
s_- .

O d o- |

([])IF'!5ilis(Ei
I

Put%c Serwce E ecinc and Gas Corrcany 80 Pam PWee Neham, N J 07101 Phene 201430 7000 |
'

l

1

!

I

March 3, 1980

I
i

Mr. Albert Schwencer, Chief
Operating Reactor Branch #1
Division of Operating Reactors
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

DEGRADED GRID VOLTAGE PROTECTION (70-90%)
SUPPLEMENTAL INFORMATION
SALEM GENERATING STATION
UNITS NO. 1 AND 2
DOCKET NO. 50-272

The enclosures attached to this letter are submitted in response
to your questions about the degraded grid voltage protection at
Salem. Since the October, 1979 meeting with the NRC staff, ques-
tions about the proposed design for a second level of undervoltage
protection have been received and are addressed in Enclosure 1.
Enclosure 2 contains related information requested by Mr. W. Ross
during the October, 1979 meeting.

If you have any questions, please do not hesitate to contact us.

Very truly yours,

- i ,> .

Frank P. Librizzi
General Manager -
Electric Production

Attachments /
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1. The onsite distribution system for each unit at Salem is
arranged so that two vital buses are connected to one
station power transformer and the third is connected to
the other station power transformer (FSAR figure 8.3.1).
The in-feed breakers f or each vital bus f rom the eco
station power transformers are electrically interlocked
to prevent paralleling both sources through a vital
bus. The breakers also provide the means for transfer-
ring between sources in the event of an interruption of
power from one source.

Undervoltage protection f or each vital bus will be pro-
vided by two protective relay groups. One group is de-
signed to protect the vital buses if bus supply voltage
f alls below 70% of its rated value. This group is al-
ready installed and operable. The other group will be
designed to proter', the vital buses if bus supply volt-
age falls below 91% of its rated vclue.

Each undervoltage protection. group is/will be comprised
of two sets of relays:

A set for undervoltage transfer, and

A set f or generating " Blackout" signals.

The 91% group will be comprised of adjustable time delay
relays. The protective relays will be connected to the
electrical system in the same manner and location as the
present undervoltage protection. The new design essen-
tially duplicates the present protective scheme in all
regards (Attachment A) with the following exception.

The 91% relays will be equipped with an administrative 1y
controlled lockout which will allow the control room op-
erator to disarm the system ducing the start of any re-
actor coolant pump. This feature is required to fore-
stall any unnecessary undervoltage signals due to the
voltage transient caused by a reactor coolant pump
start. The lack of this manual lockout feature would
require that an extended time delay (30 seconds) be used
to actuate the 91% relays. The system will be armed by
the control room operator upon completion of any RCP
start, and will remain armed under all conditions other
than a RCP start. The disarming and rearming of the
system will become an integral part of the RCP starting.
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procedures used at Salem and an alarm will be provided
for the disarmed condition. In addition to manual re-
arming, a timer will be provided to automatically rearm
the system in the event the control room operator neg-
1ects to do so after a RCP has been started.

The time delay of the 91% undervoltage t_ransfer relays
will be 10.5 seconds when the output of the station
power transformers is below 91% of its rated value
(Figure 1).

The time delay of the 91% bus " blackout" relays will be
13 seconds when the voltage on the affected bus (or
buses) is below 91% of rated value (Figure 1).

In the event the supply voltage to a 4 KV vital bus or
buses f alls below 91% of its rated voltage, the af f ected
bus or buses will be automatically transferred to the
alternate source by the action of the vital bus transfer
relay (XET-230, Fig. 1) and the 91% transfer relays af-
ter a 10.5 second time delay.'

The following conditions must be met before a bus trans-
fer may be accomplished at either low-voltage condition:

a. The bus differential or overload relays have not
operated,

b. Voltage on the affected bus or buses is below 35%
(this permissive prevents transfer with excessive
out-of-phase residual bus voltage).

c. The in-feed breaker of the normal supply is opened.

d. The related diesel-generator circuit breaker is
open.

e. The alternate source voltage is above 91%.

f. The SEC (Safeguards Equipment Control) bus under-
voltage (blackout) relays have not operated.

For both groups (70% and 91%), the undervoltage and
vital bus (XET-230) transfer relays allow the affected
bus or buses to be transferred to the remaining station
power transformer before the bus blackout relays are
tripped.

>

! HK19/3

l'
|



-
_ _ _ _ _ _

, ..
-

. .;
' .

.

.

s

.

.

.
-3-

1 If the supply voltage to the vital buses falls below 70%
! of rated voltage and a transfer is not accomplished, the

70% blackout relays will provide a signal to start the
diesel-generators. If the supply voltage to the vitali

buses f alls below 91% of rated voltage and a transfer is
not accomplished, the 91% bus blackout relays will pro-

| vide a signal to start the diesel-generators.

Undervoltage signals generated by either set of blackout
relays will be combined (through the use of buffer re-

; lays) in a 2/3 logic matrix per bus to develop a black-,

out loading signal for that bus. The buffer relays will
be used on each vital bus undervoltage sensor to supply

; independent signals to each SEC unit to maintain inde-
pendence amang the three buses.

3

If the output voltage of a station power transformer
supplying one vital bus falls to 70% of its rated value
and the transfer mechanism fails, the 70% blackout relay
for that bus will generate a signal which results in a*

1/3 condition at each SEC controller. The Salem design
is such that a loss of one vital bus is tolerable for
all normal operating conditions; therefore, no automatic

,

equipment actuation will take place for this condition.
This design will also apply to the new 91% protective
relays. For a postulated LOCA, this criterion will not
apply. A postulated LOCA concurrent with an undervolt-
age condition on one vital bus is discussed in the re-
sponse to question 5.

2. The proposed design will employ test switches which can
be used in con] unction with any external equipment (var-
iable power supply, etc.) necessary for proper calibra-
tion and testing.

Technical specifications similar to those for the exist-
ing undervoltage protection will be generated upon the
Staff's approval of the proposed design.

3. Since this design is a duplicate of the present under-
voltage protection system (except for the administrative
controls), it will meet the necessary criteria for pro-
tection and control of Class 1E equipment (IEEE
279-1971).

HK19/4
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4. If a LOCA concurrent with a voltage degradation which
reduces the output of both station power transformers to
between 90% and 70% of rateo voltage is postulated, the
SEC system will react only to the LOCA while the 91%
transfer relays are timing out. The time for the relays

to actuate will be 10.5 seconds.
A

While the relays are timing out, the SEC system will
perform the following functions:

a. Start the diesel-generator units.

b. Lockout manual control of equipment circuit breakers
until the required loads are connected to the vital
buses.

c. Connect all required accident loads.

The diesel-generators are started automatically so as to
be available in the event the,y are subsequently re-
quired. They are not automatically connected to the vi-
tal buses.

The ability of the safeguards motors to start and carry.

their designated loads under degraded voltage conditions
is described in Attachment B. The safeguards motors are

.Icapable of withstanding degraded voltage conditions for
the times under consideration without suffering any
thermal damage.

When the 91% transfer relays time out (10.5 seconds),
the transfer will not take place because the station
power transformer potential relays will not generate a
pe rmis sive . Therefore, the 91% blackout relays will be
allowed to time out (in an additional 2.5 seconds), and
a blackout signal will be generated. When the blackout
signal is generated, the SEC will automatically shift
modes from that for a LOCA (Mode I) to that for a LOCA
plus blackout (Mode III). The shift of modes will re-
quire less time than the recognition and action required
to combat only a blackout due to the " ready' status of
the diesel-generators.

HKl9/5

I



- - . .;

e d
*

.

.

.

.

-5-

The above mentioned sequence of operations will take
place within the required time limits to successfully
mitigate the consequences of a LOCA. A delay time of 15
seconds between the occurrence of the incident and the
application of power to the first sequenced safeguards
pumps was assumed in the original LOCA analysis.

Although regarded as extremely unlikely, it may be pos-
tulated that one station power transformer may suf fer a
voltage degradation which reduces its output voltage to
between 90% and 70% of its rated value while the output
of the remaining station power transformer is reduced to
just above 91% of rated voltage. Under these condi-
tions, one set of 91% transfer relays will begin timing
out while the other set " sees" no abnormal conditions.
It may be possible to reduce the output voltage of the
" normal" transformer to below 91% of its rated value af-

'

ter the transfer from the affected transformer takes
place. Also, the output voltage of the initially af-
fected transformer may rise above 91% of its rated value
due to its partial unloading. These voltage changes
will not amount to more than 3% for each transformer.
Consequently, the 91% transfer relays for the alternate
transformer will begin timing out and would effect a
subsequent transfer at the end of an additional 10.5
seconds. These conditions would result in a continual
flip-flop condition causing intermittent power interrup-
tions on the vital buses.

This action will be prevented by the installation of 91%
blackout relays which have a 95% reset setting. The 91%
blackout relays began timing out at the same time as the
91% transfer relays on the initially affected trans-
former. Since their time delay will be 2.5 seconds
longer than that of the transfer relays, and if the
transfer does not successfully raise the bus voltage
above 95%, the bus relays will initiate separation of
the bus from both transf ormers. The reset setting of
95% on the transfer relays will also ensure that the
buses do not continually transfer from one source to the
other.

The interlocks and permissives utilized in the transfer
of buses are described in Item 1.

HK19/6
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5. In the event a LOCA occurs concurrent with a voltage
level on one vital bus below 90% and above 70% of rated
voltage, the SEC response will be the same as that ex-
plained in Item 4 while the 91% transfer relays are tim-
ing out. Once the relays have timed out, a transfer to
the alternate source will take place.

If che transfer mechanism fails, a blackout signal will
be generated for the affected bus and the SEC will auto-
matica11y shift from a Mode I (LOCA) to a Mode IV (LOCA
plus one vital bus undervoltage) condition, whereby only
the affected bus is connected to its diesel-generator.
The other two buses will remain connected to offsite
power.

If a LOCA occurs concurrent with a degraded voltage con-
dition on two of the three vital buses which reduces the
bus voltages to between 90% and 70% of rated voltage,
the SEC will react as explained in Item 4 while the 91%
transfer relays are timing out. Once the relays time
out, the buses will be transferred to their alternate
source.

If the transfer mechanism fails, a blackout signal will
be generated and the SEC will automatically shift from a
Mode I (LOCA) to a Mode III (LOCA plus blackout) condi-
tion, whereby all three vital buses will be shifted to
diesel-generator power.

For both postulated conditions, the safeguards motors on
the af fected bus or buses will be subjected to degraded
voltage conditions for no more than 13 seconds. Their
ability to start and maintain operation (or to withstand
a postulated voltage degradation which prevents starting)
during the period prior to bus transfer, and the accepta-
bility of the time delays involved are explained in
Item 4.

6. The characteristics of AC contactors and associated
control fuses are described in Attachment B.

7 With regard to Staff's suggestions of utilizing only bus
blackout relays in the proposed design (no attempted
transfer), the following scenario is presented.

.
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The existing diesel starting and sequence loading logic
is located in the Safeguards Equipment Control (SEC) sys-
tem associated with each bus. The plant design is predi-
cated on each SEC performing the master decision making
and resultant actions associated with bus loading. To
make use of this existing logic with the design sug-
gested, would require paralleling the existing bus under-
voltage inputs and the proposed secondary bus under-
voltage relays.

Assuming an initial system configuration of two buses
being supplied from one station power transformer (as-
sume #11) and the remaining bus powered by #12 SPT, a
degraded voltage condition on #11 SPT side, coupled with
a single failure within the bus voltage monitoring
logic, could result in the following condition:

Bus "A" operating with degraded voltage due to failure
in monitoring logic.

Bus "B" operating with degraded voltage due to lack of
required coincident logic in SEC (failure cascaded from
failure in Bus "A" circuits).

Bus "C" operating at normal voltage supplied from #12
SPT.

The above scenario assumed that no condition exists
which would generate a Safety Injection (SI) signal. If
an SI signal were to exist during this occurrence, the
following system configuration would result:

Bus "A" could attempt to block load all ESF loads during
a degraded voltage situation. This would most likely
result in a further bus voltage degradation to below 70%
and cause the diesel to start and commence sequential
loading via the SEC.

Bus "B" would follow the sequence of events described in
Item 5 for a postulated LOCA concurrent with a voltage
degradation on one vital bus.

Bus "C" would " block load" the ESF loads on the normal
supply from the #12 SPT.

The sequence described for the case of "No SI Signal" is
unacceptable. The proposed design which includes an at-
tempted transfer, precludes that sequence of events and

| ensures that at least two buses are capable of supplying
| the needed equipment.

|
|
|

| HK19/8
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Om Crow: N'
O woo O FAc .:Director of Nuclear Reactor Regulation '
O r*L O .

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. William Gammill, Acting Assistant Director
)for Operating Reactors Projects )

,

Division of Operating Reactors

Gentlenen:

ADEQUACY OF STATION ELECTRIC DISTRIBUTION
SYSTC) VOLTAGES - SALEM GENERATING STATION
UNITS NOS. 1 AND 2

We have performed the analysis on the Salem Generating Station
Units Nos. I and 2 electric power system in accordance with NRC
letter, Adequacy of Station Electric Distribution System Voltages
dated August 8, 1979 and its enclosures.

The analysis demonstrates that the offsite power system and the
onsite distribution system is of sufficient capacity and capa-
bility to automatically start as well as operate all safety loads
within their voltage ratings for all anticipated transients and
accidents,

Satisfactory results were obtained as a result of the original
design considerations. The, Salem Generating Station was designed
such that the resulting voltage profile was within component
voltage limitations, being +5% of transformer secondary voltage
and -10% of motor nameplate voltage under steady-state conditions.
The system was also designed such that t.he inrush current associ-
ated with the start of a 6000 horsepower, 4.0 kV motor would not
cause the bus voltages to drop below 80%. All motors are de-
signed to accelerate their driven equipment with at least 80t
motor nameplate voltage applied to its terminals. This was
accomplished by optimum selection of transformer impedances,
incorporation of no-load taps on all power and unit substation
transformers, and a + lot automatic load tap changer on all the
13.8/4.16 station pcGer transformers. All motor starters have a
guaranteed drop out voltage of 701. All starters were bought
with 300 VA control power transformers, regardless of Mr.MA size,
to minimize voltage drop at the contactor coil. Furt.her, con-

sideration was given to cable size and length to limit voltage
drop in a feeder.

*
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The analysis showed the worse sustained under-voltage condition. '

imposed upon the distribution system occurred with a severely de- ''

graded 500kV offsite system simultaneous with a concurrent IhcA (,This undar-on Unit 2 and Unit trip on Unit 1 (or vice versa) . yvoltage condition results from the automatic transfer of the Q.,
group buses from the auxiliary power transformers to the station - - - -v,

power transformer and the automatic start of the required vital . . 'For this condition the lowest voltages at the 4.16 "-bus loads. .923 and .91 per unit re-
|

,

kV, 460V and 230V loads were .917,The above analysis indicates that the ansite dis-
spectively.tribution system and its components will operate within component

|
'

The motors are the limiting component under .

voltage limitations.
'

steady-state conditions as they are designed to run continuously
at .9 per unit nameplata voltage.
Transient voltage drops due to the starting of motors were analyzedThis analysisat each voltage level with no adverse effects.
assumed the prestart voltage to bo that corresponding to the
degraded 500 kV system and the load in parallel with the motor
bei.ng started equal to the maximum continuous rating of the
transformer to which it is m>nnected less the running load of theFurther, the impedance of the parallel loadsmotor being started.
was conservatively assumed to decrease as the squaro of the bus
voltage to analytically compensate for the additional current

| The minimum
drawn by induction motors upon decrease in voltage.460V and 230V levels

,

:

transiant voltages obtained on the 4.16 kV,
86 and .78 per unit, respectively for a duration ofwere .86,

approximataly 5 seconds. These transients are within motor and ,.
' )

moter starter design capabilities, thereby having no adverse
N results of this analysis were ,effect on system operation.

used to reexamine under-voltage protective settings and establish
'

that no spurious separations of the safety buses from offsita ;
power would occur. !

13.8/4.16 kV station power |The 5 kV power cables that connect the |transformers to the group and vital buses are the load limitingThe sirtaen hour rating ofcomponent in the distribution system.
the cable is utilised for the load that results from the concur-

;

rent t4CA Unit 2 and Unit trip on Unit 1. There is sufficient
margin between the cable rating and the resultant load to allow
for implementation of existing station procedures used during the
events analyzed and thus, avoid overloading.

.,

.

A4 indicated in the NRC letter of August 8,1979, taats had been ,

previously run to correlate calculations with field conditions.
With salem Units 1 and 2 and the 500 kV system in an existingplant distributionmode corresponding to a given loadi.ng of .the
system, selected system parameters were monitored over a 24-hour

An analysis was then performed using the actual load and j

period.500 kV system voltage to obtain a calculated voltage profile and,

The calculations and field| compara to actual measurements.
measurenants correlated within very reasonable accuracy, thus|

'
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substantiati.ng our assunrptions and the method of calculation.'
*

Further, a test on a cold* The results are given in Attachment 1.
6000 horsepower, 4.0 kV reactor coolant pump motor was conducted..

No adverse *

The bus voltage dropped 154 upon st et of this motor. .

ef fects were observed on other operating equipment. The results s
'

of this test substantiate the origi.nal plant design basis. --

The electric power system was reviewed to determine if there are
-

any events or conditions which oculo result in the simultaneous
or consequential loss of required circuits to the offsite network
that would violate GDC-17. No potantial exists for violation of

~

GDC-17.

If you should have any questions, please do not besitate to
contact us.

Very truly yours,

t-Frank P. Lib psi
General Manager -
Electric Production

./
CC Gen'1 Mgr. - Engg.

Proj. Licensing Mgr. - Salee
Asst. Gen'1. Solicitor
Mgr. - Nuc. Opers.
Mgr. - Plant Maint.
Mgr. - Salem
SQAE - Salem
EPD-QAE
P. A. heeller
N. R. Philipp
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SAIJM GotrRATING STATION, UNIT 2
5 ..

-

T VOLTAGE PROFILE
* -

FIELD MEASURDiI:NTS VS. CALCULATIONS
'

*

|
*

.

520 )I00 kV 1

.V===
,

k .O

.3 kV
sus

'

4200 Measured .

50. 21 J 4156 calculated <

LA d Sta. Pwr.Uso. Il
;ta. Pwr .,

\
-

|

4 kV Bus ,

4 kV
sus

i ;

b .d 4160/480VI[
465-470 Measured
470 Calculated

Lumped v Imad Lumped 4 kV '

5 MVA Running Icad

19.27 MVA
460V aus

.

-

t.LA160/2
.

.. *, .

.

Lumpe 460V 230V Bu !.
.

14ad Running : |,
i

580 KvA

235-239 Measure
239.1 Calculata'dANO*M 1

To Response to NRC Letter
A$eg.iacy of Station Electric Distribution 1,umpe 23 q

System voltage - Dated August 8, 1979 Icad Runni
147 A'A
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Pro po', cd D.n i gn o f Pe qro ded

Grid Volt:.ge t'rotect ir;n 00 .00")

r,.*riit ton c f in'
It is our undM ',teriding that the p. opted design i.'volve

reity:. for 90'' trip (eith i.r.propriate ti.a delay:,) e,r,cntiLily peraileling
70r 1cri.of tolt;te tri trip 1 chert.o, The proro:ed design, asti. c> h t.ir 9

de.criled L'wini; ove recent m0ttli.g. cppo: rs to r cot ext; ting criterie.
'

Hoverer, ve haw sor.>. corcNn Uith its cott exity, tnd particulcrly with
-

l

trins fors tectueen thethe t i:cc d';1t ys r.tSccilit:' vith t he cotoottic bu:

tua t.exti u ry trans for.c.trs cr.d onto the c:scr c:ncy diesel g .ne. raters.
sh:uld sp' 1 fict:li,'

Th:.rd..re, ,vour d. tcilui v<:cription of the scht n:
-

in:10.4 t!.c fell:eine;:
.

1) for ecch viley: the riu /ber, type. Icer.tiove in the electriczl syr ten,

sct plat , a::rcci: led tirc delity, tictur.t ici. lo,;ic(!) t.nd f er,;','.w..{.6 )

prforr. 6.

I, deserti.t ion of the tertt bility of the systte t,nd the etsoritted2)-
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rSYNOPSIS
!

I
[Analysis was performed on the Salem Station Electric Dis-

tribution System in accordance with NRC letter dated
Aug us t 8, 1979 and its enclosures (Appendix 1). The
following summarizes the results of such analyses. This

response serves as the discussion to the results.
|

The analysis were performed with margin to avoid repetition >

Iof this calculation to the future changes. The greatest
'

voltage drop imposed upon .iua distribution system would be ,

with a severely degraded 500 kV system that results in the i

minimum expected voltage at Salem simultaneous with the j

load resulting from a unit trip on No. 1 and a LOCA on Unit i

2. The analysis was very conservative as discussed herein. '

Assumptions made in the load and voltage profile are given.

,

WSR:bm

701 47-A
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To the Chief Electrical Engineer
Engineering and Construction Department , 7, ",[ ~ ~~~ 2 . T ~ .'

' ' '

g,, n_ ___ . . : ~ ' * -

NRC LETTER DATED AUGUST 8, 1979
ADEQUACY OF STATION ELECTRIC
DISTRIBUTION SYSTEMS VOLTAGES

|

The NRC letter dated August 8, 1979, with the above title, requires
that all licensees review the electric power systems at each of
their nuclear power plants to determine analytically if the of f-site
power systems and on-site distribution system is of sufficient capac-
ity and capability to automatically start as well as operate all
required safety loads.
Please make the necessary analysis to comply with the letter, copy
attached. This response is due to the NRC within sixty (GO) days
of the date of the letter. Please have your analysis completed and
a response sent to us for concurrence by October 1, 1979.

,
7

..

f 0 s' ,L'n,
Manager - Plant Maintenance

f
|' EMC:kls 1

!

CC Mgr. - Nuclear Operations
Electrical Plant Engineer
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All Power Reactor Licensees (Excet Humbnidt t3ay)
1

._ l

I

ADEQUACY OF STATION ELECTRIC O!STRIBUTION SYSTEMS VOLTAGES |
RE: |

We are currently reviewing the licensee's submittals in response to
j

|the NRC generic letter of June 2,1977 regarding undervoltage protec- '

tion of the safety related electric equipment fron loss of capability
of redundant safety loads, their control circuitry, and associated
electrical components required for performing safety functions as a
result of sustained degraded voltage from the of fsite electric grid

This generic action was based on the Millstone Event whichsysten.
occurred on July 5,1976.

The recent event at the Arkansas Nuclear One (ANC) station on
16, 1978 brought into question the confornance of theSeptember

station electric distribution systen to GDC-17, in two separate
Each of two units at the At:0 station has a dedicatedreg a rd s .

startup transfomer powered through a single shared autotransforrerOpera-
(connon source of of fsite power) fron the station switchyard.relay caused the loss of the
tion of an autotransforner overcurrentThe station electrical distributiontwo dedicated startup transformers.
system thus autonatically transferred the full auxiliary loads of both
units to the backup startup transformer exceeding it's rated capacitySecondly, duringand degrading the voltage level at the safety buses.
our review of the electrical system at the ANO station, the licensee's
analysis indicated that the "inmediate access of f site power circuit"
(dedicated startup transfomer) lacked "suf ficient capacity and
Capability" to accommodate the simultaneous starting demands of the
emergency loads concurrent with the full house loads, in the event of
a loss of coolant accident (LOCA). The condition would result in all
safety loads remaining on the dedicated startup transforner with

A voltage degradation during theunacceptably degraded voltage.
electrical starting condition becomes a safety concern either if the
degradation causes the starting condition to be prolonged so as to
betone a sustained undervoltage or if the voltage degradation causes
frequent spurious shedding of the ESF loads fron the preferred power

This event was described in NRC'ssource, the of f site electric grid. Additional background infernation is
!E Inf omation Notice No. 79-04.
provided in Enclosure 1.

The IE Infomation Notice No. 79-04 stated that NRC would follow withThis letter identifiesspecific actions to be taken by licensees.
those actions.

.

.
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Based on the Atl0 event, the flRC has expanded its generic review of
the adequacy of.the electric power systems for all operating nuclear -

power facilities. Specifically, we_m_ust_now cpnf.irn ,the. acceptability_

uof the y.olt age cpnditions on the station. el ectrjc, d.i.sttib. t i,on..sys.t. ens
with. regard to b.ott] (1).' potential overload 10g_ducL to..tr,ans.fers_of

' %

g_lt.h.eLsaf ety._or _non-1Lf.e.ty.. oa s , and (2) potential S. tarting transsientl d
_

.p_ tom ens _in. a_ddili_oq_to ,the concerns . expressed in our Ju.ne_.2. ...L977
Sofrespondence with regard to degraded yol,tage_ conditions due to
raniiti0.ns_originat.in9 ort the .gr.id.

Based on the experienee at Afi0, the ttRC is tequic.iag.21_1_. licensees
the, electric power. systems. at each of.their.nuclect.. power {j

' lit'o@nts to detemine analytically if, assuming all onsite sources..n.f I
to

g

.AJ_}@.ker are ,flot ava.i_1.abl e .the_,0,{f sj te_ power ,systen and .the ons i tes

.4.1,stribution system is _of sufficient capacity and capabili.ty...to
automatically start as well as operate all .requir.ed_safAty.1. cads.
Tli t hi n ' UieW _rei 0Trid Tol'tifeTa ti ngsl. in .the_ event o f . ( LL.ac.. ant ic i-

1

pa_ted transieilt~(~$0ch~~annit trip) or (2) an accident (such as 'a
. LOC A). .regardl es.s._of. o.thet_.act.io.ns_the..el.ettr_ic. power systen i s designed
.to automatically initiate and without the need .for manual.. shedding of

Protection of safety loads from undervoltage,a_.qy_f.Letty.it loads.
conditions must be designed to provide the required protection without
causing voltages in excess of maximum voltage ratings of safety loads
and without causing spurious separations of safety buses fron offsite

t'RC should be inforned .of winy required sequential loading ofpower,
any portion of the offsite power syften or the onsite ..distrjthTtTon

'systen which is needed to assure _ that p.ower provided to all safety
loads is within required voltage limits fer these safety loads.
Guidance on evaluating the performance of electric power systens
with regard to voltage drops is provided in Enclosure 2. ,

The adequacy of the onsite distribution of power from the off site ,

circuits shall be verified by test to assure that analysis results i
'

fiease provide: (1) a description of the method forl I-are valid.
i E prgi.n9 JbiURT@t,f6E.h,n,(_T2)[t'hb test res'ultT- "If"'pFe'vious ,Ff

L tests verify the results of the analysi,s, then test results should U
,

be submitted and additional tests need not be perforned.
.

In addition, yo.u .are. requested to_ review the electric power systens
of__your_ nuci ear .s.tStion tp_determne if there. are any.. event.s or
co,nd,itions which .could resul.t _in the sinultaneous or. consequential
loss.of_both requir.ed. circuits to the offsite network to deterni,ne
,il. any_potenti.a_1 n.ist s,for....v.iol ation of GDC-jl .in? thi,5.iqgeni, a

These reviews should be completed, and a copy of the analyses provided
to liRC within 60 days of the date of this letter.

- .

]
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In the event that any violation or potential violations of GDC-17
or voltage requirements of safety loads are discovered remedial action
should be taken inmediately. You should provide the Conmission with
Prompt Notification with Written Followup pursuant to the reporting ,

requirer.ents of your Technical Specifications.

If the above required reviews have been completed by you as part of
I

-

your response to our June 2,1977 request, NRC should be informed
within 30 days of the date of this letter. Approved by GAO, B-180225
(R0072), clearance expires 7/31/80. Approval was given under a blanket
clearance specifically for identified generic problens.

Sincerel y,
s.

'.h, CL -t. , o c S s.t

Willian Gannill, Acting Assistant Director
for Operating Reactors Projects

Division of Operating Reactors

Encl osures:
1. Background infor.ation on

AND Event
2. Guidelines for Voltage Drop

Cal cul ations

cc: Service List

|
i
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|

|
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BACKGROUND THFORKATION ON AND EVENT

The event that occurred at the Arkansas Huclear One station on September 16,
1978, brought into question the conformance of the station electric
distribution system design to GOC-17 with regard to the capacity and
the capability of the onsite systems. ~

Each of two units at the ANO station has a dedicated startup transformer
cennected to a single shared autotransformer (common source of offsiteThe incident was initiated bypower) from the station switchyard.
Unit 1 reactor trip concurrent with trip of the unit's turbine-generator.
The Unit 1 auxiliary loads were automatically transferred to Startup

The power being supplied to Startup Transformer 3 (UnitTrans former 1.
2 dedicated startup transformer), which was feeding Unit 2, and being
supplied to Startup Transformer 1 resulted in operation of an autotransformer
overturrent relay and consequent tripping of the incoming circuit breaker-

The autotransformer has the capacity to provideof the autotransformer.
power for both units, but due to an error, the overcurrent relay was still
set for the operation . of Unit 1 only. Loss of input power to the two
Startup transformers automatically transferred the auxiliary loads forHowever, this trans-
both units to the backup Startup Transformer, ST 2.
former is designed as an alternate supply for one unit and is not designed

This overload caused a
to carry full auxiliary loads for both units.The event to this point
voltage degradation at the safety buses.
demonstrated that the design of the offsite power system to the ANO
station Units 1 and 2 did not fully meet GDC-17. In the circumstances
experienced at AND the failure of one of the two offsite electric powerGCC-17circuits resulted in failure of the other electric power circuit.
requires, in part, that (1) electric power from the transmission network
to the onsite distribution system shall be supplied by two physically
independent circuits (not necessarily on separate rights of way) designed
and located 50 as to minimize to the extent practical the likelihood of
their simultaneous failure under operating and environmental conditions
and (2) provision shall be included to minimize the probability of losing
electric power from any of the remaining supplies as a result of, or
coincident with, the loss of power generated by the nuclear unit, orThe Ta0 did not fully
the loss of.pewer from the transmission network.
meet these requirements.

Initially, the sequence of events on September 16, 1978 did not indicatePowever,
any problem with the electrical distribution system of Unit 1.
subsequent analysis by the licensee indicated that in the event cf a
LOCA at Unit i during which time Startup Transformer No.1 would be
required to provide power to both the non-safety auxiliary electrical

.

.
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loads and start the safety loads a voltage degradation would result. .
The safety loads might not transfer to the Unit I diesel-generators but
could remain on the startup transfomer with unacceptably degraded voltage.
Although there is margin in the themal capability of equipment such '

a situation could result in thermal damage in the safety equipmert and/or.

;
i blown fuses in control circuits for these safety loads. Either event '

could result in disabling these loads during a LOCA. GDC-17 requires ,;

in part, that electric power supplies for nuclear power plants provide'

suf ficient capacity and capability to assure that certain limits are
not exceeded in the event of anticipated operational nccurrences and
that the core is cooled and containment integrity and other vital
functions are maintained in the event of postulated failures. The

ANO design was not capable of providing the electric poner of "sufficiert
capacity and capability."
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GUIDELINES FOR VOLT AGE DROP CALCUL ATIONS.
p

Separate analyses should be performed , assuming the power source
to safety buses is (c) the unit auxil'iary transformer; (b)1.

the startup transformer; and (c) other available connections to
the of fsite networl one by one assuming the need for electric
power is initiated by (1) an anticipated transient (e.g., unit
trip) or (2) an accident, whichever presents the largest load

~

demand situation.
|

For multi-unit stations a separate analysis shoald be pe-formedfor each unit assuming (1) en accident in the urit beine anlayzed,

2.

and simultaneous shutdown of all other units at that station;or (2) an anticipated transient in the unit being analyzed (e.g. ,
unit trip,) and simultaneous shutdown of all other ur.'ts at that
station, whichever presents the largest load derand situation.

All actions the electric power system is desiened to automatically
initiate should be assumed to occur as designed (e.g. , automatic3.

bulk or sequential loading or automatic transfers of bulk loadsIncluded should be consideration
f rom one transformer to another).of starting of large non-safety loads (e.g. , condensate pumps).

]4. Manual load shedding should not be assumed.

For each event ar.alyzed, the maximum load ne:essitated by the

event and the mode of operation of the plant at tne tir.e of theevent should be assumed in addition to all Icads caused by expected
5.

automatic actions and manual actions permitted by adninistrative
procedures.

The voltage at the terminals of each safety load sho,ld becalculated based on the abeve listed considerations and assumptions and6.

based on the assumpticri that the grid voltage is at the "minimumThe " minimum expected value" should be selected
expected value".
based on the least of the following:

The minimum steady-state voltage experienced at the connectiona. to the offsite circuit,
tne off site

"The minimum voltage expected at the connection 1:resvit in red;cedb. circuit due to contingency plans which ray
voltage f rom this grid.

s ta:il i'.y er.ab s i s .
"The minirnum Vedicted grid voltage frcr gri:c.
(e.g. , load flow studies).

actions, including any proposed " Limiting C:ncniens for Ooeration"In the report to NRC on this matter the liccns ee soc lc state planned
f or Technical Specifications, in response to ex: erie cin; voltage
at the connection to the of fsite circuit whicr. is leis itan theA copy of the plant croce:ure in this
" minimum expected value."
regard should be provided. .
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The voltage analysis should include documentation for each condition
analyzed, of the voltage at the input and output of each transf emer

7.

and at each intermediate bus- between the connection to the of fsite
circuit and the terminals of each safety load.

The analysis should document the vc ltage setpoint and any inherent
.

or adjustable (with nominal settin ') time delay for relays which8.

fdL ' '
(1) initiate or execute automatic ,ransfer of loads fro:

one source
automatic load shedding; or

(2) initiate or executsto another;
(3) initiate or execute automatic load sequencing. .

The calculated voltages at the terminals of each safety load should
be compared with the required voltage range for normal operation9.

Any identified inadequacies of calculatedand starting of that load.
voltage require imediate remedial action and notification of NRC.

For each case evaluated the calculated voltages on each safety bus
should be compared with the voltage-tinie settings for the under-10.

voltage relays on these safety buses. Any identified inadequacies
/h.f ', in undervoltage relay settings require imediate remedial action

..c
,, d and notification of NRC.

To provide assurance that actions taken to assure adequate voltage11. levels for safety loads do not result in excessive voltage,
assucing the maxinum expected value of voltage at tne connection
to the of fsite circuit, a driermination should be made of
the maximum voltage expected at the terminals of each safety load
and its starting circuit, if this voltage exceeds the maximu ,
voltage rating of any item of safety equipment immediate remadial

;

|

. action is required and NRC shall be notifie .

s

Voltage-time settings for undervoltage relays shall be selected
so as to avoid spurious separation of safety buses from of fsite12.

poner during plant st.artup, normal operation and shutdown due tr,
startup and/or operation of elec:ric loads.

helytis documentation should include e statement of the assurptions13.
for each case . anal" zed.

!
.
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PUBLIC SERVICE ELECTRIC AND' GAS COMPANY
ENGINEERING AND CONSTRUCTION DE PA RTM ENT

october 4,- 1979
g37g,

RESPONSE DUE:

P. LibrizziF.TO: General Manager - Electric Production

PROM: R. R. Bast
General Manager - Engineering

.

SUBJECT: RESPONSE TO NRC LETTER
ADEQUACY OF STATION ELECTRIC DISTRIBUTION
SYSTEM VOLTAGES DATED AUGUST 8, 1979

We have performed the analysis on the Salem Generating
Station Units Nos.1 and 2 electric power system in accordance
with NRC letter, Adequacy of Station Electric Distribution
System Voltages dated August 8, 1979 and its enclosures.

The analysis demonstrates that the offsite power system and
the onsite distribution system is of sufficient capacity and
capability to automatically start as well as operate all
safety loads within their voltage ratings for all anticipated
transients and accidents.
Satisfactory results were obtained as a result of the original

The Salem Generating Station wasdesign considerations.
designed such that the resulting voltage profile was within
component voltage limitations, being +5% of transformer
secondary voltage and -10% of motor nameplate voltage under

The system was also designed euchsteady-state conditions.
that the inrush current associated with the start of a 6000
horsepower, 4.0 kV motor would not cause the bus voltages to

All motors are designed to accelerate theirdrop below 80%.
driven equipment with at least 80% motor nameplate voltage
applied to its terminals. This was accomplished by optimum
selection of transformer impedances, incorporation of no-load

and ataps on all power and unit substation transformers,13.8/4.16 station
i 10% automatic load tap changer on all theAll motor starters have a guaranteed droppower transformers. All starters were bought with 300 VAout voltage of 70%.
control power transformers, regardless of NEMA size, to minimize
voltage _ drop at the contactor coil. Further, consideration
was given to cable size and length to limit voltage drop in a
feeder.
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F. P. Librizzi
Gen'l. Mgr. - Electric Production Page 2

The analysis chowed the worse sustained under-voltage condition
imposed upon the distribution system occurred with a severely
degraded 500 kV offsite system simultaneous with* a concurrent
LOCA on Unit 2 and Unit trip on Unit 1 (or vice versa) . This
under-voltage condition results from the automatic transfer
of the group buses from the auxiliary power transformers to
the station power transformer and the automatic start of the
required-vital bus loado. For this condition the lowest
voltages at the 4.16 kV, 460V and 230V loads were .917, .92,3
and .91 per unit respectively. The above analysis indicates
that the onsite distribution system and its components will
operate .within component voltage limitations.- The motors are
the limiting component under steady-state conditbns as they
are designed to run continuously at .9 per unit nameplate
voltage. '

Transient voltage drops due to the starting of motors were
analyzed at each voltage level with no adverse effects. This
analysis assumed the prestart voltage to be that corresponding
to the degraded 500 kV system and the load in parallel with the
motor being started equal to the maximum continuous rating cf
the transformer to which it is connected less the running load
of the motor being started. Further, the impedance of the
parallel load was conservatively assumed to decrease as the
square of the bus voltage to analytically compensate for the
additional current drawn by induction motors upon decrease in
voltage. The minimum transient voltages obtained on the 4.16
kV, 460V and 230V levels were .86, .86 and .78 per unit, . 2

>

~ ""respectively, for'a duration of approximately(5; seconds.'~ -

These transients are-within motor and motor sthrter design
capabilities, thereby having no adverse effect on system
operation. The results of this analysis were used to re-
examine under-voltage protective settings and establish that
no spurious separations of the safety buses from offsite
power would occur.

The 5 kV power cables that connect the 13.8/4.16 kV station
power transformers to the group and vital buses are the load
limiting component in the distribution system. The sixteen
hour rating of the cable is utilized for the load tha t
'results - from the concurrent LOCA . Unit 2 and Unit trip on Unit
1. There is sufficient margin between the cable rating and
the resultant load to allow for implementation of existing
station procedures used during the events analyzed and thus,
avoid overloading.

.
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!.
1979, tests hadAs. indicated in the NRC letter of August 8,

been previously run to correlate calculations with fieldWith Salem Units 1 and 2 and the 500 kV system .'-

conditions. '

in an existing mode corresponding to a given loading of the
plant distribution system, selected system parameters were
monitored over a 24-hour period. An analysis was then

performed using the actual load and 500 kV system voltage to
obtain a calculated voltage profile and compare to actual

The calculations and field measurements imeasurements. thus substantiatingcorrelated within very reasonable accuracy, The resultsour assumptions and the method of calculation.
are given in Attachment 1. Further, a test on a cold 6000 horse-

Thepower, 4.0 kV reactor coolant pump motor was conducted.No adversebus voltage dropped 15% upon start of this motor. Theeffects were observed on other operating equipment.
results of this test subdantiaba the original plant design basis.

>

The electric power system was reviewed to determine if there
are any events or conditions which could result in the
simultaneous or consequentiallons of required circuits to the

No potential existsof fsite network that would violate GDC-17.
,

for violation of GDC-17.

OB1GINAL SlGNED.
ILILBAST

h WSR:vlf
Attach :

CC R. L. Mitti
D. J. Jagt
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SALEM GENERATING STATION, UNIT 2
VOLTAGE PROFILE

FIELD MEASUREMENTS VS. CALCULATIONS
|

|

.

iOO ky 520
Bus

|
:

kl.)

13 kV
Bus

4200 Measured i

No' 21
Pwr.b d 4156 Calculated !LC d Sta.S ir ..

, - - - . - -

4 kV Bus
4 kV

.

Bus

IO

k.d 4160/480V
|>

465-470 Measured ,

Lumped 4 xV Load Lumped 4 kV 470 Calculated
5 MVA Running Load j

19.27 MVA 1

.460V Bus
I
'

.

C.Ll4160/24
.

.

Lumpe 460V 230v nu:-

Load Running

580 KVA

b
235-239 Measured

ggg y .1 alculated
To Renponce to NRC Lotter
Mcguacy of Station Electric Distribution -

Lumped 23(1979Syctem Voltage - Dated August 8,
Load Runnit

147 RVA

s

. . . . _, .
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LOAD TABULATION

PURPOSE:

The purpose of the load tabulation i s to arrive at a load
that reflects the greatest plant loading for use in calcu-
lation of the voltage profile.

RESULTS:

The load profile is attached. The g reatest load results
with a simultaneous LOCA on Unit 2 and unit trip on Unit 1.
In addition to initiating loading of the vital buses in
Unit 2, the event (s) also initiate transfer of the group
bus loads to the station power transformers.

The load limiting component was identified as the 5 kV power
cables. Comparison of this to be load profile shows the
cable to be within rating with adequate margin.

Further discussion is contained in PSE&G response to NRC
8/22/79 request and may be fou.nd in Appendix I.

301 16A
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LOAD TABULATION

METilOD AND ASSUMPTIONS

1. Using actual 4 kV motor data from PSBP 140032, 111059,
112305, 112GS3, 119349, 140042, 124584, 140041, 135633,
135634, 140040 and 112698 and one lines 203001, 203062,
203061, 203002 and 203004 motor quantities, full load
horsepower, efficiency and power factor were obtained
to calculate motor KVA using the relationship.

KVA = (llP) (.746)
(pt) (ett)

2. Pump BilP (brake horsepower) was used rather than motor -

nameplate HP if the former was well defined. Actual
running data was used to determine a conservative reactor
coolant pump BHP.

3. The attached sheets entitled Motor Operational Informa-
tion was used as a reference.

4. Individual load KVA was conservatively assumed to be
additive.

5. The attached one line shows the switching arrangement.

6. To arrive at a conservative maximum loading it was as-
sumed that No. 1 station power was carrying 4 of 6 vital
buses (normal switching it would carry 3) and that the
4 kV loads were aligned to give the maximum.

301 17A
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Components Load Limitations

The limiting component in the Salem distribution
system are the SkV power cables which are connected
between 13.8/4.16 station power transformers and the
group and vital buses. Six (6) 1250 MCM cables are
connected per phase and are rated as follows:

Time Rating
;

Up to 2 Hrs. 40 MVA.

Up to 16 Hrs. 33.5 MVA.

Up to 24 Hrs. 30 MVA

Continuous 25 MVA

,

4

i

.

701 47/51-B
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MOTOR OPERATIONAL INFORMATION
.

- l '. Circulating water pump motor. Six at 2000 Up each.-

Pump BHP under normal full load conditions is 1511 Hp.
Run all six during startup, full load, shutdown and
LOCA with offsite power. 70% starting voltage.

2. Condensate pump motors. Three at 3000 Hp each.

During startup use one initially and add others as it
is desired to buildup feedwater pressure. Run three i

'at-full load. Ten seconds after the unit trip pumps go |
into recirculation automatically for which BHP is 1900

'

Hp. Operator takes out of service about 15 minutes
after unit trip. 70% starting voltage. |

1

3. Heater drain pump motor. Three at 1000 Up each. .

Use when at load. Connect when at approximately 30%
load coming up. Unload automatically two seconds
following a unit trip for which BHP is approximately
720 Hp. Operator takes out of service about 3 minutes
after unit trip. 70% starting voltage.

4. Turbine auxiliary cooling pump-motors. Tr!ree at
400 Hp each.

One runs most of the time. Run three with unit at full
load. Can run two but with additions to TAC system-the I

former is the case. Run at least two approximately 4
hours after a unit trip. 70% starting voltage.

5. Air compressor motor. Three at 1000 Hp.

This is a common system between Units 1 and 2. One run
continuously per unit with the other motor in automatic
standby. 70% starting voltage. BHP is appro'f matelyi

800 Hp.

:
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6. Reactor coolant pump motor. Fo ur a t 6000 lip.

Run all four on startup, full load and shutdown. After
a LOCA, operator trips all four when reactor pressure
drops to 1550 psi. When initially started BHP is
approximately 7200. As the water heats up the horse-
power drops off to normal running BHP. Normal running
BHP used in calculation was 5600 Hp corresponding to
the noximum current on No. 13 reactor coolant pump from
field test of 11/30-12/1, 1976. 80% starting voltage.

,

7. Service water pump motor. Six at 1000 Hp.

Three are required for full operation but plant usually
runs four for startup, full load and unit trip. Mini-
mum of three, one per vital bus for LOCA. Impeller has
been changed from original design. BHP during normal
full load operation and is approximately 950 Hp.

6 . ( 9e a4W coob g4 s o p p (,Q .)
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PUBLIC SERVICE ELECTRIC AND GAS COMPANY
ENGINEERING AND CONSTRUCTION DEPARTMENT

THE FOLLOWING: MOTOR LOAD AND VITAL SYSTEMS INFORMATION

REACTIVITY CONTROLS SYSTEMS
(Re: SA-1 Tech Spec 3/4.1-1 628)

One charging pump shall be operable during shutdown. Two

charging pumps shall be operable during reactor operation.
One boric acid tranf ser pump shall be operable during the
shutdown period. Two boric acid transfer pumps shall be
operable during reactor operation.

EMERGENCY CORE COOLING SYSTEMS
(Re : SA-1 Tech Spec 3/4.4-1634)

ECCS Subsystems - T Average g reater than or equal to
3500F

Two separate and independent ECCS Subsystems shall be
operable with each Subsystem comprised of:

A. One operable centrifugal charging pump

B. One operable safety injection pump

C. One operable residual heat removal pump ;-)
Du s

ECCS Subsystems - T Average less than 3500F, one ECCS
bubsystem comprised of the to11owing shall be operable:

Same as AB&C above.

Containment Cooling System (Re: 3/4.6-15)

Three separate and independently powered groups of
containment cooling fans shall be operable with two fans
systems to each of two g roups and one f an system comprising
of the third group. If one group of cooling fans is
inoperable, either restore the inoperable f an g roup to
operable status within 48 hours or be in hot shutdown
within the next 12 hours.

1

I
|

|
|

.

( M S (2--



.

q. .

7$b

Auxilia ry Feedwa ter Pumps (Re: 3/4.7-5)

The Auxiliary Feedwater System in each unit is equipped
with two parallel pumping systems for redundancy. The
first system is composed of two AC motor driven feedwater
pumps each of which is sized to supply cool down wa ter to
two of the four steam generators. The second system is
composed of one steam turbine driven pump. This pump is
sized to supply cool down water to all four steam
generators. The unit has to be shutdown with one auxiliary
f eedwater pump motor out of service.

At least three generator auxiliary feedwater pumps shall
be operable with two motor driven feedwater pumps, one
steam turbine feedwater pump.

Component Cooling Water (Re: 3/4.7-12)

Three component cooling pumps are provided to circulate
the component cooling water. Two independent component
cooling water loops shall be operable as a limiting
condition for operation.

Se rvice '''a te r System (Re: 3/4.7-15)

Two independent service water loops shall be operable.

Four out of six service water pump motor will be suf ficient
to run the unit at 100% capacity. We have to lose three
motors to require shutdown of the plant.

Control Room Emergency Air Conditioning System
(Re: 3/4.7-16)

The Control Room Emergency Air Conditioning System shall
be operable.

Auxiliary Building Exhaust Ai r Filtration System
(He: 3/4.7-19)

'

Three separate and indepondent auxiliary building exhaust
air IlUPA filter trains, one charcoal absorber train and

i
three exhaust fans shall be operable. With one auxiliary
building exhaust air filter train or one exhaust fan
inoperable, resto re the inoperable train to operable status
within seven days or be in cold shutdown.

|

|
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Refueling Operations Coolant Circulation

A minimum of one residual heat removal pump shall be
o pe r abl e .

Residual Heat Removal System

The residual heat removal system consists of two indepen-
dent loops, two residual heat removal pumps rated at
400 HP. Two separate and independent ECCS Subsystems
shall be operable within each subsystem comprised of
one operable residual heat removal pump. With one ECCS
Subsystem inoperable restore the inoperable to operable
status within 48 hours or be in hot shutdown within the
next 12 hours.

Reacto r Coolant System

Four reactor coolant loops a re in service during normal
operation with one reactor coolant loop and associated
pump not in operation reduced thermal power level to
76% of rated thermal power.

Fuel Handling Area Ventilation

Fuel Handling Area Ventilation System should be operable
during either fuel movement within the spent fuel storage
pool or crano operation with loads over the spent fuel
storage pool. Fuel Handling Area Ventilation System
shall be operable whenever the irradiated fuel is in the
storage pool. Only one supply air unit provided.

Swi tchgear Room Ventilation System

Three supply air fans to supply air to switchgear room
which are located on the elevation 84 and 64 of the
Auxiliary Building. No rmally two of the three supply
f ans are operated with the third in standby. Three fans on
elevation 84 and the three fans on elevation 64 operate to
exhaust switchgear rooms tc the return duct.

.
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Control Air Conditioning System

Normal system consists of three fans, two normally opera-
ting and one standby. Emergency system operates upon
actuation of safeguard system consisting of two fans,
(one standby) .

4

Safety Injection Pump

SIS this design is to insure that the following minimum SIS
equipment per unit operates in the event of an S signal:

One out of two centrifugal charging / safety injection
and one out of two safey injection pumps.

.

WSR:cm
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VOLTAGE PROFILE j

1

l

General Discussion

The voltage profile with a given plant must be examined
for both steady, sta te and transient conditions.

This voltage profile is largely depended upon two
variables, those being the system voltage regulation at
the terminals of the plant and the plant load regulation.
The steady state profile can be most readily examined by
analyzing the end points. The lowest possible steady
voltage will result with the lowest attainable system
voltage coupled with the greatest plant load. The
highest voltage possible will be with the highest
attainable system voltage and the least amount of plant
load. All other voltage profiles resulting from other
plant loads or system conditions would lie between these
two points. The re sul ta n t profiles must then fall within
the component voltage limitations which will be discussed
later.

The grea test voltage drop resulting from transient condi-
tions usually results from the start of the largest motor
a t each vol tage level, coupled with the grea test plant
load and the lowest system voltage. Bus transfer should
also be examined.

.
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SUMMARY OF RESULTS

1. The g reatest sustained voltage drop results with the
500 kV system degraded to .978 per unit with a
simultaneous unit trip on Unit 1 and a LOCA on Unit 2.
For this condition the 13.8 kV bus drops to .903 per
unit, Units 2, 4.16 kV vital and group buses dropped
to .9226 per unit with the voltage at the 4.16 kv, 460 V
and 230 V loads dropping to .917, .923, and .91 per ,

unit respectively. This condition lasts for approxi-
mately three minutes until the reactor coolant pumps
are tripped after which the profile improves. This
profile is summarized on page -1 The LTC will.

also move to improve this condition in 5/8% increments
and 30 seconds per increment. (No credit was taken
f or the LTC action at this time.)

2. The highest voltage results with the 500 kV system
voltage at 1.06 per unit and hypothetical loads on each
bus.

3. The greatest transient drop on the 4.16 kV vital system
results upon the start of a 6,000 hp reactor coolant
pump motor. This transient is worse than correction of
the vital loads upon the occurrence of a LOCA. Po s t ul a t-
ing a prestart condition corresponding to the 500 kV
voltage degraded to .978, Unit 1, 4.16 kV loaded to the
maximum continuous full load rating of the 13.8/4.16 kV
station power transformer and the reactor coolant pump
motor being started against a transformer which is
loaded to its maximum full load rating less the KVA cor-
responding to the RCP, the voltage'on the 4.16 kV
group and vital buses drops to .8692 per unit. The
voltages at to 460, 230 volt loads dropped to 8692.

and .8543 per unit respectively. The 460 volt and 230
volt loads selected were those with the g reatest circuit I

impedance and horsepower representing the greatest drop.
This condition lasts for approximately 25 seconds.

.
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| 4. The transient analyzed on the 460 volt vital bus was ,

j upon the simultaneous start of the chiller, auxiliary '

|
|

building supply and vent fans and the switchgear room
supply fans which results upon a LOCA signal. This

'

corresponds to 255 Hp. The prestart condition was with
the 4.16 kV sustained voltage condition in 1 above and

'
the 460 volt load hypothetically postulated at the maxi-
mum continuous rating of the transformer less the KVA !

'

of the motors being started. This transformer also has
the g reatest per unit impedance of all the 460 volt '

vital transformers. The resulting 460 bus voltage was
.8608 per unit. Individual motor starting times are e

approximately 5 seconds.

5. The transient analyzed on the 230 volt vital bus was the
start of a 30 hp motor on f eeder 2B3Y. This load was
found to be the largest load on the smallest cable, the -

g reatest distance f rom the source corresponding to the
g reatest circuit impedance and result in drop (see
page 31) . The prestart conditions correspond to the
sustained 4.16 kV voltage conditioned in 1 above with

,

|
the transformer upons which the load was being started
equal to the maximum rating of the transformer. The
resultant MCC voltage was .8739 and .7854 at the load.'
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Discussion of itesults

')

The results mest be viewed in view of the component voltage
)

limitations which are summarized on the attached sheet.
]

The calculations were done with a great deal of conser-

vatism.

3

Conservative factors were:
}

1. The 500 KV system minimum steady state voltage is )
'

under an extremely unlikely combination of .,

,,

circumstances.

il
s

2. Credit was not taken for the action of the
~ . >

13 8/4.10KV station power transformer load tap

changer after the event. 2

.,

~4

3. Margin was added to the actual load'KVA.
.

4 The resultant voltage profile at each voltage
,

c
level for the limiting case.

b
,,

The PSE&G response serves as discussion of the results.
.
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Component Voltag e Limi ta tions

1. Tr ans fo rme rs : A. Plus '10% secondary nameplate vol-
tage at no load.

B. - Plus 5% secondary nameplate vol-
tage at load.

2. Mo to rs : A. + 10% nameplate voltage

B. Mo to r b reakdown torques minimum of
175% fell load torque.

3. Co n tac to rs : All contactors are made by GE which have
the following characteristics:

A. Dropout: 32-58% in 7-12 MS, guaran-
tee 70%.

.

j B. Pullin: 56-8 7 % in 13-3 5MS, guaran-
tee 85%.'

701 50

.
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4160 V VOLTAGE Pit 0 FILE

_ METHOD At1D ASSUMPTIONS

1. One line (attached) shows switching arrangement.

2. All transformer impedance was assumed to be reactive.

3. All transformer impedances were obtained from the
transformer nameplates. The greatest impedance of a
group of identical transformers were used.

4. Calculations were worked in per unit on a 1 MVA,
500 kV base.

5. Okonite cable Bulletin was used as a reference to
obtain cable impedance data.

6. 4 kV loads were assumed at .91 p.f. This allows some
margin.

7. Approximately 2 MVA was added to the loads on 11 and 21
station power transformer for margin.'

8. Cable impedances were used.

9. PSE&G memorandum dated 10/31/78, part IV was used to ob-
tain lowest system voltage. This memorandum nakes very
conservative assumptions of its own. The increase in
the load flow into Salem at 500 kV has an insignificant
effect on the final result. This memorandum may be found
in Appendix.

10. The 500 kV system which is a minimum of approximately
5000 MVA represents a negligible impedance (i .e .
1/5000 = .0002 against final circuit impedance of Q.017)
loading on No. 1, 11, 21 station power transformer.
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RCP START

1. Ac tual motor data was 'used.

2 .- In order to achieve a conservative result the following
method was utilized. (Ref. one line.)
The greatest drop would be obtained when the 500 kV
system is.at its lowest attainable voltage and the
other load running at the time of the RCP start is the
g reatest. The latter can be attained by assuming this
load to be the maximum. rating of the station power
transformor less the load of the RCP. The running
load on the other 13.8/4.16 station transformer is
taken as its maximum rating.

Further when starting a large motor which results in a
significant bus voltage drop there i s an increase in the
current drawn by the running motors due to reduction in
the torque developed by the motor and slight speed re-
duction. The results in an additional drop. This.

relationship is slightly greater than one for one. We
have very conservatively assumed that the running load
impedance decreases as the square of the bus voltage to
analytically model this occurrence.
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460 V VOLTAGE PROFILE

The 460V voltage profile was approached so as to allow
margins'as follows:

1. .B vital bus was selected as typical. Of the 3, 480 V
vital buses A&B represent the greatest per unit im-
pedance as they are 750 KVA, 5.75% where as C is 1000
KVA, 5.75%.

2. The load assumed connected to the 480V bus was equal
to the maximum continuous rating of its transformer.
i.e. B is rated 750/1000 KVA AA/FA. 1000 KVA was used
and assumed at .8 p.f.

.

3. The cable voltage drop was approached as follows. List
all the a bus loads with their f ull load amps, cable
length and size, and determine the individual drops.
From this select the greatest drop and apply in all

,

cases. Thus for any feeder where the voltage drop is
examined further, we can obtain less drop by refering
to this calculation (i.e. the RMS was looked at further
applying the 8V d rop. Had we had trouble we could have
used the actual drop of 1.41.)

4. The worst transient was with the simultaneous connection
of the safety related loads that are block loaded. The
transient was analyzed similarly to the 4160 V, that is,
using the running load prior to the start of this block
connected load as the maximum continuous rating of the
transformer to which it is connected. The 4160 V pre-
start voltage was that corresponding to the degraded
500'kV system condition.

5. The motor locked rotor currents were assumed equal to 5
time full load amps and a .2 p.f.

'l
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230 V VOLTAGE PROFILE

The 230V voltage profile was approached so as to allow
-margins as follows:

1. B vital bus was selected as typical. .

2.- The following data'was compiled as follows for each MCC
feed: The actual cable size and length, the connected
load (assumed all MCC f eeders closed and no diversity) ,
the cable impedance /1000' from which the actual cable
impedance was determined. The actual impedance was
multiplied by the connected load amps to determine the .

voltage drops between the unit substation and MCC. The -
_

g reatest voltage drop between the MCC and the load was
determined for each MCC 'in the same manner. These two
d rops were then arithmetica11y added to arrive at .the
worse case voltage drop.

3. The load connected to the 230 V bus was assumed to be ,

equal to the maximum continuous rating of its transformer
o r 300 KVA. A. 8 p.f. was also assumed.

4. The worse transient was with the start of a 30 HP motor.
| The transient was analyzed similarly to the 4160 V,

that is using the running load prior to the start of this ,

block connected. load as the maximum continuous rating of
the transformer to which it i s connected. The 4160 V
pre-start voltage was that corresponding to the degraded
500 kV system condition. Motor locked rotor was assumed
equal to 6X F.L. at .2 p.f.

.
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LIGHT LOAD

The voltage profile was also examined to ascertain that
the distribution system voltage profile was within upper
voltage limitations. This was done by making the follow-
ing conservative assumptions.

1. All cable impedance was neglected.

2. The 500 kV system practicable upper voltage limitation
' was determined to be 1.06 p.u. at the Salem terminals.

3. The loads on the 4.16 kV, 460 V and 230 V levels were
assumed at 3 MVA, 91 p.f.; 300 KVA 0 8 p.f. and i r

"- ,c
. ,

100 KVA @ .8 p.f. respectively. . . ' #*'., }; ve','|., ',
'

4. The upper tolerance of the 13.8/4.16 kV B.W. adjustment
was assumed. .
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h
RCP STARTI!1G TIME

t

PURPOSE:
..

The purpose of this calculation is to determine the
reactor coolant pump starting times with the pump load
under cold and hot conditions. Actual RCP cold start
times are available for comparison of results.

MET 110D & ASSUMPTIONS:

1. Actual motor and pump speed torque curves were used
(attached).

2. The starting interval was divided into ten increments
and the mean of each increment used in the analysis.
The results of each increment were then summed.

3. Based upon previous analysis the motor terminal
voltage was assumed at 85% at 4160 V for 95% of the
total starting time.

RESULTS:

A RCP cold accelerating time was 25.46 seconds and hot was
18.33 seconds. Test results indicated an RCP starting times
of 22-26 seconds e - s . ~ . -

.
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CORRELATION OF FIELD TEST DATA AND CALCULATIONS

PURPOSE:

The purpose of those calculations was to use actual 500 kV
system voltage and plant load data in the calculation of a
plant load profile. The same procedure applied in the
previous calculations was utilized. The results of this
calculation were then composed with actual measurements.

METilOD & ASSUMPTIONS:

The field data was monitored over a 24 hour period by
Maplewood Laboratory personnel and is attached. Readings
at 1600 hours were arbitrarily selected to use in the
calculations.

RESULTS:

As shown on the attached sheet, the results of measured and
calculated compare favorably.
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' SALEM GENERATING STATIOli, Ul!IT 2

-VOLTAGE PROFILE," '

PIELD MEASUREMENTS VS. CALCULATIONS

|V
, ,

300 kV 520
Bus

.

kl)

*

13 kV
^ Bus

.

.

4200 MeasuredNo. 11 No. 21 i

Sta. Pwr. kN Sta. Pwr.U
g

4156 Calculated
,.

4 kV 4 kV Bus
,

Sun
s

O

bd 4160/480V
1

465-470 Measured -

Lumped 4 :V Load Lumped 4 kV 470 Calculated
5 MVA Running Load

19.27 MVA .

460V Bus ' *

.

:-

-
,

kl4160/
-

i .

t Lumpe 460V*

J30V E'

Load Running f

i 580-KVA
.

,.

235-239 Measure'd
ATTACllMENT 1 239.1 Calculate'd. . , , .

To.Ronponse to NRC Letter ,

A1w. aacy of Station Electric Distribution1.

System Voltage - Dated August 8, 1979 Lumpc 2:'

'

Load Runn:
147 KVA

*

.

+
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RELAY COORDINATION

)

The attached overload protective devices show that there
I)were no spurious trips due to overload.

il

The existing under voltage protection is shown and also
Oshows no spurious t r i ps .(Secet /cse [ of u & <vo lho p ofec

will follow o rde 2fdw) O

Relays setting sheets and characteristic relay curves were
'

used to plot due attachments.
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UNDERVOLTAGE RELAYS

O TYPE 1AV1

INTRODUCTIOM L'

' -, ee

. ' . |.'
. . . . ,' .. i

E:.. 1 - ':,..eThese relays a r e of the Induction-disk con- '

.

* :

struction. The dish inactuated by a potential oper- .--- n '' \ '">IM-E-i"- $
'

ating coil on a laminated U magnet. The disk shaft I
'

carries the movimt contact w hic h completes the '( . E R .. . . J :.J. ?:1rD! .

' "' LM~ MiC
trip or alarm circuit when it touches the stationary n .. o'

. .

' .I us ~ --

contact or contacts. The disk shaft is restrained ? b Tir - .p 7|"" Wr "-*.., . _

by a spiralsprmg to givethe proper contact closing ''ye -- u=+r . ;
, , ,

N .+ n.j f . 9".f r}t
g. ,,

voltage and its motion is retarded by permanent -- g - : F-R"-

O magnets acting on the disk to give the correct time h--te M i-4 , , ] 'y
~

Wi-
delay, m;g ; ; g ;.a y a.a. g

- .-w

: #. g,

There is a seal-in unit mounted to the left of
- =u 1

' ') , , L . ,_. g. g a M.+*n
- -- u+ u. a.

u..d+1;$= _

:I-the shaft as shown in Fig.1. This unit has its coil k = ' iif -

~. \ " 1.s .. . . 4 2'p.. : 44y@ *3
' '

i: ' "r ,: :

in series and its contacts in parallel with the main
contacts such that whenthe main contacts close, the .

,7 ' a;' '

scal-in unit picks up and seals in. When the scal-in ?'
' d.

unit picks up, it raises a target into view which 7 \ ' P+VM "MP 4 |latches up and remains expost.d until released by to ,4 .;5 f. M d rr V. ', . , . .pressing a button beneath the lower-left corner of Eqf 4_EL L ty}
Mi y g@=

-

the cover. Qe gg. ".. .g ,

:=~4. . . . - . - . 2 |"--

: The r e1ays a r e all rr.ounted In singlc unit R _4 11 N T -h---e} l

.a:A h.__ % c_M-, Y! double end cases. The case has studs for external f;.;_ Y ^_ a .
-- C-- - e, |..

1 connections at both ends. The electrica' co meC- FE
| tions between the r e1ay and t hc case ae., made @QN"F ' N~.~ 1

- 4-

3

/% bets.cen which rests a removable connecting plug Q ' "','~ ~-
,_

- -~Q 2through stationary molded inner and outer blocks -
- aj,

F1 ..,.,o A o .o .m m _ . # 4,
- V which complctes t he circuits. The molded outer ijfM- . - trrmr., w hov. c. sr---L =

blocks carry the studs for the external connections p-F . . #- y y yg- -g-a 2-7while the inner blocks carry the terminals for the ; : f .. - ,&- ' W-.it;b =. ,.internal connections. The operating coil is con- ~~~ * '"2r ~ ^ *" " = = ~ =

nected in parallel withboth the upper and the lower
inner molded blocks while the trip circuit is con- Figure 2. (302 A648-0) Time-Voltage Curves for
nected in series with t h es e blocks. In this way, Relay Types 1AV54E and IAV55C
insertion of either the upper or lower connecting
plug will energizethe operating coil b u.t_t h e t r ip I

circuit will not be completed until the second con- I

necting plug is inserted. For relays which have The Type 1AV54F relay is similar to the Type
contacts closed when the relay is de energized but IAV54E relay er. cept that .it has a longer cperating
open under normal operating conditicns, the double time. The timccharacteristics are shown in Fig.3
conaceting plug feature allows the rela contacts

The T Pc IAV541I retaY s also similar to theY ito open before the trip circuit is comp cted, thtts
minimizing the possibility of 1n c o r r e ct trippine Type IAV54F relay except that it has much longer
when returning the relay to service after tests ang operating time than either the Type IAV54E or the
inspection. Type IAV5tF relays. '1he time characteristics are

shown in 1 ig. 4.

0- A P P!.I C ATIO N The Type IAV50C relay is aimilar to the Type
.IAV54E relay except that it has two circult closing

g These relays are protective devices designed contacts
- to close trip or alarm circuitswhenever the voltage
f applied to their operating coils reachen some pre- The Type L1V55F relay is similar to the Type

determined value. The functions are described in IAV54F relay except that it has two citcuit closing
t; greater detail in the following paragraphs, contacts.
3 The Type IAV55]I relay is similar to the Type-

" OPERATING CIIARACTERIGTICS IAV5411 relay except that it has two circuit-closing
G contacts *g The Type IAV54E relay has a alngle circuit- .

g closing contact which closes when the voltage is
g reduced to some predetermined value. Thus, the The Type IAV55J relay la similar to the Type

contacts are closed at zero volts. This relay is a0 timo undervoltage relay with inverso time charac-
IAV5511 relay except that it in provided with two
separate scal-in units; one for cach set of nor-

tcristics which are shown in Fig. 2. mally closed contacts.

'

; These insorwo.one do noonuvare to sever oil eiere.In or oor ohene in emmment nor se preenle' for every pan.ble 3
sonoungem p to t.e anel en conneshon weth enatokohon, eneruhen or uncontennare. bhould further onderumshon he dovred.

er should gwrusular pr blems areee whnh are nut govered nutje<sently for the purthoser's purpneen, the neorter should *o
s. .lero.s to ,he c.n.eos v.,,e c.mnrer.

l
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Type IAV Undervoltr.ge Relays GEII-1768

VOLTAGE SETTINGS' TIME SETTINGS'

The voltage at which the contacts operate may The time of operation of the relay is deter-
9 he changed by changing the position of the tap plug mined primarily by the setting of t he time dial.

In the tap block at the top of the relay. The range Further adjuntmont is obtained by moving the per-
|of this adjustment in from 55 to 146 volts on the manent magnet along its supporting chelf; moving 1

J 115 volt rattnes,110 to 200 volts on the 230 volt the magnet in toward the back of the r clay de- 1
I ratings, and 220 to 500 volts on the 400 volt ratings. creases the time while moving it out increases the j
$ , Screw thr. Jap . plug.llrmly Into.the tap marked. Lor time, i

f !!m_ dei r ed vojtage.(above, w hic h.the .r clay ls.not .to |
' onerale). Figs.2,3, and 4 show the time-voltage charac-

teristics of the various relays with the time-dial j

settings for obtaining each characteristic. To make
Ibe.. tap.ac_ttipgs indlcate y oit a g tyalugs_ at time settings, set the time dial to the number re;

yhigh thc contacts _willelsge. A spring adjusting quired (to give t h e d es ir e d characteristics) b
ring is provided for a sensitive adjurtment of the turning it until the number lines up with the note

. ;T relay operation. If t h e f a c t ory adjustment has in the adjacent frarne. The time indicated by the -N

!I been disturbed; the desired operatingvalue may be curves is the ti'me required to close the relay con-
obtained by inserting a tool in the notches around tacts when the voltage is suddenly decreased from8

( the edge of the ring (see Fig. 9) and turning the operating value or above to the value on the curve.
ring to the desired position. This adjustment also

! The timevoltage curvos are plotted in per cent
(

permits any desired setting between the :aps. The
thus making them applicable for all tap settings.relay has been adjusted at the factory to close its

; contacts, from any time-dial position, at a voltage
within 5 per cent of t h e tap plug s et t ing. For '

I example: If the tap plug setting is 55 volts, the . INDPECTION
contacts will close wh en the voltacc is reduced *

from a higher value down to 55 volts. The relay At the' time of installation, the relay should be
contacts willopen at 110 per cent of the tap setting, inspected for tarnished contacts, loose screws, or
For the 55 volt tap settin;:, the contacts will open other imperfections. If any t r ouble is found, it

i

when the voltage is increased approximately 61 should be corrected in the manner described under
volts. MAINTENANCE.

AV
A-C SUPPLY OF CORRECT FREO.

FoiE4T109ETER
o -< w

a

i>***---.

I

O*
o

* *

.{.2
S &wn

L I27 MF-2 TIMER0 $
1

11
,

"If 27 Tf"
' '

DEVICE FUNCTION NUMBER $

6 5 27 - A-C UNDERVOLrACE RELAY, TYPE (AV-

SI - SE AL-I N |JN I T

O
Figure 9. (G154302-0) Connections for Testing Jtelay Types IAV54 and .IAV55
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Typs IAV Undervoltage Relays Gell-1708

OPERATION -

Defore the relay is put in service, it should be one or more settings,
given a partial check to determine that factory ad-
justments have not been disturbed. On relays which Recommended test connections for the above
have time dials,the dials will be set at zero before tests are shown in Fig. 8.
the r c1a y leavec t h e factory, it is necessary to
change this setting so that the relay contacts may
be opened. The relay may be tested while mounted on the

panel, either from its ow n or another source of
The drop-out voltage should be checked on one power, by inserting separate testing plugs in place

or moretaps making certain that the contacts close. of the connecting plugs. Or, the c r adI e can be
drawn out and replaced by another which has been

.The time voltage curves should be checked for laboratory tested.

)
MAINTENANCE -

These relays are adjusted at the factory and it surface, resembling in effect.a'superfine file. The
is advisable not to disturb the adjustments, if for polishing action is so delicatethat no scratches are

left,yet corroded material will be removed rapidlyany reason, they have been disturbed, the following and thoroughly. The flexibility of the tool insurespoints should be observed in restoring them: the cleaning of the actual points of contact. Some-
DIGM AND DEADINGS times an ordinary file cannot r ea c h t he actual

points of contact because of some obstruction from
The lower jewel may be tested for cracks by some other part of the relay,

exploring its surface with the point of a fine needle.
The jewel shouId be turned up until the disk is Fine silver contacts should not be cleaned withcontered in the air gap, af ter which it should be knives, files, or abrasive paper or cloth. Knives orlocked in positionby the set screw provided for the files m ay leave scratches which increase arcing

% purpose. and deterioration of the contacts. Abrasive paper
i or cloth may leave minute particles of insulating

CONTACT CLEANIMG abrasive material in the contacts and thus prevent
closing.

For cleaning fine s fly e r contacts, a flexible
burnishing tool should be used. This consists of a The burnishing tool described aboy e can be
flexible strip of metal wit h an etched roughened obtained from the factory.

RENEWAL PARTS

It is recommended that sufficient quantities of W h e n ordering r e n ewa1 parts, address the
renewal parts be c a r r ie d in stock to enable the nearest Sales Office of the General Electric Com-
prompt replacement of any that are worn, broken, pany, specifying the q ua n t it y required and des-
or damaged. cribing the parts by catalogue numbers as shown in

Renewal Parts Bulletin No. GEF-3897,

.

.
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No tes of Meeting

E
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|Akendees: J. Hebson

4

B. Daldy
W. Raughley
J. Popvich - System Plt.nning(,

(, __ Per our request System Planning ran studies to find the maxi- I

mum 500 kV voltage at Salem.

L

( The maximum practicable voltage on the 500 kV at Salem is

1.06 p.u. For this condition Salem 1 & 2 are on line with

('
a 4 50 MVAR/ Unit output. This condition will occur when

(. system is going from a light load condition to a high load

condition. This is done by boosting the VAR output of the

C
base load units and putting the other units on line. Such

(* a condition usually exists on late Sunday night-early
~

|
Monday morning when the system is being built up. Other- 1

(
wise, the highest voltage is 1.04 p.u.

( .

WSR:aec
('

301 25

c. 5

C i|
|

|

(.

1
( |i
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I V. - SALEM GENERATING STATION
MINIMUM ' EXPECTED STEADY-STATE
VOLTAGE CONDITIONS-

Salem unit (2, scheduled for service in May, 1979, will be
connected to the 500-kV transmission system as shown in Exhibit 4,
includ ing transmission line impedance data. Of concern in this
section is the minimum steady-state voltage condition at Salem
for the most. critical yet extremely unlikely combination scheduled
and sudden outage situation. Exhibit 5 is a power flow transcrip-
tion of an all in peak load condition simulating a PSE&G capacity
emergency power import level. Exhibit 6 is a condition which
simulates the maintenance outage of Salem unit #1 along with the
New Freedom-De ans 500-kV line.

In Exhibit 7, in addition to the previously described maintenance
outages a sudden loss of the Salem-Keeney 500-kV line complicated
with a stuck breaker at Salem, causes Salem unit #2 to trip leaving

'

the auxiliary load of,44 MW at Salem to be fed radially from the
New Freedom.230-kV bus . The resulting voltage shows a total re-
ductiod~6y'5.8% from the initial 103. 6% on the 500-kV at Salem.
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During normal operation, the Safety Injection Pumps,
Residual Heat Removal Pumps and Containment Spray
Pumps are not operating except for tests. Up to
five fan coolers are operating, depending upon the '

needs of the moment. At least one component coolingpump is operating.

During normal operation, an "S" signal may be
generated in error. As soon as it is discovered
that the "S" signal is false, the operator must
defeat the signal and secure operation of the pumps
to limit or prevent lif ting of the pressurizer
relief valves and eventual release of reactor coolantto the containment. The operator is locked out fo r

. performing any action for up to 2 minutes following
receipt of the "S" signal until the start sequenceis completed.

3.2 Abnormal Conditions
.

General

The design of the Salem Safeguard System includes
the requirements that the station must be safely
shut down during the occurrence of a loss of coolant
accident (LOCA) and a coincident loss of offsitepower (blackout). All electrical equipment needed.
during a LOCA is powered by the vital AC system
which can be energized by standby diesel generator.
The Safeguards Equipment Control (SEC) provides the
necessary logic capable of initiating proper actions
for any accident conditions (with possible continu-

i
|

ation of events) assumed by the design of the station.
I

IThe SEC system is comprised of three independent
control systems for each unit which determines the
need for accident and/or blackout safety equipment,
and start and load this equipment on the vital
electrical system. Each SEC is independent and
isolated from the others, and is associated with Rev. 3its own diesel generator.

Each SEC can control safety loads according to four
modes of operation described below:

3.2.1 Injection Phase

3.2.1.1 Mode 1 LOCA (with Off-Site Power Available) ;

Should a LOCA occur, the Solid State Protection
System (SSPS) will send safety injection ("S")

.

signal to the SEC system. The SEC initiates the ;

,

following actions automatically:
i

-
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Lockfoutmanualcontrolofsafety-relatedloads.a)

b) Start diesel generators (the diesels are not |
connected to tje bus since of f-site power is
available) . )

c) Automatically load all the following safety
related loads to the vital bus.

- 240-480V Breaker (230V control Center Loads)
$#" Ib4 '"" - Start SI Charging Pumps

2(Geo)no
- Start Safety Injection Pumps

500 2(%oo) - Start Residual Heat Removal Pumps

- Start Containment Spray Pumps (If the "P" signal-
high pressure in containment occur)

I
p ,: - Start service waterpumps (alternate SW pump if

the other fails to start)

- Start at least four Containment Fan Coolers (low Rev. i

speed operation)( 2c%. M W $4o Lt j

- Start Auxiliary Feedwater Pumps -

|

d goy - Start Chillers
'

/-StartEmergencyControlAirCompressors- Start Aux. Bldg. Supply and Exhaust Fans

(-StartSwgr.RoomSupplyFans
The' following valves will be operted to prepare
for Emergency Core Cooling: |

- The motor-operated valves at the inlet to '(SJ 4
'

and 5) and discharge from (SJ 12 and 13) the Boron
Injection Tank will be opened.

- The motor-operated valves in the normal charging
paths (CV 139 and 140; CV 68 and 69; CV 40 and
41) will be closed; those in the seal water

I

return line from the reactor coolant pump seals i

will be left open. Seal water return will be I

isolated on a "P" signal indicating high contain-
ment pressure.

,

Ett
P78 130 26 |

1

_ _ _ _ _ - _ - _ - - _ . _.
.



_

'

. . .s. .. . . . - - . . . - - --

47
\

| -58b-

- The valves on the line from the RWST to the I

Centrifugal Charging / Safety Injection Pump
.

suction (SJ 1 and 2) will be ooened.

- The valves in the concentrated boric acid
circulating lines from the CVCS (SJ 108,

iSJ 78 and 70) will be closed. 1

- Any closed accumulator valves (SJ 54) will be
opened.

3.2.1.2 Mode II - Blackout

If power should be lost to the 4 kV vital busses,
each SEC receives inputs from undervoltage relays
on each vital bus. The undervoltage signals are

|combined in a two-out-of-three logic matrix in
Ieach SEC. If an accident has not occurred, the

SEC performs the following logic sequence
summarized below:

a) Trip all 460 V and 4160 V vital bus breakers.

b) Start diesel generators.

c) Lockout manual control of all bus loads Rev. 3
until the automatic loading sequence is
complete

d) Close tne diesel generator ACB-

e) Sequence the loading of safeguard equipment
required for blackout conditions as shown
below:

240-480V Breaker (230V control Center Loads)-

)
Start SI Charging Pumps-

Start Component Cooling Water Pumps-

Start Auxiliary Feedwater Pumps
!

-

Start Service Water Pumps (Alternate SW pump-

if previous fails to operate)

Start Emergency Control Air Compressor-

Start Chillers-

6 |Start Aux. Bldg. Supply and Exhaust Fans i
-

'

! IStart Swgr. Rooms Supply Fans 1 |
-

.

|P78 130 27
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Of this ; : edure, :ne
..: In -ne even. plan: c:ndit:0ns : equi:e a delay during sete par: J u..:11 :hes..all res: n -he :ne:X :ff s se:3ent:: Shif- 5;;e="is:r/ Shaft 5;;ervas::

;;::edu:e as ::nt nued :: termina ad.

:f the ans-::::icn is erminated ;::Or :: :: ;1 eta:n. the Sens0: Shaft !c;ervas :/Shif:1.3 shall note :na reas:n, :: e and da-a :" the ermina : n en each : heck Off
Sc;erfis :

11 : hen 'ile -nese check o** sr. ness in the norr.a*
shee which has een started. Xe w
= anne:.

ne.. .e s.s.,ne. sa... . . e a....., <a.ea .... ... re..
.. .s. s ..s........., ..... a as.e..sr.

. n.. s.o.s .a . . . . . . . . ..
. r .. .. . . . . . . . . .

:ne % ff s..se:s.
be :: p*.e ed, initis; ::ndi-i:ns ay be satisfied in any c dar.

1.5 1::cedurs;-steps must

, .... ... . . . . . . . . .
... ......r ........aa
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, . .
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c' the Reac::: Ingineer ng ,v.anual.

2.0, System : ;ers:::e is being cat..:si..ed a;;;:xtrate'y at -he nc-10ad 7 ,.,. (5 4 - * T ? eys..

use 0" the Stes: ;us; System an the MA 5 STIAM ;?.I33 0"S7 mcde :: by ;se c' :ne,

Atecspheric's Stean ?.elle' ( P.5 *.: ) Valves.

:*1 by :;eratiny - e A:x.1:ar/* eve's are being main:2;..ed at .

*2.3 3:na: ene:2-:: wa-a: . .

7eedwate: Sys:en.

,#" 2.4 7 :: (4) Reac::: :clant Pceps are in 0;erati:n :: ;;: vide circulatten :n :uin :he ::re
.

1

and mini-1:e temperature different als accng the iceps. .|

less- ene Scur:e Range channel is operati:nal and -he SR F.*GH TL*.*X AT 3E"~1Ch*N*:.5 At
j

s _. . ,..ea_,.
a.sa.-... < s . p e .s . . . . a a.a .o .... .

. . . _ _ . 1. . . . . . . . ..

3.. P ,. ., .A . ,s. S
. . ....

.

3.1 Tamparatures and Pressures.
., e

{ D'.
I. |

j < 6 |n" I
D E D

'

j yg . b, V ;L JL a |

\w.
s

p.e u . !
1Sa* em .*na- ;

u
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j/ p/ 3.1.1 The res dua*. hea: receva' *::; mus n:: te ;;sced :n serv;:e unt;; :ne rea::::- .

=colan: :e ;erature as :e;:w !!:'r a..d ne ;; essure is 1 375 ps;;.

- nen :ho RC3 ;; essure is n::3.1.2 One Reac:2 0: clan: Pu ;s mus: ne :e :;erate: .

encugn :: =aantas.. a d;fferen::a; ;; essure ; aats: :han 200 ;s;d 2:: ss ne
RCP's No. ; 3ea; :- w..e.. the V ;uee ::..:::1 Ta .4 ; essure is less nan

;$ ps;;.

2.1. When ne RC3 :s s:;;d and under cen:::; cf Le: :.- Pressure :n:::'. Ys.ve

* 7;3, an in=:aase an R 3 press.,re shcu;d =e ex;e::e?. vnenever an PHR Pue: ;a

s:c;;ed. LtXewise, a decrease in ;; essure w;;; resu;: ft: s ta r ang an RER F ur; .

3.1.4 When starti..; an PSR Pump w. n :ne ROS :=;;d and a: least one R0P in :;erati:n,
spe=;a; attent;:n mus: :s ;;ven :ne ;;e:au ::ns :n 0: ::-6.3. , ":n;::a::n; Re-
sidual Hea Re= eval", :s prevent decreasing ne RC3 pressure te':v the : .imum.

required f : R0P =peration |ROS Solid).

3.1.5 The rea=:or core should always te supp;1ed with a flow ef wa:e: for cooling, and
re'aat;e te perature anda:ati:ns; :neref:re, wnen the Rea: :: 0:=1&n: Sys:e=s -m

- .
--. - - . .

te perature as set:w 21:*T, at Teas :ne Res dus; Heat Remova; 72 ; :: one
Rese:c *::;an: Pu ; sh:u'd :e :; era:::n..

. . - . , ..

Under atnorma; cend :icas, wnen :: clan: =annot se

supplied :o -ne rea: :: :::n, a ba sup seans of
ta=;erature desee ::n is availa=;e an the in-core

thermoccupies.

3.1.6 When star-in; a Reae:c C=olan: Pump, spe: a; st:ents:n must se ;;ven the
pre:ausa:ns in 0: ::=1.3.1, "Reac-o Oscian- Pump C; eras en*, :o ;;even; ever-

;;essuri:sta:n =f :ne RER Jystem :: :ne RO3.

2.1.7 The Res=::: ::c;an: Pump :'o. 3 e a; bypas s valve , ' '.*114, mus: =e :; sed.

when -ne RC3 ; essure nas een decreased :: 100 psag.

3.1.3 The Rese::: C: clan Pump seal water temperature must not ex=eed 143'T.

N
e 3.1.9 C: ponent :: cling to the Reactor Coc;sn: Pumps mus: se su;;;;ed s..y :: e a/

Res=:c C: clan: Pur; is :;erating and should not ce secured := an adle pum; !

unti; the 1.03 has been cocied te; w 130'T and tne pump has been ad;e f:: a:

less: 1/2 hour.

be used, if the torperature different 8; be twe e:3.1.10 The Pressuri:e: s;;sys mus ne:
,

the Pressuri:e and the spray fluid is ;; eats: stan 320*T.
1

1
1

3.1.;; The R s :e:perature should be mai=:ained a leas: !J'T 1:wer : .an -ne P:ss-
. s.

-
surizer Juring = cold =wn.

D1 - D ~Q~}A o,
-

s =. a . . .=.e_....- .. a; tq
.. 2

i

.

. .. ..

o
1
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:-3.5

. east a *3 : nute
:n *pers-i:ns * :s No. 4 :ne R05 :: ld:vn rate :n a- !3.1 ;2 P':: 11:a-s :f

interval main:aaning :ne coold:wn :ste 1100 *T.'heur and wi-nan
..e

sa:'sfy Tecnn cal Spe: ft:A: ::the pressure - : perature :urve ::
Survei' lance 4.4,9.1.a.

1

1

: eldown :s-e :n at less: a *- .
'

:n Operassens icg Sc. 3, the P essurize:2.1.;3 Pis: -: sa-asfy
nanu a in-erval mai..:aining ne :: 'd:wn :ste 1 0:0*T.'h ::

4.4.7.2.Tecnna a; 3 e: aft:ati:n Su:vei1*ance

n:- :ameve ..e R:d :::"o Ven- Tans f r:n serv;:e vn;;e ..e ::..-::'. ::d d::ve-

-

3.1.*4 0:
eenants:s are energized.

the Mo::;e sepper: Tans
Shasid Ventilasten Tans c

3.;.*.5 o n:- ree:ve -he React
fr:s service un :1 ine RCS to=perature is < 145'T.

less tha.. 250*T. the nt=ner Of3.1.16 Ouring :::1d:vn =f :ne R03 f::= 34-'T ::''-
run..ing ROP's as as follows:

RO? ' s M- 5 R" 0!
IRCS TIMP. !

a
4 t

54.e, 40.., *\.. *. ..
,

33 ..,0.., =.0 .. .9 .
4 e. .e .s..

. . .
. . ..

.sce , ., ., , n. ,. 3 3. . !e, .e . s ..v . .s . .
.

1

s . . . s. .e e
.a. p

S. 0 .,C. . . . . * *
J*- .< . ..

.esa- . u23 a .s a. s e.
..., e...,.

.w ..N.. .v.. . - .. . . s ..e

.o_u R .. 5.s,y . .e
I. . . . .

1

l

l
NOTES t

I

maintain pressuri:e
1. No. 11 c Ec. 13 PC? should be Operated ::

sV 2v. . in uneven
Operation of RCP's, other than specified abcVe, can resci2. |RCS temperatures ameng the loops and ::aate cenditicas in -he S/-'s

safe:y inte:-i:ns created by S/C.different:a!1eading :: inadverten
pressures.

3.1.17 r.aantain a: least one Resets: Cocian: Pump in serv :e during :ne devasang and
berating perations.

D* D D T @
*

|
es . J_. W _a Rev. 3eses 1 |
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* 1.

. .

fO:-3.1

a:::ss sne 5:sa 3enerate: tuze s.. sets.

3.1.13 Oc S00 ex:end sna 1600 psi *? 11 ::

the ra o cf feedwa:e: sdditi n -o a Steam3.1.19 When in the Eos 5:andhy =enda:::n, 4 ne 3/G 1evel as (104
Genera::: is 11 ::ed := 1 2,3 X 10 ;; , h: wneneve:

-

ns::rt range.

. 'as indi:sted by * cp *.. :: Leo; *.2) destesses*

3.1.23 When the 305 emperaturs the 7:essura:e
to 3*2*T and the 205 pressure is reduced to less than 3*5 psig,,s. .

he armed.!? CPS) =.u s :_Overpressure 7::-a:-sen Syste
Reliefav :d*-he use :f the A : spnera: ,

3.1.*1 :: ing the ::cidewn of :ne ROS,
' valves when the :: dense is available.

.L. _. .

Use of :ne A:::spneri: Relief Valves var ants :1:se
operator monit::ang of 11-14 state genera c pressure s

in ::de: ::
(caserved en the S/0 P:::e :icn Channels)
avoid S/G differential pressures :esu*:ing in inadverten:
safe y inte:-ices.

3.: hemistry

::c'an- sns11 be greater ::.an 3000 ype whenever a
3.2.1 The flow :::s cf reac-:: 3ys en ac;;n ::n=ent ::i:n is maing made.change in Rea ::: C o1L.-

when changing R02 b=r:n ::n=en rati:n, 7:essurizer sprays should be 2-111:ed3.2.2 and lecy bcron ==ncent sti:n.
to =inima:e the different:11 te-vsen 7: essa:1:e
The use of s;;ay f1:w saould ::nsince unts' this dif f erenes is less than 33 ppc.

Ing the RER Systam in service, its bcr:n c:n=entra ica mus- to su:n d
3.2.3 Before pla:

::n=ent:sti:n, t..e minimus Shu d:wn Margin requars-
|tha: if -he R:S was at tha: *

|
-- - r

4

ments would te me . .

Thehyd:: gen::n=enrati:ninthere$::: c: clan- should be reduced := less : an3.2.4
5 c:/kg prac: :: being c;erad f:: refueling :: :e;a;:.s.. .

3.3 Kea:-ivity C nt::1

A :: imum cf one S::::e Range Channel shall be in c;eration any :: e -ne rea :::3.3.1
)is shutd:wn.
|

3.3.2 The 3:3 mus: be berated, pri:: to star ef :ocid wn, :o insure the min;su
3:M is maintained. Refe: to Tig. 20ta) Of the Rea:-:: Ingineering Manus' f:: the

::;d shutd:wn ::de of =perati:n.RC3 beren ::n=entrati:n required !=
NCTI ,

I

|

|

Approximate y 46,000 gall:ns D 19. 5 % ) Of primary*

and

g <3 c3 g cg
- - water (30,000 gallons abeve Lew Level Alars)

cd -

b 1,000 galicas =f ==n:entra ad bori: acid (in excess4

'

" #' ## -

)
- 23cf the $106 gallons :equired by :ne To:nna:a13;e -

fica icns) mus he availam's fo: = cold:wn makeup.
,

e.. w . - <
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:.3.4'
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.

:.3.3 The A.dao 0:un: Ea:e Channel sa:uld te ;n :;ers ::n any : ne :Me rear::: ;4 ,

snusdown.
.

4.3 OME x cr? sw.!!TS.

4.1 Plan ::cid:wn

5.; Pe0CI :*EI

,

!.' If tr.e Fes ::: :: cia.: Syster. is :: :e :pered is: repaa -@ug , ar.:: case ..e'

.

purift:a ::n rate :o 1:s -n ; um ra:e,"newever, de .:: ex:eed *:3 q;..

*5. : If required. :egin .e devassing of the EOS A;f :: :- 2. 2.11. **.*:1.:. e :n:::: Tar.e:-

Sevassifi:sti:n*.
4

?!CT!*

Oegassi..7 and :::;d=wn may be ace: ;iaanedj
gr concurrently.

*3.: 2:: ate :..e 703 := s ::n=ent sti:n deter.:ned fr:: 7:qure 2 fa, :f :ne Pea::::
4

Er.q:r.eeran; Manua.. 10: ate :AW :: ::-2.3.i, "Ec :n C:n=entrata:r. 0:n ::.'.'

Perf::= s s. u:f:. . |'ar;;n Cal =ula::en :AN :ne Rea:::- Ingar.nering Ma..us'. ;;;::-

:: enterar.; M de ! for :na a::ve : nd::: ens.
.

'5.4 co-energ :e a;; 7:essurizer nesters after the 7:essura:e b::en concentra: en has been
ver:fted to te w;:nar. 50 ;; of :ne encen :a ica :n :ne reae::: ::c lar.: 1: ps.

4. A . .1.-..

:f =c: age is going -c be ci sher: dura:Len and :ne
hummie maints;ned an :na Pressu:::er, tr.e f:i':vang
steps pertair.ing to 7:essura:e :: ;d:wn are to :e
marked Nf'A (not appl:Cac'e', Cn Chec.< Off 3;.se: 4.14.

Steps !.4, 5.11, 5. 7, 5.03 and 5.30.

-

a

, . ~ '5.3 Nctify Te:..ni:a; Super.is:r-Cnemistry of t=pending p;an: ::cidewn and :na r.eed to
sample the R S per the Chemist:f capartner.: r e:;uir ements .

A uvM CL a (de<J e n 0 - c.ews- A brn ~1- G 4 h @"4d lLL. (S C oM A 4 ro*

( '$.6 Pla:e the ?.ake r.*p .v.cde seie::ct it. AUTO and adjus: 'the blend.

.

3." Verify that a n===al leve; in the '/clame COnsic; Tank as being maansair.ed durary tr.e
cocid:wn, except ring de;sssar.g :; era.icns.

D

h
.

Sa;e= Cni: 1 -5- nev. 4
.

.

~

l'
- - -
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"

r.:r'. . , 2

s ea 1 -p ress e . -:: .ler, 0: 7 4. th ma a si s. du. .. res 2: : :: ''er .3rate :: *am . ~. .. .. -

1.1 n -;y e.- ease .c

. e ..;. - -. ..; - -

/. . . . . . ....w .

e of ne ;; ?4 MS;;' ~ . . .
#. '.

''
ar.d ; ? :r. u'; A dumping s:sa.,
f :ne ecndenser is unavailaole f : . ' . : o pe ratia '. q s'

.

"70 or MA::V , * s as:nor:,:ed ' dow. :1.e f . '? 'h:
' a-a

*'alve anA:ncsp.-3 ' ise: ints rals mn .a . :nc r.e :=.

I as: J manu:=co .:wn :s e n at - teteerst , . ve .
the pres

1.d w .ni, the 1;..*:s a

, . . . . . , ..m.....
"

3510 Atmosp.. ara:-

Cecidewn of the A05 via the 11-14
_

,N Soni:: ini
Re;ief Valves requires clese spars:::

$/ 3 1.P i. advertentof :ne S/ pressure so :na:
Two 4+0 [ce ur.safety in:ee:1 ens wil; n::

33(levels in the normal epers:in; :snye.
.

5.3.1 Maintain Staan Geners:::
is te:.een 54**T and 4CJ'T.

RCP's in service when tr.e RC5 tempers: :e
*!.i :<aintain fcur (4)

of sne F-1 Permiss;ve (143*T: as :ndi-
5 ;; when :..e 703 te.pera:ure react.es sne se:po:n:

:sted y the * 'd 7 i:/4 Lcw-; w !av,* ;ign: On na RP4 5:2:us 2a..el:
- m

av.i
.. ..... ..s. ,....s

. . . . . . . .pp....,. a. . ... 7e po 3 , p. . e. ., . .. a a...
....,,, w, . u. n. .g . A a. . a ., p. o. . .. 1.:w-Lew....

:o:.neid en: w:. *w S tea-'. ?:e ssure ::5 . i. ... . . .. r.

to elecs :ne Magn 3:ean T1:w
in$e::acn s : a1.

M.safet'/7 .

-: n *vpass
NTLX TR . .ar "?. 3 SY? A3 3 7 '''' pusns'

- *!.la.2 ::ea ress tr.e STT.Ali DUMP ..oidewn : .....anue.
. ck := a ;1., -va

!., Steam .the *.cw w .'

a 9
.* # 4 1 O A'.|* : 0;1

c8 /
W Y

ds >'h eYs ateve !<:'T.s

These b;:c u sili au::ma:::a;;y rese

g[/ sr.culd :emperature sten de:: ease belew
543'T :ne

acta:ns described at:ye mus. De repeated.g d ; eve.
to 3:adua;,;y :ncresse Pressuri:e

M * . #.. As = cold =wn pr:gresses. av.;us- :nargin; !;cw96 Ig cc app :nsa:e y 704.*

g
.to ,. . . _
~

Nc.13 Charging 72:.p 1:w speed ' -:p tos
Read;us:
mairmain mini. mum. seal injection f'ce as
pressure is decreased.

MANUA;. snd slewly cpan :ne spray
Transf er the =ents:11ers f or the spray valves ::1 Observe p;scr.u-

valves to begin the cooldown and depressari::::en of the Pressuri:er.
i

! () 5.12
leas: a 30 mi.ute5 :..e ::ald:wn rate en at71c: en Opera-icns og :Jo .ti:n 3.1.10.

interval maintainang sta c=oldewn ra:e .<.100'T/ hour.

.

.O
.r

.i
.

'

L{ L=>
3ev. 5b |N| ' vAAJ

0

t6
..... ...



. . . . . _ . . . ._ .
- -

e e
. .
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.

ihe L w15 psi;, .anually $10:::
W.ar. e.e ? S ;; essure has been redu:ed bel w

'.9
Level safety .n:e::::n signal $y;

7:essu s 7: essure :cin:ide.:. with *.,cw Pressu:::e*5.*
. ..3 .......,,3.~. . . . . . .

.. .y 7,.,.33 r. .e.3. p o. .r e. . .. .s,. .c . .w
.

7.o. .
.. .

.

.x 3.e . g.
. , e .,. . e , s ,. . ., . :. e . eo .v. .

.... =
. .. .. ...

C A.. . m. .. . . .

7:sssure : tr.0: dent vie. L w
Che * w 7:essuri:e".evel safe y :.;ection s;;nal will auto-19 '. !?ressari:e: saculd pressure inernase a ovema-i: ally resa:
ps ; and must be reb *ccr.ed vnen ;; essure :n=e aca'n .

+ ~'a
n .. a an. ua ~~a s~'~

'

decreases bel w 19'5 ps;;.
::a w .ar a r v .a ?=p So.1 Sea'. decreasese,mA nn ? c p Seal 3ypass Vs;ve:: :: Lan:

*3.'.4 When :na sesi *ea%:ff f := any ; era.ing Rea::is 1 1300 psig, Open 7.ea:. :00 clan:

1 ppm :r :ne RCS pressure *ist.
7.ecced valve status in valve :ev:at; n

.

".1"'/114 . -o maintat.n letdownas necessary,
Orif;:e iscla:icn valves,

5.15 Open add;ti:na'. Leed:w.
fi:w ste. h

*: $00 psi; (0 ... I' 4 5'? :he
a.:

5.li When -he Sr. ear Ger.e:t-or's pressure has de:: eased ::'svels and I:: ::n:: na:n;::

0:ndensate Purips may be used := mainta:n S.sas Genera:Taed ?=ps may:e secured a- cis time) .
(e.* AuxiliA /.no -::1d wr. 10, ,,*

Cu .l e */alv e s *. . ,
: lese A::=ula :: QWMMl '.030 psi;,

.1 When the ROS ;ressure de : eases be ow the valve met::s. sw1 g.a4tt,y
a.d O&O :..e ele : i:a1 supplies ::13 and 14EJ54, -

Rec::d valve status
.'inive Deviati:n 1.ast. .

.

reduce e.e ru..ndn; RCP's :o
d d bel:w 400'?,

=5.'3 Wher. the RCS tempers ::e has been re u:e13 207 sh uld rema:n in Operation ::pt: vide pressura:e:
~~^- *-*-" --

tares ( 31. No. 11 R07 :: wi:: - T ':::: :::
.C7 <-._f; ... .. r

** N-i .; . u w.spray f1:v. .
- -- -. .. -i....x1. ;- - ; .

q.

350*? a..d p:sssure os (3*3, 7" ace
duced bel:w "?amova", .

'5.:9 When the ROS :e.pera =a has been re:: 3.3.0, "*ni:ia:ing Residual Hea S.Z. ItL.eW
-

the ?.MR Syste. in service IAW C:

g 'i Q $ $ / * 'D @ e d h''t y
hnan W.e RCS tempera:ure is be'.:w 250'?. ,

5.*0 r a : .< th e 4 k'.'be:h Safety Inje::1:.. ? =ps:
. C40 e.e ele:::1:a1 supplies : Cicse 11 ar.d 1:SJ134

breakers cut and turn off nhe O Cons::1 ?:ver.
' 5 . 2 0 . '.

1:n ;;s: f::
?se::d -he pesati:n change in the Valve :evia:

and LSJ135.

C' *
-4. 3.1, "S S nor .a1 C; era::.cn" .

O OO
r e a,s ua t3

- -

m

?.e v . 5
I.
\

_ __
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ra:/. -ne "kV:no Can-: fugal Onarging PurpsOi! :..e ele:-ra:a1 supply ::':.I C ::ntrol ? ver.
2:saxer ou- 1..d turn off the :

FCTI

remainef one Centrifugal Char;;..g Pump mus:A sin;ma: until RCS tem-of an ICOS subsys-aperable as a part
200*T as required by the Tecnnicalperature is bel w

Spec;f :2: ens.

dri-)en Auxiliary Teodwater Pu=;s t
C&T :ne s'e:::ical supplies to be:n me:::* 5 .~ 0 , 2 and :: n off the :C Cent:ci 7:ver.rack sne 4kV treakers out

NC#5
-

.

desirable to use -he Auxiliary
:f 1: as ne:essary :: ;

levels, cleari..g '

Teed Pu=7is) :s .aintain Steam Genera:::
and tagging may be def erred until the

is no .:nger required.*

pump (s:

:ne s:st s 7;1y valve to No. ".
*5.::,4 C;;se and 017 1. Ant 1;;;34 5 ,

Re ::d talve status in the valve Oeviati:n * ast.Acx;;isry Teodws er Pump,
:*. c .' 2 ) in :ne fell:wir.g ::::1..asi:nst

,.2 .f Reduce the run..ing RC?'s ::
a) 11 PC7 and *4 ?.07

OR

b) 1 RO? and 1: RO? j-. Stea.. : Open status light
f

,ess..*-a -

i RO? ...;
0;en s-- ;ing Of

?M anel energi:es,

*! .20. 5 ' Tes: 'e PCP A*d : ::-2 4 "?:s ri:e ve ry e s ure ::: . :n -i
'7

er i 1-- :.ee? Cf R1 ad 5.2 " . .

(as indi=sted by Loop 11 c; Lecp *2 *iide ?*=ge
When the RCS temperature reaches 21:*7 (as indicated by we*-Tnc < . w . ,

- ?*!.:1
reduce RC3 pressure to less than 275 psig 31 *T, at: the_g*],5 .y

0,)With RCS pressure isss than 373 psig and 203 temperature at ~ 7
I and :* pushbutt:ns to :ne * M" pest:1on .

depressing Channe*
.as been ad sted, place

rature -eaches 23 *? and ass: chemist y

.. i S:n : Gene s in Met Layu. ! AW CI II" 7.3.3, * i'? ing an Ver cing sne 3:sa:~ ** :: Wh in the J03 to:.

.
,

eier ors".
- -

--

) -

.

._

.=Tz F[['^pjf{
}{ ]f h [ y,] {une cut ye i : te of ner- dura:1:.., pla:ing ,te 'O F}
Jj

Steam n rasers an *We :.43.,.* is .o- requ;:ed. )

.

't..e nusner :f running RO?'s :an se sd :ed
.

With the R 3 to:pers:::e <230*T, spray5.20.1 No. 13 ?. P sacu*d ressin in serv; e :n pr:viin 7:sssuri:e
(1).

C; n s :pping of eaen RCP te:ify sne respective RO? 3:saker ;en
to see ~

f*:v.
**atus Li:ht :n R74 3tatus 7anel energi:es.

r.l
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5.;, .;h e . s: as due *s 3: .; - retu' - bres' v2 22: 3- r -:'N ne --.n8 - - - . . -
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EMERGENCY INSTRUCTION

I-4.0

SAFETY IN.7ECTION INITIATION

1.0 PURPOSE

This instruction is provided to present the immediate automatic and manual actions1.1
required to be performed on the receipt of any safety Injection actuation, regardless
of the cause.

1.2 This instruction contains the information required to direct the operator to the
appropriate Emergency Instruction to cope with the existing plant conditions.

2.0 INITIAL COMDITIONS
.

2.1 safety Injection has initiated.

3.0 IMMEDIATE ACTIONS

3.1 Verify the following automatic actions have occurred.

3.1.1 Reactor trip by verifying all control rods are fully insarted by checking the
individual rod position indications and rod bottom lights.

(( 1. If acy control rods do not indicate full insertion, initiate a manual
reactor trip.'

3.1.2 Accident loading of the safeguards Equipment has taken place and the following
equipment is running by observing the indicating lights on the status panel
on RP-4 and by observing the control besels for each of the following:

1. Centrifugal Charging Pumps

2. Safety Injection Pumps
3. Residual Seat Removal Pumps

4. Auxiliary Feedwater Pumps (Motor Driven)
5. service water Pumps

6. Containment Fan Coil Units in slow speed
7. Diesel Generators

3.1.3 Reactor coolant temperature is decreasing to or being maintained at 547'T by
either steam dump or atmosheric steam relief.

.

.

3.1.4 Within two minutes reduce Auxiliary Feedwater Flow to the Steam Generators
to limit the rate of rise to <1.2 in/ min by monitoring the wide range level
recorders (<0.26/ min on the wide range until the level is > 10% on the narrow

Thenrange indication for all Steam Generators not affected by the failure.
re-establish saxisrum Auxiliary Feedwater Flow.

;

WOTE

This limitation applies to Unit 1 only.
Rev.0

-1Salem Unit 1/ Unit 2
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3.1.5 Turbine trip by verifying the following

(. 1. Unit Trip light on the EH Console

2. Turbine speed decreasing -

If the turbine does not indicate a tripped condition, initiate a manual*

trip from the control console.

3.1.6 Main reed Pumps tripped by observing the indications on the control betel.
If either pump has not tripped, trip it manually.

3.1.7 Feedwater isolation by observing the indicating lights on the Feedwater section
of RP4.

3.2 Verify safety Injection Pump flow to the Cold Legs from the operating Safety
Injection Pump (s) by observing the discharge flow meters on the control console.
when RCS pressure decreases to <1550 psig as read on the wide Range Indicators on the

__

Entrol console, stop all Reactor Coolant Pumps.

3.3 Verify containment Phase A isolation has tah:n place by observing the indicating lights
on the status panel RP-4.

3.4 Announce over the Station PA System twice UNIT 1(2) REACTOR TRIP, SAFETY INJECTION.

4.0 SUBSEQUENT ACTIONS

4.1 Verify safety Injection is in progress by checking each of the following. If any'

\ equipment or valve is not in the desired condition or position attempt to establish
the desired condition at the individual bezel on the control console.

CAUTION
I

E g attempt to reset the Safety Injection or
,

SEC in order to place equipment in the desired I

condition. System design is such that sufficient
Iredundancy is prnvided to overcome single failures.

4.1.1 Verify, utilizing console and/or 1(2)RP4 status panel indications, that

the loads listed on Table I have been loaded onto the vital busses.

$ 4.1.2 Verify that the Containment ran Coolers meet the following conditions upon |
starting: (

'

|
a. Fan Coolers have decreased speed i

b. Fan Coolers service water flow has increased frca 700 gpn to 2500 gpm
~

c. Roughing filter dampers 12 ave closed
d. EEPA inlet dampers have opened

*
e. EEPA outlet dampers have opened

4.1.3 Check that the following valves have opened by observing the status panel.
If any valve fails to open, attempt to manually open from the control console

1(2)SJ4 Soron Injection Tank Inlet Valve I

(, 1(2)SJ5 Boron Injection Tank Inlet Valve

\ 1(2)sJ12 Boron Injection Tank outlet Valve-

1(2)sJ13 Boron Injection Tank outlet valve

sales Unit 1/ Unit 2 -2- Rev. 0

|
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l

1(2)SJ1 Charging Pump Suction From RWST ,

)
'

1 (2 ) SJ2 Charging Pump Suction from RWST

4.1.4 Check that the following valves have closed. If any valve fails to close,
|

* attempt to close the valve from the control console.

1(2)SJ78 Recirc to Boric Acid Tank
1(2)SJ79 Recirc to Boric Acid Tank-

1(2)SJ108 Recirc to Boron Injection Tank

1(2)CV68 Charging system Stop Valve

1 (2) CV69 Charging system Stop valve

1(2)CV139 Charging Pump Disch to SwHX

1(2)Cv140 Charging Pump Disch to SWEX

1(2)Cv40* Vclume Control Tank Discharge Valve

1(2)CV41* Volume Control Tank Discharge Valve
|

1(2)Cv3 orifice Isolation valve (Letdown)
1(2)CV4 Orifice Isolation valve (Letdown)
1 (2) CV5 Orifice Isolation valve (Letdown)
1 (2) CV7 CVCS I4tdown Line

1 (2) CV116 Reactor Coolant Pump Seal Water Discharge

1(2) CV284 Reactor Coolant Pump Seal Water Discharge

11(21)SW20 Turbine Generator Area supply valve

11(21)SW20 Turbine Generator Area Supply Valve .

)

1(21sw26 Turbine Generator Area Isolation valve

WOTE

.

*These valves will not close until either
1(2)SJ1 or 1(2)SJ2 is fully open.

Verify that Phase 'A' Containment Isolation has taken place by checking that the4.2
valves listed in Table II are closed. Should a valve f ail to close, attempt to
close it from the control console.

verify that Feedwater Isolation has taken place due to the safety Injection. ,

4.3

Check that the following valves have closed by observing the status4.3.1

panel >and/or the console besel. If any valve has failed to close,
attempt to close it free the control console.

- 11(211BF13 Feedwater Inlet stop Valve
11(21)BF19 Feedwater Control Valve

,

"
.

11(21)RF40 Feedwater Bypass Valve

12 (22)BF13 Feedwater Inlet Stop Valve'

12 (22)3F19 Feedwater control valve
12(22)BF40 Feedwater Bypass Valve

(k
.

.

f: Rev. 0
sales Unit 1/ Unit 2 -3-
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13(23)BF13 reedwater Inlet Stop Valve

(( 13(23)BT19 Feedwater Control Valve
13(23)Br40 Feedwater Bypass Valve )

*

14 (24 ) BF13 Feedwater Inlet Stop Valve )

14(24)3r19 reedwater control Valve j,

14(24)BT40 Feedwater Bypass Valve

4.4 Verify that the 4160 V Group Busses have transferred from the No. 1(2) Auxiliary
Power Transformer to No. 11(12) and No.12 (22) Station Power Transformers, l

4.4.1 check that the following 4160 V breakers have o pned and acknowledge
them on the appropriate control console bezel:

1(2)BGCD

1(2fBFGD |

1 G)AECD )
1(2)AHGD |

.

4.4.2 Check that the following 4160 V breakers have closed and acknowledge .

l

them on the appropriate console bezel ;

12(22)CSD
12 (22) TSD

11(21)Eso
11(21)HSD

4.5 Verify the following fans have stopped by observing the indications as noted.
If any fans are still running, attesapt to stop them manually.

No. 11 & 12 (21 & 22) Zodine Removal, Control Console

No. 11, 12 , 13 , 14 (21, 22, 23,24) Nozzle support, control Console

No. 11 & 12 (21 & 22) Reactor shield, Control Console

No. 11, 12, 13, 14 (21, 22, 23, 24) Control Rod Drive, control Console

No.11 & 12 (21 & 22) RER Pump Room Coolers, RP2 )
No. 11 & 12 (21 & 22) Charging Pump Room Coolers, RP2 )
No. 11 & 12 (21 & 22) Containment Spray Pump Room Coolers, RP2

4.6 Verify Control Area Air conditioning has shifted to the ACCIDENT - INSIDE AIR
mode of operatinn and the following actions have occurred by observing the status
patel on RP2. If any actions do not occur, manually initiate them IAW OI II-17.3.2,
" Control Room ventilation operation *, section 5.3. |

1

|-

NorE-

control Room Ventilation Isolation of Unit No. )
1(2) will also isolate Unit No. 2(1) Control |
Room, however, its green NORMAL mode indicator j

will remain illuminated,'

i

I

salem Unit 1/ Unit 2 -4- Rev. O
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4.6.1 No. 11, 12, 13 (21, 22, 23) Chillers are running.

((
4.6.2 No. 11 & 12 (21 & 22) Chilled Water Pumps are running'

i

4.6.3 No. 11, 12, 13 (21, 22, 23) Control Area Supply Fans are running
i

1

4.6.4 No. 11 & 12 (21 & 22) Emergency Control Area supply Fans are running. ]
1

4.6.5 Battery Exhaust Fan has stopped. )
1

.

4.6.6 Control valves 1(2)CH30 and 1(2)CH151 close to isolate the Adminstrative
Building.

4.6.7. Control Area Dampers positioned as follows:

CAA1 - Closed CAA4 - Closed CAA17 - Open CAA20 - Closed CAA33 - Closed

CAA2 - Closed CAA5 - Open CAA18 - Closed CAA31 - Closed |

CAA3 - Closed CAA14 - Closed CAA16 G osed CAA32 - Closed
,

5.0 IDENTIFICATION OF FOI. LOW-UP ACTIONS
|

5.1 If RCS P'ressure decreased rapidly with no other indications of primary or secondary
ieakage, verify the following are closed or isolated at their individual control ;

bezels. )

L -

5.1.1 Pressuriser Spray Valves (PS-1&3)

1. If PS1 or PS3 is open and will not close, trip the Reactor Coolant
Pump in the associated loop.

1(2)PS1 - Trip 11(21) RCP

1(2)PS3 - Trip 13(23) ECP

5.1.2 Pressuriser Power Operated Relief Valves (PR1 & 2)

5.1.3 Pressuriser overpressure Protection Valves (PR 47 & 48 on Unit 2 only)

5.2 If RCS Pressure has stabilised after the initial decrease which initiated Safety
Injection and contairusent Isolation, the problem may be in an area or system which
has been subsequently isolated. Investiate the following:

,

5.2.1 Auxiliary Building for .

' r

1. Increases in Radiation
2. Unexplained accumulations of water

5.2.2 Pressuriser Auxiliary spray valve (CV75). Ensure it is closed.

|Salem Unit 1/ Unit 2 -5- g,y, o
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'

5.3 Utilize the following matrix in order to determine which subsequent Emergency.

.

I Instruction to follow. i

l d';

:

SAFETY INJECTION ,*
:

1 INITIATED ;

i |

| :

I I I

ICS PRESS < 18654 PCS Pm35 > 18654 ICS PM35 > 20004

CR IEEREASDG E77 < 20004 Atc

PRESS INL > $0%

1 uC

DN S/G LVL s 33%*

< 15504 g
,

3a CDI TO )
CD TO EI I-4.2

BCP's
* RECD ERY P3On

TSMAND
SAFT!Y IhL72CTI23*|

TRIP
;

AZL
IP 3CS PRESS EEIXASES BY 2004ICP'S
m PRESS. IZYEL EKPs 20 < 20%

'

---
&

I I I

CDfr. ID6 DGEASE MrD! 3CS 1EMP IECREASES SDt GDI EIDealel 2 AIR

CDfr. TIN., PRESS, MAPHI.Y ICIE IDI RDI EJICIGL 306 DGESDC WIDI ,

IDCDITY, ENP ID1:L PRESS IN CME CR )GE to D EREASE IN CQfr. f
|

DGEASDC 3D1 GEN PARNCIDS

| | 8

CD 20 EI I-4.4 G) TO EI I-4.6 GD TO U I-4.7

IMS 3 CIX1Mfr XIIIENT FIDM LDE' KP!URE STEAM GENERATOR TUBE RUPTITRE'

l

J.V. Bailey'

,
Prepared by

!Manager - S'aledGenersking Station
,

.

moviewed by J.M. Zucko

~7!d50RC Meeting No. 56-79 Date

I /

*
.

Sales Unit 1/ Unit 2 -6-
Rev. 0 |
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* BLACKOUT WITH EAFETY INJECTION * LOADING SEQUENCE |

' |

k #11(21) DIESEL CENERATOR 412(22) DIESEL CENTRATOR 613(23) DIESEL CENERATOR |

1(2)C1(2)B1(2)A i

240/480V Breaker240/480V Breaker240/480V Breaker

11(21) BI Pump 11(21) Charging Pump 12(22) Charging Pump

12(22) SI Pump
11(21) RER Pump 12(22) RER Pump

I

11(25) SW Pump14 (24) KW Pump15(21) rW Pump or*or*or* 12(26) BW Pump13(23) EW Pump16(22) EW Pump

11(21) Containment Fan 12(22) Contai5 ment Fan 13(23) Containment Fan
(Low Speed) (Low Speed) (Low Speed)

11(21) Auxiliary Feed Pump 14(24) Containment Fan 15(25) Containment Fan
(Low Speed) (Low Speed)

'
.

11(21) Auxiliary Building 12(22) Auxiliary Feed Pump Emergency Air Compressor

Exhaust Fan

11(21) Chiller 12(22) Auxiliary Building 11(21) Auxiliary Building |
l

Supply Vent Fan Supply Vent Fan
|

11(21) SWGR Room Supply Fan 12 (22) Auxiliary Building 13(23) Auxiliary Building
Exhaust FanExhaust Fan

12(22) chiller 13(23) Chiller

12(22) SWGR Room Supply Fan 13(23) SWGR Room Supply Fan

Y ,

NOTE j\

This sequence is initiated on any safety Injection actuation
with or without a blackout, only in a blackout condition will '

the Diesel Generator breakes close after first stripping the
bus and the loads will then be sequenced onto the bus. This

sequence is also initiated with a safety Injection coincident
with undervoltage on one 4kV vital bus.

1

* NOTE
I

however, if theonly the lead Service Water Pump will start,
lea'd pump f ails to start the backup pump breaker will close.

(- .

. k

.

TABLE I I
Pa98 1 of 1Salem Unit 1/ Unit 2
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TABLE II
,

PHASE *A" ISOLATIONe

.

-*

1. Waste Disposal Systaa

1(2)WL12 RCDT PUMP DISCHARGE

1(2)WL13 RCDT PUMP DISCHARGE

1(2)WL16 CONTAINMENT SUMP PUMP DISCHARGE

1(2)WL17 CONTAINMENT SUMP PUMP DISCBARGE

1(2) WL96 GAS ANALYZER FROM RCDT
,|1(2)WL97 ES ANALYZER FROM RCDT

1(2)WL98 RCDT VENT f
|1 (2 ) WL99 RCDT VENT

1(2)WL100 N SUPPLY TO RCDT ,2

.

2. Sampling Systes ,

1(2)S$27 ACCUMULATOR SAMPLE

1(2)SS33 EOT LEG SAMPLE

1(2)SS49 SAMPLE FROM PER MATER SPACE
I

1(2)SS64 SAMPLE FROM PER STEAM SPACE

1 (2) SS103 ACCUMULATOR SAMPLE

1(2)SS104 BOT LEG SAMPLE

1(2)SS107 SAMPLE FROM PER MATER SPACE

f 1(2)SS110 SAMPLE FROM PZR STEAM SPACE
- 11(21) S$94 SAMPLE FROM No.11(21) STM GEN BI4WDOWN

12(22)S894 SAMPLE FROM 30. 12(22) STM GEN BLONDOWN

13(23)S$94 SAMPLE FROM No. 13(23) STM GEN BLOWDOWN f

14(24)S894 SAMPLE FROM NO. 14(24) STM GEN BLOWDOWN

3. Component Cooling

1(2)CC113 EECESS LETDOWN REAT EXCEANGER COOLING MATER OUTLET

1(2)CC215 EXCESS LETDOWN IEAT EXCHANGER C00"ING WATER INLET

4. Steam Generator Drains and Slowdown

11(21)G34 STEAM GEN CUTLET No.11(21)

12 (22)G34 STEAM GEN OUTLET Wo.12 (22)

13(23)G34 STEAM GEN OUTLET No.13(23)

14 (24)G34 STEAM GEN OUTLET No. 14(24)

?

5. Pressuriser Relief Tank

1(2)WR80 PRIMARY WATER SUPPLY TO PRT

1(2) PR17 GAS ANALYEER FROM PRT

1(2)PR18 GAS ANALYZER FROM PRT

1(2)NT25 3 SUPPLY TO PRT,- 2

TABLE II Rev. 0

Sales Unit 1/ Unit 2 Page 1 of 2
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|
/* 6. Accumulators '

( %.
SUPPLY1(2)NT32 ACCUMULATOR N2

7. Containment ventilation
,

1(2)VC1 PURGE SUPPLY

1(2)VC2 PURGE SUPPLY
,

1(2)VC3 PURGE EXHAUST
1

1(2)VC4 PURGE EXHAUST

1(2)VC5 CONT PRESS VAC RELIEF IS01ATION VALVE
|

1(2)VC6 CONT PRESS VAC RELIEF ISCLATION VALVE
<

1(2)VC7 CONTAINMENT RADIATION SAMPLE OUTLET l

1(2)VCS CONTAINMENT RADIATION SAMPLE OUTLET

1(2)VC11 CONTAINMENT RADIATION SAMPLE INLET
i

1(2)VC12 CONTAINMENT RADIATION SAMPLE IhMT 1

1

8. Domineralised Water !

1 (2 ) DR29 DM WATER TO FLUSEING CONNECTIONS

9. Fire Protection

/'" 1(2)FP147 FIRE PROTECTICH WATER SUPPLY

R
\

10. Safety Injection
_

1(2) SJ123 ACCUM TEST STOP VALVE
-

1

1(2)SJ60 ACCUM DISCH TEST STOP

1(2)SJ53 SJ EDR TEST STOP VALVE

11. Control Air

11(21)CA330 A EDR IS01ATION VALVE
,

12 (22)CA330 S EDR IS01ATION VALVE

12. Containment ventilation - the following sample valves receive no automatic isolation
signal, however, tiny should be verified closed.

1(2)VC9 Containment Radiation sample outlet Backup

1(2)VC10 containment Radiation sample Outlet Backup
*

1(2)VC13 containment Radiation sample Inlet Backup

1(2)VC14 containment Radiation sample Inlet Backup
|.

!

1

TAB u IISales thit 1/ Unit 2 Page 2 of 2 g,y, o
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F.MERGENCY INSTRUCTION

I-4.3<
,

REACTOR TRIP
.

|

'

, .,,, j

1.0 PURP08E ,

l

1.1 A reactor trip is initiated automatically by the Reactor Protection System if unsafe |
i operating conditions are approached. It may also be initiated manually from the
| control console. This instruction provides the actions required to ensure the reactor

is in a safe shutdown condition.
|

,

.

1.2 In addition to,de-energizing the shutdown and control rod drive mechanisms, a reactor |
trip signal will Anitiate a turbine trip and, in conjunction with a low T,yg (554'F) ,

!initiste a feedwater isolation signal. This instruction delineates the actions required
to ensure both of these have occurred.

2.0 INITIAI, CONDITIONS

j 2.1 Any of the following conditions will lead to a reactor trip and to an automatic plant |
shutdown. The condition causing the trip will be back lighted in red on the first out
overhead annunciator panel (Section F) .'

J

REACTOR TRIP SETPOINT COINCIDENCE INTE Pl.0CK ,

1. Manual None 1/2 None{
f* 2. Pwr. Range, Righ Low Setpoint - 254 of 2/4 P-10,

Woutron Flux rated thermal pwr. ]
Eigh setpoint - 109% of 2/4 None .

rated thermal pwr.

3. Pwr. Range, Eigh + 54 of rated thermal 2/4 None
~ *

Flux Rate Trip pwr. in 2 sec. j

4. Intermediate Range, Current equivalent to 1/2 P-10
Bigh Neutron Flux 25% of full pwr.

5. Source Range, Righ 105 counts per sec. 1/2 P-6 Interlocked

Neutron Flux with P-10

6. Overtemperature AT Variable setpoint 2/4 None

7. Overpower AT Variable Setpoint 2/4 None '

8. Iow Reactor 1865 psig 2/4 P-7'

Coolant Pressure
9. Eigh Reactor 2385 psig 2/4 None

Coolant Pressure
10. Eigh Pressuriser 924 Iovel 2/3 P-7

11. Iow Reactor tot of Normal Flow 2/3/ Loop P-7 & P-8
Coolant Flow

12. menctor Coolant Pump 754 of Normal Voltage with a 1/2 Taken P-7 ,

; .d" Under Voltage 0.2 sec. time delay Twice

13. Reactor Coolant Pump 56.5 norts with a 0.1 second 1/2 Taken P-7
Under Frequency time delay Twice

14. Reactor Coolant Pump lot Pwr. 2 Skr. Open 1/ Pump P-7 6 P-8
Breaker Open 36% Pwr. 1 Skr. Open

615. Low Feedwater Flow 1.4 X 10 Sta. Flow greater than 1/2 Flow None

(4, ' feedwater flow a 25% s/G 1evel Mismatch, in
s

coincidence
with 1/2 low
wtr level, per
loop.

hs *
'

salem Unit 1/ Unit 2 -1-
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REACTOR TRIP SETPOINT COINCIDENCE INTERLOCK*

16. Low-Low steam St Level per S/G 2/3 per S/G None

Generator Ntr. Lv1.f"
17. Turbine-Generator 45 psig Auto Stop 011 Pressure 2/3 P-7**

Trip or all four Stop Valves closed 4/4

18. safety Injection 1. Manual 1/2 Ncne

(Actuation) 2. Pressuriser at 1765 psig 2/3 None

> ,

> 3. Containment at 4.7 psig 2/3 High Con- None
tainment pressure

4. Any one S/G 100 psig lower 1/2 Steam Pressure None

than any other two S/G's on any S/G Lower
than 1/2 Steam Pres-
sures on 2/3 of the
other loops.

5. Variables Steam line flow 1/2 Eigh Steamflow on None
..

1.4 x 106 0/hr. 0-20% load, 2/4 Steam Gen. in
increasing to 4.0 x 106 4/hr coincidence with 2/4
at 1004 pwr. in coincidence Low T?.VC or 2/4 low-

with Low TAVG 543'F or Low steam line pressure.

Stm. Press. 500 psig.

19. General Alarm Logic Train "A" & Train '3" in
test simultaneously.

NOTE

The General Alarm trip is not alarmed on

the first out annunciator.
{{~
Q~

20. Trip sypass Skrs. Racking in, or attempting to rack
in, both Reactor Trip Bypass Skrs
at the same time.

NOTE

The Bypass areaker trit is not alarmed on
the first out annuncia .

3.0 IMMEDIATE ACTIONS

3.1 Automatie

3.1.1 Reactor, Trip

3.1.2 Turbine Trip

3.1.3 Generator Trip

.

,

3.2 Manual

3.2.1 verify that a reactor trip has taken places

Check that all full length rods are fully inserted by checking individual>

1)
rod position indicators and rod bottom lights,
If any full length control rod does not indicate fully inserted, manually(r - 2)+

l initiate a reactor trip.-

**V' 4
Sales Unit 1/ Unit 2 -2-
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3) If all full length control rods are not then fully inserted, RAPID
k BORATE by 150 ppm (approximately 8 minutes) for each rod not

inserted IAW OI II-3.3.8, ' Rapid Boration".

3.2.2 Verify turbine trip by checking the following:

1) UNIT TRIP light on E/H consolo illuminated.

2) Turbine stop Valves, Governor valves, Interceptor valves and Reheat"

Stop Valves closed.
3) Turbine speed decreasing.

3.2.3 Within 2 minutes reduce Aux. Feedwater Flow to each Steam Generator to
approximately 2.3 x 10' lb/hr.

.

NOTE
,

This limination applies to Unit No. 1 only.

3.2.4 verify that T,yg is decreasing toward or is being maintained at 547'T by
either steam dump or atmospheric steam relief.

decreases to 554'F.3.2.5 Verify that Feedwater Isolation has taken place when T,yg

3.2.6 Announce over the plant PA system twice: UNIT NO. 1(2) REACTOR TRIP.

4.0 SUBSEQUENT ACTIONS

4.1 check that nuclear power is decreasing by observing the nuclear instrumentation.

check that the source Range high voltage is reinstated below 5 x 10~114.1.1

amps on both Intermediate Range Channels. This should normally occur |!
1

in approximately 15-18 minutes on a trip from the power range.
!

I

1) If the source Range high voltage does not energine automatically,
manually depress the RESET SOURCE RANCE 'A" and RESET SOURCE RANGE "B"

pushbuttons on the control console.
I
l

4.1.2 Switch the Nuclear Power Recorder (NR-45) to read one Intermediate Range I

channel and one source Range channel.

4.1.3 Notify the Performance Department that a reactor trip has occurred and that
'

the compensating voltage on the Intermediate Range detectors should be'*
adjusted. This adjustment is desirable but is not required.

Verify that the Pressuriser pressure and level are within limits, and under control.4.2

C

Salem Unit 1/ Unit 2 3 Rev. 4
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verify that the 4160V Group Busses have transferred from the No. 1(2) Auxiliary'{ 4.3
Power Transformer to No. 11(12) & No.12 (22) Station Power Transformers..

4.3.1 Check that the following 4160V breakers have opened and acknowledge them i

'

on the appropriate control console bezels*

1(2) BGCD*

1(2) BFGD2

1(2) AEGD.

1(2) ARGD I

Check that the following 4160V breakers have closed and acknowledge them on4.3.2 )
the appropriate control console bezel:4

12(22) GSD
12(22)}SD
11(21) ESD
11(21) EsD

0
4.4 Verify that Tavg is decreasing toward or is being maintained at 547 F due to steam

dump operation.

4.4.1 Check the following steam dump indications'

1) steam dump valve indication
2) steam dump demand meter.

4.4.2 Transfer steam dump control from the AVERAGE TEMPERATURE CONTROL mode to the

MAIN STEAM PRESSURE CONTROL mode. Ensure that the MAIN STEAM PRESSURE SP
(setpoint) is set to maintain the reactor coolant temperature at a no load
Tavg temperature of 547 F. (Approxiametly 1005 psig steam pressure).0

NOTE

If condenser steam dump is not availiable, atmospheric
steam relief must be used for the removal of residual
heat.

|

Verify that Feedwater Isolation has taken place due to the reactor trip in coincidence4.5
0with low Tavg (554 F).

4.5.1 Check that the following valves have closed by observing their appropriate
besel indication:
11(21)BF19 Feedwater Control Valve

"

12 (22)&F19 Feedwater Control Valve ,

/13 (23)BF19 Feedwater Control Valve ,

14 (24)BF19 Feedwater Control Valve
11(21)BF40 Feedwater typass Valve
12(22)aF40 Feedwater Bypass Valve
13(23)BF40 Feedwater Bypass Valve
14(24)SF40 Feedwater 3ypass Valve'

Rev. 4
Sales Unit 1/ Unit 2 -4-
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as follows:
Return the levels in the steam Generators to normal (s 334)4.6

Limit the rate of rise to less than 1.2 in/ min whenever level is below4.6.1
10% on the Warrow Range.

,

* ~ following computer points and maintain thi rate of rise toMonitor the4,. 6 . 2
< 0.8%/ Kin on the narrow range and < 0.24/ min. on the tr*/.e range.

Wide Range
Narrow Range~

54G, LO403A
L0400A or LO401A or LO402A11(21) LO423A
LO420A or LO421A or LO422A12(22) LO443A
LO440A or LO441A or LO442A13(23) LO463A
LO460A or LO461A or LO462A14(24)

.

NOTE

If the computer is not available, monitor the
narrow range indication on the control Console
and the Wide range recorders on RP-4. .

Control riow to the Steam Generators as required by controlling the following4.6.3
valves.*

11-14(12-24)Ar11 if No. 13(23) Auxiliary Feedwater Pump is in
1.

operation. |

2. 11-14 (21-24) AT21 if No.11 & 12 (21 6 22) Auxiliary Feedwater
Pumps are in operation.

Establish and maintain the Bot Standby condition IAW OI I-3.5, * Minimum Load to4.7
Bot standby * and OI I-3.8, ' Maintaining Bot standby".

13513l, I123, 1
If Ax trip was from >15% Rx Power, have the Chem. Dept. Perform an 14.8 |

Isotopic analysis between 2 and 6 hours following the Rx trip.

Obtain a sample of the Reactor Coolant system and determine boron concentration.
"Soron concentration Control".4.9

Adjust boron concentration as required IAW OI II-3.3.6,
.

4.10 As per Administrative Procedure No. 53

Notify the Station Operating Engineer or Chief Engineer of the reactor trip
A 4.10.1*

.
* 9+ ands

.

Initiate an Operational Incident Report IAW AP-6 and forward it to the station4.10.2
Operating Engineer.

If, et this time, it becomes necessary, take the plant to the Cold Shutdown Condition( 4.11
IAW OI I-3.6, *Eot 5tandby to Cold shutdown".

a

f Rev. 4
sales Unit 1/ Unit f -5-
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,

4.12 As authorized by AP-5, withdraw the shutdown banks as follows:

'( Reset the flux rate trip by momentarily taking the RATE MODE switches, on each
(

' '

4.12.1-
NIS POWER RANGE A drawer, to the RESET position.

gg,
k.

Depress the CLOSE pushbutton, on the control consolo, for RF. ACTOR TRIP BKR A,4.12.2 .

verifying the breaker doese close.
'

4.12.3 Depress the CLOSE pushbutton, on the control console, for REACTOR TRIP BKR 3,:

verifying the breaker does close.

4.12.4 Depress the STARTUP pushbutton, on the control console, and verify each Shut-
down and Control Rod Step Counter resets to zero.

in that order, to their
4.12.5 CorsnEnce withdrawing Shutdown sank A, B, C and D,

fully withdrawn position.

4.13 when the cause of the trip has been determined and corrected, obtain the permission*

of the Station Operating F.ngineer or the Chief Engineer, IAW AP-5, to take the reactor
critical.

4.14 With Steam Generator levels within their normal operating bands and just prior to
i

commencing the recovery startup, perform the following:

4.14.1 Place the Steam Generator Feedwater Controls in MANUAL and run the valve
demand to sero.

4.14.2 Roset the Feedwater Isolation signal by depressing the Train 'A' and

Train "B" FEEDWATER ISOLATION RESET pushbuttons on the control console.,

'

4.14.3 Maintain Steam Generator levels within their normal operating bands by
manually controlling Feedwater typass Valves 11, 12, 13 and 14 (21, 22

|

23 and 24) BF40.

4.14.4 Return the Auxiliary Feedwater System to its normal at power lineup IAW
OI III-10.3.1, ' Auxiliary Feedwater System Operation".

4.15 Return to Power Operation IAW OI I-3.3, ' Bot Standby to Minimum Load", and 01 1-3.4,
" Power Operation *.

I
Prepared by J.V. Bailey *

Manager / ale /Generabing StationS

Reviewed by J.P. Kovacsofsky

, //4 hroate.ORCMeeting . s s _.r. ~ i

.

g,y, 4
Salem Unit 1/ Unit 2 .g.
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$4^
Mr. Boyce H. Grier, Director 3
U.S. Nuclear Regulatory Commission ,,,-,

Office of Inspe,ction and Enforcement
[M /*

Region 1
631 Park Avende
King of Prussia, Pennsylvania 19406 ()Lgg ,fy

fje|9 f } |'
J2a>>
---Dear Mr. Grier: |

|

NRC IE BULLETIN NO. 79-06C
NO. 1 UNIT
SALEM GENERATING STATION

(-
Pursuant to the subject bulletin, we hereby, submit the
following response:

Short-Term Actions

Item 1

A. Station Emergency Procedures have been revised
such that Reactor Coolant Pumps are immediately
tripped upon Reactor Trip with initiation of
Safety Injection caused by low reactor coolant
system pressure.

B. A station operating memo has been issued re-
quiring the presence of two licensed operators
in the control room during operation in Modes 1, 2
and 3. ,

i

Item 2

A series of Loss of Coolant Accident (LOCA)
analyses for a range of break sizes and a range
of time lapses between initiation of break and
pump trip applicable to the 2, 3 and 4 loop plants
has been performed by the Westinghouse owners'
Group. A report summarizing the results of the

(. analysis of delayed Reactor Coolant Pump trip'

during small loss of coolant accidents for West-
inghouse NSSS will be submitted to Mr. D. F. Ross

.
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( Boyce H. Grier, Director -2- 8-29-79
.

f i
'

i1979. In the ;

by Mr. Cordell Reed on August 31,d~

report, maximum PCT's for each break size con-'

sidered and pump shutoff times have been provided.~~

The report concludes that if the reactor coolant
pumps are tripped prior to the reactor coolant
system pressure reaching 1250 psia, the resulting

|

.- ,

peak clad temperatures are less than or equal to
,

' those reported in the FSAR. In addition, it is

shown that there is a finite range of break sizes
and RCP trip times in all cases 10 minutes or
later, which will result.in PCT's in excess of
2200*F.as calculated with conservative Appendix K

!

model.s. The operator in any event would have at ,

I"

least 10 minutes to trip the RCP's following a
small break LOCA, especially in light of the con-
servatisms in the calculations. This is appropri- |

i ate for manual rather than automatic action, based
on the guidelines for termination of RCP operation
presented in WCAP-9600.

:

Item 3
,

The Westinghouse Owners' Group has developed
{ guidelines which were submitted to the NRC in ,

'

Section 6 and Appendix A of WCAP 9600. The analy- |
|ses provided as the response to Item 2 are con- )sistent with the guidelines in WCAP 9600. No
|i changes to these guidelines are needed for both '

LOCA and non-LOCA transients.

Item 4

The Owners' Group effort to revise emergency
procedures covers many issues, including operation
of the Reactor Coolant Pumps. The action taken in
response to item 1 is sufficient as an interim
measure in regards to these pumps. The expected
schedule for revising the LOCA, steamline break
and steam generator tube rupture emergency pro-
cedures is the following:

Mid-October: Guidelines which have been reviewed
by the NRC will be provided to each
utility. Appropriate utility
personnel associated with writing I

procedures will meet with the (
Owners' Group Subcommittee on |

'

Procedures and Westinghouse to pro-
r-
(' vide the background for revising

1

their emergency procedures.

|

.
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-3- 8-29-79
Boyce E. Grier, Director{

* 1 to 2 months Plant specific procedures will be
from: Mid- revised.

--

October.-

1 to'4 months Revised procedures will be imple-
from: Mid- mented and operators trained..

*

October
..

Analyses related to inadequate core cooling and de-Item 5
finition of conditions under which a restart ofthe RCP's should be attempted will be performed.
Resolution of the requirements for the analyses
and an' acceptable schedule for providing the
analyses and guidelines and procedures resulting
from the analyses will be arrived at between the
Westinghouse owners' Group and the NRC staff.

I,ong Term Actions
As discussed in our response to short-term item 2,
we do not believe that automatic tripping of the
RCP's is a required function based on the analyses
that have been performed and the guidelines that

Wehave been developed for manual RCP tripping.
propose that this item be discussed with the NRC
staff following their review of the owners' Group
submittal.

If you have any further questions on this matter we will be
pleased to discuss them with you.

Sincerely

g/h
@V

\4g?
.

.hs

* CC: Director, office of Inspection5
and Enforcement
USNRC
Washington, DC 20555

|

Director, Office of Nuclear Reactor Regulation
USNRC

h Washington, DC 20555

-- -- - - --
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( Part 12

TESTS AND PERFORMANCE-

AC FRACTIONAL- AND INTEGRAL-HORSEPOWER
MOTORS

MG 1-12.30 Test Methods B. Locrso-noron TongUs or FRACT!oNA1.-
Honsarowsa Morons

Tests to determine performance characteristics
shall be made in accordance with the following: The locked rotor torque of single-phase,th ratedgeneral.

.

pu ose frachonal. horsepower motors, wi
vo tage and frequency applied, shall be not less

1. For single phase motors-IEEE Std 114, than the following-
.

Test Procedure for Single-phase induction
Motors.

2. For polyphase induction motors-IEEE y,,,,, ,,, , , , , , , , ,Std 112, Test Procedure for Polyphase
Induction Motors and Generators. sy;|,y,, ,y, j|,,

* *'

!!NEMA Standard 7 71965. Up 34 17 2450 8415 9

% 24 32 29 39.. ..

H 15 33 43 18 39 51
M 21 46 59 25 55 70

MG 112.30.a Perforrnance Characteristics M 26 57 73 31 69 88
H 37 85 100 44 102 120

When performance characteristics are provided. M 50 119 60 143... ...
they should be expressed as follows: 1 61 73C ... .. ... ...

1. Current in amperes or percent of rated
current.

2. Torque in pound feet, pound inches, ounce- C. Locrso noton ToRQUs oF INTEGRAL-
feet, ounce-inches or percent of full. load HoRsEPoW11R MOTORS

" * ' .
3. Output in horsepower or percent of rated The locked-rotor torque of single phase general.

horsepower. purpose integral horsepower motors, with rated
Voltage and frequency applied, shall be not less

4. S ed in revolub.ons per minute or percent than the following:
o synchronous speed.

5. Efficiency in percent.
6. Power factor in percent. utnimum,t g ryor Tocqu..
7. Voltage in volts or percent of rated voltage.
8. Input power in watts or kilowatts. Hp het 1360

g gsg==gayd. ner should be la seconisse. wa tso N 8.0... ...

1 9.0 9.5...

Authorited Engineering Information 5 12 1975. 1H 4.5 12.5 13.0
2 5.5 16.0 16.0
3 7.5 22.0 23.0
5 11.0 33.0 ...

''

MG 1-12.31 Torque Characteristics of
Single phase General purpose
Induction Motors D. PU.L UP ToRQUs or

INTBoRAI, HoRSEFOWER MoronsA. BREAKDOWN Tongus

, The breakdown torque of general purpose The pull up torque of single. phase general pur-
stngle-phase fractional and integral horsepower pose alternating-current integral horsepower mo-
inducuon motors shall be the hi ber figure in each tors, with rated voltage and frequency applied,( torque range as given in the tab e in MG 110.33. shall be not less than the rated lond torque.

,

| subject to tolerances in manufacturing and all NEMA Standard il.111948. revised 6 241949. 5-17
other condibons given in MG 1 10.33. 1953; 11 11 1965: 11 16-1967.

I
|

|
...
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i

MG 1-12.32 Locked rotor Current of Single- '
c ,,,,,,,,,, o,,,, ,,phase Fractional horsepower Hp Current. Arnpere.' Le t t.r.

Motors M 20 B, D
A.*'''The locked rotor current of 60 hertz, M 25 B, D

single, phase motors shall not exceed the values 1 30 B, D
given in the following table: 1H 40 B, D

2 50 B, D
. 4 ,6. AND 8 POLE. 6e HERTZ MOTORS. sINGI,E PHASE 3 64 B,C,D

1,ocke4 rotor Current. Amper 5 92 B,C,D
tis voir. 22e voir. 7H 127 B,C,D

10 162 B.C,D
Hp $ d U8 7 '' 15 232 B,C,D

*

"O 200 B'C DH and smaller 50 20 25 12

B', C'', D25 365M 50 26 25 15
30 435 BCDH 50 31 25 18 40 SSO B,C,DH 50 45 25 25 50 725 B,C,D% 61 35.. ..
60 870 B,C,D

1 80 45.. ..
75 1085 B,C,D

100 1450 B,C,D
B. The locked rotor currents of single phase 125 1815 B,C,D

general purpose fractional horsepower motors 150 2170 B,C.D
shall not exceed the values for Design N motors. 200 2900 B, C

NEMA Standard 10 29 1943 revised 11 14 1957; 250 3650 B
5 21 1962: 11 12 1964; 11 21 1968. 300 4400 B

MG 1 12.33 Locked rotor Current of Single. 350 5100 B
phase Integral horsepower 400 5800 B
Motors, Designs L and M 450 6500 B

500 7250 B
The locked rotor current of single phase, 60-

3 , % ,,,, ,, ,,,,,,,, ,,,,,,,,,,,,g ,,,,,,,,,,,,,,,,,,,hertz, Design L and M motors of all types, when 230 voic. .a.ii n. i.v., .iy propors,...i i. is. voie..... i
measured with rated voltage and frequency im- Sunested Standard for Future Design 7 71965, re-pressed and with the rotor locked, shall not ex- vised g.20 1966; 11 17 1966, NEMA Standard 1121-
ceed the following values: 1968.

Lock.4.reeor Curr. c. Asop.r.. MG 1 12.35 Locked rotor Current of 3-
pi,x phase 50 hertz Integral-

D ian L wetore uoier. horsepower Squirrel cage_

tip tis voic. 22e voii. 22e veri. Induction Motors Rated at
380 Volts

P2 45 25 ..

N 61 35 The locked rotor current of single speed, 3...

P ase, constant speed induction motors rated ath1 80 45 ...

1H 50 40 3S0 volts, when measured with rated voltage and..

2 65 50 frequency impressed and with rotor locked, shall..

3 90 70 not exceed the values shown in Table 121...

5 135 100 NEMA Standard 11 21 1968, revised 7 16 1969...

7H 200 150.

10 260 200 MG 1-12.36 Torque Characteristics of Poly-..

15 390 300 phase Fractional horsepower..

20 520 400 Motors..

NEMA Standard 8 71947; revised 1 23 1951; 11 21 The breakdown torque of a general purpose
1968 polyphase squirrel cage fractional borsecewer mo.

. tor, with rated voltage and frequency applied,
MG 1-12.34 Locked rotor Current of 3- shall be not less than 140 percent of the break- 6[o

phase 60 hertz Integral- down torque of a single phase general purpose
horsepower SquirTel cage In- fractional horsepower motor of the same horse-
d, etion Motors Rated at 230 power and speed rating given in MG 112.31.

. LEof.I b'or.y, poweroI ' .'et o. . t r.<!
r,,b,r|. ors th,Yo isggrg|s,.;,g7,qgj

l rph i.

The locked rotor current of s.mgle speed, 3- y|,s,p,,p h ,= oyg ,, H ,t,dg=0.i.re n.....u. r... .. n.,.ci ri ne.. r.o.i rer r.u. . .ne.

,

phase, constant speed induct,on motors rated at n., )i

230 volts, when measured with rated voltage and ***hd"=='''"'8'****""''*''**d'

frequency impressed and with rotor locked, shall NEM A Standard 6 4i1N8. revised 6 24 lN9: 11 13
not exceed the folbwing values: 1969.
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TESTS AND PERFORMANCE-AC
PART 12, P AGE 7

TABLE 12-1 (SEE MG 112.35)

urr a Deelta urrent Design

HP Amperese Letters Hp Am peree' Letters
,_

1 or less 20 B, D 30 289 B,C,D

1H 27 B, D 40 '387 B,C,D

2 34 B, D 50 482 B,C,D

3 43 B,C,D 60 578 B,C,D

5 61 B,C,D 75 722 B,C,D

7H 84 B,C,D 100 965 B,C,D

10 107 B,C,D 125 1207 B,C,D

15 154 B,C,D 150 1441 B,C,D

20 194 B,C,D 200 1927 B, C

25 243 B,C,D

esbe i.emea.cos., corre.t or tore 4esis.e4 r , votus. .ther in.. sso v.iu . mart be inver.ea proporti. i to the vettases.r

MG 1-12.37 Locked rotor Torque of Single speed Polyphase Squirre! cage Integral horse-
power Motors with Continuous Ratings

A. The locked-rotor torque of Design A and B,60- and 50-hertz. single speed, polyphase squirrel cage i

motors, with rated voltage and frequency applied, shall be in accordance with the following values which
are expressed in percent of fullload torque and represent the upper limit of the range of application for
these motors. For applications involving higher torque requirements, see the locked rotor torque values
for Design C and D motors.'

' Synchr.o.ua Speed. Rpm

64 herts 3444 1844 1394 944 734 440 Sl4

Hp 54 berts 3644 1500 feet 754 .

H 140 140 115 110
... .. ...

8f 175 lb5 135 115 110
... ...

1 27 5 170 135 135 115 110
...

1H 175 250 165 130 130 115 110

2 170 235 160 130 125 115 110 1

3 160 215 155 130 125 115 110

5 150 185 150 130 125 115 110

7H 140 175 150 125 120 115 110

10 135 165 150 125 120 115 110

15 130 160 140 125 120 115 110

20 130 150 135 125 120 115 110

25 130 150 135 125 120 115 110

30 130 150 135 125 120 115 110

40- 125 140 135 125 120 115 110

50 120 140 135 125 120 115 110

60 120 140 135 125 120 115 110

75 105 140 135 125 120 115 110

100 105 125 125 125 120 115 110

125 100 110 125 120 115 115 110

150 100 110 120 120 115 115 ...

200 100 100 120 120 115 ... ..

250 70 80 100 100 .. ... ..

300 70 80 100 ... ... ... ..

350 70 80 100 ... .. ..

400 70 80 ... .. .. ... ..

i 450 70 80 ... ... ... ... ...

500 70 80 .. . .. . ...
,

(Continued)
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B. The locked rotor torque of Design C,60- and 50 hertz, single speed, polyphase squirrel-cage motors, '

with rated voltage and frequency applied, shall be in accordance with the following values which are
expressed in percent of full load torque and represent the upper limit of the range of application for these
motory

Synchronous Speed. Apm

64 berts 1849 1294 900

Hp Se her's 1544 1940 754

3 250 225...

5 250 250 225 )
7.5 250 225 200 1

10 250 225 200 i

15 225 200 200
20-200, inclusive 200 200 200

4

C. The !ocked rotor torque of Design D,60 and 50-hertz,4,6- and 8 pole, single speed, polyphase
squirrel cage motors rated 150 horsepower and smaller, with rated voltage and frequency applied, shall be 1

275 percent, expressed in percent of fullload torque, which represents the upper limit of application for
these motors.

NEMA Standard 8 7 1947, revised 6-24 1949; 11 17 1955; 11 17 1966; 7-16 1969. j

!

|
MG l 12.38 Breakdown Torque of Single speed Polyphase Squirrel cage Integral horsepower :

Motors with Continuous Ratings |

A. The breakdown totque of Design A* and B,60 and 50-hertz, single speed, polyphase squirrel-cage i

motors, with rated voltage and frequency applied, shall be in accordance with the following values which 1

are expressed in percent of fullload torque and represent the upper limit of the range of application for
these motors:

1

Synchronous Speed. Rpm e

64 bests 3696 1860 1200 900 720 660 514

HP 54 herts 3000 1500 1990 750 . .

,

. ... 225 200 200 200 |H
M 275 220 200 200 200 ). ...

1 300 205 215 200 200 200...

1H 250 250 250 210 200 200 200
2 240 270 240 210 200 200 200
3 230 250 230 205 200 200 200

1
5 215 225 215 205 200 200 200
7H 200 215 205 200 200 200 200

10-125, inclusive 200 000 200 200 200 200 200
150 200 200 200 000 200 200
000 Q 200 200 200 200 200 . ..

250 .% ---175 175 175 175
300-350 175 175 175 . . .

400-500. inclusive 175 175 . ... .. ... ..

* Design A values are la encess of values shows above,

B. The breakdown torque of Design C,60 and 50-hertz, single speed, polyphase squirrel cage motors,
with rated voltage and frequency applied, shall be in accordance with the following values which are
expressed in percent of full load torque and represent the upper limit of the range of application for these
motors:

Synchronous Speed. Rpm

60 herts 1940 1200 964 |
Hp 54 hert: 1500 1000 754

|3 225 200...

5 200 200 200 ) 1

7H-200, inclusive 190 190 190 8 |

NEMA Standard 1 06 1948, revised 6-24 1949; 11 17 1955; 11 17 1966; 7 16 1969.

..

+ 2.-
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IPart 20,

LARGE APPARATUS-INDUCTION MOTORS*

RATINGS
-

MG 1-20.05 Basis of Rating B. CONSTANT Tongus |

Induction motors covered by this Part 20 shall The horsepower rating for the highest rated )be rated on a continuous-duty basis unless other- speed shall be selected from MG 120.10. The I

wise specified. The output rating shall be ex- horsepower rating for each lower speed shall be I
pressed in horsepower available at the shaft at a determined by multiplying the horsepower rating
specified speed, frequency and voltage. at the highest speed by the ratio of the lower syn. 1

NEMA Standard 5 20 1974. chronous speed to the highest synchronous speed.

C. VARIABI.s TongusMG 120.10 Horsepower and Speed Ratings

I,lorsepower ratings and synchronous speed The horsepower rating for the highest rated
ratings shall be as follows: speed shall be selected from MG 1-20.10. The

horsepower rating for each lower speed shall be
determined by multiplying the horsepower rating" ' " * " * * *
at the highest speed by the square of the ratio of

100 600 2500 9000 19000 45000 the lower synchronous speed to the highest syn-
125 700 3000 10000 20000 50000 chronous speed.
150 800 3500 11000 22500 55000 NEMA Standard 7 11 1974. |200 900 4000 12000 25000 60000 '

250 1000 4500 13000 27500 65000 MG 1-20.11 Voltages300 1250 5000 14000 30000 70000
350 1500 5500 15000 32500 75000 Voltages shall be 200, 230, 460, 575, 2300, 4000,

t 400 1750 6000 16000 35000 80000 4600,6600 and 13200 volts. These voltage ratings
450 2000 7000 17000 37500 90000 apply to 60-hertz circuits only.

i500 2250 8000 18000 40000 100000 xors- a. . ,ruti : i. 6.c4 . .r. or . nor .er r.ii... ifor .Al ei these volta,es. j
NEMA Standard 11151956, revised 7-131967; 716- '

1969.
er=ar... sp"*'"a.ct ," ' ' ' " *

MG 1-20.12 Frequencies
3600 720 400 277
1800 600 360 257 The frequencies shall be 50' and 60 hertz.
1200 51' 327 240 ' ' ' " " ' " ' -
900 450 300 225 NEMA Standard 5 17 1955

* At 60 beru. the speed. .re H .I the 60-herts . peed'
MG 1-20.13 Service Factor,83sg6. . pruuas i. 6.no .r. .e . mer.ep er r.ti.e.

. When operated at rated voltage and frequency,NEMA Standard 11 15-195t , revised 7 13-1967.
mduction motors covered by this Part 20 and hav-
ing a rated temperature rise in accordance with

MG 120.10.a Horsepower Ratings of MG 1-20.40 shall have a service factor of 1.0.
Multispeed Motors NEM A Standard 7 13 1967,

The horsepower ratings of multispeed motors In those applications requiring an overload
shall be selected as follows: capacity, the use of a higher horsepower rating as

given in MG 120.10 is recommended to avoid ex.
A. CONSTANT Hoastrowsa ceeding the temperature rises for the class of insu-

lation used and to provide adequate torque capac-
The horsepower rating for each rated speed ity.

shall be selected from MG 120.10. Authorized Engineering information 5-24 1960.

,<
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P ART 20, PACE 2 LARGE APPAR ATUS-INDt'CTION MOTORS

TESTS AND PERFORMANCE

MG120.40 Temperature Rise

The observable temperature rise under rated load conditions of each of the various parts of the induc-
tion motor, above the temperature of the cooling air, shall not exceed the values given in the following
table. The temperature of the cooling air * is the temperature of the external air as it enters the ventilating
openings of the machines and the temperature rises given in the table are based on a maximum temperature
or 40*C for this external air. Temperatures shall be determined in accordance with the latest revision of
IEEE Std 112, Test Procedurefor Polyphase Induction Motors and Generators.

Tempersture Iues, Deareas C

Tempere sure Clase of Imeulation System
itsen hiaebiae Part Deterensmation A a F H

1 Insulated windings
a. All horsepower ratings Resistance 60 80 105 125

b. 1500 horsepower andless Embedded detectort 70 90 115 140

c. Over 1500 horsepower
(1) 7000 volts and less Embedded detectort 65 85 110 135

(2) Over 7000 volts Embedded detectort 60 80 105 125

2 Cores, squirrel-cage windings and mechanical parts, such as collector rings and brushes, may
attain such temperatures as will not injure the machine in any respect.

* For totallreacloemd water air-cooled mactimes. the temperature of the cooling air is the temperature of the air leavies the coolers. see Note I

t Embedded detectors are located wit'alo the slot of the machine and eso be either resistance elements or thermoeouples. For motore equiisped
with sabedded detectors. that methad shall be used to demonstrate conformity enth the standard.

NoTT l-Toisily4nclosed water.auvoosed machmes are normally designed for the manimum eachne water temperature encoumered at the locanon where ensh machme is
to be mstahed. *nk a sootmg ester temperature not exceedmg thaa for which the machme is dentsned:

a. On machines designed for cootme mater temperasures up to 30*C-the temperature of the air lesvms the coolers shall not eseced 40*C.
Ib. On machmes demaned for hsgher ecoling ester temperatures-the tempesature of the air leanng the cooters may escoed 40'C provided the temperature rises of the '

machme parts are then lanused to values nens than those gnen to the taWe by the number of esgrees that the tempersiure of the a6r leenag the soo6ers eaceeds 40T.

NOTE Il-For moiors which operate under prevashne baromeine pressure and which are designed not to exceed the steeified temperature nie at altitudes from 1100 feet |
0000 meters) to 130t10 feet H000 metern. the temperature mes. as chested by tests at los altuudes. shall be less than those Insted sa the foregoing taale Dy i percent of the ]

specined temperasure not for each 330 feet 000 meters) of alinude m excess of 3J00 feet 0000 meters).

Sussested Standard for Future Design 5 2&l960, fevised 11 151962. NEMA Standard 11 11 1965, revised 8-20 1966; 7 16 l % 9;
11 8 1973.
NOTE Ill-Temperature nses a the foregoms tabte are based soon a referense ambount tanpersture of 40*C. Hoovver 6 u recognised that inductre motors may be
required so opersia an an amesent temperature higher than 40*C. For succesful operatton of the motors la amtnent temperatures hadher than 40*C. It a recommended that
the teniperature nses of the motors twen in the foregoing tatie be reduced. as mdicated below, for the ranges of amburnt tempersture spen. (Escapuon-for totally 4nclosed
weier.asr<cceed machmes. see NOTE 11

Values by erhich Temperetpre Rhes
Ambient Temperature, la the Foregoing Table bhould be Reduced,

Degrees C Degrees C

Above 40 up to and including 50 10
Above 50 up to and including 60 20 |

Authorized Engineering Inforrnation 5-241960; fevised 11 8 1973.
.

1

1

MG 120A1 Torques
The torques *, with rated voltage and frequency applied, shall be not less than the following:

Percent of Rated
Torques * Full. load Torque

Locked rotor 60
Pull up 60
Breakdown 175

In addition, the developed torque at any speed up to that at which breakdown torque occurs, with
rated voltage and frequency applied, shall be at least 1.3 times the torque obtained from a curve that
varies as the square of ?he speed and is equal to 100 percent of rated full-load torque at rated speed.

| e see F rt i for dea.iu
NEMA Standard 11 15-1962, revised 11 12 1970; 5 12 1975.

|

!



|

,
-

'

. . . . ..

y- bh
. . _

l 'o's <,
,- m r.,

m. 7. > , J P ' .~~~r i'n.; .

, '. . |, . c. . y y a 0. ~.q.L,. . . 2. ~. .
- m, , . _ . , , ,- . ., , . . ; - . , . .

-.,

w.;q . m. .. .n::. q w,.
.

v...
. ; ~- ' . . . . -

.~

, ., . . . .' vt :.2. - - 7.:n , .:. .

, .: ~
.

. ~. .

..
,. . , , . .

' G ,.3.***. f n } g . . .,.tu.p. .w$. 'j:.,ci |h, m..,
s. . .

.. .. .. g.

. u ,.g, , m,y.y -z. ,,. ; , , ; ,,., g' , ..' ;*T| % \. .
.

.

: ..m .,. .,77-
., .. , . .. . ,

.
.
s. .

. ~. . ,.

. .y . _ . . _ ..f
. ~. q o; f,.'v* pjy.1f.: w.~.N. , d },7'_ .f ; e

.

)

(,Q. s. y. - n,s. .
m.. ~.- wn. . .- ..- y, m. ,. . - .a .~ <

, ..,., . ,
. .

..:.

. , y,, . . . . _ . . .

q.~i. %;;&,f:. , ' Q %. ,. ,Qy; , ;W2, _,. ,.O,o. ~a , . . . . .
. .- .s.. . , . . . . , ...w .- .. .

.. .,'p... ., ., .y.
n -, zw . . .,-- .n . . . . . , , _ -y . . ~

. .. -.m.,. , i../ r ,. 2, .. r 't. . t . ;,. t :. m. : ..w..-.. -
.

-

e .. ,. ....,..# s . . . .. :e.,:. : * .

. f. -g.:. . Q r ['...''*',.: -. ,

, s..~ . ... . %

. ^ g. . > ' --
g

: * ,
,W .: ....v; m .x .. ~,.c.-

a i . . w . a ., m, , I r {* .m, < c. ** > . ?, d . - .. ,. : u .
~

.4 - ,,c . .. ~._J.,. .' -

*_
.b . ..

* * Q* ' ' ' r $ .[ [,. [, Q .h[ [;
..

* , ,P'. .. % . . b *j. e*.T%y';.,i.,'L.1*,',''. . ,, w N. -*. ,
./+ '

. - 1 e.
*

*' *
.,,a,,. v . ..- .u/

--

. as, ,. , . ;.
c., a 3.

.. 2 ._, .,
-. ,

. . .m .,w. m EfD..e h 7,. . u :..e , ...e. - ,m ,.. .

.J, i ,,w., vm ,. . , u_1 1 .' .--.,.m.... . . . , e.
_r m n.. , ; % .,a. . . . . ., . . e;,

_
s- , . _ .

.

4
1 .,'

-s . . t,, e ; ., 3 8 7 4 2 2 0 GENEAAL ELECTRIC CDe- 69A 10908 4 W jf.03 |r .3-J4&. .. '.,,,4.

% . e # moeuawm moxnonoms-nan was
,. . . -

T' J.,.l
' ' "

322
J ~ ,, 4 MA8E* N M W AAF
Oi#

. J' '
.ay .)

~| O'
'

Type K Standard Motor Dato' %* Hc1.

(el " " Dripproof end Tetelly Emleeed Feewooled'

gae {'j
i

C- OPERATNG CHARACTERISTICS 1

.h. 0 ': :%T 8. f
'

i %
NEMA Dodgn B,40 Herts,460 Yeht, Normel leerdrig Torque, Cernmes,40C Asnbiess .$ ' 4

. " .
. e ,,e - a *

.' -
y, s see need e aos seen ,., e , e *;''

( he Wahe e.mA
f",. :s , m ** a e e, ,a

esa. g$ es~~ ~ *'*~'* * **~' m *=~=~= '

i
4 72, C,,,3,

- 6- * w

. .. 1' '-
,, .

(. . *' I e,- .
- . ?'

8'**' is.ete m gp p
**''8.* og g. g. pg g g. ,e 5 lb S4 9

.

5e saw inw w w =* w w i.w w w w w
a e _ ___.

68J_ __F3J
_ _==e_

mA ed egJ 3eJ and ; "* 1

s se mac ;, . ,).L ' ' . f a g beies t hee tJe tJe 14J F &As 478 SP8 F3J Fla FIA e&J 60J. 4 , i .

"w,' _ 4
" '

b Ute 1 Pts if t# i4A se 1.ar t 971 See Pu PlJ WA Fu F1J GP A Pg 4 edJ ggJ Ftj m3 gj b-! e t ese e le GA is laA e eat ! Ife 364 Pts FlJ eu F3A F4J eh8 MA WJ ma and NJ es *?
*

87"'
haA3 Sais J 33 ou e SE SP9 90s PaA Plj Fi J PaA Fu PlJ esA pu e6J eu FtJ eaJ 'y' )

O N* sF re sF ae is nas e a hn
S48

ee tan na FsA 79 . ne Psd 91 3 es e tsa un ma rt.,e en d ( ,*j ines lies &A 44 saa e &#9 *
Sao 74J F8J Fi A 76J F9J Pld FaJ MA gas ptJ ead Gad

.,

* *I,[ e. , n . . . . ue = .. ~ ,o , . . ~ ,o m e. , .. .e , es , m, m 4

"' >
t F r$ i ry l ll 95 8 l Fil 87 Gi a Fue.ss 3.9 F.e.l o

se a FaJ Pla t sJ eu us Fu au es a #, nu nu u u na i i.e = e Fu nJ ru nJ ru Fu = au ru m, m, [ )7' e 94.8e ines 4J 4A 33 4 e us les No Pts MA Pu Pt3 Pl.3 e&A es t eeJ pas su A MJ eos | . , 1
4 67u arts de aA als e a rF pas s ee mJ Fe d 74J mA Fe d PaJ FlJ e4A Su PSJ ese SAJ 8

*
- ) i t es e les &A Sa &J e e i &A tu 3 38 Pu F4A Fe e Fe e Pts FA Pts pu yA 79 3 76,3 pA 3 3 ,p

Se es te te 79 PJ mA J FJ 000 til es e MS PFJ Pu na PLS st J Pu taJ ens FF A aJ - %5*
st ad IFas Pt P.4 mA e t84 i $8 999 el e en e 0* a mA sa Ua si Ps a MA et J Fad eaA * I's.TM

4
'

t hee Ilse est &i eha # $3A las $t8 PT A Ft.e PS A Ps 4 e#J 6d J Pe.J ,

**."'d'-
< 3det asse eA su eu e elJ Las See ed s te J Wa F9 4 Ps A PS A ' esa eS J FF A eks ete F4A 'A *J * '

3 eFJ eu 7tJ WA es,3 3 3 p ,

= , ( .i-d4
- stae I F aJ I4J lu 63 8 e 37J 179 til es A ti e es e WJ etJ esJ es a pas era taJ Pt J WJ A . .g fPnas nas ou su au a su ese ses ou mi eu ou su au osa pea 663 eid 743 eed j [a V'"-

t' V }*.' 19 ir va su nu m
mu mis eti tu cA = i u, n.e.its se au eu eu ma ers

LA mA su ru eu WJ su s s '

4 na sa su as ud uA me me eu me ru m au ru a v ~n.an iu iu ca ud in in me eu na eu ru eu na su eu ou Fu eu a.*4,q . 4 , 15 s,ue s.eA. and. a. .st A e.se
esos tiu see esa eu ea s me ens "*'.Y *

eaa.e.aA
we ma eu eaA sado i,o eu . m 4, sn o . = eu eu uJ f .n.u .eu eu, e4 m su au eu au .u e

u J eu au m ,o e i -s
%. * ?

.
on nFs su au A e m i. age mA me mA A e u., 43.m.,- ' ' " "
s&as as te esA MJ 6dia e 79 4 180 988 Fa Wa es e e64 ela ela seJ alJ PSA Ma et.4 esA

-

e 4 N fJ w n.,T :
* * Itr16 iFts esJ tid issa O te f t ee pes LGP J 4F J WJ WJ esJ eu es e ma paA su as pmA .

|es~n un on mt ou seu o es su = as ed mA me ru ma et A ru me eid ru rA - i.,
'

|

)
_mM. .,v .. , 25 h.,ees a. ,pe 3ke SSA

.t m J
G LA Its See Wa EA

.ALA NA.
.8 J US WJ =J FfJ eta see

"
-

S '\"M .I
ee nJ :o i.u n.ena e ,ee .u u.

e e = mA m,
eu. . ,A na eu ou = =

.A = . .a na mA .A..- J e,e u . ou . . .a eu eu os eu .. . !. .. o se . . .

- U|%' ' I
. * * > % .~ . Y.' .

asse ues naa 64 , etts e au ise Dee ya ya ens eaJ eu 6eJ me as s Fm ou taA su F3 a L
|N sFu i Pee RF A taA feFJ G se t ite Pee sea esA caJ se s er J WJ seJ es.3 pa esa pa BA PJ 4

' ' .' .

..M' s iFo nFe su asi serJ o is4J ise see su au eu mA wa es e4 red pte su eu tas se se'

. ea. ,j 40 an&W 46. A,
, tote af SeaA S 90 J 0 00 See eae MA eta etJ

.e&J
MJ me ya ma 913 ma E FJ es -

~ o un m ,eu . ou i = eu au eu ou u eu ou ou = A .3 u m - m -

n= un as cJ mie e m im = m m m eu =A as a me as as aA as =A ve w . . . .
-

.,..? N 177e IFn ou end asJ A S I47 A les See ssJ eeJ Os a flJ tiJ 9.J e&A PDA Pte esa eos paa es es [ ../.
.

*iM.' ~ = nu seas nA na usa g au i see =A ou mA su wa es eu m wJ eam eu wind i.m .m.e
*

ig -
,640 iFee ira. Fu rio euA7 o* = na m m eu na su au ry au =J eu w-

sees .ea, e.. .u .. . i, ,e. . . . . ., J ~ .. e. . e .e . =A m .e eu eJ .. ~ , , , ,I$ 1778 irse ti A seJ $444 4 2H a le 780 9t J 9BJ fl A fu 98 3 Ms MJ eeJ FL4 eLJ mJ Pu is e u1 .~
* ' " -

:
w: c' ,4 a. t. ne,, , egg ,,33 , ,9 3 pyg g g ies see see e,J ,, a esa c3 ,, a se s et J eaJ eaJ ePJ en s tu 18 es , -

\"'
,

lN IF ee iras n4A lira P34A $ PeaA its see MJ t1A 91A 9tJ 93 4 Gia eu eLJ PaJ eaJ mA PW m3 m r . *
.

*4
n

- III aaes 1.rw
sss sesA s ees ear s e less ese ses 98J ets esa caA ps MJ be te m, _ *"'e res iu s i4u ear s e esse sie ses eeJ m en s au mJ rF4 .se so gp.,

O (,*
. - - -

U ..,

J d# .sw spee a emune.ed - - , ases, pens (100 ese puso let.
I F%

g 4

4-
b.i *; y'LRecumesma.nde.d.e>-,saandard me,ecseer seeing (eummmer.

.

4'
. . , .

.4 - J

.s( J ;, e 3 ,seena, ees . =e= e.d m..ee d.e
-

-
a i 3 , . W y.e

. 'e,- .a eso.se, ,ede, se o em.,0 8 me= no,i, een - 6
M ' '

p+ g , - . w w e. ;., -c;

i, ; N.,e ,y
4 -: e

'3 *4 3, - . . in -). * ..

y' .

s, J. 'g ,a,

6

! [ 'f[ ijf ; ;I fg ' *
* 4 . . ..9a

{* v" m.

[. k% 7., .,

oa m.2 ., . _ m - . r, t ff :--
I 'i . i. 607

_d -

j, J ._.
~~

m .u. .+. -. ..A.~ .. . .. .. ~ ,

' pam"> ehemoed e estemd samme Aude 79. PfP9 aus==1 e -C ' ''" #8d"8 " 8'="8' ****# "'*" . :,
' '

'. Eve 6 M' Ses#Sa#'McE3 Yi=4 sot
' *x T #

98888 N I%8%I888i nt
i aua i. . , . e . o w .* * s

"

$
-- - -- -



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

.

.' '
; - -..

| 2,
-~ -- - . . . . ,

- ;, .
. _ , . . x. 1 m. ... u w. m_ . 2..., ..

u >

, . n

. w . .v ; .
. _ .w... c j. ,r v .o. , .~ m. ~ . . .r..e. ., . w -

, :. = . . .:_.7 ; , .. .:..
.

. - . .. g... e.,.~ . w. .<:a.. m . v . m. , m .=.:i: w = w <.

,
<v.. .a,~..~. . . .m ...,

<. ... m.;..+0 .rp.,7 m.a,,.. 3.,,ec, ,.,.. u,t
..

y . - s .u . . . , . .. . . -. .: . ..,

. . u ,,. e, . 4..h. c u .w. .. a, O,1. -.. . .,, .re. , , .-wq:
.

s .m . .e v .m-
.

.
-

. . .y ._...,a.,... <
.

.
,

,

,

s
. a .s,, .:...;.. ,.. . ,,:* .z. x. . ., . . p,. - . m. . , .,; . , .-. c.r ., :,.-

.

.
a

.
.

i

. . ; .. . . 7.'< * , : . w:, ,, r e r . -,,,.n,...,
.. .m .

-
>

. " n. -*.. a ,;.. n., g.w; , . .
"r > e

t.~._.,...,.,..ua
. __ s*.,, , , . . - w

.

.e ,. .c
,. . - " . .~

' J, $ .m .. . . x y,, .. . . .j I' ' '= '

.r.p*
,4..- .,. .- . .n. ..

.=.9 .. .:i ,,

. .a.
. 3.

..+ .w4..
' . . . ..

.[.-,a...'.'=.....
* * ..* ... . ... .. .. . , . . .

l.,.''."""*'....%.
, . .w . ..

- ...' ' * - , 1 7. "'"*'',e - - ~,' *2* - - *
. n ..-.

. , . - - . . ~ . , .- .

.

' " , , **-@'.

.."

I, n M . ) '
, CENERAL ELECTRIC CO, 69A 10906 JLf>W d,,J lh .

,-
.a.

; m W _. w, ....3874220 . q *',4' . ' "d

' *. .

j. . .,i

w: i Q. i,Ljy M, e.1.2 5 .. Q :, m i
..

h y[,p " e'y j,

: M( pl CHARAC, TER.IS. TIC.S f.# C |
- ,1

-
n a / ., - .,_ j MRP9RMANCE o ATA--Type K (NEMA design s) 8. phase, et Nu,

.

rw 2
.

,

, . ..> _

.y. .

.
__ .;

.P-%.;;. .,m; 3w.
9_ __v: ,,-?.- - . .'1 1

, .

{ i Q. '

' * - .
.

.-

, ,
-_

y .- , ., : c. . m y g.. . r ., '. } ,, -{
. ;

. , - . , , , n . , . .. . .
. .a- - ' "1 Q'u- N% .. . [

.

,

. $.
- -

', .N. . . , _ _ .-.A-1,.__ -

.e

u
ta m u ', .

, g n
- a- .

i, u,.n t u
m .

.u , . *ln so =,,. . ", ,..-..
u

5.., .o.
.

= 4,f 8 i ."
*

1,-
, .

n.u ia u u . . n ..f i

, .n !( m u.. I i . m$
n.n.

n ,.

.u *. u. w u u . u . E: v. m *, . .m iug n,. = u o in , .. og u.mn. m. , . , , .
'.- u . eu . . . . m -

,n,, ,t2., , . .,.
_

.< en

.

,,

4,,
nn i iu , ., m.u ,. u,n .. , , , , . . .ul nw u. u u iu , u. , . , . 22,

.. E. ; : s.. . , . .n,,,

n
.m. u ip i n. m,. me... u . :

l;. , i ,
.,n., o

.i . u.. I,. . , , , ,,,, , , , ,,,u - es g,, , , , , .,, ,., .,
. u u me fe. , , , , .... , , , u,

t,,, , , , , , .. u u u = .u ou n,,.,,
, ,

, , , . . L. , , ,'"

y'.:..
J.. _ < . ,. , . . , .

1% F,u. t,'.". bJ 3 R* 1E f'u: 1: es n. =u ya. n i.
* ,

=. = - (M.m - 4 , un .=. . =n. n. .

,
m au . m

i. ';; ';g 3: p"; =: g n;; ;g = ;;
. n . == u a = . u. i.

F,b.,n=!
i..

'

&. r . . f
.. t If tf lif ! !.=. "u' |'".f rs fmm a. . = . = . nu =

~

, ,a w =.,%
n.u. o u u m a. gs .i. "p ;i,. . ~ ~. , . on nu - ~W ~ _: ~ m., o u m ia m g*s u. n. ,, '. ,. , , n ,s .

= = ~ ~u . . n. ~s* = = -

. u. . . , , ..a ,m. ise .,m n.u.n. , .
,. , u u no.

u. m . ,,, .
-m. . ., . .n ,m n n.. ,, 4 . m. m =

...
m . .. m. . n n. en. n.. nu Ia

1,. 1
.. m =s n, ,. i. .=. . . , , u, " " "" '"' "

,.o. . # .
!.u. .

tas =m= .aw.i .a. . ."~ ".=.
= , m "" '"

, m.. .' u. . " = . .= -
M. . . .m

, , ,. ". . . .
, mim

. ,- ,., i m .

. . ....
. .. . m .. . nn no m. .- .. =c m4

'

rw .m..,,u,,.,. . . .
, .. . , , , .. = = = >= nu => + >~ t =4,-

.= 9.. .nu . ... . . . .u . , , . in
. 1n iso m.7

.u. a. . . . , ,L,. a. ,m,. .. . ,,,,. n. > . ,,, =, , . .. s u m ,m ,m .n n. .a . u. m = n,. i,. .. m.# , , , . ... .o Se E.t . ,, ., , . . . , , . , , . , .m. . n

n.!

. .u i == = =. =u ' =u .,.+ i= a. ,
, . . . ,, .,

.

4
. ,- psoo ,o,. m,,,, , , , . .

u. . ;3 . . , . ,
,

L
.. .n . , , , . ,, .. . .. .,, a, ,

, .. o
.u m4 .1 . . ,m,,,,. , , . , . m,... u . .u

. . . . ' . t is
,,+ n. ...- . , , . ,.m .a,n. =.. m.. ; 'u .a

o". = =
, . - see ,n,.,, ,6,.,,. ,.m. ,,u, .u. .}

- . .
.

.o . ,, .
n n d,.E. ., . ~.-

.:Q...
@'
"m. L,m;=!ni El ,l'1 i f.; n =. n. La.

. ..
1

,
I y,-3

.

.= e ==3 .

as m... ,au e, ! m.c ,o. ,.
= = ase Pn, m* == +- =*c s.,=.ob NS

+.t = m i, m..
v ., s.a, (': . m .m .v a .ma .-. - -

.
.

n n. ,n ,. ..u sua .
l .u. .m.

, .

e. M. 3 Seu . . . . ..# M f#8' g ,: .s,t hp. a .s A * ,A. m I*'[.- g ba
,

> y-m.' .
. 6 J 3. . 9J . O *# Oi.-..*

.= ase r= 3
.,"u,32 ,8, . i l.

, , ,

u,. ., us
n u,. . o

. ,1, u . .
3

, n sg : ia.. u, .., .n .. u . .csh.*\ o , ,. u ~ .

" f . ci-1 Type Kc, L M se Me (Detspreet)[- .,&.

. y" ", j*" b *{3 p.f-

.''= * (;y?*9.y/r'"" 1 ri'l ( ar-pk ''M ;
'sW , 9=n - " u g, * m,s + ' .s - . , .E %.. n. ,g , 3 , j ,,e . V *.yr.,,a ,,a, ;w "y

-- g,.* .. . . . ,

Tf- ~ m ,,,7 * 5
. . . , , '. .#I * ' ."di//bi.' )h'

.f -- ,
,-

" " . ~---..?.k2- * fg R '' *wy*, ,*

: . M. ' l . q - u~ 9 '- , - u 'a#,.*>i,Jh .r e,
'4 g m. . -<

g
g r, . u,, ., ,o. . n ,, .,4, 3,- s,. . .m

t ., .
t. .o.A |. . n

-. n .

m.,
a. ,

.t .3. A. , . , . n u.
,, , r,

3.a ..m..A.= .

. i.n.# a,, .. , 9 -
i. 3. . a

&,m u, # . M
p.d,

.< A g

. . , _ . ,. . .. .. _ m. ~,,-
,,

i.. .i ., , . , , .
. .. , ., . , . ..u .~ i

,m
_

., ,,
. , , ,. _

. , , . , .

;,,y,A.,.g -t- .=~
..

., . , , , . .
.m.,

. .. . ,.. ..m . ..
u. .m

. ,- . ,_, , m. e . , . , . ,- , , ,,
. . , , . , .,m . . u

,
i , .,,. ._o _ . . .

.
m

. ,

i. . . .

q%a ;r
, . .. . .-. . . . .i., , , . , . ,, . , .,_a. . . . . ,o_ _~~ , , , ,, .. , ,,. u , , , . .

.. , , , , m., : ,, a, , u m _

g% IS! !!!! E ! !!!!! 5 "

sin !!!!is I s s E E
-

.R i ,o w ~ w - 9m,e .
. ,,. , . - - = <. . . , _

e,m .. . . . _ _m
c h, iy

g.. u. .. . - . ~ , -
G m.w., a.a.a. . .

..g* . , s 1O 44 . . , , , , , , , , , , , , , , ,
,,

w.

. .e
h WP . 4.Ab g.y '

. .=p,.- *w, e
>fN e === -

,r. . n .Q-

h A}. ,D D
u-.

i M.E 4o A a --~---J L
-

! i RTM ,

: C- r .. . . i- .

-

- me e. m
~

mW * . k M ~ & 2 Y h. EGeh'b8ML ;Mk
,

'

-


