used to preclude the Unit 2 reactor
building crane from being used for handlinqg the spent fuel cask
vhen stored in the spent fuel shipping cask storage pit.

The following description will address the Unit 1 crane only,
wvhich will be referred to as the reactor building crane or the
crana.

9.1.5.1__Desian Bases

The main purpose of the reactor building crane is to handle the
spent fuel cask between the cask transport vehicle, the cask
storaqge pit, and the wash-down area in the reactor building.
Secondary purposes of the reactor bulldan crane include:
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a) Handling loads related to maintenance and replacement ‘
of equipment from the reactor -building which are
received or shipped through the railroad access doors

b) Handling of shield plugs, reactor vessel and drywell
heads, steam dryer and separator, etc, ‘during refueling
operations.

The reactor building crane is designed for the following ratings:

Main hoist capacity 125 tons
Auxiliary hﬁist capacity . 5 tons

speed of main hoist (at rated load) , .5 fpn (see Note 1)
Speed of auxiliary hoist (at

rated load) 20 fpm (see Note 1)
speed of trolley {using main hoist) 30 fpnm

Speced of trolley {using aux hoist) 50 fpm

Speed of hridge ~ . 50 fem

Lift of main hook (see Note 2) 173 £+

Lift oé auxiliary hook 173 ft

crane span 130 £t

Length of runway (between stops) 323 ft

Uncontrolled drop

Main hoist 0.5 in. (max.)
Auxiliary hoist . 8.55 in. (max.)
Note 1: Minimum speed at rated load is less than

2 percent of rated speep

Note 2: Unit 2 reactor building crane ratings are

identical to those of the Unit 1 crane,
- except for the main hook lift, which is

68 ft. This, in addition to
.administrative controls, precludes
inadvertent use of the Unit 2 crane for
spent fuel cask handling, since the main
hook does not reach the spent fuel cask
plant entry level.
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The auxiliary hooks of both cranes are designed for use
underwvater, up to 50 ft. depth.

h)

c)

Rev. 31,

The reactor building crane is designed, fabricated,
installed, and tested in accordance ‘with ANSYI B30.2.0,
CMHA-70, and OSHA requlations.

Structural

The structural portions of the crane bridge and trolley
are desiqned for (1) dead load plus rated 1ift load
plus impact load of 15 percent of the total dead plus
rated live loads, not to exceed allowable stresses; (2)
dead load plus rated lift load plus a lateral load of
10 percent of the~total dead plus rated live loads, not
to exceed allowable stresses; (3) the-operating basis
earthquake (OBE) while lifting the rated load, the
working stresses not to exceed 125 percent of the
allowable stress; (4) the design basis earthquake (DBE)
while 1lifting the rated load, the allowable stresses to
be less than 90 percent in bending, 85 percent in axial
tension, and 50 percent in shear of the material
minimum yield stresses:; (5) a tornado loading of- 300
psf, without live load, the allowable stresses to be
the same as for (4) above.

The structure of the crane bridge consists of welded
box tvpe girders with truck saddles and truck frames of
welded steel construction. The trolley side frames,
sheave frames, and truck frames are of structural steel
welded construction.

Mechanical

The crane i1s of a sinqle trolley top running electric
overhead travelling bridge desiqgn. The general
arrangement of the crane in the reactor building is
shown on Fiqure 9.1-4.

The main hoist is provided with the following dual

components preventing a single failure to result in a
drop of the spent fuel shipping cask:
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1) Dual sister hook (hook within a hook)

2) pual reeving systems complete with redundant wire
ropes, upper, lower, and equalizing sheaves-

3) Dual main hoist qear boxes with individual braking
" systens.

Each wire rope has a safety factor of five against
breaking while lifting the rated capacity. In case of
failure of one of the two reeving systems, the dynanmic
load transfer to the other system will not cause the
rope load to exceed one-third of the rope breaking
strenqth. :

The following holding brakes are brovided:

|

Main hoist Three, rated for 150 percent of the

‘ motor torque, with provision for manual
| ) operation to allow lowering of the load
' , after a power failure :

Trolley Two, rated for 50 percent of motor
. torque
Bridge One, rated for 100 percent of motor
' torque. ‘ '

| A1l holding brakes are ac magnet operated. 1In
addition, the bridge is provided with a hydraulic foot
operated bhrake.

d) Controls
Bridge and trolley ac static stepless speed control
’ with reversing plugging control

Hoists dc static reversing stepless speed
' control including reqenerative
braking, with a nminimum speed of
less than 2 percent of the rated
speed. :

Ooperation of the crane is from the bridgqe mounted cab
or floor. The floor operation is by pendant or radio
control. Control at any one time is from one point
only. ‘
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As described in Subsection 9.1.5.2, the main hoist is provided
with dual main hoist components capable of holding the load in
the event of a single failure.

The reactor building crane is provided with limit switches to
prevent overtravel of the bridge and trolley and stop the main
and auxiliary hooks in their highest and lowest safe positionas.

Two limit switches, each. of different desiqgn, are provided to
limit the upward movement of the main and auxiliary hoist.

Two qgeared limit switches are provided for the main hoist, and
one for the auxiliary hoist to limit the downward movement of the
respective hoists.

Hhen the 125-ton hook is not in the parked upper position,
novement of the crane bridge and/or trolley will bhe stopped when
entering the restricted areas shown on Piqures 9.1-16A & B. The
following means are provided to accomplish the above:

a) A series of proxipity switches mounted on the crane,
adjacent to the crane and trolley runways.

b). A series of trip bars mounted on the bridge and trolley
runways are positioned to trip respective proximity
switches.

c) Relays and logic systems to trip power supplies to

affected drive motors, when a proximity switch is

tripped. This will result'in the setting of respective

holding brakes and cessation of bridge or trolley

movement. "Memory logic" will then allow the bridge or

trolley to move in the opposite direction away from the
. restricted area.

d.) Administrative controls.

A key locked bhypass switch is provided-in.the cab and the pendant
to allow the use of the main hoist over the.RPV area for handling
shield plugs, RPV and drywell heads, steam dryer/separator, etc.

Crane overload protection is provided by an' electrical cut-out on
the hoist drive motor. In addition, a loud cell is provided on
the equalizer to prevent the crane from lifting loads in excess
of its rated capacity.

An overspeed switch activating all spring set motor brakes in the
lowering direction holds the-load in suspension.
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See Section 3.13 for discussion of compllance with Regulatory
Guides 1.104 and 1.13.

See Appendix 9B for a discussion of compliance with BTP ASB9-1.

The results of a failure mode and effect analysis are presented
in Table 9.1-6.

The crane is safety related and a quality assurance progranm has
been established and implemented in the design, fabrication,
erection, and testing. .
The crane is designed to remain on the runway in a parked and
restrained position (by tornado locks) with no load attached
under the following tornado wind loadings:

a) 300 psf on the windward crane girder

b} +200 psf on the leeward crane girder.
The crane mechanical and structural components are qualified to
Seismic Cateqory I requirements. The crane, however, may becone
and remain inoperational after the operating basis earthguake,

but no parts or, the load will. dislodge or fall. . Manual towering
of the main hoist load is provided. .

Crane components tests are performed during the crane fabr1cat10n
as follows:

a) Each hook: Ultrasonic ‘'tests

200 percent load test followed
by dimensional check

Dry powder maqnet1c particle
test

b) Wwire rope: " Rope sample destructive
breaking tast

c) Gears, gear pinions,
‘ swivels, load block
frames, hook
trunnions, seismic
restraints, and
tornado locks: . Magnetic particle tests

d) Major structural-
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welds: 100 percent magnetic
particle testing.

The crane hoists, trolley, and bridqge drives are operated in the
shop to demonstrate their operability and the trolley tracking.

After the crane is erected, it is thorouqhly tested, including
the crane rating test in accordance with ANSI B30.2.0.

The crane periodic operational tests are in accordance vwith
applicable 0OSHA requlations, local codes, and ANSI B30.2.0.

The crane 1is furnished with dual devices and controls, as
described in Subsection 9.1.5.3, to prevent or detect a single
crane failure and thus preclude dropping of the spent fuel cask.
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the header start their respective compressor if the compressor is
in standby mode.

A pressure transmitter on the header transmits to a pressure
indicator in the main control room. Two local pressure gages
indicate the pressure in the manifold of each safety related
instrument gas supply bottle header. A pressure switch on each
header annunciates safety related header low pressure in the main
control room,

Reduced pressure instrument qas is provided via a pressure
reducing valve. Local and control room indication of this

pressure is provided, as well as local pressure indication on the .

instrument gas accumulator.

AN PP WIS SN IFA RV P R Yo By

The process sampling system is provided to monitor the operation
of plant equipment and to provide information needed to make
operational decisions.

The process sanpling system provides remote sampling facilities
and the cavability for sampling fluids of various process systens
during normal plant power operation and shutdown condltlons.

The monitoring of gaseous and liquid process streams for nuclear
radiation is covered separately in Section 11.5.

The portion of the process sampling system running from the
reactor coolant system to the first isolation valve outside the
containment is constructed in accordance with ASME Boiler and
Pressure Vessel Code, Section III, Class 1. Other sample piping,
from the point where it connects to the process system and
including the first process shutoff valve (root valve), will be
the same classification as the systen plplnq to which it
connects. For ASME III,-Class 1, 2, and 3 systems the sampling
piping downstream from the root valve will be ASM® III, Class 3
up to and including the isolation valve above the sample station.

All ASME Section III Class 1, 2 and 3 sample piping and valves
are desiqgned to Seismic Cateqory I requirements.

Lines connected to reactor water or main steamn systems are of
sufficient lenqth to permit decay of short lived nuclides so that
sampling petrsonnel will not be unnecessarllv exposed to
radiation. Additionally, shielding is installed at points on
sampling piping to further curtail exposures (as described in
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Chapter 12) and ensure that they be kept below the limits of .
10CFR20.

The process sampling system is designed to ensure that

representative samples of all appropriate process fluids will be
obtained.

Process sampling system piping is large enough to avoid being
cloqgqed by anticipated solids. Piping size is minimized to
permit effective line purqging with a minimum loss of fluid
volune.

The process sampling system is designed so that the sample
stations will not affect plant safetvy.

The process sampling system is designed to provide the capability
to conduct continuous analysis as well as analysis of discrete
samples (gqrab samples).

The process sampling system is designed to prevent hazards to
operating personnel from high pressure, temperature, or radiation
levels of the process f£luid during all modes of operation.

The process sampling systems for each unit is designed to be
functionally similar but operationally independent.

9.3.2.2__System_Description

The process sampling system is illustrated schematically by
Figqures 9.3-6 thru 9.3-9. Locations of sample points are shown
on the avnpropriate system piping and instrumentation diagrams for
the systems to be sampled. The process sampling system consists
of sampling lines, heat exchanqers, sample vessels, sample sinks,
and analysis equipment and instrumentation.

Sampling stations are located in the reactor, turbine, and
radwaste buildings. The liquid radwaste collection sample
station and the auxiliary boiler sample station are common for
Units 1 and 2. The reactor and turbine building sample stations
are operationally independent systems with the following
eXception: the spare fuel pool filter demineralizer effluent
sample and the common offgas recombiner closed loop cooling water
sample are located in Unit 1 stations.

Local grab samples rather than permanently installed sample lines
to a control sampling station are provided for process points
that require weekly sampling and are in zones where radioactivity
is less than 15 mrem/hr (radiation Zones I, II, or IIT).

Samples of reactor feedwater, reactor recirculation water, main ‘
stean, and fuel pool water are routed to the reactor building
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9.3.3.5__Instrumentation_ Application
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High and low level switches are provided in each sump. For sumps
having two pumps, the level swvitch vwill actuate the second pump
at a higher level. The first pump to start is alternated on each
pumping cycle to egualize run times. Table 9.3-10 shows the
usaqge factors resulting from this provision.

The drvwell equipment drain tank drains by gravity. The drain
tank's discharqge valves automatically open when a predetermined
high level in the tank is reached. The discharge valves close at-
a predetermined low level.

0il sumps are equipped with level switches and high level alarms
in the main control roon.

To detect leaks, a level alarm will be provided in the main
control room for each ECCS equipment roomn.

The drywell floor drain sump and the drywell eguipment drain tank
temperatures are indicated, and a high alarm is annunciated on a
local panel in the reactor building of each unit.

The levels in the drywell floor drain sumps and drywvell equipment
drain tanks are recorded, and a high-high level alarm is

annunciated in the main control room. Refer to Subsection 5.2.5
and Section 7.6 for further details of the Leak Detection Systemn.
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The standby liquid control system is a special safety system and
is designed in accordance with Seismic Cateqory T requirements.’
It shall meet the following safety desiqgn bases:

{a) Backup capability for reactivity control shall be
provided, independent of normal reactivity control
provisions in the nuclear reactor, to be able to shut
down the reactor if the normal control ever becones
inoperative.
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(bY The backup system shall have the capacity for
controlling the reactivity difference between the
steady~state rated operating condition of the reactor
with voids and the cold shutdown condition, including
shutdown margin, to assure complete shutdown from the
most reactive condition at any time in core life.

(c) The time required for actuation and effectiveness of
the backup control shall be consistent with the nuclear
reactivity rate of change predicted between rated
operating and cold shutdown conditions. A fast scranm
of the reactor or operational control of fast
reactivity transients is not specified to be
acconplished by this systen.

(d) Heans shall be provided by which the functional
performance capability of the backup control systen
components can be verified periodically under
conditions approaching actual use regquirenments.
Demineralized water, rather than the actual neutron
absorber solution, can be injected into the reactor to
test the operation of all components of the redundant
control systen.

{e) The neutron absorber shall bhe dispersed within the
reactor core in sufficient quantity to provide a
rcasonable margin for leakage or imperfect mixing.

{f) The system shall be reliable to a deqree consistent
with its role as a special safety system; the
possibility of unintentional or accidental shutdown of
the reactor by this system shall be minimized.
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The standby liquid control system (see Figure 9.3-13) is manually
initiated through a single keylock switch in the main control
room to pump a horon neutron absorber solution into the reactor
if the orerator determines the reactor cannot be shut down or
kept shut down with the control rods. The keylocked control room
switch is provided to assure positive action from the main
control room should the need arise. Procedural controls are
applied to the operation of the keylocked control room switch.

The boron solution tank, the test water tank, the two positive
displacement purps, the two explosive valves, the two pump
suction valves, and associated local valves and .controls are
located in the reactor building. The liquid is piped into the
reactor vessel and discharged near the bottom of the core shroud

so it mixes with the cooling water rising throuqh the core (see
Section 5.3).
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The specified neutron absorber solution is sodium pentaborate {(Naj
BMP 10H,0). It is prepared by dissolving stoichiometric
quantities of borax and boric acid in demineralized water. An

air sparqer is provided in the tank for mixing. To prevent

system pluqging, the tank outlet is raised above the bhottom of

the tank.

The SLC system is sized to deliver enough sodium pentaborate
solution into the reactor (see Fiqure 9.3-14) to assure reactor
shutdown.

The saturation temperature of the recomnmended solution is 599F at
the low level alarm volume and approximately 49°F at the tank
overflow volume (see Fiqure 9.3-15). The equipment containing
the solution is installed in a room in which the air temperature
is to be maintained within the ranqge of 60° to 100°F. In
addition, a heater system maintains the solution temperature at
759 to 85°F to prevent precipitation of the sodium pentaborate
from the solution during storage. High 'or low temperature, or
high or low liquid level, causes an alarm in the control roon.

Fach positive displacement pump is sized to inject the solution
into the reactor in 50 to 125 minutes. The pump and systenm
design pressure bhetween the explosive valves and the punmp
discharqe is 1400 psiq. The two relief valves are set slightly
under 1400 psiqg. To prevent bypass flow from one pumnp in case of
relief valve failure in the line from the other pump, a check
valve is installed downstream of each relief valve line in the
punp discharqe pipe.

The two explosive-actuated injection valves prov{de assurance of
opening when needed and ensure that boron will not leak into the
reactor even when the pumps are being tested.

Fach explosive valve is closed by a plug in the dinlet chamber.
The plug is circumscribed with a deep groove so the end will
readily shear off when pushed with the valve plunger. This opens
the inlet hole through the plug. The sheared end is pushed out
of the way in the chamber; it is shaped so it will not block the
ports after release.

The shearing plunger is’actuated by an explosive charge with dual
ignition primers inserted in the side chamber of the valve.
Ignition circuit continuity is monitored by a trickle current,
and an alarm occurs in the control room if either circuit opens.
Indicator lights show which primary circuit opened.

The SLC system is actuated by a three-position keylocked switch
on the control room console. 'This assures that switching from
the "off" position is a deliberate act. Switching to either side
starts an injection pump, actuates both of the explosive valves,
and closes the reactor cleanup system outhoard isolation valve to
prevent loss or dilution of the boron.
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A light in the control room indicates that power is available to
the pump motor contactor and that the contactor is deenergized
(pump not running). Another 1liqht indicates that the contactor
is eneraized (pump running).

Storaqe tank liguid level, tank outlet valve position, pump
discharqge pressure, and loss of continuity on the explosive
valves indicate that the system is functioning., If any of those
items indicate that the liquid may not be flowing, the operator
may immediately change the other switch status to "run" thereby
activating the redundant train of the SLC system. The local
switch will not have a "stop" position. This prevents the
isolation of the pump from the control room. Pump discharge
pressure and valve status are indicated in the control room. -

Equipment drains and tank overflow are not piped to the radwaste
syster but to separate containers (such as 55-gal. drums) that
can be removed and disposed of independently to prevent any trace
of boron from inadvertently reaching the reactor.

Instrumentation consisting of solution temperature indication and
control, solution level, and heater system status'is provided
locally at the storage tank. Table 9.3-11 contains the process
data for the various modes of operation of the SLC.
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The standby liquid control system is a reactivity control systemn
and is maintained in an operable status whenever the reactor is

critical. The system is expected never to be needed for safety

reasons because of the large number of independent control rods

available to shut down the reactor.

To assure the availability of the SLC system, and to facilitate
maintenance and testing, tvo sets of the components required to
actuate the system - pumps and explosive valves are provided in
rarallel redundancy.

The system is designed to bring the reactor from rated power to a
cold shutdown at any time in core life. The reactivity
compensation provided will reduce reactor power from rated to
zero level and allow cooling the nuclear system to roon
temperature, with the control rods remaining withdrawn in the
rated power pattern. It includes the reactivity gains that
result from complete decay of the rated power xenon inventoryve.

It also includes the positive reactivity effects from eliminating
steam voids, changing water density from hot to cold, reduced
Doppler effect in uranium, reducing neutron leakage from boiling
to cold, and decreasing control rod worth as the moderator cools.
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The minimum average concentration of natural boron in the reactor
to provide adequate shutdown margin, after operation of the SLC
system, is 660 ppm. Calculation of the minimum quantity of
sodium pentaborate to bhe indjected into the reactor is based on
the required 660 ppm average concentration in the reactor coolant
including recirculation loops, at 70°F and reactor normal water
level. The result is increased by 25% to allow for imperfect
mixing and leakage. Additional sodium pentaborate is provided to
accommodate dilution by the RHR system in the shutdown cooling
mode. This concentration will be achieved if the solution is
prepared as defined in Subsection 9.3.5.2 and maintained above
saturation temperature.

Cooldown of the nuclear system will require a minimum of several
hours to remove the thermal enerqy stored in the reactor, cooling
water, and associated eqguipment.. The controlled limit for the
reactor vessel cooldown is 1009F per hour, and normal operating
temperature is approximately 5509F. ©Use of the main condenser
and various shutdown cooling systems requires 10 to 24 hours to
lovwer the reactor vessel to room temperature (70°F); this is the
condition of maximum reactivity and, therefore, the condition
that requires the maximum concentration of horon.

The specified boron injection rate is limited to the range of 6
to 25 ppm per minute. The lower rate assures that the boron is
injected into the reactor in approximatley tvwo hours. This
resulting reactivity insertion is considerably quicker than that
covered hy the cooldown. The upper limit injection rate assures
that there is sufficient mixing so that boron does not
recirculate througqh the core in uneven concentrations that could
possibly cause reactor power to rise and fall cyclically.

The SLC system is required to be operable in the event of a
station pouwer failure, therefore the pumps, heaters, valves, and
controls are powered from or connectable to the standby a-c power
supply. The pumps and valves are povwered and controlled fron
separate buses and circuits so that a single electrical failure
will not prevent injection of sodium pentaborate on demand.

The SLC system and pumps have sufficient pressure margin, up to
the system relief valve setting of approximately 1400 psiqg, to
assure solution injection into the reactor above the normal
pressure ‘in the bottom of the reactor. The nuclear system relief
and safety valves begin to relieve pressutre above approximately
1100 psiqg. Therefore, the SLC system positive displacement punps
cannot overpressurize the nuclear systen.

Only one of the two standby liquid control pumps is needed for
system operation. If a redundant component (e.g., one pump) is
found to he inoperable, there is no immediate threat to shutdown
capability, and reactor operation can continue during repairs. °
The time during which one redundant component upstream of the
explosive valves may be out of operation should be consistent
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with the following: the probability of failure of both the
control rod shutdown capability and the alternate component in
the SLC system; and the fact that nuclear system cooldown takes
several hours while liquid control solution injection takes
approximately two hours. Since this probability is small,
considerable time is available for repairing and restoring the
SLC system to an operable condition while reactor operation
continues. Assurance that the system will still fulfill its
function during repairs is obtained by demonstrating operation of
the operable punmp. (

In the ovent of a loss of the thermostatically-controlled storage
tank heater "AY, a low temperature alarm would eventually be
annunciated in the control room and would alert the operator to
control storage tank temperature manually from the local panel by
means of the mixing heater %“BY, :

A low—-temperature alarm will also annunciate in the control roon
if there is a loss of the suction piping heat ‘tracing. The alarm
setpoint. is sufficiently abhove saturation temperature of the
sodium pentaborate solution such that, even in the unlikely event
that ambient temperature is below 70°F7, sufficient time will be
available to enable the operating personnel to take appropriate
temporary measures to heat the suction piping before
precipitation occurs.

The SLC system is evaluated against the applicable General Desiqgn
Criteria as follows:

Criterion_2: The SLCS is located in the area outside of the
primary containment (drywell) and below the refueling floor.: In
this location it is protected by the containment and compartment
walls from external natural phenomena such as earthquakes,
tornadoes, hurricanes and floods and internally from effects of

such events and internal postulated events.

Criterion_4: The SLCS is desiqned for the expected environment
in the containment and specifically for the compartment in which
it is located. TIn this ccmpartment, it is not subject to the
more violent conditions postulated in this criterion such as
missiles, whipping pives, and discharqing fluids. This systen is
only called upon to perform a ‘pseudo-safety function under normal
operation conditions.

Criterion_21: Criterion 21 is applicable to protection systems

only. The SLC system is a reactivity control system and should
be evaluated against Criterion 29.

Criterion_26: The SLCS is the second reactivity control systen

required by this criterion. The requirements of this criteriom
do not apply within the SLCS itself.
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Criterion_27: This criterion applies no specific requirements
onto the SLCS and, therefore, is not applicable. See the General
Design Criteria Section (Section 3.1) for discussion of combined

capabilityv.

Criterion_29: The SLCS pumps and valves outboard of the
isolation valves are redundant. Two pumps, and two injection
valves are arranged and cross-tied such that operation of any one
of each results in successful operation of the system. The SLCS
also has test capability. A special test tank is supplied for
providing test fluid for the yearly injection test. Punmping
capability may be tested at any time. A trickle current
continuously monitors continuity of the firing mechanlsms of the
injection sauib valves.

The SLC svstem is evaluated aqainst the appllcable requlatory
quides as follows:

Requlatory Guide_l.26_Revision_2: Because the SLCS is a
reactivity control system, all mechanical components are at least
Quality Group B. Those portions which are part of the Reactor
Cooling Pressure Boundary are Quality Group A. This is shown in

Table 3.2-1.

Requlatory Guide 1.29 Revision_1: All GE supplied components of
the SLCS which are necessary for injection of neutron absorber
into the reactor are Seismic Cateqory I. This is shown in Table

3. 2_1¢

Since the SLC system is located within its own compartment within
the reactor building, it is adequately protected from flooding,
tornadoes, and lnternallv and externally generated missiles. SLC
system equipment is protected fronm plpe break by prOV1dlnq
adequate distance between the seismic and non-seismic SLC systenm
equivment where such protection is necessary. In addition,
appropriate distance is provided between the SLC system and other
piping systems. Where adequate protection cannot be assured,
barriers have heen considered to assure SLC system protection
from pipe break {See Section 3.6).

It should be noted that the SLC system is not required to provide
a safety function during- any postulated pipe break events. This
system is only required under an extremely low probability event
where all of the control rods are assumed to be inoperable while
the reactor is at normal full pover operation. Therefore, the
protection provided is considered over and above that required to
meet the intent of APCSB 3-1 and MEB 3-1.

This system is used in a couple of special plant capability
demonstration events cited in Appendix A of Chapter 15.
Specifically Events 51, 52, and 53 which are extremely low
probability non-design basis postulated incidents. The analyses
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given there are to demonstrate additional plant safety
consideration far beyvond reasonable and conservative assumptions.

A system-level, qualitative—~type failure mode and effects
analysis is presented in Subsection 15A.6.6.

9.3.5.4__Testing_and_Inspection Regulre ents

Nperational testing of the SLC svstem is perforued in at least
two parts to avoid inadvertently injecting boron into the
reactor.

With the valve from the storage tank closed and the valves to and
from the test tank opened, demineralized water .in the test tank
can be recirculated by locally starting either pump.

During a refueling or maintenance outage, the ‘'injection portion
of the system can he functionally tested by valving the suction
line to the test tank and actuating the system from the control
room. System operation is indicated in the control roon.

After functional tests, the in-djection valve shear plugs and
explosive chargqes must be replaced and all the valves returned to
their normal positions as indicated.

After closing a local locked-open valve to the reactor, leakage
through the in-jection valves can be detected by opening valves at
a test connection in the line between the containment isolation
check valves. Position indicator lights in the control room
indicate that the local valve is closed for tests or open and
ready for operation. Leakaqge from the reactor through the first
check valve can be detected by opening the same test connection
in the line between the Contalnment Isolation Check Valves when
the reactor is pressurized.

The test tank contains demineralized water for approximately 3
minutes of pump operation. Demineralized water from the makeup
system or the condensate storage system is available for
refilling or flushing the systen.

Should the boron solution ever be injected into the reactor,
either intentionally or inadvertently, then after making certain
that the normal reactivity controls will keep the reactor
subcritical, the boron is removed from the reactor coolant system
by flushing for gross dilution followed by operating the reactor
cleanup system. There is practically no effect on reactor
operations when the boron concentration has been reduced below
approximately 50 ppm.

The concentration of the sodium pentaborate in the solution tank
is determined periodically by chemical analysis. Electrical
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supplies and relief valves are also subjected to periodic testing
{see Chapter 16).

The SLC system is preoperationally tested in accordance with the
requirements of Chapter 14.
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. The instrumentation and control system for the SLC is desiqgned to

allow the in-djection of liquid poison into the reactor and the
maintenance of the liquid poison solution well above the
saturation temperature. A further discussion of the SLC
instrumentation may be found in Chapter 7.



SUMPS AND DRAIN TANKS

Drywell Floor Drains

Drywell Floor Drains

Drywell Equipment Drains

Drywell Equipment Drains

Reactor Building Drains

Reactor Building Drains

Turbine Bldg. Outer Area Drains
Turbine Bldg. Outer Area Drains
Turbine Bldg. Central Area Drains
Turb. Bldg. Central Area Drains
Turb. Bldg. Condenser Area Drains
Turb. Bldg. Condenser Area Drains
Turbine Bldg. Chemical Drains
Turbine Bldg. Chemical Drains
Chem. Radwaste Drains

Laundry Radwaste Drains

Radwaste Building Drains
Radwaste Building Chem. Drains
Pipe Tunnel Drains

Circ. Water Pump House Drains
Diesel Generator Bldg. Drains

Cl and Acid Storage Bldg.

Water Treat. Bldg. Chem. Drains

*

R;v. 25, 7/81

TABLE 9.3-10

.
>

EQUIPMENT AND FLOOR DRAINAGE SYSTEM
COMPONENT DESCRIPTION >

Equipment Material
Nos. Type Quantity Liner/Cover
Unit 1 Lined Sunp W. 2 S8/~

Unit #2 Cooling Coil 2 ss/-

1T-218 Vert. Tank 1 Cs

2T-218 Vert. Tank 1 cs

Unit #1 Lined Sump 1 $S/18" Conc.
Unit #2 Lined Sump 1 $S/18" Cone.
Unit #1 Lined Sump 1 SS/9" Conc.
Unit #2 Lined Sump 1 SS/9" Conc.
Unit-#1 Lined Sump 1 SS/9" Cone.
Unit #2 Lined Sump 1 $S/9" Conc.
Unit #1 Lined Sump 1 Ss/1" ¢cs
Unit #2 Lined Sump 1 ss/1" ¢s
Unit #1 Lined Sump 1 SS/1" ¢S
Unit £2 Lined Sump 1 ss/1" ¢cs
0T-114 Vert. Tank 1 SS

0T-115 Vert. Tank 1 SS

Conmon Lined Sump 1 $8/12" Conc.
Common Lined Sump 1 SS/12" Conc.
Unit #1 Only Lined Sump 1 SS/1" ¢S
Common Unlined Sump 1 -/15" Conc.
Common Unlined Sump 1 -1/4" CcS
Common Unlined Sump 1 ~/12" Conc.
Common Unlined Sump 1 =/15" Conc.

Page 2 of

Sump (Tank)

Live/

Nominal 01l Sump

Capacity 0il Inter- Capacity

Each, gal Manhole ceptor Type Each, gal

230/ 450 No - -

230/ 450 No - -
1000/1060 Yes - -
1000/1060 Yes - -
2510/4050 Yes API-500 gpm 670
2510/4050 Yes API-500 gpm 670
2570/4130 Yes API-500 gpm 670
2570/4130 Yes API-500 gpm 670
2570/4130 Yes API-500 gpm 670
2570/4130 Yes API-500 gpm 670

- [/ 692 No - -

- /692 No - -

486/ 935 No - -

486/ 935 No - -

280/ 378 No - -

280/ 378 . No - -

970/1940 Yes - -

630/1215 Yes - -

150/ 360 No - -

920/1550 Yes AP & Baffle 250

920/1390 Yes Baffle 135

790/4110 Yes - -

Yes - -

600/1190
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10.4.6__CONDENSATE_CLEANUP_SYSTEH

xSt .

s
AR

The. condensate demxnerallzer svstem has no safety-related
functions and is de51qned to maintain the condensate at the

“<requ1red purltv bv removal of the folloulnq contamlnant5°~

Ve

a) Products resultlnq from corrosion that occur in the
main steam and turbine extraction piping, feeduater
2heater shells. and dralns ‘

b) : Suspended and dxssolved SOlldS that may be introduced
; by small leakages of c1rcu1at1ng water through
condenser tubes ' !

c) F1551on ‘and actlvatlon products that are entrained in
reactor steam and retalned in condensate 1eav1nq the
‘hotuell . . .

~
N

a SOlldS carried into, the condenser by makeup vater and
mlscellaneous dralns., N 4

The systen desan is- based on’ the lnfluent concentratlons given
in Table 10. u 2. ~ e

At usoo qpm per vessel, and wlth the 1nf1uent qualxty listed in
Table 10.4-2, the ion exchanqers effluent ¥will not exceed the
followlnq quallty° : . N

AN

a) COﬂdﬁCthltY at 25°C o e T 01 mlcromho/cm
by  pH at 259C A et . 6:5.t0- 7.5
c) . Silica (sio, )y - B : 5 ppb’

d)  Iron, total (Fe) 5 ppb -

e) - Copper (Cu) LTI 2 ppb -

-f) « .Nickel (Ni) ot » 2 ppb

q) + Chloride ({(Cl) . 1 ppb.

h) Total metalllc lmpurltles* 9 ppb N

*Total metalllc resxdue retalned on a
0 us mlcnon film. fllter. .

Piping is furnlshed in accordance Blth ANSI B3l.1. 0. Pressure
vessels that fall within the jurisdiction of ASHE Sectxon VIII
are furnished 1n accordance-with that Code.

The-design pressure of the condensate demznerallzer system is 7uo
psig at’ 1509;, which is above the shut-off head of the condensate.

pumps.’ o L

" Rev. 30, 5/82° T 10.4-19
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10.&.6.2- Sy§tem De§c;_gt;on

J

“The condensate demlnerallzer system (Figure 10.4-2) is designed . . giﬂi
. to purify condensate:continuously at 131°F and 550 psig at a- flow p-
- rate of 28,800 gpn. Each demineralizer .vessel has a flow ‘ L
B capac;ty of 4,800 gpm .and is“capable of operating at flow rates
|+ up to 5,760 gpm’ for -short periods. '

The condensate demineralizer system consists of a battery of
seven ‘ion’ ‘exchangers, each contalnlnq a bed of mixed resin in the
proportlon of two parts cation resin to one part anion resin by
volume. Six exchanqers are in service at one time during normal
conditions. The seventh exchanger is held on standby for
replacement of an inservice unit at the end of its service run

~ and in the event of an abnormal condenser leak. The condensate

. demineralizers are piped directly into the feedwater cycle and
receive condensate under pressure from the condensate pumps. -

Regeneration. of ‘a spec1f1c demlnerallzer unxt occurs Bhen one of

three endpoints is reached°

1. Total flov throuqh a un1t reaches a preset l:.n:Lt ) o ‘ ;
(130 000,000 gallons), . .

2e If the pressure drop across the influent and effluent -

headers : exceeds 50 psid- and it is the lowest—flou 4

demlnerallzer unit. ‘ R ' © .

' 3e Conductivity measurements at the outlet of each unlt reach a
.preset level {0.1 11mho/cm). .

|

|

i Based on a total throughput of 130,000,000:ga1Lons, regeneration

| frequency is approximately every 19 days for each resin bed based '
| on influent qualltv llsted in Table 10.&-2 at-full load

* These endpoxnts have been chosen in order that each resin bed be
taken out of service prior to reaching an unacceptable level of
operatlon. In partlcular. the conduct1v1ty measurements provide
indication that a specific bed may be 1on1ca11y exhausted .in

L order that it may be regqenerated before an nnacceptable level of
overall condensate ‘water qualltv is reached.

The control room alarm setp01nt for the outlet of each.

" demineralizer vessel, indicating. resin bed exhaustion, is-
"0.1ly mnmhoscm ‘as is‘the.control room alarm setpoint.for the
condensate effluent header. Condensate influent to the

Rev. 30, 5/82 ‘ ‘ 10. 4= 20 :
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demineralizers is alarmed in the control room at 0.2y nho/cn
conductivitye.

The resin beds are transferred from the ion exchangers to the
external regeneration system for cleaninq and chemical
reqeneration. A spare charge of resins is held in the external
reqeneratlon systen for immediate replacement of an exhausted bed,
in an ion exchanger so that the exchanger may be made available
promptly for replacement of another exhausted exchanger.

10.4.6.2.2_ _External Regeneration System

The systen prOV1ded for cleaning and chemical regeneratlon of the

resins used in the condensate demineralizer-is shown in Fiqure

10.4-3. It consists essentially of three vesse15° a cation, an

anion, and a resin storaqe tank. The cation tank also sérves as.

a resin receiving, resin cleanlnq, and resin separation tank, T 1
through which exhausted resins are transferred from the ion R
exchanger to the regeneration system. Interlocks are provided so N
that an off-line demineralizer cannot detect condensate pressure :
unless it is isolated from the external reqeneratlon system. In
addition, if h1qh pressure occurs in the resin transfer line, an
isolation valve in the line will automatically close and a relief 1,
valve will open to protect the system.’ The regeneration systen "
is designed for 75 psig and 150°F. . g .

The removal of crud accumulation on the resxns is accompllshed by
a cycle of draining, air backuashlnq, and r1n51nq in the cation )
tank. The reqeneratlon system is designed for use with an Lo
ultrasonic resin cleaner and space and connections are provided ' ¥

so that one may be added later. The cleanéd resins are - e R
transferred back to the original ion exchange vessel for further
ion exchange. S NN

N % )

Resins in need of complete regeneration are-transferred-to the ,
cation regeneration tank and cleaned as described in the - . P e
preceding paraqraph. The anion and cation resins are then " )
separated by backwashing before the anions are transferred to the
anion reqeneration tank. At the end of reqeneratlon the re51nsw* R
are mixed and stored in the resin storage tank. e s e .

s

10.4.6.2.3__Acid_and Caustic Dilution Systens

T
LY U

Solutions of acid and caustlc required for reqgeneration of catlon‘wgn
and anion resins are prepared by in-line dilution of 66 degree’ ;[ ‘
Baume' sulfuric acid and S50 percent sodium hydroxide pumped from .
bulk storage tanks belovw the regeneration equipment. :

Y
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Approximatey 5-1/2 percent concentration of acid solution is
required to regenerate the cation resins. The strong acid is
mixed in a. mixing tee with clean condensate as needed. Water is
supplied at a constant rate by condensate transfer pumps through
a pressure control valve.

Approximately 5-1/2 percent concentratlon of caustic at 120°F is
requlred to reqenerate the anion resins. Strong caustic is mixed
with dilution water at 120°F in a mixing tee as needed. Dilution
water is produced by blending 180°F water from the caustic:
dilution hot water tank with cool water.

10.4.6.2.4 Waste Systen

Three types of wastes are seqregated from the regeneration waste
discharge. These are: high conductivity, low conductivity and
lov solids content, and low conductivity and high solids content.

High conductivity wastewater (conductivity above 100 micromhos)
is channeled to the chemical waste neutralizer tanks wvhere it is.
neutralized and pumped to the radwaste evaporators for
distillation. Low conductivity condensate from thxs process is
returned to the condensate storage. tank. .

Low conductivity, low solids vastewvater: is channeled to the ‘
turbine buildings outer area sump where it is pumped to the
liquid radwaste collection tanks. «

Low conductivity, high solids waste water (greater than 3 JTU) is
channeled to the regeneration vaste surge tanks. The tanks are
designed with cone bottoms. From there the wastewater is pumped
at 35 gpm to the waste sludge phase separator.

"See Section 11.2 for the effect of the Condensate Cleanup 8ystem
on the radwaste systen.

e s s ot e, n e . Sl S e

The equipment and controls in the condensate demineralizer systen
are of the same. design ana operat10na1 inteqrity as those in the
rTadvaste systenm.

Spare capacity is provided in ‘the system to negate the
possibility of difficulties in handling radioactive waste when
the system is operating. If the radwaste handling system °
approaches design capacity, such as when condenser tube leaks
require maxismum rates of regeneration of ion exchangers, the unit

Rev. 30, 5/82 : 10. 4= 22
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.The combined demineralizer outlet conductlvxty lS also nonitored

. percent removal ‘efficiency for all dissolved . pr1nc1pa1 fission
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load is reduced to eliminate the p0551b111ty of exceeding . lﬁtc}

The effluent uater quality stated in. Subsectlon 10. u.6.1 ¥ill not ‘f‘:y;

‘be exceeded with an 11.5 gpm condenser leak when circulating 1¢¢£§i
. water contains 1000 ppm of ‘total dissolved solids. The systen R NN
will sustain an effluent conductivity of 0. 15 micromho with a . .-, Jia%%
46 qpm condensei leak when circulating vater contains 1000 ppm of 7L,

total dissolved solids. The¢c1rcu1at1nq vater quality used in .

the design of the CCS is qlven in Table 10.4-3. Conductivity is

recorded at ‘12 locations in the condenser, at analysis stations ,;‘!lﬁ:‘
located on the -common influent and effluent header to the. N .
condensate derineralizer system, on the discharge of each ion L
exchange vessel, and at the discharge header of the reactor feed - e
pumps. Hiqgh .conductivity alarms are provlded to. alert the plant- LRSI
operators to an abnormal condition. . H RPN

~
A u

Treated condensate conductivity levels are maintained uithln the .
linits of Table. 2 of Regulatory Guide 1.56, Rev. 1 in the FEEERIREY R
following manners: ’ . ) - |

" Individual demlnerallzer vessel outlet conduct1v1ty Ls monltored . ﬁf;

and continuously recorded locally at the Turbine Bulldlng Sample =
Station Control Panel. High conductivity, indicating donic SO e

exhaustion, is alarmed locally and at the main. control room - - Y UL e
panel.. The high conductxvztv alarm setp01nt is 0. 111mho/cm, thus I R

an ionically exhausted resin bed is removed from, service and A W
regenerated before reaching the Table 2 of- Regulatory Guide 1.56,. D8
Rev. 1 lower ‘limit of 0. 2umho/cm. In addition, a regenerated . ‘|‘ . .

resin bed being-brought on line is automatxcallv recycled to. the
condenser prior to being placed in service to ensure.that the

. vessel is not brought on streanm at high.. conduct1v1tv levels..

N i ~

and continuously recorded locally at the-Turbine Building sanmple

station control panel. High conductivity of ‘the combined o ¥

effluent is alarmed locally. and at the main control room panel at CoF
0.1 u mho/cm. Since each vessel is alarmed when conductivity - 1 -
_reaches 0.1 pnho/cn. The likelihood of the combined effluent v "

reaching the alarm point is remote except, under conditions of a

large condenser leak. However, demineralizer inlet conductivity
is monitored in the same manner, as the outlet ‘flows,. with an . SO
alarm setpoint of 0.2 p mhos/cm indicating condenser leakage. '1
(Table 2 of ' Requlatory Guide 1.56 Rev.; 1 lover limit is 0.5y~ T
nho/cm) « ( " | -

The condensate demlnerallzer system is designed to operate’ in a

manner such that corrective action is initiated ‘prior to reaching

the lowver 11m1ts of Table 2 of Requlatory Guide 1.56, Rev. 1l.

The values shoun in Table 10.4-4 are arrived at assuming 100 o

Y

Rev.' 30, 5/82 10. 4-23




SSES-FSAR

PR

and corrosion activation products. However, because the removal
efficiency for suspended solids-is 50 to 75 percent, .the overall
removal of corrosion actlvatlon products is somewhat less than
100 percent for the svstem.ﬂ Iables 10.4-4 and 10.4-5 prOV1de the
design bases for radiation shleldan in’ the condensate .o AN
demlnerallzer area. N Coad

-*The effluent stralner in the dlscharge from each- ion exchanger < '°
protects the feedwater system against a massive ‘discharge of
‘re51ns in the event of an underdraln fallure.

10.4.6-4__Tests and Inspections =~ = =

Piping is 1nspected and. tested im accordance ulth ANSY B31.1. 0.
All pressure vessels are hvdrostatlcally tested to 1.5 times
their de51qn pressure.z :

The systenm wlll be preoperatlonallv tested in accordance uith the
requirements of Chapter 14. :

lgzgaﬁzﬁ_;QQBEIlelQBQ;;E§§£QB§E£§§§Q§

\ >

[

The condensate demlnerallzer and reqeneratlon systems are °
controlled from a local control panel for all modes .of operation,
. including transfer of resins for\cleanlnq and returnlng ‘these.

'l resins to the exchanqe vessel, or the., transfer ‘of resins for
cleaning and regeneration and transferrlng prevxously reqenerated
stored resins to the exchanqer for standby.

A ! P [N, -
The conduct1v1t1es are monltored by a multlpoint recorder for the
follovlnq' R ' : s .
J ¥ .
T . a) Influent and effluent of the condensate pollshlng
' ' demlnerallzer svstem :

‘ e

. - P
v : s Y ‘ (Y

b$ Effluent from each condensate pollshlng demlnerallzer.

T In add1tlon.,conduct1v1t7 alarms are provided: to alert - the
operator for 'off-normal conditions. -~ Resin condltlon is monitored
in accordance with Requlatory Guide 1.56. A dlfferentlal R , .
pressure transmitter is provided to monitor the differential - . B

,pressure across the condensate demineralizer systen. , Plow '
transmitters, recorders, and flow totalizers are provxded in the
effluent of each condensate polishing denlnerallzer.

.
L[] 0 -
Lt x . . . N
a
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3__GASEOUS_HASTE WANAGEMENT_SYSTEMNS-
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The gaseous waste manaqgement systems (GWMS) are designed to

. process and control the release of gaseous radioactive wastes to
the site environs so that the total radiation exposure of
persons in offsite areas is as low as reasonablv achievable and
does not exceed applicable quidelines. This is to be
accomplished while maintaining the occupational exposure as low
as reasonably achievable and without limiting plant operation or
availability.

1.2__Design_BRasis

The gaseous waste systems are.desiqgned to limit offsite doses
from routine station releases to significantly less than the
limits specified in 10CFR20, and to operate within the dose
objectives established in 10CFRS0, Appendix I.

The design basis and.maximum expected source terms correspond to
100,000 and 60,000 ypy Ci/sec respectively of noble radiogas after
a 30 minute delay. Table 11.3-1 lists the quantities of nuclides
expected to be released to the environs when operating at the
naximum expected failed fuel levels. The expected doses to
individuals at or beyond the site boundary are shown in
Subsection 11.3.4 and Environmental Report Subsection 5.2.4.2.

A description of the ma<jor equipment items in the offgas system
is provided in Table 11.3-5. The seismic and quality group
classifications of the GWMS components, piping and structures
housing them are listed in Section 3. 2.

Conservative analyses similar to those presented in Ref 11.3-1
demonstrate that equipment failure cannot result in doses
exceeding acceptable quidelines; thus, neither .the offgas systen
nor the buildings housing the equipment were desiqgned to meet
Seismic Cateqory I requirements; however, the offgas structural
valls are part of the total structural shear wall system and were
analyzed to withstand the effects of earthquakes.

The failure of the Ambient Temperature Charcoal 0Offgas Treatment
system is analyzed in Subsection 15.7.1.1. The related failure
of the steam jet air ejector lines and failure of the main
turbine gland sealing system are analyzed in Subsectlons 15.7.1.3
and 15.7.1.2 respectively.

Rev. 30, 5/82 11.3-1
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Noncondensible radiocactive offgas is continuously removed from
the main condenser by the steam jet air eijector (SJAE) during
plant operation. This is the ma-jor source of gaseous releases
from the plant and is larqger than all other sources combined.

The SJAE offgas will normally contain activation gases,
princivnally N-16, 0~-19, and K-13. The N-16 and 0-19 have short
half-lives and are readily decayed. The N-13, with a 10-minute
half-life is present in small amounts that are further reduced by
delay. The SJAE offgas will also contain various isotopes of the
tadioactive noble gases ¥e and Kr, precursors of biologically
significant Sr-89, Sr-90, Ba-140, and Cs-137. The concentration
of these noble gqases depends on the amount of tramp uranium in
the coolant and on the cladding surfaces (usually extremely
small) and the number and size of fuel cladding leaks. An offgas
system has been provided to treat these radioactive sources.

This system utilizes catalytic recombination and charcoal
adsorption as discussed below.

The building layout and equipment location of the offgas systen
components is shown on Fiqures 11.2-3 through 11.2-7.
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The noncondensible gases in the main turbine condenser are
removed by a two staqe steanm jet air ejector (SJAE) and
discharqed to the offgas recombiner system. During startup,
clean auxiliary steam mavybe used to drive the SJAE and the
recombiner system to minimize operation of and untreated
noncondensihle releases from the mechanical vacuum punmp. After
startup, pressure reduced steam from the main steam line is used.

Because of the limited motive steam capacity of the second stage

- .SJAE, additional dilution steam to maintain the H, concentration

belovw 4% by volume in the offqgas stream, bypassesaround the
ejector nozzle to the discharge. This arrangement allows
adjusting the total dilution steam flow without sacrificing SJAE
performance. The offgas~steam flow then enters the associated or
the common standby catalytic recombiner system through an
electrically heat traced piping manifold. This prevents
condensation of the dilution steam particularly during cold
start~up. The purpose of the recombiner system is to reduce the
offgas volume and eliminate the potential for explosion by ,
controlled recombination of the radiolytic hydrogen with oxygen
to less than 1% concentration by volume on a dry basis of 5 scfn
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air flow and less than 0.5% concentrat1on for an air flow of
atleast 10 scfm.

]
The offgas first passes through the recombiner preheater in order
to minimize the moisture contents prior to entering the catalyst
bed. The recombination process takes place inside the recombiner
vessel which is electrically preheated during standby to a range
of 240°F to 270°F strip heaters on the outside. The reaction
temperature is approximately 800°F.

The moisture in the offgas .leaving the recombiner vessel is
removed in the recombiner condenser where the offgas is cooled to
150°F. A motive steam jet then boosts the saturated gas stream
pressure from below to slightly above atmospheric pressure,.

The reduced pressure main or auxiliary motive steam used in the

motive jet is then removed from the offgas stream in the motive
steam jet condenser and the 150°F offgas passes through a delay
pipe from the recombiner system in the turbine building to the
zmp?gqt temperature charcoal offgas system in the radwaste
uilding.

The pressure differential between the condensers in the
recombiner systems and the main condenser is sufficient to drain
the condensate without additional motive force to the main
condenser, while the delay pipe is drained by lTevel controlled
valves to the turbine building radwaste sump.

The delay line varies in diameter from 8 to 16..in. and is
approximately 600 ft in length. At the design flow rate of

30 scfm, this pipe provides for approx1mate1y nine minutes of
decay of the radioactive products in the offgas stream prior to
entering the adsorption train.

After exiting this line, the gas is cooled to approximately 40°F
by a refrigerated chiller unit and reheated to approximately 65°F
to prevent condensation. Moisture and temperature
instrumentation measure the process conditions downstream of the
chiller to monitor the performance of the water removal
assemblies and to quard against degraded charcoal performance
that might result from either an increase in the moisture content
or temperature of the gas.

Prior to entering the main charcoal vessels, the process stream
passes through a sacrificial guard bed. The principal function
of this guard bed is to absorb impurities that may be entrained
in the process gas that might adversely affect the performance of
the charcoal adsorbent. Each guard bed has been sized to absorb
the moisture that might result from a failure of the chiller over
a period of 48 hours. This design feature, in conjunction with
the moisture and temperature instrumentation, should provide
adequate protection against the contamination of the charcoal
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adsorber bed. Differential pressure indication is provided as a

backup to the moisture instrumentation.

After passing through the guard bed, the gas enters the main
charcoal adsorption bed. This bed, operating in a controlled
temperature vault, selectively adsorbs and delays the xenon and
krypton from the bulk carrier gas. This delay on the charcoal
permits the xenon and krypton to decay in place. After
undergoing a sufficient decay in the charcoal vessels, the
process stream passes through a HEPA outlet filter, where
radioactive particulate matter and possible charcoal fines are
retained. This stream is continuously monitored and an alarm
will annunciate any abnormal releases from this system.

The process stream is then directed to the turbine building
ventilation exhaust duct where it is diluted with minimum
42,000]scfm of air prior to being released from the top of the
reactor building. Table 11.3-1 indicates the estimated annual
release rates from the turbine building of various isotopes.

11.3.2.1.1.1 Process Flow Diagram

Figure 11.3-1 is fhe process flow diaéram for the system. The
process data for startup and normal operating conditions are
contained in Table 11.3-8.

11.3.2.1.1.2 Process and Instrumentation Diagram (P&ID)

The P&ID is shown as Figures 10.4-9, 11.3-3, A& and 11.3-4.

11.3.2.1.1.3 Process Design Parameters

The krypton and xenon holdup times are closely approximated by
the following equation:

T o= M ‘ (Equation 11.3-1)
v
Where:
T = holdup time of a g{ven gas
Kp = dynamic adsorption coefficient for a given noble
gas (
M = mass of charcoal adsorber
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v = flow rate of the carrier gas.

Conservative dynamic adsorption coefficients of 420 cc/qm for
xenon and 23.7 cc/qn for krypton were assumed for the charcoal
adsorbent material. They were derived by adjusting the values
presented in NUREG 0016 for the temperature and humidity
conditions of the Susquehanna SES offgas process strean.

Dynamic adsorption coefficients for xenon and krypton have been
reported by Browning {Ref. 11.3-2). General Electric has
performed pilot plant tests at their Vallecitos Laboratory, and
the results vere reported at the Twelfth AEC Air Cleaning
Conference (Ref. 11.3-6). Further data on a similar system
operating at ambient temperature are reported in Ref 11.3-3.

The temperature ad-justment was obtained by a straight-1line
interpolation of the coefficients provided, in NUREG 0016 for the
following data points:s 77°P, dew point 0°F and 0°F, dew point -
20°F. The moisture content of a gas mixture at these two points
is relatively low and thus the variations in adsorption
coefficients between these points is mainly a function of
temperature. The coefficients thus obtained were adjusted to
reflect the effects of moisture content in a manner consistent
with that employed in NUREG 0016.

With a desiqn condenser air in-leakage of 30 scfm, and above

0 adsorption coefficients this system provides a design delay of
32 hours for krypton and 23.7 days for xenon. Since the expected
condenser in-leakage is below the design value, the actual delay
times should be several times longer than the design delay times.
Table 11.3-1 lists isotopic activities at the discharge of the
turbine building exhaust vent.

After passing thru the recombiner section, the off gas stream
consists primarily of the air in-leakage from the main condenser.
The air in-leakage desiqgn basis is conservatively assumed at

30 scfm. The Sixth Edition of the Heat Exchange Institute
Standards for Steam Surface Condensers (Ref 11.3-4, paragraph
5.16(c) (2)) indicates that with certain conditions of stable
operation and suitable construction, noncondensibles should not
exceed 6 scfm for large condensers. Dresden—-2, Fukushima-1,
Tsuruga, and KRB have all operated at 6 scfm or less.
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11.3.2.2 Component Description

11.3.2.2.1 Recombiner System

The offgas treatment system is divided into two sections to
facilitate plant arrangement: the recombiner system and the
charcoal offgas system. Three recombiner assemblies are located
in the turbine building in a shielded area below the main
condenser steam jet air ejectors. Each recombiner assembly
consists of the following major components: a recombiner
preheater, recombiner vessel, recombiner condenser, motive steam
jet, motive steam jet condenser and a condensate cooler.

One recombiner assembly is primarily designated for the service
of each nuclear unit and the third assembly is a common standby
to both units. Each recombiner assembly is sized to accommodate
the design flow from one nuclear unit. The piping and valve
manifold upstream of the recombiner assemblies permit the
transfer of the offgas stream between a unit designated assembly
and the common standby recombiner assembly.

The materials of construction, design pressures and temperatures,

and the design codes for the components associated with the
recombiner assemblies are listed in Table 11.3-5.

11.3.2.2.2 Charcoal Qffgas System

After the radiolytic hydrogen and oxygen have been removed from
the process stream by the recombiner assembly, the remaining gas
enters a delay line which is approximately 600 ft in length and
varies in size from 8 to 16 in. The purpose of this delay line
is to permit the large quantity of N-16 to decay to a reasonable
activity concentration prior to entering the charcoal adsorption
portion of the offgas system. Although there is a separate delay
Tine for each recombiner assembly, these lines are joined into a
single common header in the radwaste building. However, the
process offgas stream from each unit is segregated by the use of
isolation valves that are installed in this common header.

After entering the common inlet header, the gas mixture from each
unit can be directed to either of two parallel equipment
subtrains consisting each of a water removal/temperature
reduction assembly, and a charcoal guard bed. The utilized
charcoal adsorption train of each offgas treatment system is
primarily designated for the service of the associated nuclear
unit. Each adsorption train consists of five charcoal adsorber
beds in series. The trains and subtrains are isolable at both the
intet and outlet by remotely operated valves. The following
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In this section the sources of radiation that form the basis for
shield design calculations and the sources of airborne
radisactivity required for the design of personnel protactive
measures and for dose assessment are discussed and identified.

The shielding design source terms are based on a noable gas
fission product release rate of 0.1 Ci/sec (after 30 minutes
decay) and th2 corresponding fission, activation, and corrosion
product concentrations in the primary coolant. The sources in
the primary coolant are discussed in Section 11.1 and listed in
Tables 11.1-1 through 11.1-5. Throughout most of the primary
coolant system, activation products, principally nitrogen-16, are
the primary radiation sources for shielding design. Por all
systams transporting radioactive materials, conservative
allowance is made for transit decay, while at the same time
providing for daughter product formation.

Basic reactor data and core region dascription used for this
section are listed in Tables 12.2-1 through 12.2-5.

TIn this subsection the design sources are presented by building
location and system. General locations of the cquipment
discussed in this section are shown on the shielding and zoning
drawings, Figures 12.3-8 through 12.3-27. Detailed data on
source descriptions for each shielled plant area are presented in
Tables 12.2-38 throuqh 12.2-40.

Shielding source terms presented in this section and associated
tables are based on conservative assumptions regarding system and
equipment operations and characteristics to provide reasonably
conservative radioactivity concentrations for shielding design.
Therefore, the shielding source terms are not intended to
approximate the actual systea design radioactivity
concentrations.
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The primary radiations within the drywell duaring full pover
operation are neutron and gamma radiation resulting from the
fission process in the core. Tables 12.2-4 ani 12.2-5 list the
multigroup neutron and gamma ray fluxes at the outsidza surfaces
of the reactor pressure vessel and the primary shield at the core
midplane. The gamma fluxes include those resulting from capture
or inelastic scattering of neutrons within the reactor pressure
vessel and core shroud and the gamma radiation resulting from
prompt fission and fission product decay.

The largest radiation sources after reactor shutdown are the
decaying fission products in the fuel. Table 12.2-9 lists the
core gamma sources as a function of shutdown time. Secondary
sources are the structural material activation of the RPV, its
internals, and the piping and equipment located in the primary
containment and also the activated corrosion products accumulated
or deposited in the internals of the RPV, the primary coolant
piping, and other process system piping in the primary
containment.

- o S e e e e e o B ol T 58 o e — e e e T S

sources of radiation in the reactor coolant system are fission
products estimated to be released f£rom fuel and activation and
corrosion products that are circulated in the reactor coolant.
Thes2 sources are listed in Tables 11.1-1 thru 11.1-5 and their
hases are discussed in Section 11.1. The nitrogen-16
concentration in the reactor coolant is assumed to be 61u Ci/gm
of coolant at the reactor recirculation outlet nozzle.
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Radiation sources in the primary steam system piping include
activation gases, principally nitrogen-16, and the corrosion and
fission products carried over to the steam systen.

The nitrogen-16 concentration in the main steam is assumed to be
100 u Ci/gm of steam leaving the reactor vessel at the main stean
outlet nozzle. Fission product activity corresponds to an offgas
release rate of 100,000p Ci/sec at 30 minutes delay fron the
reactor steam nozzle. Partition fractions for activity into the
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Access to areas inside the plant structures and plant yards is
requlated and controlled. PBach radiation zone defines the
radiation level range to which the aggregate of all contributing
sources must be attenuated by shielding.

All plant areas are categorized into radiation zones according to
expected radiation levels and anticipated personnel occupancy,
with consideration given toward maintaining personnel external
exposures ALARA and within the standards of 10CFR20. Each roonm,
corridor, and pipeway of every plant building is evaluated for
potential radiation sources during normal operation and shutdown;
for maintenance occupancy requirements, and for general access
requirements to determine appropriate zoning. Radiation zone
cateqories used and their descriptions are given in Table 12.3-1
and the specific zoning for each plant area is shown on Figures
12.3-8 through 12.3-27. All frequently accessed areas, ie,
corridors, are shielded for Zone I and Zone II access.

The control of inqress or eqress of plant operating personnel to
controlled access areas and procedures employed to ensure that
radiation levels and allowable vorking time are within the linits
prescribed by 10CPR20 as described in Section 12.5.

12.3.1.4__control of Activated Corrosion_Products

In order to minimize the radiation exposure associated with the

deposition of activated corrosion products in reactor coolant and
auxiliary systems, the following steps have been taken:

(1) The reactor coolant system consists mainly of austenitic
stainless steel, carbon steel and low alloy steel components.
Nickel content of these materials is low, and it is
controlled in accordance with applicable ASME material
specifications.

A small amount of nickel base material (Inconel 600) is
emploved in the reactor vessel internal components. Inconel
600 is required where components are attached to the reactor
vessel shell and the coefficient of expansion must match the -
thermal expansion characteristics of the lowv alloy vessel
steel. 1Inconel 600 was selected because it provides the
proper thermal expansion characteristics, adequate corrosion
resistance and can be readily fabricated and welded.

(2) Materials employed in the Teactor coolant system are
purchased to ASME material specification requirements. No i
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special controls on levels of cobalt impurities are
svecified. -

Hardfacing and wear materials having a high percentage of .
cobalt are restricted to applications vhere no satisfactory
alternate materials are available. . Studies currently are
being made to determine whether.any alternate low cobalt
alloys are satisfactory for long term use in nuclear reactor
applications. To date, no satisfactory replacement materials
have been found.

A hiqgh tenperature filtration system was not employed in the
Reactor Water Clean-up System. The reasons for this
included:

a. Lack of quantitative data on the removal efficiency for
insoluble cobalt by the hiqgh temperature filter;

b. Uncertainty in the deposition model including the
relative effectiveness of cobalt removal on deposition
rate;

C. Doubtful cost-effectiveness in an area where other
methods under study (such as decontamination) may prove
better at reducing dose rates while also being more
cost-effective.

Items 1, 2, and 3 above also apply to valve materials in
contact with reactor coolant. Valve packing materials are
selected primarily for their properties in the particular
environnent.

Subsections 12.1.2.2, 12.3.1.1, and 12.3.1.2 describe the
various flushing, draining, testing, and chemical addition
connections vhich have been incorporated into the ‘design of
piping and equipment which handle radioactive materials. If
decontamination is to be performed, these connections would
be used for that purpose.

The plant is desiqpned with a 1% mixed resin, a pressure
precoat clean-up system for the primary coolant in the
reactor and a full flow deep bed condensate demineralizer
system for the feedwater. See Figures 10.4-2, 10.4-3, S.4-16
and 5.4-18."

In this subsection the bases for the nuclear radiation shielding

and

Rev.

the shielding configurations are discussed.
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12.3.2.1__Design_0Obijectives

The basic objective of the plant radiation shielding is to reduce
personnel exposures, in conjunction with a program of controlled
personnel access to and occupancy of radiation areas, to levels
that are within the dose requlations of 10CFR50 and are as low as
reasonably achievable (ALARA) within the dose regulations of
10CFR20. Shieldinq and equipment layout and design are
considered in ensuring that exposures are kept ALARA during
anticipated personnel activities in areas of the plant containing
radioactive materials,.

Basic plant conditions considered in the nuclear radiation
shielding design are normal operatlon at full-pover, and plant
shutdown.

The shielding design objectives for the plant during normal
operation, including anticipated operational occurrences, and for
shutdown operations are:

a) To ensure that radiation exposure to plant operating
personnel, contractors, administrators, visitors, and
proximate site boundary occupants are ALARA and within
the limits of 10CFR20

b) To ensure sufficient personnel access and occupancy time
to allov normal anticipated maintenance, inspection, and
safety related operations required for each plant
equipment and instrumentation area’

c) To reduce potential equipment neutron activation and
mitigate the possibility of radiation damage to
materials

d) To sufficiently shield the control room so that the
direct dose plus the inhalation dose (calculated in
Chapter 15) in the event of design basis accidents will
not exceed the limits of 10CFPR50, Appendix A, General
Desiqn Criterion 19.

12.3.2.2__General Shielding Desiqn

ot e o . S e . s s e B S P W

Shieldinqg is provided to attenuate direct radlatlon through walls
and penetrations and scattered radiation to less than the upper
limit of the radiation zone for each area shown in Pigures 12.3-8
through 12.3-27. The minimum shielding requirements (see
Subsection 12.3.2.3) for all plant areas are presented on those
scaled layout drawings. General locations of the plant areas and
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equipment discussed in this subsection are also shown on those .
drawings.

"The material used for most of the plant shielding is ordinary
concrete with a minimum bulk density of 145 1lb/ft3. Whenever
poured-in-place concrete has been replaced by concrete blocks or
other material, design ensures protection on an equivalent
shielding basis as determined by the characteristics of the
concrete block selected. Compliance of concrete radiation shield
design with Requlatorv Gulde 1.69 is discussed in Section 3.13.
Water is used as the primary shield material for areas above the
spent fuel transfer and storage arease.

Special features employed to maintain radiation exposures ALARA
in routinely occupied areas such as valve operating stations and
sample stations are described in Subsections 12.3.1.1 and
12.3.1.2.

12.3.2.2.1__Reactor Building.Shielding Design

buring reactor operation, the steel-lined, reinforced concrete
drywell wall and the reactor building wvalls protect personnel
occupying ad1acent plant structures and yard areas from radiation
originating in the reactor vessel and associated equipment within
the reactor buildinq. The reactor vessel shield wall, drywell
wall, and various equ1pment compartment walls together with the
reactor building walls minimize the radlatlon levels outside the
reactor building.

Hhere personnel and equipment hatches or penetrations pass
through the drywell wall, additional shielding is designed to
attenuate the radiation to below the required level defined by
the radiation zone outside the drywell wall during normal
operation and shutdown and to acceptable emergency levels as
defined by 10CPR50 during design basis accidents.

12.3.2.2.2.__Reactor_ Bujilding Interior Shielding:Design

-1

Inside Dryvell Structure: Areas within the drywell are designed
as Zone V areas and are normally inaccessible during plant
operation. The reactor vessel shield provides shielding for
access in the drywell during shutdown, and reduces the activation
of and radiation damage to drywell equipment and materials.

Qutside Drywell Structure: The drywell wall is designed to reduce
radiation levels in normally occupied areas of the reactor
building from sources within the drywell to less than the maxinmum
level for Zone 1I.

Rev. 30, 5/82 12.3-10




SSES-FSAR

Penetrations and hatch openings in the drywell wall are shielded,
as necessary, to meet adjacent area radiation zoning levels.
Shieldinqg requirements for the personnel, equipment, and CRD
removal hatch openings are shown on Pigure 12.3-19 in the areas
numbered 412, 413, and 402, respectively. Drywell piping and
electrical penetrations are shielded by providing either local
shields within the penetration assembly or a shielded penetration
room. Shielded piping penetration room locations and bulk
shielding requirements are shown on Fiqures 12.3-18 through 12.3-
20. These rooms, numbered 202, 204, 205; 403, 411, 501, S04,
506, 515; are designated radiation Zone V during reactor power
operation and are provided with personnel access controls.
Electrical penetrations which are not located within these roonms
are provided with supplementary local shleldlnq as needed to meet
outside zoning levels. Six inches of lead, in addition to the
self-shielding by the electrical cables, is furnished in each
electrical penetration assembly to attenuate drywell radiation
sources.

The components of the reactor water cleanup {RRCD) systenm
described in Section 5.5 are located in shielded compartments
which are designed as Zone V, restricted access areas. Shielding
is provided for each piece of equ1pment in the RWCU systen
consistent with its postulated maximum activity Subsection 12.2.1
and with the access and zoning requirements of the adjacent
areas. This eguipment includes:

a) Reqgenerative heat exchanger

b) Nonregenerative heat exchanger

c) RWCU pumps and piping

d) RWCU filter demineralizers and holdup pumps

e) RWCU backvash receiving tank and piping.
The traversing in-core probe (TIP) system is located inside a
shielded compartment to protect personnel from the neutron

activated portion of the TIP cable.

Main steamlines are located within shielded structures from the
drywell wall to the reactor building wall.

Spent fuel is a primary source of radiation during refueling.
Because of the extremely high activity of the fission products
contained in the spent fuel assemblies and the proximity of Zone
IT areas, shielding is provided for areas surrounding the fuel
transfer canal and pool to ensure that radiation levels remain
below zone levels specified for adjacent areas.
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After reactor shutdown, the Residual Heat Removal (RHR) Systen
pumps and heat exchangers are in operation to remove heat fron
the reactor water. It is anticipated that the radiation levels
in the vicinity of this equipment will temporarily reach Zone V
levels due to corrosion and fission products in the reactor
water. Shielding is designed to attentuate radiation from RHR
equipment during shutdown cooling operations to levels consistent
with the radiation zoning requirements of adjacent areas.
Adequate shielding will also be provided to maintain radiation
zoning requirements during hot standby operation of the RHR
system. .

buring functional testing operations of the Reactor Core

Ysolation Cooling (RCIC) System and the ‘High Pressure Coolant

Injection (HPCI), the steam driven turbine and the inlet and !
exhaust piping are shielded consistent with the maximum stean

activities in the lines and the access zone requirements of

surrounding areas.

The concrete shield walls surrounding the spent fuel cask
loadinq, storaqe, and transfer areas, as well as the shield walls
surrounding the fuel transfer and storage areas, are designed to
provide Zone II maximum dose rates in accessible areas outside of
the shield walls. .

Water in the spent fuel pool provides shielding above the spent
fuel transfer and storage areas. Direct radiation levels at the
fuel handling equipment are calculated to be less than

2.5 mrem/hr from spent fuel during normal operations.

Hater is also used as shielding material above the steam dryer
and separator storage area. Concrete walls and water in the pool
are designed to provide Zone II dose rates in adjacent accessible
areas during storage of the dryer and separator.

The Fuel Pool Cooling and Cleanup (FPCC) System {see Section
9.1.3) shielding is based on the maximum activity discussed in
Subsection 12.2.1 and the access and zoning requirements of
adjacent areas. Eguipment in the FPCC system to be shielded
includes the PPCC heat exchangers, pumps and piping, filter
demineralizers, and backwash receiving tank.

Shielding is provided as necessary around the following equipment
in the radwaste building to ensure that the radiation zZone and
access requirements are met for surrounding areas.

a) Laundry drain tank and pumps
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b)
c)
4)
e)
£)
q)
h)
i)
)
k)
1)
m)
n)
.o)

p)
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Chemical waste tank and pumps

Radwaste evaporators

Radwaste evaporator tanks and pumps

Liquid radwaste collection tanks and punps
Liquid radwaste surge tanks

Liquid radwaste sample tanks and: pumps
Reactor water cleanup phase separator and punps
Waste sludqge phase separator and punps
Spent resin tank ’

Waste filling and capping stati&n

Waste liner transfer and storage areas
Liquid radwaste demineralizer and piping
Haste mixing tanks

Liquid radwaste filters

Gaseous radwaste equipnment.

4__Turbine Building-Shielding Design

Radiation shielding is provided around the folloiing equipment in
the turbine building to ensure that zone access requirements

(Fiqures

12.3-10 through 12.3-15) are met for the following

surrounding areas:

a)
b)
c)
d)
e)
f)

9)

Rev. 30,

Condensate filter dgmineralizers and piping
Regeneration ua;te surge tanks andhpumps
Chenical waste neutralizing tanks and pumps
Reactor feed pump turbines and piping |
Condensate pumps and piping

Main condensers and hotwell

Mechanical vacuum pump
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Areas within most of these shield walls have high radiation

h)
1)
1
k)
1)
m)
n)
o)
p)

q)
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Recombiners and piping

Steam packing exhauster

Condensate demineralizer resin regeneration tanks

Air ejectors and gland steam condensers

Feedwater heaters, heater drains, and piping

Main steam piping

Steam seal evaporator and drain tank

Moisture separator and drain tanks

High pressure and low pressure turbines

0ffgas piping.

levels and limited access.

12.3.2.2.5__Control Room_Shielding Desiqn

Figures 12.3-9 and 12.3-28 represent layout and isometric
drawings of the control room, showing its relationship to the
reactor building.

The desiqgn basis loss—of~coolant accident {LOCA)

shielding requirements for the control room. Shielding is
provided to permit access and occupancy of the control room under
LOCA conditions with radiation doses limited to 5 rem whole body
from all contributing modes of exposure for the duration of the
accident, in accordance with 10CFR50 Appendix A, General Design
Criterion 19.

dictates the

The desiqn basis LOCA is described in Subsection 15.1.13 and is
based on Regulatory Guide 1.3. The direct radiation from

airborne fission products inside the reactor building would

contribute less“than 361 nrem to personnel inside the control
room for the 30-day period following the LOCA, based on
radioactivity sources described in Subsection 12.2.1.6. ,

The parameters used in the demonstration of the control roonm

habitability are listed below and in Regulatory Guide 1.3.
ventilation system parameters are listed in Subsection 12.3.3).
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For all isotopes that escape from the drywell to the reactor
building, no credit is taken for shielding by the internal
structures in the reactor building. Shielding credit is taken
for the reactor and control building walls. Por all isotopes
that remain within the drywell, shielding credit is taken for the
dryvwell wall.

1223.2.2.6:_Diesel Generator Building Shielding_Design

There are no radiation sources in the diesel generator building;
therefore, no shielding is required for the building.

12.3.2.2.7_ _Miscellaneous:Plant Areas and Plant Yard Areas

Sufficient shielding is provided for all plant buildings
containing radiation sources so that radiation levels at
accessible areas outside buildings are minimized. Plant yard
areas vwhich are frequently occupied by plant personnel are
accessible during normal operation and shutdown. Sone
operations, such as loading solidified vaste into shield casks,
require access restrictions in adjacent areas. These areas are
surrounded by a security fence and closed off from areas
accessible to the general public.

12.3.2.2.8__Counting _Room_Shielding-

Because the counting room contains sensitive instruments to
radioactivity measurements, it is imperative that the background
radiation levels are minimized. To accomplish this, no flyash
vas used in the concrete mix for the walls and slabs surrounding
the counting room. Flyash normally contains a relatively large
amount of slow decaying radioactive isotopes. In addition, the
shield walls and slabs were sized to maintain a background
radiation level of less than 130 mrem/year for anticipated
operational occurrences and 45 nrem/year for normal operation.

12-3.2.3__shielding.Calculational Methods

The shielding thicknesses provided to ensure compliance with
plant radiation zoning and to minimize plant personnel exposure
are based on maximum equipnent activities under the plant
operating conditions described in Subsection 12.2.1. The
thickness of each shield wall surrounding radioactive equipment
is determined by approximating as closely as possible the actual
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geometry and physical condition of the source or sources. The
isotopic concentrations are converted to energy group sources
using data from standard Refs 12.3-1 througqh 12.3-5.

The geometric model assumed for shielding evaluation of tanks,
heat exchangers, filters, demineralizers, and evaporators is a
finite cylindrical volume source. Por shielding evaluation of
piping, the geometric model is a finite shielded cylinder. 1In
cases where radioactive materials are deposited on surfaces such
as pipe, the latter is treated as an annular cylindrical surface
source. Typical computer codes that are used for shielding
analysis are listed in Table 12.3-2. 'Shielding attenuation .data
used in those codes include gamma class attenuation coefficients
(Ref. 12.3-6), gamma buildup factors (Ref. 12.3-7), neutron-gamma
multiqgroup cross sections (Ref. 12.3-20), and albedos (Ref. 12.3-
12) .

The shieldinag thicknesses are selected to reduce the aggregate
computed radiation level from all contributing sources below the
upper limit of the radiation zone specified for each plant area.
Shielding requirements are evaluated at the point of maximunm
radiation dose through any wall. Therefore, the actual
anticipated radiation levels in the greater reqion of each plant
area is less than this maxinmum dose and therefore less than the
radiation zone upper limit.

Where shielded entryways to compartments containing high
radiation sources are necessary, labyrinths or mazes are designed
using a general purpose gamma-ray scattering code G-33

(Ref. 12.3-11). The nmazes are constructed so that the scattered
dose rate plus the transmitted dose rate through the shield wall
from all contributing sources is below the upper limit of the
radiation zone specified for each plant area.

l

12.3.3 _VENTILATION

The plant heating, ventilating, and air conditioning (HVAC)
systems are desiqgned to provide a suitable environment for
personnel and equipment during normal operation and anticipated
operational occurrences. Parts of the plant HVAC systems perforn
safety related functions.

12.3.3.1__Design_Objectives

The systems are designed to operate such that the in-plant
airborne activity levels for normal operation {including
anticipated operational occurrences) in the general personnel
access areas are ¥ithin the limits of 10CFR20. The systens
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operate to reduce the spread of airborne radioactivity during
normal and anticipated abnormal operating conditions.

During post accident conditions the ventilation systenr for the
plant control room provides a suitable environment for personnel
and equipment and ensures continuous occupancy in this area. The
plant ventilation systems are designed to comply with the
airborne radioactivity release limits for offsite areas during
normal operation.

12.3.3.2__Design-.Criteria

o o . i tales s

Design criteria for the plant HVAC systems include the following:

a) During normal operation and anticipated operational
occurrences, the average and maximum airbhore
radiocactivity levels to which plant personnel are
exposed in restricted areas of the plant is ALARA and
within the limits specified in 10CPR20. The average and
maximum airborne radioactivity levels in unrestricted
areas of the plant during normal operation and
anticipated operational occurrences will be ALARA and
within the limits of Appendix B, Table XX of 10CPR20.

b) During normal operation and anticipated operational
occurrences, the dose from concentrations of airborne
radioactive material in unrestricted areas beyond the
site boundary will be ALARA and within the linmits
specified in 10CFR20 and 10CFRS0.

c) The plant siting dose quidelines of 10CFR100 will bhe
satisfied following those hypothetical accidents,
described in Chapter 15, which involve a release of
radioactivity from the plant.

d) The dose to control room personnel shall not exceed the
limits specified in General Design Criterion 19 of
Appendix A to 10CFRS0 following those hypothetical
accidents, described in Chapter 15, vhich involve a
release of radiocactivity from the plant.

12.3.3.3  Design_Guidelines.

In order to accomplish the design objectives, the following
guidelines are followed wherever practicable.

&
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12.3.3.3.1__Guidelines_to_Minimize_ Rirborne Radioactivity

a)

b)

c)

a)

e)

£)

q)

h)

i)

Access control and traffic patterns are considered in
the basic plant layout to minimize the spread of
contamination.

Equipment vents and drains are piped directly to a
collection device connected to the collection systenm
instead of allowing any contaminated £1luid to flow
across the floor to the floor drain.

All-welded piping systems are used on contaminated
systems to the maximum extent practicable to reduce
system leakage. If welded piping systems are not used,
drip trays are provided at the points of potential
leakaqe. Drains from drip trays are piped directly to
the collection systen. .

The valves in some systems are provided with leak-off
connections piped directly to the collection systen.

Suitable coatings are applied to the concrete floors of
potentially contaminated areas to facilitate
decontamination.

Where practicable, metal diaphragm or bellows seat
valves are used on those systems where essentially no
leakage can be tolerated.

Contaminated equipment has design features that minimize
the potential for airborne contamination during
maintenance operations. These features may include
flush connections on pump casings for draining and
flushing the punp prior to maintenance or flush
connections on piping systems that could become highly
radioactive.

Exhaust hoods are used in plant areas to facilitate
processing of radioactive samples by drawing
contaminants away from the personnel breathing areas and
into the ventilation and filtering systens.

Equipment decontamination facilities are ventilated to
ensure control of released contamination and minimize
personnel exposure and the spread of contamination.

Rev. 30, 5/82 12.3-18
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Accuracy: The overall accuracy within the design range of
temperature, humidity, line voltaqge, and line frequency variation
should be such that the actual reading relative to the true
reading, including susceptibility and energy dependence (100 KeV
to 3 MeV), should be within 9.5 percent of equivalent linear full

scale recorder output for any decade.

Reproducibility: At desiqn center the reading shall be
reproducible within 10 percent of point with constant geometry.

Environmental conditions

Sengor Location Control Room

Design Design
Paraneter Center- Range- Center Range
Tempera ture 25 0 to 60 . 25 5 td 50
(degrees C)
Relative 50 20 to 100 50 20 to 90
Humidity
(Percent)

O i T e e T e, S S Y . e S W Ap e s

Generally, area radiation monitors are provided in areas to which
personnel normally have access and for which there is a potential
for personnel unknowingly to receive high radiation doses (e.g.,
in excess of 10CFR20 limits) in a short period of time because of
system failure or improper personnel action. Any plant area that
meets one or more of the following criteria is monitored:

a) Zone I areas which, during normal plant operation,
including refueling, could exceed the radiation limit of
0.5 mrem/hr upon system failure or personnel error or
which will be continuously occupied following an
accident requiring plant shutdown

b) Zone II areas where personnel could otherwise
unknowingly receive high levels of radiation exposure
dué to system failure or personnel error

c) Area monitors are in accordance with General Design
Criterion 63 of 10CPR50 Appendix A.

Rev. 30, 5/82 12.3-23
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12.3.4.1.3 System_.Description_{Area_ Radiation_ Monitoring)

= o o e e oo

The area radiation monitoring system is shown in diagram form in
Fiqure 12.3-29. Each channel consists of a combined
sensor/converter unit, a local auxiliary unit (readout with.
visual and audible alarm), a combined indicator/trip unit, a
shared power supply, and a shared multipoint recorder. The
location of each area radiation detector is indicated on the
shielding and zoning drawings, Figures 12.3-8 through 12.3-27,
and is listed in Table 12.3-7.

Circuit_Description

Sensor/Converter: Each sensor/converter contains all silicon
semiconductors in sealed enclosure with a Cooke-Yarborough
courtyard circuit which conbines a long inteqgrating time constant
at low radiation levels with fast overall response at high
radiation levels.

Auxiliary Unit:z Each auxiliary unit gives instant local readout
at the sensor location with a visual alarm. An audible alarm is
connected to the auxiliary unit to alert personnel of excessive

area radiation.

e s e . o WD Y e o S

channel control for the area radiation monitoring system. Its
circuitry provides an upscale trip that indicates high radiation
and a downscale trip that may indicate instrument trouble or loss
of power. The module has an analog readout, a low and high trip
indicating light, a trip test device, an alarm reset and an
output for a multipoint recorder.

Ranges_and Sensitivity: Ranges and sensitivities are selected for
each location based on the anticipated radiation level as
provided by experimental measurements of levels in similar plants
and shielding calculations. Refer to Table 12.3~7 for detail.

Aégggggx: The overall accuracy is such that the actual reading
relative to the true readinqg is within £7.5 percent of equivalent
full scale.

12.3.4.1.4_ _Area_Radiation_Monitoring Instrumentation

Power- Sources: The power source for the area radiation
monitoring system is the 120 V ac instrument -bus and local
lighting panels. The area radiation monitor instrumentation is
povered by a high and low voltage electrically requlated power
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supply capable of handling up to 10 channels; The system has no
emergency power supply. ’ - .

Alarm_Set Points: Refer to Table 12.3-7.

Recording_Devices: Two multipoint recorders are located in the
control room for recording channels pertaining to Unit 1, Unit 2,
and channels which are common to both units. - This data is also
stored in computer history files and can be retrieved and printed
using the PMS Historical Recording service program.

Location_of Devices: Réfer to details in Table 12.3-7.

Readouts and Alarms: Readouts, visual and audible alarms are

T . v S i e S S e e A T S S " — —

provided locally for each monitoring channel. Readouts and
visual alarms are provided by each indicator/trip unit in the
Control Structure (Upper Relay Room). Multipoint recorders,
visual alarms and PMS displays are provided in the Control
Structure (Control Room), with the exception of the three
Technical Support Center channels (43, 44, U45).

The following annunciators are located in the main control room
to alert the operator:

a Reactor Building Area High Radiation (Units'1 and 2)
b Turhine Building Area High Radiation (Units 1 and 2)
c Radwaste Building Area High éadiation '

d Refueling Plooé Area High Radiation (Units 1 and 2)
e Spent Fuel Pool Area Higqh Radiation (Units 1 and 2)
f Reactor BuilQinq Common Area Hiqgh Radiation

q Administration Building Area Hiqh Radiation

h Control Structure Area Hiqh Radiation

i Area Radiation Monitoring Downscale (ganged for all channels)

— i e A o e S T D T e A e P S B S SR e A S S T e S

The area radiation monitoring system is designed to operate
unattended for extended periods and is designed for high
reliability. Failure of one monitor has no effect on any other.

The system is not essential for safe shutdown of the plant, and
serves no active emergency function during operation. The systen
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is not safety related and is constructed to Quality Group D
Requirements.

s e T g G it e o S Gy it Ty S S e iy W

Pacilities for calibrating these monitor units are provided,
which include a test unit desiqgned for use in the adjustment
procedure for the area radiation monitor sensor and converter
unit. These provide several gamma radiation levels between 1 and
250 mrem/hr. ”

A cavity in the calibration unit receives the sensor and
converter unit. A window throuqh which radiation from the source
emanates is located on the back wall of the cylindrical lower
half of the cavity. A chart on each calibration unit indicates
the radiation levels available from the unit for the various
control settings.

An internal trip test circuit, ad-justable over the full range of
the trip circuit, is provided. The test signal is fed into the
indicator and trip unit input so that a meter reading is provided
in addition to a'real trip. All trip circuits are the latching

.tvype and must be manually reset in the Upper Relay Room.

The radiation monitors will be calibrated at regular time
intervals in accordance with station procedures.

Refer to Subsections 12.5.2.5.3 and 12.5.3.5.4 for information omn
air borne radioactivity monitoring.
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TABLE 12.3-7
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AREA RADIATION MONITORING SYSTEM UNIT 1 & COMMON

Channel
No.

Nonitor Description

Bldg.

Approx.

Loc.

Elev.

Range
{aR/hr)

Page 1

Set Point
{nR/hr)

10

1

12

13

Chan 1 RX Bldg.
Residual heat
reaoval area

Chan 2 RX Bldq.
RCIC pump
turbine roon

Chan 3 RX Bldq.
HPCI punmp
turbine -room

Chan 4 BX Bldg.
Radvaste suap area

Chan S RX Bldqg.
Contr. rod drive
Hyd. Units north

Chan 6 RX Bldq.
Contr. rod drive
Hyd. Onits south

Chan 7 0ff-Gas
Bypass Line

Chan 8 RX Bldq..
Cleanup recirc.
pump access area

Chan 9 RX Bldg.
CRD Repair Area

Chan 10 RX Bldg.
Pucl pool punp roon

Chan 11 RX Bldg.
Sanple Station
(1C210) Roon

Chan 12 RX Bldg.
Recirculation
fan roon

Chan 13 RX Bldg.
Nev Fuel Area

Rev. 30, 5/82

RB

RB

RB

RB

RB

RB

TB

RB

RB

RB

RB

RB

RB

T/22

/21

s/21

s/28

rR/21

R/29

G/25

R/21

w27t
R/27

P/26

u/27

P/26

635?

645

6459

6459

79

719¢

656"

749

719

7490

779¢

799

799¢

0.1-1000
0.01-100
0.01-100

0.1-1000

0.1-1000
0.1-1000

0.1-1000

0.01-100

0.1-1000
0.1-1000

0.01-100

0.01-100

0.01-100

100

2.5

2.5

15

15

15

200

2.5

2.5

200

15

15

2.5




TABLE 12.3-7 (Continued)

AREA RADIATION MONITORING SYSTEM UNIT 1 & COMMON

Channel Monitor Description Bldg.. Approx. Elev. Range Set Point
No. Loc. [(-1:74:34] {aR/hT)
14 Chan 14 RX Bldg. RB S/27 818¢ 0.1-1000 15
Spent fuel pool

15 Chan 15 RX Bldg. RB P/22 818? 0.01-100 2.5
rcefueling floor area

16 Chan 16 RX Bldg. RB p/21 670° 0.01-100 2.5
Access to remote
shutdown panel

17 Chan 17 TB Bldq. T8 J/26 6561 0.01-100 50
Condensate punps
area

18 Chan 18 TB Bldq. B L/21 676" 0.01-100 2.5
RFPPT area

19 Chan'19”E§ Bldg. hy: H/25 6821 0.1-1000 700
Air ejector roonm .

20 chan 20 TB Bldq. TB N/21 6991 0.1-1000 200
FPeedwater heater
.area

21 Chan 21 T8 Bldg. T8 M/20 7291 0.01-100 2.5
Reactor recirc
punp N.G. area

22 Chan 22 TB Bldg. TB J/26 7297 0.01-100 2.5
generator bay area

23 Chan 23 TB Bldq. TB L/23 762¢ 0.01-100 2.5
Aeat and vent.
equipaent rooa

24 Chan 24 TB Bldg. 1B K/15 729¢ 0.01-100 2.5
Turbine front end

25 Chan 25 BX Bldq. RB T/24- 645 0.1-1000 100
Residual heat
resoval area

26 Chan 26 RX Bldg. RB Q/22 719¢ 0.1-1000 15

TIP drive area
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AREA RADIATION HONITORING SYSTEM UNIT

TABLE 12.3-7 (Continued)

laboratory

Rev. 30, 5/82

THR

Channel Monitor Description Bldq.. Approx. Elev. Range Set Point

No. Loc. {aR/br) (aR/hr)

27 Chan 27 Admin. Bldg T8 N/13 729 0.01-100 2.5
Access (TB)

28 Chan 28 Adamin Bldge. ADHY N/10 691? 0.01-100 0.5
Access (RW) BLDG

29 Chan 29 R¥ Bldq. BN K/3 646¢ 0.1-1000 2.5
Corridor pers.
access area

30 Chan 30 RW Bldg. RW G/8 686 0.1-1000 . 2.5
Opt. surveillance
control area

31 Chan 31 R¥ Bldg. RW J/12 646" 0.1-1000 2.5
Corridor to
collection tank

32 Chan 32 RW Bldg. R¥ K/12 676 0.1-1000 2.5
Controlled zone
shop

33 Chan 33 RW Bldq. RW J/9 676! 0.1-1000 2.5
RW Control
Roon

34 Chan 34 RW Bldg. RY G/6 6761 0.1-1000 2.5
Storage and
equipnent area

35 Chan 35 RX Bldg. RB S/29 818¢ 0.01-100 15
Shipping cask
storage area

36 Chan 36 RX Bldg. RB us29 670¢ 0.01-100 0.5
Railroad access

. area .

37 Chan 37 Ctr. Tur. CIR K/27 806°¢ 0.01-100 0.5
Standby qgas THR ’
treatuent roon

38 Chan 38 Ctr. Twr. CTR u/21  676* 0.01-100 0.5
Rad. ches. )

1 & CoMMON



ch%nnel
No.

41

42

a3
qn

45

TABLE 12.3-7 (Continued)

AREA RADIATION MONITORING SYSTEY UNIT 1 & COMMON

Conference Roon

Rev. 30, 5/82

Y

Page 4
Monitor Description Bldg.. Approx. Rlev. Range Sct Point
Loc. (aR/hr) (rR/hr)

Chan 39 Ctr. Tur. CTR 1729 729° 0.01-100 0.5
control roon THR
Chan 40 Admin Bldg. T8 N/12 676¢ 0.01-100 0.5
Access Unit 2
{Railroad Bay)
Channel 41 RB P/22 719° 0.1-1000 200
Tip Chaaber
Shield Area
Channel 42 BB P/26 818¢ 0.01-100 5
Refueling Ploor
Area
Channel 43 CTR L/30 781 0.01-100 5
Observation Deck TR
Channel 44 CTR M/32 74 1 0.01-100 S
Document Control Area THR .
Channel 85 CTR M/26 781 0.01-100 - 5

THR




Channel
No.

10

11

12

13

TABLE 12.3-7 (Continued)

Chan 1 RX Bldg.
Residual heat
repoval area
Chan 2 BRX Bldg.
rooa

Chan 3 RX Bldqg.
HPCI pump and
turbine rooa

Chan 4 RX Bldg.

Chan S RX Bldg.

Chan 6 RX Bldg.
south

Chan 7 Off-Gas
Bypass Line

Chan 8 RX Bldg.
Cleanup recirc

Chan 9 RX Bldg.
CRD Repair Area

Sanple Station
(2C210) Roon

Fan Roon

Chan 13 RX Bldg.

New Fuel Area

Rev. 30, 5/82

AREA RADIATION MONITORING SYSTEM UNIT 2 Page 5
Monitor Description Bldq.. Approx. Blev. Range Set Point
Loc. (aR/hr) {: R/hr)

RB T/31 685 0.1-1000 100

RB T/30 645" 0.1-1000 2.5
RCIC punp turbine

RB S/30 645 0.1-1000 2.5

RB S/36 645" 0.1-1000 15
Radvaste sunp area

RB R/30 719¢ 0.1-1000 15
Contr. rod drive
Hvd. Units north

RB R/37 719t 0.1-1000 15
Contr. rod drive

T8 G/33 6567 0.1-1000 15

RB R/37 749 '0.01-100 2.5
puzp access area

RB 0/35 749¢ 0.1-1000 2.5
Chan 10 RX Bldgq. RB R/38 7490 0.1-1000 200
Puel pool pump roosn )
Chan 11 RX Bldg. BB p/33 7794 0.01-100 2.5
Chan 12 Recirculation RB U/35 799¢ 0.1-100 15

RB Q/31 799 0.01-100 2.5
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TABLE 12.3-7 (Continued)

AREA RADIATION MONITORING SYSTEM UNIT 2
Page 7

41 Channel 81 RB P/31 719¢ +1-100 200
TIP Chaaber
Shield Azea

42 Channel 42 RB P/34 818 0.01-100 2.5
Refueling Ploor
Area

Note: All set points are estimated values. Actual set points pay vary depending on operational considerations and
will be deternined by neasured radiation levels.
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13.2. - TRAINING PROGRAM

13.2.1__PLANT. PERSONNEL TRAINING»PROGRAH=

re

The Training Proqram for the Susquehanna Steam Blectric Station
is formulated to develop and maintain an organization qualified
to assume the responsibility for operation, maintenance, and
technical considerations for the facility. 1In order to
acconplish these objectives and to provide the necessary control
of the overall plan, three separate training programs listed
below are utilized:

Qe Initial Plant Staff Training P:ggiam
b. Requalifiéation Trainind Progran, and
Ce Replacement Training L . R

The Initial Plant Staff Training Program is designed to produce
conpetent, trained personnel at '‘all levels of the.plant
organization. The programs ‘are designed to allow placement of
‘personnel into specific levels based on employee: experlence and
intended position. .

The Requalification Training Program provides continuing training s
for plant personnel commensurate with their area. of S
responsibility. i » o,

The Replacement Training Program is de51gned to supply quallfled
personnel for the station orqanlzatlon. .

The Superintendent of Plant may vaive portlons of -the training
progranm for individuals based on their prev1ous .experience and/or
qualifications.

13.2.1.1._Program_DPescription. " | ) _ ‘

e e Gy e Wt e e

13.2.1.1.1-_Initial Plant.Staff Training

Piqure 13.2-1 shows the present schedule for the various Initial
Plant Training Programs. Should significant differences or
changes occur in those courses not yvet conducted, the appropriate
course outline and description will be revised by amendment.
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This proqram is designed: . for. 1nd1vxduals vwho ‘are: to assunme '
responsibility for the licensed and non licensed .operator.
positions and fulfills the general requirements and , :
quallflcatlons set forth 'in ANSI N18.1-1971. The program is
structured to allow ‘personnel of varylnq experience and education
to enter the Cold Licensing Training Program at.various levels o
and still fulflll the eligibility requxrements for HRC. cold L
11cen51nq prior to fuel loadan. i . .

3

.
Loy

13.2.1.1.2.1 -In;tlal Cold L;cense Tnaln;_g

The program is. desaned for cold 11cense candldates with no .
formal power  plant experience or training. The program is
divided into seven phases to ensure proper adminlsttation,
documentatlon, and conmnpleteness of traiming. .. . )

Oe Phase I - Conventional Pover Plant Operator Bxperlence
Progran. e : Lo

O. Phase II - Acadenic Progtam for Nuclear Pouer Plant
: Personnel. : .

0., Phase III - Basic BWR Technoloqy* ﬁﬂgig,
0. Phase IV - BHR Simulator Training,:"f‘:~ S

. ; Qhase V - BWR Observation Training . ‘:;w' IR
"o. Phase VI - Systems; Proqedures‘end Onéfﬁe—dob‘Tra;ning

O. Phase VII - BWR Refresher Eraxnlng aN‘ 2 1’;p.~
Those plant control operator license candidates with no powver .
plant experience will participate and qualify in all‘ seven’
phases, while those with only a conventional power plant
background will participate and qualify in Phases IIF through VII. .
Operators, and other staff members, who will be cold licensed )
with a nuclear background and/or-related academic or technical
training ‘will participate and qualify in selected portions of
phases II through VI and all of Phase VII. 'The ‘extent of their
participation in Phases II through VI will be based on, their
background and documented ,in station training records. ‘

" REV. 30, 5/82 13.2-2"
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o Phase.I_~_cConventional Power Plant Experience Program

- ———

The Conventional Power Plant Experience Phase of the Susquehanna
SES Tralnlnq Program is designed to provide power plant .
experience to those license candidates who lack the minimum "power
plant experience requirements. This experience will be provided
prior to the start of the formal License Training Program (Phases '
IT-ViI), so that by the time of the Nuclear Regulatory Commission -
Licensing Examination, the candidate-will have had two years of
pover plant experience of which a nminimum of one year will have
been nuclear power plant experience. This progranm is
approximately one year in duration and includes supervised on-
the-job training in major operator positions (excluding fossil
boiler related positions) at a PPEL conventional power plant.
Also included in the one year experience program are
approximately ten weeks of formal classroom training which
includes but is not limited to the followihg areas:

Basic Power Plant Operation

Steam Turbine Fundamentals

Power Plant Mathematics

Basic Thermodynamics and Fluid Bechaniqé
Elant Cycle and Plant Performanca

Basic ElectricalAand Plant Instrumentatiqni
" Basic Print Reading

Basic Water Chemistry

Introduction to Nuclear Pouwer and Nuclear Plant Systems

o Phase II_-_Academic_Program_for- Nuclear-Power Plant Personnel

This course is conducted by the General Physics Corporation of
Columbia, Maryland. It is designed to refresh basic courses
received in high school and to acquaint those personnel, with
little or no nuclear background, with nuclear phenomenon and the
BWR concept as they apply to practical reactor technology. The
course material and the approximate number of classroom hours
allotted to each major topic are as follows:

REV. 30, 5/82 13.2-3
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Subject , Classroonm-Hours

S

First Seqment - Mathematics and Classical Physics 200

Review of Introductory Mathematics 16
Exponents and Logarithnms 36
Algebra : 6l
Geometry and Triqonometry 24
Mathematics of Dynamic Systenms . 20
Classical Physics T 40
Second Seqment - Physics L 200
Atomic Physics : : 24
Nuclear Physics N 60
"Reactor Core Physics . - 68
Reactor Operations ) ‘ 48
Third Segment - Related Technologies - 200
Introduction to Nuclear Power Plant Systems . 28
Chenistry . . '+ 28
Health Physics 56
Fundamentals of Electricity and Blectronics 48
Nuclear Instrumentation 40
Fourth Segment - Nuclear Power Plant Technology Lo 200
Theory and Application of Nuclear Powver *
Plant Systens .., 88
Physics Review 56
Overall Nuclear Power Plant Operations - 56-
© 800

Cold license applicants, with no previous nuclear experience,vwill
be assigned to a Research Reactor Training Course conducted by
the Pennsylvania State University. This 2-week, course gives the
student actual hands-on experience with an open pool nuclear
reactor and allows the cold license applicant to obtain at least
the minimum of 10 reactor startups necessary to establish cold
license eligibility requirements. The course includes, but is
not limited to, the following- subject material:

o Reactor Operations

o Fuel Handling

o Flux Mapping

o | Normal Reactor Operation
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o Instrumentation Effeétsk

o Control Rod Calibration

o’ Laboratory Demonstrat1ons, and
o Control Transient Effects

o Phagse.III-=--Basic-BHR.Technology-

The Basic BUR Technology course is designed to impértathe details
of the BHR nuclear steam supply system to the operator trainees.

The course consists of approximately 5 weeks of classroom lecture
on BWR nuclear steam supply system components, fuel description,
thermal-hydraulics, radiation monitoring and nuclear
instrumentation system operations. Important interfaces with the
balance of plant systems are also taught.

The lectures are presented by GE BWR Training personnel using
conventional classroom technlques. Classes are scheduled for
approxmately 7 hours per day and suqggested study assignments are
normally made daily. Proqress is measured by ueekly wrltten and
final comprehensive examinations.

It is ant1c1pated that the course materlal ‘covered will be as
follows. ] '

Schedule changes and adjustnents to course content Hlll be nmade
as necessary to nmeet the partlcular needs of the students

[

Heek 1 o « I

'Introduction to Course .
Plant Orientation - -
Reactor Principles Review

Reactor Vessel and Internals

BWR Thermal Hydraulics Review

Fuel Description

Nuclear Boiler Instrumentation

Week 2

Examination 1

Control Rod Drive Mechanisnm
Control Rod Drive Hydraulic System
Rod Control and Information System
Rod Pattern Control System
Recirculation Systen .
Recirculation FPlow Control Systen
Reactor Water Cleanup Systen

REV. 30, 5/82 13.2-5
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Source Range Monitoring Systenm
Intermediate Range Monitoring Systen
Local Power Range Monitoring -System
Averaqge Power Range Monitoring System

Week 3

Examination 2 ;

Traversing In-Core Probe Systen

¥ain Steam System . S ,
Reactor Pressure Control (Electro-Hydraulic Contrpl)
Feedwater Control Systen ‘ - :
Reactor Protection

Containment and Related Systems

Introduction to Radwaste SVStems(Off Gas,

Liquid and Solid Radwaste)

Heek 4§

Examination 3

Introduction to Electrical Dlstrlhutlon
Reactor Core Isolation Systemn e
Introduction to Emergency Core Cooling"’ System \" .
High Pressure Core Spray Systen: ] N -
Auto Depressurization System- ‘ K "”;E.,QL,

Low Pressure Core Spray B . ‘ '
Residual Heat Removal System and ‘Hot Standby Operatxon
Emergency Core Cooling Systems Integrated Response
'Standby Liguid Control System = . S e
Process Radiation Monitoring. = ~-."- ‘j::t* ~
Area Radiation Monitoring . B

AR Heek 5

Bxamination 4 - ‘f, -
pPer formance Monitoring System e
B¥R Materials v oL T

" BHR Chemistry . .
Fuel Pool Cooling Systen < . ’ :
Reactor Refueling .
Plant Operations
Transient Analysis .
Review - ] oo ‘ g,

x v " - £, . »Fa o4

Y]

Final Examiration . : , .o LRI
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o Phase IV ~-BWR_Simulator Training

The BRR simulator course is taught at the General Electric B#R
Training Center, Horris, Illinois, and is designed to provide the
operator trainee with the skills necessary to safely operate a
large Boiling Water Reactor power plant.

The course consists of approximately 12 weeks of classroonm
lectures, simulator control room exercises, and in-plant oral '
seminars. ~This combination of instructional techniques affords
the optimum mixture for successful skill training. The final.
examination consists of written, control room performance, and
plant oral examinations.

Lectures and exercises are presented and guided by quallf;ed. GE
BWR Training Personnel. Classroom lectures are scheduled for
approximately 8 teaching hours per day. Suggested reading and
study assiqgnments are made daily; written examinations are given
veekly to monitor progress. In addition, at approximately the
mid-point of the course, oral examinations are given to monitor

the progress of each student's skill acquisition. The control

room portion of the course is norpally accoamplished on night
shifts of 8 hours . Pour hours are spent in the simulator
control room (total approximately 112 hours) with exercises and
demonstrations quided by the licensed instructor. The other 4
hours are devoted to oral seminars . Bach student rotates to
approprlate control roon operatlnq positions, including shift
supervisor, so that all personnel have equal opportunity to
perform plant evolutlons from each operatzng p051t10n.

The following is an ant1c1pated veek-by-week schedule of the
course. Schedule changes and adjustments to course content will
be made as necessary to meet the partlcular needs of the
students.

.

Week 1

Introduction to the BHWR Training Center
Reactor Vessel and Internals
Reactor Fuel

Nuclear Boiler Instrumentatlon
Control Rod Drive Mechanisn
Control Rod Drive Hydraulics
Reactor Manual Control
Recircunlation Systen

Recirculation Flow Control

Reactor HWater Cleanup Systen
Shutdown Cooling and Head Spray
Source Range Monitoring (SRY)
Intermediate Range Monitoring (IRM)
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Local Power Range Monitoring (LPRHM)
Average Power Range Honltorlnq (APRH)
Rod Block Monltor

Heek 2

Week 1 Examination

Traversing In-Core Probe (TIP)

Rod Worth Mlnlmlzer(Rwu)

Main Stean

Turbine and Lube 0il Systen
Electro-Hydraulic Control Systen (EHC)
EHC Pressure Control and Logic
Condensate and Feedwater

Feedwater Control

Circulating Water

Generator and Auxiliaries

Generator Excitation

AC Electrical Distribution -
Diesel Generators and NC Electrical Dlstrlhutlon :
Reactor Protection Systenm (RPS)
Primary and Secondary Containment

Week 3

Week 2 Examination

Fuel Pool Cooling and-Cleanup
0ff Gas Systen

Liquid Radwaste

Water Systens ’

Isolation Condenser

Introduction to Emergency Core COollnq System (ECCS)

Hiqgh Pressure Coolant Injection (HPCI)
Automatic Depressurization System (ADS)
Low Pressure Coolant Injection (LPCI)
Core Spray

Emergency Core Cooling Systen Inteqrated Response ,

Standby Liquid Control )
Process Radiation Monitoring m “ o
Area Radiation Monitoring e

Reactor Physics Review

Heek 4 . <0 - ﬂ

Pre—Start and Functional Checks

Reactor Startups

Heatups ]
Manipulation of Auxiliary Systems .
Pover Changes in the Intermediate Range
Surveillance Testing

Transfer to Run Mode
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Turbine Warmup and Roll
Heek 5

Reactor Heatup and Transfer to Run Mode
Turbine Roll

Generator Synchronization and Loading
Surveillance Testing

Continued Loading to 100% Pover

Operations at FPull Power

Transient Analysis

ouiz 1

Maneuvering by Flow Control

Reactor Shutdown

Discussion on Decay Heat Operation and Removal
Plant Problems )

Drills on Abnormal and Emergency Conditions

Week 6

Pre-Startup and Functional Checks
Reactor Startups and Heatups
Manipulation of- Auxiliary Svstems

Plant Problens

Drills on Abnormal ‘and Emerqency Conditions .
Power Changes in the Intermediate Range.
Surveillance Testing

Transfer to Run Mode

Turbine Warmup and Roll

Operator Svnchronlzatlon and Loading
Quiz 2

Mid—-Course Performance Examination

Heek 7

Technical Specificatons Bases Review
Review Certification Exam Format and Content
Physics Problem Solving

Mid~Course Control Room Checks

Solid Radwvaste

Health Physics Review

BHR Chemistry

Thermal-Hydraulics

Process Computer

Circuit Breaker Control

Puel Handling and Puel Loading Phys;cs

30, 5/82 13.2-9
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HYeek 8

Steady-State Operation at 50% Load
Surveillance Testing

Increase to Full Load

Prills on Abnormal and Emergency Conditions
Operations at Pull Power
Maneuvering by Flow Control

Begin Reactor Shutdown

Reactor Shutdown and Cooldown
Plooding of Reactor Vessel

Plant Problems

Reactor Startups and Heatups

Scram and Scram Recoveries

Heek 9

Operation at Full Load
Drills in Abnormal and Emergency Conditions.
Shutdown to Hot Standby

Quiz 3

Plant Startup from Hot Standby to Full Pouer
Reactor Heatup .
Generator Synchronization and Loading

-

Heek 10

Operation at 50% Load

Scrams and Scram Recoveries
Surveillance Testing
Operation at Pull Power
Drills

Individual Student Operations
Quiz 4

Transient Analysis Review

Heek 11

Review and Study
Reactor Operator Certification Examlnatxon ’

Heek 12
Control Room and Dresden Plant Oral Exaalnation

Control Room Performance Demonstration R
Senior Reactor Operator Certification Examinatlon
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0. ghase V_~_BHR Observation ng;ning

BWR observation training is designed to acgquaint the operator .
trainee with the day-to-day routine of an operating BWR. This
will involve exposure to plant operating and maintenance. '
evolutions, station record keeping, and procedures.

The course consists of approximately 4 vweeks of guided
observation of an operating BWR. All observation is conducted
under the guidance of an experlenced GE tralnlng personnel.

The course is structured to provide experlence 1n various aspects
of plant operation. The flexibility is achieved by allouznq the
course director to adjust the group schedule to fit important
plant -evolutions. . Daily work and observatlonal aSSLgnments are
nade at the beqlnnlnq of each work day. ' ..

The following are weekly hlthlqhts of a° typlcal .BWR observatlon
schedule: ] .o

| Week 1

Plant BEvacuation Procedures/Station Ene:gency Plan -
Health Physics Procedures

Electrical Distribution

Reactor Instrumentation

Control Rods and Hydraulic Drive Systen

Recirc MG set, support systems, and controls
Main Steam System Controls and Instrumentatlon
Residual Heat Removal System - All uodes D

Heek 2

Turbine, EHC System, and Turbine. Support Systenms.

Generator, Generator Excitation, and Generator Support Systeas
Turbine and Reactor Building Closed COollng Water Systen
Circulating and Service Water Systeas

Fire Protection Systens ‘

Core Spray Systen

feek 3

High Pressure Coolant Injection Systen

Reactor Core Isolation Cooling System

Reactor Protection NG sets . .
Automatic Depressurazation Systen T
Traversing In-core Prohe Systen ;
Neutron Monitoring and “Associated Control Systems
Radioactive Waste Handling Equipment and Procedures
Performance of Routing Plant Equipment Checks
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Heek 4

Instrument and Service.Air Systens

Process and Area Radiation Monitoring Systenms

Fuel Pool Cooling Systen ( :

Standby Liguid Control Systenm

Plant Performance Logs

Observance of Routine Plant and/or Surveillance Procedures
In Progqress

Review

Final Exam and Halk-Throuqh

o Phase VI_—_SYSTEMS..PROCEDURES, and ON-THE-JOB:TRAINING-

The systems, procedures, and on-the-job training phase will be
approximately 20 weeks in length of which a mininmum, of 8 weeks
will be class room instruction. However, the weeks may not be
scheduled consecutively due to plant testing and work .load
considerations. This phase will provide cold license candidates
with an in-depth study of Susqgquehanna SES systems and egulpnent;
nuclear characteristics; and Normal, Abnormal, Enmergency and
Adninistrative Procedures and Technical Specifications. Purther
operational training is accomplished as components, systems, or
parts of systems are checked, tested, and placed in routine
operation to provide necessary auxlllary snpport for other
systeums. ,

Instructors for the various Phase VI lectures will be supplied by ‘

the Susquehanna staff, other PPEL organizations, vendors or

consultants. Selections of the particular 1ndlv1dna1 tovconduct

a specific training lecture will be based upon individual

availability and knowledge of the subject matter involved.

The course will consist of, but not be linmited to: K

a. Theorv‘and principles of operations K L ' y

b. General and specific plant operating characteristics

Ce Plant instrumen