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SUMMARY: This examination report contains the results of the Operator
Licersing examinaticns administered at the Limerick Generating
Station on August 14 and 15, 1984. Written examinations were
administered to 12 candidates, and Oral/Simulator examinations were
administered to 5 candidates. 2 Reactor Operator candidates failed
the written examination, all other candidates passed all portions of
the examinations. No significant strengths or weaknesses were noted
from the examinations.



REPORT DETAILS

TYPE OF EXAMS: Tnitial _ X Replacement Requalification
EXAM RESULTS:
| RO | SRO | Inst. Cert | Fuel Handler |
| Pass/Fail | Pass/Fail | Pass/Fail | Pass/Fail |
| | | | |
| | | | |
[Written Exam | 4/2 | 6/0 | / | / l
| | | | =l |
| | | | | |
|Oral Exam | 2/0 | 1/0 | / | / |
| | | | | |
| | | | | |
|Simulator Exam| 3/0 | 1/0 | 1/0 | / |
| | | | | |
| | | | | i
|Overall | 5/2 | 6/0 | 1/0 | / |
| | | | | |
| | | | | |

1. CHIEF EXAMINER AT SITE:

2. OTHER EXAMINERS:

3. PERSONS EXAMINED

RO

. Berry

Forst
Kinyon-Samec
Landis
Robert .naw

. Tragemann

. Westermann

T-OOD$DZOX

David Lange, USNRC

John Berry, USNRC

Brian Hajek, USNRC Consultant

EREXNE

SRO

Barnshaw
Crosier
Romano
Russel
Shiendelman
Truax

INSTRUCTOR CERTIFICATION

J. Goodbred



Summary of generic strengths or deficiencies noted on oral exams:

No prominent strengths or deficiencies were noted on the oral exams.
Summary of generic strengths or deficiencies noted from grading of written
exams:

No generic weaknesses were noted on the written exams. As a group, the

SRO candidates did extremely well in sections seven (7) and eight (8) of
the written exam.

Comments on availability and candidate familiarization with plant
reference material:

A1l candidates were adequately familiar with the plant reference
material.

Comments on availability and candidate familiarization with plant design,

procedure, T. S. changes and LERs:

Most areas of the plant were easily accessible. The candidates'
familiarization with plant design was sufficient.

Comments on interface effectiveness with plant training staff and plant
operations staff during exam period.

The plant training staff and the operations staff were both cooperative
and helpful during the exam period.

Improvements noted in training programs as a result of prior operator
licensing examinations/suggestions, etc:

No suggestions concerning improvemerts in training programs were made by
the examiners.



'

Personnel Present at Exit Meeting:

NRC Personnel

John Berry, BWR Chief Examiner, USNRC, Region I

David Lange, BWR Examiner, USNRC, Region I

Brian Hajek, USNRC Consultant

David Lipinski, USNRC Resident Inspector, Millstone Units 1 and 2
Lynn Banavitch, BWR Examiner Trainee, USNRC, Region I

Facility Personnel

Richard Andrews Fred Grames
Edward Brohl Richard Helt
R. W. Bulmer Graham Leitch
John Doering Michael Martin
Ed Firth Joseph Murray

Summary of NRC Comments made at exit interview:

The examiners stated that all of the candidates who were administered the
oral and/or simulator examinations would be recommended a: clear passes.

The examiners noted that the candidates' performance during the simulator
examinations was generally very good, although the examiners noted a
generic weakness among the candidates in communications.

It was suggested that a second intercom phone be installed in the
simulator to allow examiners to listen to the candidates' instructions
and responses.

The examiners felt that some of the licensee employees were overly
sensitive during the exam reviews. They also suggested that more
operations staff personnel attend the exam reviews.

The next reexamination date was tentatively scheduled for November 19-20,
1984,

It was noted by the examiners that the LGS Security personnel followed
inconsistent procedures. For example, one group of examiners was allowed

access to the Diesel Generator Rooms without displaying any identification

other than an NRC hard hat. Another group had excessive difficulty in
getting into the Control Room.



10.

The examiners requested that the LGS Training staff provide the ON/OT
Ba'es and Annunciator cards for future exam preparation.

The examiners expressed their appreciation to the training staff members
for thei ccoperation during the examination period.

Summary of facility comments and commitments made at exit interview:

The training staff felt the examinations were fair and asked that the
results be determined as soon as possible.

The licensee agreed that another intercom phone should be installed in
the simulator.

Resolutions of the Philadelphia Electric Comments on the LGS Reactor
Operator Examination administered August 14, 1984.

Question No. Resolution

1.03a Accepted at review.

1.04 Accepted at review.

1.06.a.2 The answer key already stated any other
examples.

1.09 This answer w*s already in the key. Thi:

was pointed out during the exam review.

2.05.b The two parts of the suggested answer are
related and must be considered as such.
Thus only one answer is still required.

2.07.b Acknowledged in r view and graded
accordingly.

3.02.c This was accounted for during the exam.

4.01.a This comment was not implemented. Four out
of five of the candidates had the correct
interpretation.

4.02.b Operator action was not requested.



4.07.a. It is clearly stated that 0T-112 is being
considered.
4.09.c. Comment accepted.

A1l comments made on the SRO Examination during the exam review were accepted
and incorpc-ated during grading.

Attachment:

Written Examination(s) and Answer Key(s) (SRO/R0)



Us S+ NUCLEAF REGULATORY COMMISSION
SENIOR REACTOR O ERATOR LICENSE EXAMINATICN

Facility: LIMERICK 1

B e I ——

Reactor Type: EWR

Date Administered: 84/08/14

Examiner: BERRY, J.A.

APPLICANT L HASTER Loy

INSTRUCTIONS TO AFPFLICANT!

Use separate paper for the ancwers., Write answers on one side only.
Staple question sheet on top of the answer sheets. Foints for each
question are 1indicated in parentheses after the question. The passing
grade requires at least 70% in each category and & finsl grade of at
least 80X, Examination parers will be picked up six (&) hours after
the examination starts.

% OF
CATEGORY % OF APPLICANT'S CATEGORY
VALUE  TOTAL SCORE - UALUE’ CATEGORY
RO SRR T S. THEORY OF NUCLEAR FOWER PLANT
OPERATIONs, FLUIDSs AND
THERMODYNANICS
B O o TR L ot T 6. FLANT SYSTEMS DESICN, CONTROL:
AND INSTRUMENTATION
CEMENE )~ SRR, b oy L i R 7. FROCEDURES - NORMAL, AENORMAL
EMERGENCY AND RADIOLOGICAL
CONTROL
2 e
i S A= e R e R 8. ADMINISTRATIVE PROCEDURES,
CONDITIONSs AND LIMITATIONS
100,00  100.00 TOTALS
FINAL GRADE %

All work done on this examination is my own. I have neither
given nor received aid.,

———————————————— - ————————— -

AFFLICANT'S SIGNATURE



S. THEORY OF NUCLEAR POWER FLANT OFPERATIONs FLUIDS, AND FAGE 2

QUESTION S.01 (1.00)

Consider 2 real plant system (NON-IDEAL) with two pumps in
farallels one of which is running. The second pump is started,
System flow will be! (Choose the correct answer.) EXPLAIN YOUR
CHOICE.

2. double the originzl flow

b+ less than double the originzl flow

€+ greater than double the originzl flow

d+ the samei only the discharge head changes

QUESTION S.02 (3.00)

Fo =~ach of the followin3 eventss or changes in plant statusy state
whecther the change will bring the sysiem CLOSER TO» FARTHER FROM:» or
HAVE NO EFFECT ON the point at which the Reactor Recirculation Fumps
will cevitate., GIVE A BRIEF EXFLAINATION FOR EACH.

bl

8, Increase in reactor water lavel
be Loss of a feedwater heater

¢+ Increase in Recirculation Pump speed

QUESTION S.03 (3.00)

When the reactor is at full power and a feedwater controller mal-
function results in 3 loss of feedwater flows 2 reactor scram will
occur (due to low reactor water level) within a short period of time.
During the time period JUST PRIOR TO THE SCRAMy is reactor power
expected to INCREASE, DECREASE or REMAIN CONSTANT? Give TWO REASONS
for your answer.

QUESTION S.04 (3.,00)

A Boiling Water Reactor operates with three seperate THERMAL LIMITS.
List each of the three limits AND EXPLAIN the SPECIFIC heat transfer
related problem that the limit protects against.

(1.0)

(1.0)
(1.0)
(1.0)

(3.0)

(3.0)



S+« THEORY OF NUCLEAR POWER PLANT OPERATIONs FLUIDSs AND FAGE 3

QUESTION S.0S (2.00)

Since 3 Control Rod can absorb only those neutrons which thermalize
within one thermal diffusion length of the rods variations in the
thermal diffusion length will directly affect ROD WORTH. WHAT is the
singie most important factor zffecting 2 chsnge in THERMAL DIFFUSION

LENGTH,» and thus affecting ROD WORTH and HOW does it affect it ? (Z2.0)
QUESTION S.06 (2.,00)
2. What zre two causes of WATER HAMMER ? (1.0)
b« What are vwo things that could be done to prevent water hammer
events from occuring ? (1.0)
QUESTION S.,07 (2.50)

Using the sttached Fower to Flow Opersting Maps answer the
following!
8, Explain the transition point that Region 1 representssy and why

steady state operation cannot exist in this region. (1.0)
b+ What operating zone does Region 2 represent ? (0.,9)
€. What damage could be expected if operating in Region 3» and how
is this precluded and prevented ? £3% "
QUESTION S.08 (3:20)

For the following events, state the 1. INITIAL FOWER RESFONSE (Increaces
Decrease) and, 2. WHICH REACTIVITY COEFFICIENT IS RCSPONSIELEs AND WHY,
FOR THAT INITIAL RESFONSE.

a. Single MSIV Closure at 85% Fower. (1.0)
b+ Isolation of Extraction Steam to High Fressure Feedwater
Heaters at 10C%Z power. (1.,0)

c+ Control Rod drop at 1% power from full in to full out. (1,0)



S+ THECrY OF NUCLEAR FOWER FLANT OFERATION» FLUIDSs AND FAGE 4

QUESTION S.09 (3.00)

The End of Cycle Recirculation pump trip (EOC-RFT) system is an essential

safety supplement to the Reactor Frotection System.

&8+ What are the two most limiting events this system is designed for ?(1.5)

b Bazsed on these eventss what zctual physiczal phenomenon is involved and
how does tripping of the recirculation pumps aid in controlling this
phenomenor.? (1.5)

QUESTION S.10 (2.50)

With the reactor operating at 100% steady state conditionss there is

an inadvertant trip of one recirculation pump. What will be the .NITIAL
response of INDICATED REACTOR VESSEL LEVEL to this event and WHAT IS

THE REASON for thzt response ? (2.9)



6+ FPLANT SYSTEMS DESIGNs, CONTROLs AND INSTRUMENTATION FAGE S

T ———————————— - ——————— -~~~ -~

QUESTION 6.01 (3.00)

a. If the reactor is at operating pressures and all of the HCU's
are depressurizeds will the control rods be asble to be inserted
on 2 valid scram ignal? Why or why not? (1.5)

b+ During operation at rated conditions it is discovered that the
scram discharge volume (igh water level bypass switch has been
in the bypass position since startup. Could this have prevented
8 valid high instrument volume scram from occuring ? Explain. (1.5)

QUESTION 4&.02 (3.00)

. For each of the IRM (Intermediate Range Monitoring) range changes
belows provide the following!
- The indicated level on the NEW RANGE
- Any automatic actions initisted as 2 result of the indicated
level on the NEW RANGE. (3.,0)

&, Switching from range 4, reading 25» up to range 6.
b+ Switching from range é» reading 39» down to range 5,

QUESTION 6.03 (3.00)

Consider the Feedwater and Level Control System (FWLCS) and asssume
operation a3t 100% power in three elemert control. Explain what

will happen 1if one of the steam flow inputs is lost. Include in

your discussion why the various error signals are developed and

the subsequent results, (Specific milliamp or millivolt values

are not required.) Also indicate final results for reactor power:

steam flow (actuzl and indicated), feed flows and vessel level (in
reference to level setpoint). (3.0)

QUESTION 6.04 (3.50)

Consider the EHC (Electro-Hydraulic Control) System!: (An EHC logic

diagram is attached.)

2. The 'A' pressure regulator output FAILS HIGH TO 40 FSI, during
operation at 100X reactor power. (No operator action)

1, Will tte 'B' regulator take control? (Yes or No) (0.75)
2. What will happen to reactor power immediately following

the failure? (Increasse or decrease) (0.75)
3+ WHY will reactor power respond as indicated in part '2'? (0.75)
4. Will the reactor scram ? Why or Why not? (0.75)

b. What will occur if the "All Valves Closed® button is pushed
at 100X reactor power? Explain. (0,5)



6+ FLANT SYSTEMS DESIGN:, CONTROLs AND INSTRUMENTATION PAGE é

QUESTION 6.0% (3.00)

The reactor is osecating at 100% power when a@ small arez break occurs.
HFCI is out of services RCIC fails to start automatically and
cannot be started manually. All signals are present and valid for
auto blowdown system actustion except the timer has NOT timed out.
8+ The operator attempts to reset 3 VALID high drywell pressure
signal. Will the auto blowdown timer reset ? Explain (1.0)
b+ RCIC 15 now started and water level is raised to above the low-
low setpoint. HWhat effect does this have on auto blowdown
initiation if the timer HAS NOT timed out? If the timer HAS

timed out? Eriefly explain BOTH. (1.0)
c. If the 125 VDC Electrical Distribution System is lost

will suto blowdown occur ? EXPLAIN (1.0)
QUESTION 6.06 (3.00)

Following an auwto initiation of RCIC st 2 reactor pressure of 800 PSIG
reactor pressure decreases to 400 FPSIG. HOW ARE THE FOLLOWING FARAMETERS
AFFECTED (INCREASES, DECREASESs REMAINS CONSTANT) by the change in reactor
pressure? ERIEFLY EXFLAIN YOUR CHOICE.

(ASSUME the RCIC System is operating ss designed.)

a+ RCIC flow to the reactor., (1.,0)
b+ RCIC pump discharge head (assume NFPSH remains constant). (1.,0)
c+ RCIC turbine RFM. (1.,0)
QUESTION 4.07 (3.00)

The plant is operating 2t 100% power. APRM channels A and C

heve failed high. Instrument technicians are investigating

while you research Technical Specifications. A plant auxiliary

operator wants to shift . °S B power supply to its alternate

power supply for training. Would you let him? Explain why or

why not., Direct your answer toward system response instead of
admin.strative requirements. (2.0)



6+ FLANT SYSTEMS DESIGNs CONTROLs AND INSTRUMENTATION FAGE 7
QUESTION 4.08 (1.00)
If the "A" Emergency Service Water Fump control is transferred to the
Remote Shutdown Fanel ______ (Choose the correct answer below te complete
the sentence) (1.0)

8.

b

Coe

d.

the controls for the "A®" ESW Pump and valvess which are normally
supplied by Division I powers will now receive power from Div. III
control of the pump from the control room is bypasseds and it can
be operated only frum the Remote Thutdown Fanel.

opeartion and control of the pump from the control room is still
possible shouwid a LOCA signal be received.

end 8 LOCA signal is receivedy the pump will trip and will require
manual operator action for re-starting.

QUESTION 6.09 (2.50)
Will the loss of the 125VDC Electrical System affect the
operability of the Diesel Generators ? Explain. (2.95)

(NOTE! Do not consider Tech Spec operabilitys but rather whether
the DGs will operate as designed.)



7+ FROCEDURES - NORMAL+ AENORMALs» EMERGENCY AND

QUESTION 7.01 (3.50)
In regard to T-101s °*RFV Controls RC/Q» RC/L and RC/P":

8. What are the four (4) entry conditions of the procedure.

b. Step RC/F-5 of T-101 directs you to determine "...is any SRV
open or cycling?" MWhat are three indications you would use to
determine if an SRV was open or cycling.

RUESTION 7.02 (2.25)

In regard to GP-5+ "Power Operations®!

When increasing power with flows the procedure directs youw to

moniter the core after every power increasse by using a Frocess

Computer Request. For each of the following parameters from the

P=1 printouty explain what IT ACTUALLY MEANS.
1, CMFLPD less than or equal to 1.0 (0.,75)
2. CHFLCF less than or egqual to 1.0 (0.75)
3. CHWT less than or equal to 100 MLE/HR (0.75)

QUESTION 7.03 (1.7%5)

In regaid to Surveillance Test Frocedures in general!
@, What is the SIGNIFICANCE of procedural steps that are marked

with an a2sterisk (x)? (1.0
b« What ACTION 1s required if an asterisked item CANNOT be

successfully completed? (0.75)

QUESTION 7.04 (3.00)

*A plant shutdown or scram SHALL be initiated by any Senior Licensed
Operator or Licensed Operator whens.ss.e"s LIST THE THREE GENERAL
CONDITIONS that are given in LGS Admin. Frocedure A-7» 'Shift

Operations®. (3.00)




7+ FROCEDURES - NORMAL» AENORMALs EMERGENCY AND FAGE 9

QUEETION 7.0S (2.50)

@+ In accordance with the Limerick Generating Station Emergency Flan
Implementation Procedures» what are the EMERGENCY EXPOSURE GUIDELIMNES
for the following situsations!( WHOLE BODY ONLY)

1. Life Saving and Reduction of Injury {(0.5)

2+ Operation of Equipment to Mitigate arn Emergency (0.5)

3+ Frotection of Hezlth and Safety of the Public (0.5)

4, Other Emergency Activities (0.5)

S+ Reentry/Recovery Activities (0.5)
QUESTION 7.06 (3.00)

Concerning the General Fire Fighting Fr.cedure, SE-8!

8. If additional fire-fighting equipment and gersonnel are needed

to control 2 fire on-sitey WHO should be notified ? (1.0)
b+ Upon arrival of the assistance requested in part 'a's WHO is

responsible for control and direction of fire-fighting activities ?(1.0)
c. What are two locationss on-cite 2t Limericks, where you could go

to obtain portable fire-fighting equipmentsy and what would bde

available at these locations ? (EBE SFPECIFIC !) (1.0)

QUESTION 7.07 (3.00)

Concerning Administrative Frocedure A-3 (Procedures for Temporary
Changes to Approved Frocedures);

3+ What sre three (3) actions that the FROFOSER of the temporary

change shall be responsible for ? (1.,0)
b+ WHO can spprove temporary procedure changes on a back-shifts, and

HOW is this accomplished ? (1.0)
¢+ Can approval be made via telephone ? Explain. (0,95)

d. Under what condition(s) may unnecessary portions of procedures
be deleted WITHOUT 2 temporary change being generated ? (0.35)



-7+ PROCEDURES - NORMAL» AENORMAL» EMERGENCY AND FAGE 10

U5 BADTOLDGICAL COWTROL . . T

- —-———————————— - — -~

QUESTION 7.08 (3.00)

Concerning Frocedure SE-1s * FLANT SHUTDOWN FROM OUTSIDE THE CONTROL
ROOM *:

3. What are the immediate operator actions if the main control room
becomes uninhabitable ?(3 required) (1.35)
b+ For EACH of the following systems or componentss LIST THREE asutomatic
actionss interlockssy or trips which are defeated upon transfer of all
Remote Transfer switches to the Emergency Fosition ?

1. RCIC (0.7%5)
2+ RHRSHW (0.75!
GUESTION 7.09 (3.00)

Limerick Off-Normal Procedure ON-100 lists symptoms of a failed
Jet Pump., For each of the indications listed belows state what
would be the change in the parameter that would be indicative of =2
FAILED JET PUMP. (i.e. Increase/Decrease/No Change)

g. .Reactor Fower. - (Q.75)
be Indicated Core Flow. (0.75)
c+ Drive flow in the defective jet pump loop. (0.75)

o. Delta Fressure on the jet pump sharing @ riser with the failed
Jet pimp. (0.73)



8. ADMINISTRATIVE FROCEDURES, CONDITIONS, AND LIMITATIONS PAGE 11

QUESTION 8.01 (3.00)

X NOTE: USE THE ATTACHED SECTIONS OF THE TECHNICAL SPECIFICATIONS TO X
X ANSWER THE FOLLOWING QUESTION. FULLY REFERENCE ALL SECTIONS YOU USE «x

Mid-way through the 4FM to midnight shifty, you are informed that while
troubleshooting an EHC problem the Instrument Technicians discovered

that the Eypass Vslve Control Unit on the EHC System is INOFs and the
demand signal for the Bypass Valves is locked-in 2t ZERO demand. They
estimate that it will tske until tommorrow to repair the circuitry.

The plant is presently operating at 80% power with direction from the
Station Superintendent to increase power to 100% at 20MW thermal/hour.

In sccordance with the Technical Specificationss what action(s) are

youw required to take ? (3.0)

QUESTION 8.02 (3.00)

In sccordance with the Technical Specificati: ss the reactor

was scrammed due to Suppressicn Chamber water temperature being

greater than 110 degrees F, The reactor is riow in HOT SHUTDOWN:
Suppression Fool Cooling is ONy» and Suppression Chamber water

temperature is 98 degrees F. °~ CAN YOU STARTUF THE REACTOR AND ENTER
OPERATIONAL CONDITION 2. EXPLAIN YOUR ANSWER FULLY. (3.0)

QUESTION 8.03 (3.00)

In accordence with the Limerick Generating Station Technical
Specificationss define the following terms:

a2+ Cperable (1.0
b+ Shutdown Margin (1.,0)
¢+ Limiting Contrecl Rod Fattern (1.0)
QUESTION 8.04 (2,50)

Section 3.4 of Technical Specifications provides guidance for Limiting
Conditions for Operation concerning inoperable control rods. One specific
action statement says "With more than eight (8) control rods iroperable

be in at least hot shutdown within 12 hours®, If an adzquate shutdown
margin can still be masintaineds what is the bases for this action state-
ment ? (2.5)



8., ADMINISTRATIVE FROCEDURES, CONDITIONS, AND LIMITATIONS FAGE 12

QUESTION 8.05 (2.,50)

Section 6.2.2vAdministrative Controlssof Technical Specifications outlines

the minimum shift crew composition for the conduct of plant operations.

8+ Draw 3 block diagram of the minimum operations shift crew composition
showing reporting relationships and thoes individuals requiring NRC

licenses, (2.,0)
b+ What pesition i1s not required with the plant in the shutdown or

refuel mode? (0.5)
QUESTION 8.06 (2.00)

The Limerick Safety Limits are listed below. Fick the ones that are not
correct ss written and state what must be changed to make 1t correct.
(NOTE: There MAY be more than one error in a Safety Limit)

g« Thermzl power shall not exceed 30% of Rated Thermal power with

turbine first stage pressure less than 785 psigey or core flow less

than 10% of rated “low. (0.5)
o+ The minimum critcal power ratio (MCPR) shall be less than 1.06 with

the reasctor vessel steam dome pressure greater tharn 785 psig and core
. flow greater than 20 % of rated flow. ~ - (0.5)
¢+ The reactor coolant system pressure zs measured in the reactor vessel

steam dome shall not exceed 1379 psig., (0.5)
d. The reactor vessel water level shall be maintained seventeen (17)

inches above the top of the active fuel at all times (0.,5)
QUESTION 8.07 (3.00)

* NOTE! USE THE ATTACHED SECTIONS OF THE TECHNICAL SFECIFICATIONS x
* TO ANSWER THIS QUESTION. FULLY REFERENCE ALL SECTIONS YOU 'ISE *

During the 4 FM to Midnight shift, with the reactor at 100% pPOWers you
notice that the "E' Recirculation Pump speed is approx. 7% faster than

the "A" pump, 1In attempting to match the two speedss you receive a8 scoop
tube lock-out on the *E*' Motor Generator set. An attempt to reset the
lock-out failsy and the pump speeds aro now B% apart,

WHAT INITIAL ACTIONS MUST YOU TAKEs AND WHAT MUST EE DONE IN ACCORDANCE
WITH THE TECHNICAL SPECIFICATIONS IF THIS FROELEM CONTINUES ? (3.0)



8+ ADMINISTRATIVE PROCEDURES» CONDITIONS, AND LIMITATIONS FAGE 13

QUESTION 8.08 (3.00)

X NOTE: USE THE ATTACHED SECTIONS OF THE TECHNICAL SPECIFICATIONS TO x
X ANSHWER THE FOLLOWING QUESTION. FULLY REFERENCE ALL SECTIONS YOU USE «x

With the plant operating at steady state conditionss, 100X powers the

I&C Supervisor informs you that one of the pressure switches associated
with the Turbine Control Valve Fast-Closure Scram circuitry was found

to be INOPEFAELE during & surveillance tests, and will have to be replaced.
It will take three (3) days to procure and instazll a new switch.

IN THIS SITUATION, WHAT ACTION(S) ARE YOU REQUIRIED TO TAKE IN ACCORDANCE

WITH THE TECHNICAL SPECIFICATIONS ? (3.0)
QUESTION 8.0% (3.00)
x NOTE! USE THE ATTACHED SECTION OF THE TECHNICAL SPECIFICATIONS TO *

X ANSWER THE FOLLOWING QUESTION. FULLY REFEREMCE ALL SECTIONS YOU USE., x

During 2 shift turnovers with the plant operating at 75% powers you are
informed that the MSIV Full Ciosure Time Surveillance Test HAS EXCEEDED
the maximum 2llowable extension interval and will be performed on your
shift. Hzlfway threugh the tests the *C*' Outboard MSIV FAILS to meet
the specified closing time. In accordance with the Tech Specs!
8. What situastion exists due to continued plant operation in the sbove
condition 7 i (1.0)
b+ What actions must be taken due to the fact that the MNSIV has
failed it's closing time test ? (2.0)
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S+ THEORY OF NUCLEAR FOWER PLANT OPERATIONs FLUIDSs AND FAGE 14

THERHODYNAHICS
ﬁNSHERS == LIMERICK 1 -84/08/14-EERRYs» J.A.
ANSMWER S5.01 (1.00)

answer E.

Less than double tne original flow [0.5]1 when delivering
water into 2 piping system that offers frictional
resistances 2 pumps operating in parallel will encounter
greater resistance to flow. The increased frictional
resistance lowers the total flow to less than twice the
original flow. [0.5]

REFERENCE
Fluid Flow

ANSWER S.02 (3.00)

a. Farther from cavitation (0,5)., As the reactor water level increasess
the static head of water component in the NFSH determination is
glso increasing which adds NPSH. (0.5)

b. Farther from cavitation (0.5). If 3 feedwater heater is losts then
the temperature of the water entering the reactor is lowers which
brings the water farther from the szturation temperature., (0,5)

¢+ Closer teo cavitation (0.5)., As pump speed increases» the pressure
in the eye of the impeller decreasesy» which will cause the pump
to cavitate earlier with the same NFSH., (0.5)

REFERENCE
Thermodynamics

ANSWER 9.03 (3.00)

DECREASE.[0.,5]
REASONS! ( 2 of 3 required at 1.25 each)
1+ Imnmediately the loss of feedwater flow causes a2 decrease
in moderator subcooling which introduces negative dk/k
into the core,
2. When feedwater flow drops below 20%s» the recirc. pumps
will auto runback to 20%Z. The decrease in core flow
causes an increase in voiding which also adds negative
dk/k into core.
3+ Decreasing level in the downcomer will reduce the available
head for core circulation and will result in decreased core
flowr and thus reactor power will decrease.

REFERENCE

Rx Theory
Recirculation System
Feedwater System
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THERMODYNAMICS i
ANSWERS -- LIMERICK 1 -84/08/14-BERRYs J.A.
ANSMHER 5.04 (3.00)

1. MCFR - protects agasinst the onset of transition boiling
2. LHGR - protects agzinst exceeding 1% plastic strain on the clad due to
excacsive neat generation in the fuel,
3+ MAPLHGR - ensures that peak fuel clad temperature will not exceed
2200 degrees during a DEA LOCA.

(0.5 for lim.t and 0.5 for reason)
REFERENCE
Heat Transfer - page 44

ANSWER 5.095 {2,00)

The most important factor in thermal diffusion lengthy and the only one
with an easily measureable affect is REACTOR COOLANT TEMPERATURE.
Incressing coolant temperature decreases moderator density, and increases
thermal diffusion length. The rod will therefore have a2 higher worth

at high temperature., (2.0)

REFERENCE
Reactor Theorys page I-113

ANSWER 5.06 " (2.,00)

8+ 1-Air pockets in a line. (0.5)
2-Fast closing a2 valve in a line where water or steam is flowing (0.%5)

b. 1-Venting lines
2-Use of 2 keep-fill system
3-Regulating closing time on valves 1, J
(2 of 3 at 0.5 each) (olner rriscnnble Gusuos b V“{ b wall b€

REFERENCE tecey bed der Cveent.)
Thermohydrauwlics and Fluid Flow
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THERMODYNAMICS
ANSWERS ~-- LIMERICK 1 -84/08/14-BERRY,» J.A.
ANSHER S.07 (2.50)

8. This ares is the transition region between natural circulation
operation and 20X pump speed operation.(0.5) Steady state conditions
cannot exist in this region becsuse the recirc pumps cannot be

" " operated belou;ﬁOi speed, (0.5) [Normal startup is z2long the 20% pump
o speed boundary of this region.] EBracketed sentence not required
Bb. This is the normal operating region of the map (0.95)

"“% e, Damage can be expected to the recirculation pumps and jet pumps

from cavitation. (0.5) Damage is prevented by recirc pump trips
to 20% speed when feedwater flow is less than 20% of rated. (0.5)

REFERENCE :
Limerick CGenerating Station FSAR

ANSHER S.08 (3.00)

8., 1-Increase (0.5)
2-Void coefficients due to the collapse of voids from the presssure
spike (0,5) ’

b+ 1-Increase (0.5)
Z-Moderator Temperature Coefficents due to the decrease in moderator
temperature and increase in density (0.5)

c. 1-Decresse (0.5)
2-Doppler Coefficient, due to incressed fuel temperature (0.5)

. l:'_ - [ & 'Y, , L (
REFERENCE '
General Fhysics Reactor Theorys FPart 12 & 13 (Coefficients of Reactivity)

ANSHER 5.09 (3.00)

a.) The two events for which the EOC/RPT protective feature will function

arei 1,) Closure of the turbine stop valves.,
2.) Fast closure of the turbine control valves.

b+) The physical phenomenon involved is that the void reactivity feedback
due to a pressurization transient can add positive reactivity to the
reactor system at a faster rate than the control rods can add negative
scram reactivity. By tripping both recirculation pumpsscoolant flow is
reduced thus reducing the void collapse in the core.

‘REFERENCE
L.G+S: Technical Specifications Sec. 3/4.3.4 EQOC-RPT.
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THERMODYNAMICS
ANSWERS ~-- LIMERICK 1 -84/08/14-BERRY» J.A,
ANSHER $.10 (2.50)
Indicated vessel level will INCREASE (1.0) i)u 1{ wierehvd 1
Due to! -Decreassed suction gin the annulus (0.75)\
-Voiding in the core (0.75) < the puckion  ordy prr
et &L < ,‘ f‘i"/c’."“ fﬁc’. v €.

Ter. Fullh Criel'd
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ANSWERS -- LIMERICK 1 -84/08/14-BERRYs» J.A.,
ANSUWER 6.01 (3.00)
8. YES (0.5) - The control rods will be inserted in this condition

since it is reactor pressure that is the driving force which
inserts the CRDs. The acrumulators only assist in initiating

the inward moticon.(1.0) The scram times may be longer» but the rods

will scram. (This statement not required for full credit.)

b. NO (0.5) - This switch 1s only active in the refuel or
shutdown mode switch positions. (1.0)

REFERENCE
CRD System
RFS Systems (page 15-5)

ANSHWER 6,02 (3.00)

8. New readina on range 6 is 2.5 (0.7%5)
IRM downscale rod block will be in (0.5)

b. New reading on range 5 is 29 (0.75)
IRM high rod block will be in (0.5)
IRM hi-hi half scram will be in (0.5)

REFERENCE
Nuclear Instrumentation-IRMs-Chagpter 170

ANSHER 6.03 (3.00)

1. 25% mismateh exists between totzl steam flow and total feed
flow [.3]1. 7Tais mismatch signai is compared to the normal
level signal by the level vs. flow network [.3].

2. The feedwater pumps will reduce speedr thus reducing feed
flows in an attempt to rectify the error signal [.3].

3+ Since zctual steam flow hasn't chengeds level starts to decreasse

[+3]1+ Decreasing level will cause feedwater pumps to increase speed

again until feed flow and steam flow are equal [.3]

4, The totsl steam flow indicated 75% [.3]s the actual steam flow is
still 100% (.31, Total feed flow 100%Z [.3]. Reactor power is
100%Z [.3]. Reactor water level is "18 inches [.3]., (Decreased
water level is acceptzble).

REFERENCE
Feedwater and Level Control Systems Chapter 23

18
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6+ PLANT SYSTEMS DESIGN, CONTROL» AND INSTRUMENTATION FPAGE

ANSHWERS -~ LIMERICK 1 -84/08/14-BERRY» J.A.

REFERENCE
Fumpsy Fluid Flows and RCIC System

ANSUWER 6.07 (3.00)

No (1,0). HWhen transferring RFS power suppliesy the RFS 1is
momentarily deenergized because the transfer is break before
make. This would result in & scram due to the 1/2 scram

already present (2.0).7TL Ac ko /'(C, swiich s thaas would € no b'rtog.

;‘E;ERENCE be Love male | tht"“[(n(_ vVes \SOCC(,.&\JQ
ANSHWER 6.08 (1.00)

Choice B is the correct answer (1.,0)

REFERENCE

General Fhysics Design Lecture Seriess Volume 2y Chapters 50 & 31

ANSHER 6.09 (2.50)

Yes.{(1.,0) The loss of the 125Vdc battery will cause a loss of
control power to the dizsel generator which will render it
inoperable, (1,0)

REFERENCE

2

O

Diesel Gerners

tors and Emergency AC power Sourcess Chapter 32
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ANSWERS -- LIMTRICK 1 -84/08/14-BERRY» J.A.

ANSHER 7.01 (3.50)

8+ 1) RFV level below -38 inches or unknown (0.5)
2) DW Fressure sbove 2 psig (C.5)
3) Group I Iselation (0.5)
4) Scram condition with power asbove 3% or unknown (0.5)
be 1) Indicating lights (0.5)
2) SFOTMOS (0.5)
3) SRV Tailpipe Temperature (0.5)
NOTE: Other reassonable answers for part 'b' will be given credit.

REFERENCE
TRIF Frocedure T-101s RPV Control

ANSHER 7.02 (2.295)

1. CMFLFD = LHGR actuzl/ LHGR limit. A value of less than 1.0
mezns that the highest LHGR value in the core is leses than the
limit of 13.4 KW/ft. (0.75) : .
2, CMFLCF = CPR 1im/CFR actuzl:, A value less than 1.0 means that
the lowest value of CFR in the core is sbove the CPR limit (0.75)
3+ CWT= sum of the jet pump flows. It is used as the value of
total core flow to ensure it 1s less than 100 MLE/Hr., (0.75)

REFERENCE
GF-S
Process Computer

ANSHWER 7.03 (1.73)

a. These steps are designated as Tech Spec requirements (1.,0)
b. Shift Supervision is to be notified immediately (0.75)

REFERENCE
Surveillance Test Frocedures

ANSHEFR 7.04 (3.00)

1. His observations of plant conditions and egquipment indicates a
safety hazard

2+ When RFPS parameters have been exceeded without subsequent auvtomatic
action

3. Appropriate procedures so direct,
3vres onses at 1.0 points eachl

14
4, Luqc,, WA s cloold os 4 When Sate Coroldions evst
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7. FPROCEDURES ~ NORMAL» AENORMAL» EMERGENCY AND FAGE

ANSWERS -- LIMERICK 1 -84 ‘08/14-BERRY:s J.A.

REFERENCE
LGS Procedure A#~7 'Shift Operations'

ANSHER 7.085 (2.50)

8+ 1) 75 R
2) 25 R
3 8 R
4) 10CFR20 Guidelines
5) Station Administrative Guidelines

REFERENCE
Limerick Generating Station Emergency Flan Implementation Procedures

IneE r Qrtiens
ANSWER 7.06 (3.00) mon{lomeg &“"ﬁ: Dig - C;Tém c:*,—'
8+ Linfield Fire Company and/or Limerrek Fir® Company. (0.5 each) ~ T
bs. The Fire Brigasde Leader (0.5) Giceplplic
cs ANY TWO

1. Fire EBrigade Equipment Cage (Elv 269y Turb Building)
=full turn out gear
-sp3re hose
-nozzles
-smoke e jectors

2+ Emergency Fire Cabinet (Elv 217 in Rad Wesie Building)
-same as above

3. Emergency Fire Cabinet (ELv 283 in Reactor Buwilding)
-same 2s above

(0.5 for locations 0.5 for equipment)

REFERENCE
Limerick Generating Statien Procedure SE-8, Rev. 0

ANSWER 7.07 (3.00)

@+ 1-Document the change on the procedure (0.,33)
2-0btain approval., Two plant staff members, one of whom is 2 SS (0.33)
3-Submit the change to FORC as per A-4 (0.33)

be Two members of plant staff knowledgable in the affected area(s)s one
of whom shall be an SRO» Shift Superintendents or Shift Supervisor.(1,0)

c+ YES, (0.25). The words "Telephone Approval® shall be written on the
procedure, (0,29)

ds If the task being suthorized for performance is more limited in scope
than the procedure being uwsed.(0.5)
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ANSWERS -- LIMERICK 1 -84/08/14-BERRY» J.A.

REFERENCE
Limerick Generating Station Frocedure A-3y Rev.0

ANSKER 7.08 (3.00)

8+ 1-Scram the reactor (0.5) ma1!nEij{6
2 - 1 ) 1 - {
2-Trip the main turbine (0.5) Mt~ usrt Sebems

3-close the MSIVs (0.5)

b+ RCIC (a3ny 3 at 0.25 each)
~Barometric condenser condensate pump will no longer operate in AUTO
-Hi-level trip bypassed
-min flow valve no longer function in AUTO
=No auto initiation
-steam inlet no longer interlocked with exhaust valve
RHR (any 3 2t 0.25 each)
-no auto initiation
-injection valve interlock defeated
-sihnutdown cooling interlocks defeated
-containment spray interlock defeated
, =minimum flow bypass valve will not function automatically
?r,r’ HX service water outlet Hi-Rad will not auto isolate HX
59 REFEKENCE
Limerick Generating Station Frocedure SE-1» Rev 0

ANSHWER 7.09 (3.00)

¢+ Decrease
b+ Decrease
c+ Increase
d, Decrease
( 4 @ 0.75 each)

REFERENCE
Limerick Off-Normal Frocedure ON-100
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e i e kS ———

ANSHERS -~ LIMERICK 1 -84/08/14-BERRYy J.A.

ANSWER 8.01 (3.00)

T+S. 3/4.7.8 requires that the turbine bypass system be operational

when thermal power is greaster than or equal to 25% of rated.

With the system INOFy and unrestorable within one hours take the action
required by T.8:. 3.2.3

T.8+ 3.2.3 requires MCPR to be determined .o be greater than or equal

to the MCPR limit 3s a8 function of average scram time as shown in Fig.
3-2.3+1 times the Kf shown in Fig 3.2.3-2

If these conditions are met» T.S5., 3.,0.4 is not applicabley and operation
can continue,

REFERENCE
L+G,S, Technical Specifications

ANSHWER 8.02 (3,00)

NO.(1.,0) You must have Suppresion Fool water temp less than 95 degrees F
before entering Operational Condition 2(1.0) because Tech. Spec. 3.0.4
does not 2llow you to enter an operational condition while relying

on an action statement.(1.0) '

REFERENCE
Technical Specification 3.0.4
Technical Specification 3.6.2.1

ANSHER 8.03 (3.00)

8. A system» sub-systems trains component or device shall be operable
when it is capable of performing its specified function and when

all necessary attendant instrumentation and controlsy electrical POWer s

cooling water» lubrication or other auxillary equipment that are
required for the system (etc) to perform its functions are also
operable. (1.0)

b+ The amounl of reactivity by which the reactor is subcriticals or
would be subcriticals assuming all control rods are fully inserted
except for the single control rod of highest reactivity worth which
1s assumed to be fully withdrawns and the reasctor is in the shutdown

conditioni cold. (i.e. - 48 degrees F and Xenon free) (1.0)

c+ Shall be & pattern which results in the core being on & thermal
hydraulic limit, i.e. - operating on a limiting value for AFLHGR,
LHGRy» or MCPR. (1.0)

REFERENCE

Limerick Generating Station Technical Specifications
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ANSWERS ~- LIMERICK 1 -84/08/14-BERRY» J.A.

ANSWER 8.04 (2.50)

The occurance of eight inoperable control rods cowld be indicative of a
generic problem and the reactor must be shutdown for investigation ard
resolution of the problem. (2.5)

REFERENCE '
L+G+Ss Technical Specification 3/4.1.3. EBases. Control Rods.

ANSHWEFR 8.05 (2.50)

8.) See table 6.2.2-1 of Technical Specifications. (2.0)

b+) Shift Technical Advisor. (0.5),Faw octier Pos 1oy nes résv fea/i-'rwi rteve/
REFERENCE ¢ Sholgfewn 15 aceeptolic

Technical Specfications Sec.4.0 Administrative Controls.

ANSHER 8.06 (2.00)

3, Thermazl Fower should be 25X (0.25)
Reactor Vessel Steam Dome Fressuresr not turbine first stage (0.25)
o+ Shall not be less thsn instead of shall be lessf than (0.25)
Core flow 10%sy not 20 % (0.2%5)
c+ 1325 vice 1375 (0.95)
d. above the top of the irradiated fuel (0.5)

REFERENCE
Limerick Generasting Station Technical Specificationss Section 2.0
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ANSWERS -- LIMERICK 1 -84/08/14-BERRY» J.A.
ANSWER 8.07 (3,00
INITIAL ACTIONS! Attempt to match the speed vs the speed demand for the
B pumpy 2nd try to reset the lock-out agezin. (0.5)

NOTE! ANY REASONAELE INTIAL ACTION(S) WILL BE ACCEFTED
FOR CREDIT.

T+S, ACTIONS! If the speed of the recirc pumps cannot be restored within
two hours to the specififed limits of 3.4.1.3 (&8)» then
declare the recirc loop of the pump with the slower speed
INOFs and take the Action required by T.S5. 3.4.1.1
Section 3.4,1.1 states to immediately initiate measures to
plece the wnit in at least hot shutdown within the next 12

hours. Due to the inop recirc loop and the B M.G. set
locked outy action 'b' of 3.4.1.1 is more limiting due to
two inop recirc loopsy and the unit shall be in at least
startup within é hours and in hot shutdown within the next

4 hours., fau ) ‘ . (2,9)
mery NoT DECWREE B IpoP, Fetow o' me b&
REFERENCE 8 (el HET TN ~

L+GsS, Technical Specifications

ANGHER 8.08 (3.00)

Technical Specification Table 3.3.1-1 requires that the minimum
number of operable channels per trip system for the Fast-Closure
scram be two (2).

Section 3.3.1 requires tripping of the inoperable channel within one
hour,(1.5)

Table 3,3.1-1 (K)» also indicates that this trip function asctivates
the EOC-RFT. Action 'b' of 3.3.4.2 requires placing the inop channel
in the tripped condition within one hour. This is satisfied via the
action takern per 3.3.1 (1.5)

REFERENCE
L+G+S+ Technical Specifications
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ANSWERS -- LIMERICK 1 -84/08/14~-BERRY:» J.A.
ANSUWER 8.09 (3.00)
8. 0 for the MSIVs are stated in Section 3.4.7, luo sain—etcam

shall be operzble with closing
ann or equal to S5 secs.
is a violation

line isolz

times greater than »
2£:::;lgs_bct373;—;?;1his specification
ore 1s 8 repartsole occurance.
b+ Action '2' of 3.4.7 states that with the "C* MSIV INOF due to exceeding
the allowable closing timer, the affected st2am line shall be isolated
1f the problem is rot corrected within 8 hours, or be in Hot
Shutdown withir the next 12 hours and cold shutdown within the follwing

24 hours, (2.0)

a. Qfgoyéalp(c ceelros Clue 'ép ‘ocuﬁ outside
the maxmpm Qllowalble. Surveillonce £ime
QI‘JCE'V\)Q_Ji. (.I 0)
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1. FRINCIPLES OF NUCLEAR FOWER PLANT OFPERATION, THERMODVRANIICC,
HEAT TRAMNSTFER, AND FLUID FLOW (24.5)

1.1 Water is used in three physical states ai the
Limerici Generzting Stztion. For ezch of the
icllowing specific system locations, 1ndicete
whether the wster is subcooled, saturcted, or
super hezted.

2. Inlet to thz iegcirculetion puasps, {0.5)
L. Ouviiel uf the core, (0.5)
€. lioisture separator drain lines, (0.5)
d. Control Rod Drive System HCU Accumul ator

outlet, (0.5)
e. Feedvater at outlet of the Number 4 heasters, (0.5)
f. Circulating water at (he inlet of the LP shell

condenser. (0.%5)

1.2 Solids transfer heat by conduction and fluids
almost always transfer heat by convection.
However, in the core of a BWR there are two
excepntions to heat transfer by convection where
Tluids are concerned.

a, ©Driefly describe these two exceptions (ten or
twelve words each). (1.0)

b. low do these euceptions zffect the opereting
tenperatures of the fuel? Wheat phyveical
property of the fluid causes this effect? t1,0)

1.7 The HCU accumulatore are charged with nitrogen to
acsure rapid insertion of the control rods.

@. The pressure to which the accumulators are
precharged varies. Why does thie pressure

vary, and what (s & typical pressure to which
the accumulatores are precharged? (1.0}

b. Frecharge pressure should not be determined or
et inmediately cfter cherging. What is the
rezson for this? (1.

<

€. What is the accumuletor nitrogen pressure
guring normel reactor operation? Why is it =zo
ciffecrent from the preczherge prezsure”? (1.0)

Category Continved on Mest Poge

FO Exsaminetion Fage 1L ©f 1&
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1.4 During recirculation system and reactor startup and
heatup, several temperature limits must be
S . observed.

a. What two temperature differentials must not be
exceeded before an idle recirculation loop may
be started. Give both the values and the
components between which the temperature
differentials are monitored. (1.0)

b. What is the nominal heatup rate which is to te
used during a plant heatup? (0.5

1.5 Boiling which occurs in the core of the BWR affectis
both the nuclear and hydraulic characteristics of
the core.

a. Does boiling increase or decrease the
resistance to flow? (0.35)

b. The average quality of reactor cooclant at the
core outlet is about 0.13 (13 percent). 1Is the
void fraction greater than, equal to, or less
than this value? Briefly explain your answer
using appropriate definitions or explanations
of quality and void fraction. (1.2

1.& Control rod worth is @ function of several
variables that change during & core operating
cycle.

a. One of these is pitch, which involves the
effect of the worth of one control rod on the
worth of another control rod. (1) What is
pitch? (2) Give two exemples of values for
pitch, including a description of the specific
cperating configuration that results in these
values. (1.3)

E. UWill an increase in the thermal diffusion
length cause the control rod worth to increase

or decrease? Give two examples that will cause
the thermal diffusion length to increase. (1.5)

Category Continued on Next Fage

RO Exeminat:on Fage 2 of 16
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1.7 After operating at 75 percent power for three davye,
the reactor is increased in power to 100 percent.

a. Sketch the average Xenon-13S concentration in
the core for the next three days. Include
approximate times for significant changes in
slope. (1.0)

b. If the reactor is shutdown after these three
days at full power, in what part of the core
will the Xenon concentration be highest? UWhy? (1.0)
1.8 The Doppler coefficient of reactivity ie important
in the limiting of transients during reactor
operation.

a. PBriefly describe what is meant by Doppler
broadening. (1.0)

b. How are K-effective and reactivity affected by
Doppler broadening? (0.3)

€. For each of the following conditions, indicate
whether the Doppler coefficient increases
(becomes more negative), decreases (becomes
less negative), or remains the same:

(1) Fuel temperature increases (0.5)
(2) Core void fraction increases (0. 9)
(3) The core ages (0.35)

1.9 Your Tech Specs and procedures list strict limits
within which primary water purity must be
maintained.

a. GBGive two reasons for mainteining high purity in
‘ the reesctor coolent. (1.0)

b. Why ig conductivity the parameter which muzt bHe
monitored continuously and on which limils are
placed? (1.0)

€. Why ere chloride end conductivity limits

pernitted to change 2s a function of
caerational mode® (1.3)

Cetegory Continued on Nzxt Page

RC E:aminalion Fage T of 16
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1.10 The councept of subecritical multiplicetion is used
to describe the behavior of the reactor during a
startup or during refueling.

a. In a subcritical reactor, if the source level
doubles, what will happen to the neutron level? (0.5)

b. In a subcritical reactor, if a reactivity of
0.003 dk/k is added to the reactor, will it
take longer to reach equilibrium if the initial
k-effective is 0.92 or if k-effective is 0,9927
Explain the reason for your answer., £1.5)

End of Category

RO Exemination Pege 4 of 1¢
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: 2. FLANT DESIGI!, INCLUDING SAFETY AND EMCRGENCY SYSTEMS (25.5

2.1 For the Main Steam Isoclation Valves diagrammed in
Figure 2.1, briefly describe the operation of the
valve operating air system. Using the figure, and
identifying the specific components, explain how
this system operates for

a. Opening the MSIVs, (1.0)
b. Closing the MSIVs, including assuring closure

of the MSIVs in case of failure of the air

supply system, and {e:0)
c. Feriodic testing of the MSIVs. (1.0)

2.2 The Standby Liquid Control System is used to inject
sodium pentaborate into the reactor system in the
event of a failure of the CRD System.

a. Where is the standby liquid injected into the
vessel”? (0.5

b. When SLC is initiated, another system is
eutomatically isolated. What is this sycstem,
and why is it reguired to be isolated? {1.0)

€. Two heaters are provided to heat the solution
in Lthe storage tani.. (1) Why must the soclution
be hested, (2) what is the specific purpose
for each of the two heaters, and (IZ) how is
each heater controlled? £1.3)

t)
()

The recirculation pumps are provided with a
cartridge type seal assembly.

@. Both the Control Rod Drive and the Reactor
Erclosu-e Cooling Water Systems provide water
to the seals., Whet is the purgose of each, and
where does the water go after pessing through
tlie seal cartridges tu satisfy this purpose” {(1,0)

Le Whet ie the pressure in ecch seal cevity and

what ere Lthe {low rates through ezch secal

cevity under normal full power operating

conditions? t1:0)
e WKhel would the pressurez and 3

ow rates be if
only the Mo, | (internal) sesal] 1

a2iled? $1:0)

Cetegory Conlinusd on Fage 7
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The Scram Discharge Volume is provided to receive
waler from the Control Rod Drives in the event cof a

reactor scram. To fulfill this function, it must
remain empty.

a. What will be the first indication the operator

will receive indicating & high level in the

spv? (O
b. If you receive the above indication that a high

level exists in the SDV, what are you required

tc verify immedietely? (1.Q)
€. If the level continues to increase, what

further automatic actions, including alarms,
will occur. Be sure to include the levels at
which these actions occur. (1.3

Several precautions must be observed when
perforaing & local or remote manual stert of a
Diesel Generator,

b.

The
any

Why 1s a local manual stertup to be performed
on anly one diesel at a2 time? (1.0)

Why shouldn’'t the engine be run unloaded”? (1.0)

4,16 'V Saefeguard Buses may receive power fram
one of three sources.

Lebel Figure 2.2. Include labels for the power
sources, all major ACBs and traneformere, and
indicate which brealers are norma.ly open or

closed. (Remove the figure from ths

examination and incliude it with your answer

sheets.) (3.0}

For the D11 Bus, if the normal supply breaker

shoulc trip, what position must the alternate

supply breaker contreol switch be set at for the
automatic fast transfer function to ocperste? (0.5

If the slternate feeder Lrealer does not close,
when will the Diezel Cenerslor start, and when
will the Diesel Generctor Breaikier clcse? (1.0)

Category Continued on Fege §

Face 7 of 1é
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2.7 The UHeter Fire Proteclion Sysztewm conteine Lo weier
supply pumps.
@. What is the purpose of each of Lhaze pumzs, and
whaet signals will cause esch pump to auto
start?

b. How is system pressure maintained when the fire
pumpe are not operating?

2.8 The FRemote Shutdown System provides an alternate
method for system cocldown and pressure control.

a. What systems are assumed to be unavailable for
this purpose?

b. How is reactor pressure to be controlied?

* c. What system is used to maintain water
inventaory?

2.9 a. For what Loss of Coolant Accident conditione is
the HFC1 System designed?

b. List four of the seven conditions that wi’l
operate the HPCI Turbine Trip Solenoid.

End of Category

RO Exemination Page 9 of 1&
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(1.0
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(0.3

(0.5)

(0. 5)

(1.0)
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S« INSTRUMENTS AND CONTROLS (25)

J.1 The recirculation pump speed control system
contains two speed lim ters in the Manual /Automatic
Transfer Station. For each speed limiter, give:

a. Give the purpose for each speed limiter. (1.0)

b. Draw & diagram of the circuit for the two speed
limiters that includes the conditions or
setpoints that will cause each limiter to be
functional. (2.0}

ul

.2 Five indicating ranges are provided for monitoring
vessel water level, and eight levels are specified
for controlling normal and abnormal ocperating
functions.

a. For Level 2 at -38", complete the following two
sentences:

1) The setpoint shall be low enough

so that . . . . (0.95)
2) The setpoint chall be high encugh
so that . . . . (0. 5)
b. List the four actiouns tlhat autometically occur
) when this level is reached. (1.0)
grb‘ c. Which level instrument channel provides the
#’ 5 trip functions listed in Fart b7 (0.5)
N gk bR
i
%§: v’ éf;étk d. Which other level channel could you use to
q \erp ,F! verify the level readings you obtair from the
v}“;x?'vc_ 5 channel listed in Part ¢7 Would you e:pect the O
OF Ly X1 two chennels to read exactly the same?” E:plain
’ vp”\é\q' why or why not. (1.5)
"w; 3.2 Each control rod drive contains a position
indiceting probe with IT7 reed switches to provide
caontrol rac position information to the RPIS.
Forty=-nine of these switches provide the "00"
through "48" indicstions.
a, Where eare Lhe olher {fou switches located in
the probe, (1,0}
b. Whet rod position do they indicete, and (1.0}
c. thel contrel board indicetions would vou

eupect to have ‘rom each aof them”

RO Exemination

Cetecor v Continued on ligut Fage

Fage 10 of 1&
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Z+&6 Whet two systems receive inputs from the Main Steam
Line Red.iation Monitors, and what actions will
result in each system if the trip setpoint is
elceeded? (2.0)

2.7 The Redundant Reactivity Control System will
initiate a Feedwater Control System Runbach.

@. What signals (including logic) will cause an
RRCE feedwater runback? (1.0)

b. When may the runback be reset? (0.5)

€. Why is this action (the runbacl) effective in
mitigating an ATWS event? (0.5)

3.8 Protection functions are provided by the IRMs.

a. What conditions will result in an IRM INOF, and
what trip action will occur? (1.9)

b. When are the above IRM trip functions bypassed? (0.5)
3.9 A time delay for resetting any reactor scram is

eutomatically imposed. How long is this time
delay, and what is its purpose? (1.0)

End of Category

RO Eraminetion Fage 12 of 1&
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4. FROCCDURES - NORMAL, ABNORIIAL, EMERGENCY, AND RADIOLOGICAL

4.1

W '
').h \
. ‘- “
- o
4.2

CONTROL (23)

The Reactor Water Cleanup System may be used for
vessel bLlowdown during reactor startup, according
to S44.4.A, RWCU System Elowdown.

b.

Give two sources of the water that is being
rejected.

Excess water may be rejected to any one of
tivee plent locetions. I order of highest
suelify weler o lowest guelily witer, what are
these Lhres locetions.

Whel two conditione will resull in & Group II1
isnietion?

If a sudden loss or failure of the primary
canteinment ie suspected while operating at full
power , eccording to ON-110, Loss of Primary
Containment ,

b.

List two syaptome you would notice.

Give Lhree possible causes that would need to
be investigated immediately, and explain why
each of them would resilt in & symptom lesding
vou to suspect @ loss of primary containment
integrity.

How auch time do you have to re-ectablich
primary containment integrity before action to
lower resctor power is required?

ON-102, Air Ejector Discharge High Radiation,
provices actions to be talen in the event of &n 0f¢

Gas

a.

b.

RO Ecemination

elerm.

Whet is the most probable cause of an "0ff Gas
Hi Rediation" alerm?

1f this elerm is received, the Off-Normel
procedures require that the cff-gas post
treatment snd north vent stack radistion levels
be monitored. Why would Lhese two monitors
indicate elevated readinge?

Category Continued on Mexi Page

FPagye 13 of 16

(1.0)

(1.3)

(1.0)

(1.0)

(1.3)

(0.3

(0.5)
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4.4 In Procedure GF-2 Appendix 1, a warning is given in
the section on Approach to Critical concerning
possible extremely short periods experienced at
other facilities.

a. What are the two conditions for which the
procedure warns against? (1.0)

b. Who by title shall be notified if unusually
high notch worths are aobserved” (0. 5)

4.T According to OT-114, if a relief valve should
inadvertently open:

a. What single imanediate action should you taie? (0.5)

b. What two conditions would require you teo place
the mode switch in "SHUTDOWN" arnd enter T-1027 (1.0)

€. List five indications you would have thet would
indicate an open relief valve? (2.0)

d. A followup action is to reduce the turbine
inlet pressure to 900 psig. Why must care be
talen while performing this action? (0.5)

4.6 A-26 specifies the procedures to be followed far
corrective maintenance. Indicate whether the
following stelements concerning corrective
maintenance are true or false.

a. Operations personnel who become aware of
equipment problems should not make any
adjustmants to the equipment without first
initieting an Equipment Trouble Tag. (0.5)

b. Equipment problems should not be reported until
complete data can be collected to clearly
identify the problem. (0.5

Cetegory Continued on Ne:t Fage

RO Eramination Page 14 of 1&
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{ 4.7 1In the event of a recirculation pump trip, thz only
imwadiete ection specified in OT-112 if & screm
doee not occur is to fully drive in deep rods as
required to prevent & scram.

a. What ere deep rods? (1.0)

b. Explein why it is necessary to drive in the
deep rods, and what measure you would use to
determine when you have driven in & sufficient
number of them. (2.0)

€. Frior Lo restarting the recirculation pump ,
additional deep rods must be inserted. Why is
this necessary? (1.0)

4.8 Consider operation of the RHR System in the
Shutdown Cooling Mode as specified in S§51.8.H,
Shutdown Coocling Operation (Startup and Shutdown).

a. Whet two signals will cause an isolation of the
Shutdown Cooling Mode? (1.0

b. Why is it required that the recirculation pump
discharge valve be closed in the lLoop selected
for injection? (0.5)

c. The minimum flow valve is to be closed and
prevented from opening. ‘

(1' Why is this necessary? (1.0)

(2) With this valve closed, what additional
precaution must be exercised and why? (1.0)

4.9 0On & loss of the RECW as indicated by a "REAC BLDG
COCLING WATER HTX OUT LO PRESS" alarm, Cii-3i3., Loss
of RECH, ststes that (1) the RWCU will isclate., and
(2) it mey be necessary to trip the recirculetion
puUMNES.

a. Whe'! sutomatic actions must be verified when

the RUCU isolates? (1.5
b. !'ow much time do you have to resiore RECW

before you are required to trip the

recirculation pumps” (0.3

e What action is required when the recirculation
purngs are tripped to minimize the reactor
transient” (1.0)

End of Examination

RO Examination Page 15 of 1é
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| counrIm SHereT
s 0 v s/t Cycle efficiency = (Network
out)/(Energy in)
2
- 1/2 at -
“en ) e A = AN Asaget
£ =’
= a = v -V )/t & & »
:: 1/: av (Ve = Yo ) mZ/t,{(2 0)?93;;‘/2
s mg t,, ,eff = [(¢t t
i 172 122’ 5y
it g ((t,,5) * (t,)]
o€ = 931 om 1=1e™
P =P, 1osur(t) [ =1 10-%/TVL
A p=p e"T . TR Rt
Q = mCpat TVL = 1.3/u o
g = vAeT SUR = 26.06/T HVL = -0.693/u
Pwr = Hfm

- SUR = 260/2% + (8 - p)T

T =(t*/p) + [(B -0)/%p) .
T=12t/(o - 8)
T=(8-0)/(2e)

0 = (Kegg=1)/Kopp = Koge/Kogs

o = L(0%/(T Kygg)] + (Fypg/ (1 + AT)]

P = [teV)/(3 x 10'0)
L = ol

Water Parameters

| gal. = 8,345 lom.

] gaj = 3.7¢ llters

1 ft? = 7,48 ¢

Density = 62. 4 lbm/ft3

Density = 1 gm/c:

neat of vaporization = 70 Btu/lom
Heat of fusion = 144 8ty/)bm

| Atm = 14,7 psi = 29.9 in, Hg.

e P Poone 3¢

CR](I - K

SCR = S/(1 = K ¢()

eff)) = CR(1 = ¥ cpo)

M= 1/(1 - Keff) = CR]/CRo
M= (- Kappo) /(1 = Keggy)
SOM = (1 = K ee) /Ky

t* = 10 seconds

T = 0.1 seconds”"

I d 2.4, ?°
1M1 272
R/hr = (0.5 CE)/d (meters)

Miscellaneous Conversions

1 curie = 3.7 x lO‘odps
1 kg = 2.21 lom

1 hp = 2.54 x 103 3tu/nr
1 me = 3.41 x 10 Btu/hr
lin = 2.54 ¢cm

°f = 9/5°C + 32

°C = 5/9 (°F-32)
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