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REPORT DETAILS

Persons Contacted:

SRO Candidates RO Candidates

Bailey, Jack A. Dials, David G.
Gwaltney, Robert L. Early, James C., II
Quinn, William F. Johnscn, Randy L.
Marshall, William W. Jones, Irving L., III
Moore, William H.

Ringler, Terry N. Knowlton, Donald
Small, Michal A. Masingo, Donald K., Jr.
Wheeler, Andrew D., IJr. Nelson, Arthur I.

Other Facility Employees Contacted:

*Jack L. Wilson, Station Manager
*David A. Christian, Superintendent, Operations
*Larry L. Edmonds, Superintendent, Nuclear Training
*Harold F. McCallum, Supervisor, Training-Power Station Operations
*Larry Gardner, Supervisor, Training-Simulator
*L. Richard Buck, Instructor
Cathy Curfman, Senior Instructor

*Attended exit meeting

Examiners:
*Timothy L. Norris

Mark E. Baldwin

William E. Eldridge

Ronald H. Thornton

Odra W. Burke
*Chief Examiner

Examination Review Meeting

At the conclusion of the written examinations, the examiners met with
Larry Edmonds, Harold McCallum, Cathy Curfman, and Larry Gardner to review
the written examination and answer key. The following comments were made by
the facility reviewers:

a. SRO Exam

(1) Question 5-14

Facility Comment: Change answer key to allow for a T-hot
operating "band" of +2-3°F.



NRC Resolution: Answer key was changed as suggested.

Question 6-4

Facility Comment: Item 10 - XFER SWITCH - should not be required
for full credit. The question did not ask for
€.

NRC Resolution: Item 10 was deleted from the answer.
Question 6-8

Facility Comment: Delete Item 4 from answer key. Backup heaters
are normally run with the switch in the "ON"
position verses "AUTO."

NRC Resolution: Answer key will be changed as suggested. The
operation of the heater switch in the "ON"
position was verified in the control room.

Question 7-8
Facility Comment: Specific setpoints included in APs of minor
safety significance should not be required to
be memorized.
NRC Resolution: Disagree. This gquestion is addressed in 10 CFR
55.20, Scope of Examinations, paragraphs 55.22,
55.21(d), and 55.21(e). A more detailed
explanation of the scope of written guestions
is found in NUREG 1021, ES-402, paragraph A.3.
The question and answer will remain unchanged.
Question 8-10

Facility Comment: Delete this question. S$.0. 15 was deleted in
May, 1984.

Reference: Security procedures.

NRC Response: This question and answer were deleted as sug-
gested.

Question 8-12
Facility Comment: Change Item 6 of answer key to:
Safety valve position-temperature indicator.

Reference: Minimum equipment list and T.S.
3.7-8 and 9.




NRC Resolution; Answer key was changed as suggested.

RO Exam

(1)

(2)

(3)

(4)

Question 1-3
Facility Comment: Change to answer key:

(a) Setpoint for source range reinitiation is
5 x 10-*! amps

(b) Answer should accept use of P = POIOSURT
and a SUR of ~-1/3 dpm.
Reference: PT1 1, Page 17

NRC Resolution: Answer key changed as requested. The method of
solving the problem using SUR was also accepted.

Question 1-7
Facility Comment: Change to answer key:

‘a) "Provide adequate shutdown margin" shou’d
be an acceptable answer.

Reference: PLS book, Page 2, Item C.

NRC Resolution: The answer key was changed to accept the
facility comment as an additional answer.

Question 1-8
Facility Comment: Change to answer key:
(a) Approximately 40 hrs. + 10 hrs.
Reference: Surry Unit 1 Cycle 7 Curve Book
NRC Resolution: The answer key was changed as requested.
Question 1-9
Facility Comment: Change to answer key:

(a) Acceptable values for Seff should be in a
range of 0.006 to 0.005.

NRC Resolution: The answer key was changed to accept the
suggested tolerance band.



(5)

(6)

(7)

(8)

Question 1-12
Facility Comment: Change to answer key:
(a) Answer should allow for a tolerance of
+5 Btu/1bm for Ah, based on the difficulty
of reading the Mollier Diagram.

NRC Resolution: The answer key was changed to accept the
suggested tolerance band.

Question 1-13
Facility Comment: Change to answer key:

(b) Answer should also include that excessive
steaming rate could cause cold-block.

(c) Answer should also include that RCS
pressure decrease may cause flashing in the
flow path which will cause a loss or
reduction of natural circulation flow rate.

NRC Resolution: The facility's suggestions were added to the
answer key for additional clarification and
alternate answer.

Question 2-1

Facility Comment: Change to answer key:

b.5. Answer should be RHR pump seal cooler.

Reference: Plant Maintenance procedure for
RHR pump.

NRC Resolution: Answer key changed as suggested.

Question 2-2

Facility Comment: Change to answer key:

(a) Add time delay (5 min) for ORS pumps
(allows adequate water level in sump).

(b) Add time delay (2 min) for IRS pumps
(allows adequate water level in sump).

Reference: FSAR System Description.
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(12)

(12)

(14)

(15)

Question 2-6
Facility Comment: Change to answer key:

(b) Change valve numbers to H.P. and L.P.
turbines as appropriate, valve numbers are
not specifically asked for by question.

NRC Resolution: The answer key was changed as suggested.
Question 2-9

Facility Comment: Change to answer key:

(a) Answers 5 and 6 should be deleted - they
are not protective trips.

(b) Answers 1, 2, 3, 4 should be accepted for
full credit.

NRC Resolution: Answer key Items 1-4 were accepted for full
credit.

Question 2-10
Facility Comment: Change to answer key:
(1)a. The answer Reactor trip, turbine trip
should be counted as two possible

answers.

(2) An acceptable answer is Hydrogen analyzer
heat tracing switches.

Reference: EP 1
NRC Resolution: The answer key was changed as requested.
Question 3-1
Facility Comment: Change to answer key:

b.2. Center region - margin to saturation in
*F.

Reference: To be verified in control room.

NRC Resolution: The margin to saturation was verified to be in
°F. The answer key was changed as suggested.



(16)

(17)

(18)

(19)

Question 3.3

Facility Comment: Delete question. Terminology and permissive
numbers are not applicable to this facility.

NRC Resolution: Question deleted after verification.
Question 3-8
Facility Comment: Change to answer key:

(b) Charging flow control valve (FCV-1122,
2122) is more appropriate terminology.

NRC Resolution: Answer key changed to accept terminology.
Question 3-10
Facility Comment: Change to answer key:
(a)l) 2% below trip setpoint
2) 2% below trip setpoint
3) Delete "with power >70%"

4) 1/48 control rods within 20 steps cf
bottom for power >70%

(b) More complete answers for types of turbine
runbacks will he supplied from lesson plans
and other reference material.

NRC Resolution: Runbacks do occur at 3% below trip setpoint,
therefore, answer for Items a.l and a.2 remain
the same. The answer key was changed to reflect
the remaining comments supported by plant
reference material.

Question 4-5

This question is the same as question 7-8 on SRO exam. See
Comment a.4 aopove.

Exit Meeting

At the conclusion of the site visit, the examiners met with representatives
of the plant staff to discuss the results of the examination. Those
individuals who clearly passed the oral examination were identified.



There were no generic weakness (greater than 75 percent of candidates giving
incorrect answers to one examination topic) noted during the oral examina-
tion. An area of below normal performance was communications among the
operators during the simulator zxaminations. The cooperation given to the
examiners was also noted and appreciatec

Mr. Larry Edmonds, VEPCO Superintendent of Nuclear Training, read a letter,
Enclosure 4, of additional facility comments concerning the examination.
The contents of the attachment to his letter was included in "Examination
Review Meeting," above. Specific NRC responses to key comments of Enclo-
sure 4 are as follows:

Comment: "... it is our opinion that there were too many questions on
systems and topics of minor or no safety significance."

Response: The scopes of the reactor operator and senior operator written
examinations are specified in 10 CFR 55.21 and 55.22, respec-
tively. Examiner Standard, ES-202 and ES-402 of NUREG 1021
provide guidance to the examiners as to the content on the
individual categories. Each of the Surry written examinations was
reviewed in Region II and found to comply with the requirements of
the Examiner Standards and the Federal Regulations.

A review of the systems gquestions in Category 2 of the RO and
Category 6 of the SRO exam show a proper distribution of topics
with regard to major, auxiliary and engineered safety systems.
Instruments and controls are topics covered in Categories 3 of the
RO exam and 6 of the SRO. Again, we believe there were no
questions on "systems and topics of minor or no safety signifi-
cance." In fact, the Category 3 questions covered the following

topics:
Question Topic

3.1 Core Cooling Monitor (Saturation Meter)

3.2 RCS process instrument failures

3.3 Deleted

3.4 Rod Control System

3.5 Steam Generator Level Control System

3.6 Main Feedwater Control System

3.7 Emergency Core Cooling System

3.8 Pressurizer Level Control and Protection
System

3.9 Keactor Control and Protection System

3.0, 3.1, .12 Turbine Control System

3.13 Reactor Protective System

3.14 CVCS (VCT Level Control)



Comment :

Response:

Comment :

"Too much memorization was required of steps and setpoints in
minor and insignificant Abnormal and Operating Procedures."

Examiner Standards ES-202 and ES-402 provide guidance as to the
content of the procedural categories, 4 on the RO and 7 on the
SRO. These standards state that "In general, the candidate must
demonstrate complete knowledge and understanding of the symptoms,
automatic actions, and immediate acticn steps specified by
abnormal and emergency procedures."

Regulatory Guide 1.33, "Quality Assurance Program Requirements
(Operation)," Appendix A specifies ‘"typical safety-related
activities that should be covered by written procedures."

An analysis of Category 7 of the SRO exam shows no basis for your
comment. All questions and responses asked for fell within the
scope of the examiner standards and concerned written procedures
listed in Appendix A of Regulatory Guide 1.33.

Question Memorization of Procedure Title
Number Steps and Setpoints (Topic)

&
8
z.

Yes (ECP Limits) Reactor Startup
No Plant Startup
Yes (SI Termination LOCA
Criteria)
Yes (Restoration Actions) Delta Flux Control
Yes (Identification & SG Tube Rupture
Isolation)
No (Symptoms) RCP seal failure
Yes (Automatic & Immedi- Fuel Handling
ate Actions) Accident
Yes (Immediate Actions) Circulating Water
Pump Trip
No Radiological Control
No (Exposure Limits) Radiological Control
No Tech Spec LCO
Yes (Immediate Actions) Reactor Trip

[o9] ~N o0 LS Al (PSRN

Question 7.8 was raised as a concern during the examination
review. This question asked for the immediate actions following
the trip of a circulating water pump. Since this event would
cause a loss of condenser vacuum, it is included in paragraph 6,
Appendix A of Regulatory Guide 1.33, "Procedures for Combating
Emergencies and other Significant Events." We believe the above
chart shows that all other procedures asking for immediate actions
(such as LOCA, SG Tube rupture, fuel handling accident and reactor
trip) were not minor nor insignificant.

"We feel that it is very important that the written exam review be
conducted prior to/during administration of the exam.™
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Response: The NRC believes that the perceived integrity of the examination
process is of utmost importance and outweighs advantages of the
review policy which you advocate.



: SENIOR REACTOR OPERATOR LICEHSE EXAMINATION ' ‘
’ ENCLOSytE 3 :
; - (1 OF 3

Facility: Surry

Reactor Type: westinghouse (PWR)

Date Administered: 6/ /84

Examiner: M. E. Baldwin

Applicant:

INSTRUCTIONS TO APPLICANT:

Use separate paper for the answers. Write answers on one side only. Staple
questions sheet on top of the answer sheets. Points fer each question are indi-
cated in parentheses after the question. The passing grade requires at least
70% in each category and a final grade of at least 80%. Examination papers will
be picked up six (6) hours after the examination starts.

Category % of Applicant's % of Cat.

Value Total Score Value Category

25.0 25 5. Theory of MNuclear Power
Plant Operation, Fluids &
Thermodynamics

25.0 25 6. Plant Systems: Design,

Control & Instrumentation

25.0 25 7. Procedures-Normal, Abnormal,
Emergency & Radiological Control
pe 2
270 25 8. Administrative Procedures, Condi
S and Limitations
98.5
100.0 100 TOTALS

Final Grade y 4

A11 work done on this exam is on my own, I have neither given nc. received aid.

EppTicant’s Signature




5. THLORY OF NUCLEAR POWER P' ANT OPERATION, FLUIDS & THERMODYNAMICS (25.0)

-

o

-

An estimated critical position has been calculated for a reactor start-
up that is to be performed 15 hours after a trip from a 60 day full
power iun. How would eack of the following events or conditions affoct
the actual critical rod position zompared to the estimated critical
position? 1In your answer, sclect whether the actual position would be:
higher than estimated, lower than estimated, or no significant dif-
ference.

a. A steam generator's level is increased significantly.
b. The startup is delayed for approximately two (2) hours.
Ce The steam dump pressure setpoint is increased.

d. A new boron sample is ten (10) ppm lower than the sample used for
the ECP calculation.

e. Condenser vacuum decreases by two (2) inches Hg.

The reactivity worth of samarium at 25% equilibrium power is (greater
than/less than/or equal to) the reactivity worth at 100% equilibrium
power. :

For a reactor operating at a constant power and temperature the the.mal
neutron flux near EOL will be (greater than/smaller than/or the same
ac) the flux near BOL?

In the Surry reactors, the moderator temperature coefficient (MTC)
varies with certain plant conditions. The MIC: [choose the correct
answer. )

a. Becomes more negative as boron concentration is increased.

b. varies due to temperature (Tavg) because of the non-linear density
changes of water as temperature changes.

C. Causes axial flux distribution to be tilted towards the top of
the core at the beginning of life.

d. Would be expected to introduce a large negative reactivity in the
event of a major steam line break.

e. 1s not permitted by Technical Specifications to be positive in any
normal plant operating modes.

(continued on next page)
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carry Exam/Sec.5

5-5 Your reactor is critical and is on a ] DPN SUR. You are currently at (1.0)
10~% aups. After 30 seconds you should be at 5 x 10~% amps. TRUE OR
FALSE? ‘

5-6 Figure 5-1 is a sketch of Xenon concentration vs time. On the same (z.0

figure sketch the approximate power history that would be associated
with this Xenon concentration plot. Assume that all power changes are
made as step changes.

5-7 A reactor is critical at 10“ CPS when a steam generator PORV fails (1.0
open. Assuming BOL conditions, no rod motion, and no reactor trip,
choose the answer below that best describes the values of Tave and
nuclear power for the resulting new steady state.

a. Final Tave > initial Tave, Final Power > point of adding heat (POAH)
b. Final Tave > initial Tave, Final Power < POAH
Co Final Tave < initial Tave, Fina. Power < POAH
d. Final Tave < initial Tave, Final Power > POAH
5-8 During 2 reactor startup, the operator stops vod pull #9 at 144 steps

on Bank C. The Source Range Monitor (SRM) count rate levels off at 1857
cps. The initial SRM count rate was 400 cps at O steps withdrawn on
control Bank A with Keff = 0.940.

a. Calculate the 1/M value for this control position. (1.5
b. What is the new value of Kg¢f at this condition? (1.5
5-9 The reactor is critical at 5 x 10~° amps on the intermediate range.

Assume an instantaneous 15 ppm dilution of the RCS occurs. Answer
the following, showing all work and all assumptions:

a. What is the resultant stable SUR from this dilution? £1.5

b. How long will it take for the reactor power to reach the point of (1.0
nuclear heat (2 x 1075 amps)?

5-10 Indicate how the following changes in plant conditions would indivi-
dually affect QUNR (increase, decrease, or have no effect).

-

a. Pressurizer pressure decreases _ (0.5
b. Tc decreases (0.5
€. Reactor power decreases (0.5
d. RCS flow decreases (0.5

(continued on next page)



5-11 ' 20 PSIG

MARE-UP

HEAT s
STEAM

S

i s =3 AT
[ &

For the system above, how would each of the following operations effect
the available NPSH f-or the pump (increase, decrease, oOr remain the
same)? Consider each one separately and assume short term effects
only.

a. double the temperature of the water in the tank
b. double the leve' of the water in the tank
Ce double the flow through valve "A" (punp discharge-throttle valve)

d. double the pressure on the tank

5-12 Refer to Figure 5-2 to answer the following.

a. The system flow when pumps 1 and 2 are running is greater than,
less than, or essentially the same as the system flow when only
pump 2 is ruoning.

b. Assume that pump 3 is running at a certain speed (the speed that

correlates to the graph given). What would the pump discharge
pressure be if the pump speed was increased 3047

(continued on next page)
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Your reactor has been operating at full power for three months when a
manual reactor trip occurs. All systens are operational and the

steam dumps are immediately placed in the steam pressurs control mode.
Ten (10) minutes after the reactor trip all RCP's are tripped. Twenty
(20) minutes after the reactor trip one (1) RCP is joggcd momentarily.

a. On Figure 5-3 indicate and explain the approximate response

(trace) of the average core exit thermocouple temperature and Tc
Wide Range temperature for the previously described events.
Assume that the plant is maintained at hot standby until one (1)
hcur after the reactor trip.

One (1) hour after tae reactor trip commence & cooldown at the
maximum allowable cooldown rate (assume all CRDM Shroud Cooling
fans are in service). Indicate and explain the temperature traces
for the next three (3) hours. i -

State the values that represent the amount of subcooling that exists in
your reactor at full power and at zero power. Include all assumptions
and calculations.

END OF CATEGORY 5

(Write "End of Category 5" on your answer sheet)







i

150

o B ifi

Mok

e
!

|
'

4

H

.cwo,_oil’$¢:wz,i,¢
HOIN

11
k.

i
|

|
|




R
!
—

| -+ { | }

‘, B O e S S S 4 B . S S

: ‘ b4

14

B R e e

U S e S S S i

|

BN B
2 e N

4+ -4 | R |
o S e S S8 S e e | * bt
!

4 444 e o Bl B 1 _
!
{44 4+ ¢ . B | -4
| = o | {

{ .

P et e 4
|

SRR | B (|

| |

|
]
b
—
"
)
o~
—

 Leae WY OUETE 'R e L el




6-2

6-3

6-6

LANTATION (25.0)

a. A break in the reference leg in a pressurizer level indicator will
cause the indicated level to be higher than the actual level.
True or False?

b. List all of the locations that have indication for LT-462 (Pzr
level-cold calibrated).

Place an "x" in the appropriote boxes of the table on Fig. 6-1 to indi-
cate where the systems connect to the Reactor Coolant System (RCS).

a. What chemical is used in the containment spray chemical addition
tank?

b. Why is this chemical added to the spray (i.e., what gets
¢ >complished that would not be accomplishazd by a borated water
spray alone)?

C. What will initiate containment spray (include setpoint and
coincidences)?

Sketch a portion of the electrical distribution system suv as to indi-
cate the preferred method by which power would be supplied to the Vital
Bus I-III following a station blackout. Do not include breakers and do
not include portions of the system that are " not directly related to the
Tlow path requested. Label all buses, transformers, and power sources.
Use actual alphanumeric designations where applicable.

Identify the seven (7) Reactor Trips for which there are no associated
blocks or permissives. For each of the above trips also give the set-
point and coincidence.

Refer to Fig. 6-3 (Reactor Makeup System) and fill in the boxes to
indicate th2 valve positions (open, closed, or modulated) for the
various modes of operation.

(continued on next page)
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Exawn/Scc.6
For the following questions refer to Fig. 6-4 (core cooling monitor-
front panel).

a. What pressure signals are inputs (o the Core cooling Monitor (0.75)
(noun name or transmitter number)?

What is the significance of the lines drawn between the core ther- (0.5)
mocouple status lights?

Which calculation(s) is/are made when the "AT loop 1" button is (1.0)
pushed?

1) Highest thermocouple minus Ty

2) Highest thermocouple minus T¢

3) Lowest thermocouple minus Ty

4) Lowest thermocouple minus Tg¢

5) Average thermocouple minus Ty

6) Average thermocouple minus T¢

7) Ty minus Tg¢

8) Highest thermocouple minus lowest thermocouple
Assume that your plant has been operating at a 100X steady state power (2.8)
level and Pressurizer Pressure Transmitter PT-445 just failed in the
high direction. Describe the sequence of primary plant events that

occurs assuning no operator actions. Extend your description to the
point where a new steady state or equilibrium is reached.

Assume that your plant g at full power when a pipe rupture
occurs in the Auxilié;;‘chdwfter stem. The rupture is a complete
J

severance of the AFW eonthootiba to the main feed line for the 'C' steam

generator o~ An sutomatic SI initjdates. S/G 'C' level is decreasing due

uva

to the rupture and “S£G! B are decreasing as essentially all of
the AFW fiow is exiting through the rupture. You decide to isolate the
rupture by asttempting to shut MOV-FW-151 A and B. Valve B shuts
however valve A will not shut due to @& motor failure. List the valves

/ (by functional name or valve number) that would need to be repositioned
(by an operator) in order to provide AFW flow to S/G's A and B
lassuning that valve MOV-FW-151-A remains open).

/

The recirculation spray toolers use service water to cool the spray
water. Which of the two fluids (service water or spray water) operates
at the highest pressure? Why?

wd on next page)




Exam/Sec.6 page 3

The unit has been operating at 45% power with all systems in automatic.
State the direction of rod motion that would initially take place for
each of the following eventy (consider each one separately).

A.

B.

C.

A steam generator power operated relief valve fails open,
A teedwater heater string becomes isolated.

The lower detector of the power range channel N44 fails high.

The manipulator crane has three (3) interlocks with inputs frow the
Dillon load Cell.

Describe these interlocks. Include setpoints, indications, and
the limitations that these interlocks impose if they are activated.

For each of the three (3) Dillon load cell interlocks indicate
whether it can be bypassed, and if so by what method. For

the interlock(s) that can he bypassed state the indication that
would be given when the interlock has been bypassed.

The Dillon load Cell has two (2) scales "A" (0-3,000) and "B"
(3,000-6,000). The equipment is normally operated on the "A"

scale. How is the operation of the manipulator crane affected when
the "B"” scale is used?

END OF CATEGORY 6

(Write end of category 6 on your paper)
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7. PROCEDURES-NORMAL, ABNORMAL, EMERGENCY & RADIOLOGICAL CONTROL (25.0)

OP-1C states the amount of reactivity by which actual critical rod
position may differ from the ECP. What are the allowable
deviations (pcm) above and below the ECP?

What three (3) operator actions are required if it appears that
criticality will be achieved at a point below the allowable limit
(but still above the minimum insertion limit)?

During a reactor plant startup the reactor coolant system should not he
pressurized to > 2000 psig if the secondary side steam preesure is <
485 psig. TRUE or FALSE?

Assume that a LOCA and safety injection have occurred or your plant.
a. What are the safety injection termination criteria?

b. What are the criteria for which SI must be manually reinitiated?

1f your plant was operating at 75X power and Al was outside of the
target flux band on the negative side (beyond the left limit), what
control action(s) would you take to restore Al to within limits?

Mosa's Rurl@lED

How is a faulted S/G identified during a S/G tube rupture? (List
at least three (3) methods.)

prons RulTuRED
How is the faulted S/C isolated?

What methods would be used to reduce RCS temperature to the no-

load condition if the faulted S/G MSTV and NRV failed to complete-
ly shut?

List two (2) symptoms of a #1 seal failure for a RCP.
List two (2) symptoms of a #2 seal failure for a RCP.

List one (1) symptom of a #3 seal failure for a RCP.

(continued on next




Assume that your plant is in the process of refueling when the
Manipulator Crane Area Monitor alarms (at both the alert and high alarm
levels).

a. What are the five (5) automatic actions initiated by the high
alarm?

b. What are the six (6) immediate operatoi actions required?
Assume that your plant is operating at 100% power when a Circulating

Water Pump trips. What are your three (3) immediate operator actions?
Include the numerical limitations that are part of the actions.

Does the biological effect of 100 rem dose depend on whether it is a
neutron or gamma dose? Explain.

Answer the following questions as they relate to you as an operator at
Surry Power Station.

a. What are ycur quarterly administrative limits for radiation doses
to the whole body, hands and skin?

b. What is the maximum quarterly whole body administrative limit that
can be approved by station management ?

/q— G:C‘-r.

C. According to the HP Radiation Protection Manual®a person must meet
Lovd three g}d*requirements in order to wear a respirator. List these
Lo three g}ﬂ*requirements. Include time frame if applicable.

Assume that you are operating at 100% power and a "Limiting Condition
of Operation” is violated which requires the reduction of unit power.
State the minimum rate of power reduction that is required OR state the
procedure name (or number) that would be used to reference this value.

endsv uf'r\(&"r “Ton l-"' ?
List (in detail) the eleven (11) immediate operator actions,for a reac- (2.
tor trip (without SI initiation). Assume that all actions and expected
responses are completed without problenms.

END OF CATEGORY 7

(Write end of category 7 on your paper)

-




Assume that your plant is at 250°F.
a) According to Tech. Specs. what is the maxiwum number of charging
punps that may be operable?

b) What is the basis for the requirewent in part 'a' above?

Assupe that it is 0300 on 7-20-84 and reactor power is presently at
30%. Considering the Al history listed below, at what clock time (and
date) are you allowed to increase power above S0%?

SN

TIME (leaving band) TIME (re-entering band) POWER(Z)

0300 0318 85
1757 1833 55
2238 2400 10
0148 0300 30

Whose approval i: required to make & temporary change to an
Electrical Maintenance procedure (assuming that the change does not
alter the intent of the original procedure)?

Whose approval is required to make a temporary change to an
Emergency procedure (assuming a change of intent is involved)?

a. Give an example of a "Class 1" Reactor Trip.
b. Give an example of a "Class II" Reactor Trip.

Instructions on the use of temporary jumpers indicate that if safety-
related equipment is involved then additional approval is required before
installing the jumper. What reference (procedure name and/or number

should be used to determine whether or not a piece of equipment is
safety-related?

Service water leaks within the containment (when the RCS is

>200°F) require Immediate NRC notificaticn. What is the basis for
this requirement?

List (or describe) six (6) additional events that require
Immediate NRC notification.

(cont tnued on next page)




Surry

&-7

&€-10

8-11

8-12

kxam/Scc.8 Page 2

AD!-38 indicates that entry into the reactor containment during reactor
operation exposes personnel to four (4) distinct hazards.

a, List these four (4) hazards.
b. Whose permission is required for containment entry?

List the three (3) requirements for placing a “"temporary Control Board
Marker” on a control board OR describe the reference bock/manual and pro-
cedure title that you would use to determine these requirements.

Assume that an unplanned radiological airborne release is in progress due
to an accicent on Unit 1,

a. If the Control Room Me‘erological wind direction recorder indi-
cates a reading of 180° in what direction would the plume begin
traveling (N,NE,E,SE,S,SW,W, or NW)?

b. Assuming the same conditions as in "a" above, what would be the
entry for the Status Board “"wind direction”?

How often are ViLal Area~kKexs inventoried and by whom? DELET@

— (AFTeR E)MM)

Tech. Spec. 3.2]1 requires that all fire barrier penetrations in the

fire zone boundaries protecting safety related areas shall be functional.
What action would be required if a firedoor was required to be open for a
two hour period so that an air hose could be routed fo. maintenance work?

List five (5) unique instruments that are considered part of the Tech.
Specs. “"Accident Monitoring Instrumentation”.

END OF CATEGORY 8

(Write end of category 8 on your paper)

(2.4)
(1.9)

(1.5)

(1.0)

(1.0)

(1.5)

(1.5)

(1.5)
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Y osuiry Answers/Sec.5 Page 1

5~1 a. lower than estimated
b. lower than estimated
c. higher than estimated
d. lower than estimated
e. no difference

REF.: Surry OP-1C

5-2 E,ual to
REF.: Westinghouse Reactor Physics, Section 1-5
« + ¢
3 Greater than; RR = If ¢rp
REF.: Westinghouse Reactor Physics, Section I-2
5-4 b.
REF.: Westinghouse Reactor Theory, Sectionm I-5
5-5 False (power will be 3.16 x 1078)
REF.: Westinghouse Reactor Physics, Section 1-3
5-6 See Figure 5-)
REF.: Westinghouse Reactor Physics I-5 & Surry Curve Book
57 d.
REF. : Westinghouse Reactor Physics, Section I-5
5‘8 a. l/“ - al/ﬂz
= 400/1857
= 0.215
b. 1/M = 1-Keffy/1-Keff)

0.215 = (l-Keffg)/(l-.96)
(0.215)(0.06) = 1- Keffg
1-0.0129 = Keffg
0.9871 = Keffg

REF.: Westinghouse Rcactor Physics, Section I-4

(continued on next page)
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surry Answers/Sce.5 Page <

5-9 Assume: =9 pem/ppm boron worth
reff = 0.1
geff = 0.007

pen/ppm) (-15ppm) =135pcm = 00135
peff - p/reff p

.007 -.00135/.1 (.00135)
.0057/.000135

4]1.85 scc.

U I I -

I I B o

SUR = 26.06/1
SUR = 26.06/41.85
SUR = .62 DPH

b. P = Pg10SUR(E)
2X109=(5% 10-9)(10)(0.62¢t)
4000 = 100-62t
3.602 = 0.62t

t = 5.81
REF.: Westinghouse Reactor Theory, Sections 1-3 & I-5
5-10 a. decrease

b. increase
Co increase
d. decrease

REF.: General Physics HT & FF, Section II-C

5-11 e decrease
b. increase
€ decrease
d. increase

REF.: ,General Physics HT & FF, Section III-B
5-12 See Fis. 5-2
a. essentially the same

b. appx. 76 psig

KEF.: General Physics HT & FF, Section 111-B

5-13 See Fis. 5-30

REF.: Surry EP.1.02A & Shearon Harris Simulator Data

(continued on next page)



652
-547
105°

652

-606
46°F

REF.:

Answers/Sec.o

Sat. temp. for 2250 psia
Tavg at zero power (& 74
Subcooled at zero power

Sat. temp. for 2250 psia

Operating Ty at 100% power
Subcooled at 100% power

Steam Tables and Surry System Des. Chap. 1

page
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£ Answers/Scc.C Page 1

6-1 (7;) a. True .
Ja9) b CAF - Reference not available  Cevdrol Rewwn (1064 e st of backbened - V8 1)

REF.: Surry Instrumentation Manual, chap. 1, pgs. 14 & 15

6-2 (;_;) See Fig. 6-1

REF.: Surry Sys. Des. Vol. I., RCS, pgs. 1 & 1B; Vol. 11, Chap. 10 pgs
162

6-3 (o05)e- NaOH
(e5P" Helps remove iodine from the containmer® atmosphere
(R)c- (Hi-Hi containment pressure 3/4 detectors >8.3 psig

REF.: Surry Sys. Des. Vol I, CLS-pgl & Cont. Spray -pg2

6-4 GQ See Fig. 6-2
REF.: Surry OP-26.4 pg2; AP-11 pgs 1-3; & Sys. Des. Vol Il1-Emerg. Power

Distribution
: s
2" A ) A D)
6-5 () Trap (O _S_t_Ph( ' Logic(o '
1. Manual Y2
2. PRM Hi Flux
High Setpoint  107% 2/4 det.
3. PZR
High Pressure 2370/ 2/3 det. i
3 7“;’ e
4, Feed Flow/ 20% level 17 det \*\fo\ \ (4
Steam Flow .709 X 10 /2 channels 'e”
Miesmatch with  1bm/hr 3 o
Low 3/C Vater
wevel
5., S/G Low-Low 172 2/3 det.
Level
6. OTAT variable 2/3 chaniiels
7. OPAT Variable 2/3 channels
REF.: Surry Instrumentation Manual Chap. 7, pg. IV-1.12; Chap. 8, pg

1v-8.7; Chap. 9, pg. 1V-5.7; Chap. 11, pgs. 2 & 3; Chap. 14,
pgs. 1,2,4, 5, & 6

(continued ou next page)



¢ Sce Fig. 6-3

REF.: Surry Sys. Dus. Vol I, CVCS pps 48 & 22
.V -~/
Loop (Eﬁf) wide range pressure, loop (Eﬁi) wide range pressure,
and pressurizer pressure (Fn* c\wo\f I’z, :,e ‘ondcrt w fﬁv-
R e ':'\::.' L e o <>~.rnt\__J
(v.5) b. The divisions indicate¢ quadrant location in the core (two TC's
per quadrant).

(l,o) C. S & 6 (Avg. minus Ty) & (Avg. minus Tg)

REF.: Surry Subcooling Monitor Sys. lesson Plan from North Anna and
Surry OP 5.5. Suvvq Sy5 Des. RES T)‘ﬁ»—““«‘“ Dwe /148 -Fm-56A

6-8 (:4,2) 1. Pzr Bi Press. Alarm (2310 psig on PT-445) ot Lo i
i 3 “’L(E\’l-\‘(‘( S
2s PCV-456 opens causing pressure to drop. Porv

g—— ned ¢ Egut rEe

W\

3. Proportional leaters are full on (appx. 2220 psig). Foc + o
(\’\"(‘ X

.éfé/ Backup heaters on (apox.2346-psigy—

As pressure drops below 2000 psig (as sensed by 2/3 of the pro-
tection channel pressure detectors) an interlock will cause
PCV-456 to shut,

6. As pressure increases above 2000 psig PCV-456 will re-open

7. The pressure should continuc cycling around 2000 psig.
(controller action will cause the cycling effects).

Surry Sys. Des. RCS pgs 39, 41, 69, & 70 and Inst. Manual
Chap. 10 attachment I, and Chap. 14 pgs 5 & 10

6-9 (1.§> See Fig. 6-5

The AFW pwmp discharge valves that tie into the same header as
MOV-FW=151-A pust be shut, CAF for valve numnbers. ¥ w- | 156 ¢ 71

4 MoV-Fw-ISR=C ¢ mnrt be Sht do provint iy chblen Few cthec traiy,
REF.: Surry Sys. Des. Main Feed and AFW; AP-2 pg 4; EP-30, pgs. 4

\QQS

N> .
> M
(* ¢

& S; FRP-H.1, pg-« 3 \/ # ). 1
3 Vo IRE T Dw & 11448 Fm-¢BA, 688, ¢ 18A
. Al

/
\
6-10() o) Spray water, so that no dilution of the borated water can occur.

REF.: Surry Sys. Des. Spray Subsys.cm Recirculation, pg. 2




Answers/See. 6

Page 3

6-11 Unly the underlined words are required for full credit,

———

a. Stecam flow increases Causing increased removal of heat from the

I RCS; Tave decreases. Reactor Control System moves the rods out
("' because of the Tref-Tave deviation,

b. This causes decreased

efticiency in the secon
( 55) the same turbine load

dary plant cycle for
Output; Tave will decrease because of
greater heat removal., The Tref-Tave deviation causes & rod
withdrawal.

€ The nuclear power input signal to rod control increases and will
(»55) cause the rods to insert attempting to reduce reactor power, while
; the channel is failing., This is due to the Power mismatch between
Nuclear power and Turbine Power (impulse press).

REF,: Surry Instrumentation Manual Chap, 4, ‘Es. |

6-12 a) 1) Slack cable: Stops downward motion at < 00 1bs., lights the

slack cable lamp s y

2) Gripper - weight indicators:

the air line to the gripper control 60 ,1
knob 1is closed by a solenoid valve T
until the load drops below 1200 1bs.

3) Overload : Stops the hoist in the up direction and lights the (O.‘)‘
; overload lamp when load is »27C0 1bs.

b) 1) Slack cable: pot bypassable (e.2s

2) Gripper-weight indicators: bypassable with the “gripper bypass” 69‘

(which is a valve in the pneumatic system
that delivers air directly to the grippers
around the weight indicator interlock).

A "Gripper By-Pass"” lamp will lighe,

3) Overload: bypassable with the “overload bypass”. An "Overload By- (0.31
Pass” lamp will light,

€. The interlocking switches in th

¢ weight indictor trip in relation to \
position of the needle on the scale and not by absolute weight, If (0.5
the met:r is switched to the "B 6cale the switch Settings increase
by 3000 1bs,

-

REF.,:

Surry Sys. Des. Fuel Handling Sys. and 0 ~4.15
("53 q., u'ﬂg . ‘s: 74‘)



Loor 1 Loor 2 Loor 3

Hor | INT. | cown| Hor | x| cown | Hor | nT. | Cowd
1LEG | LEG | LEG | LE& | LEG | I | LEe | L76¢ | LEG

SI Accun. >< X x (0.35)

Par Suree X (0-35)
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Normar Chareme >( (6.2

Loor Fine Conm.'s x X X (b"’{)

NORI;‘IAL LeTdown ' X (0-15')

Excess Lervown X . X x (6.25)

PRocess Sanreme Sysren X ' X x x x x @-1‘-)
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’, 1 Answers oCC. .
7-1 a. 400 pcn above, 250 pem below (b\é)
b. l. 1nsert all controlling group rods. (o, S)
2. Re-evaluate the ECP. '
3. 1f no ECP error is detected, obtain the operaticas wup, ., . (‘~§)
tendent's permission to approach criticality using o | (O-S)
plot.
REF.: Surry 1-0P-1C page 5

7-2&0} True (&P SI will occur)

REF.:
7-3 a. lo
2.
3.
4,
5.
b. 1.
2.
3.
REF.:

Surry OP-1.3 pg. 9 and Instrumentation Manual

Containment Conditions - Normal, and

RCS Pressure - >2000 PSIG, and - 1 PR ©6.%.4
RCS Subcooling - >S0°F, and e
Pzr Level - >50%, and

Heat sink - S/G Level - >65% WR or 172 NR
or AFW Flow = >540 GPM

RCS Fressure - <1715 PSIG or

- KCS Subcooling - <50°F, or Zitems @ 0, ‘b ea.

Pzr level - <202

Surry EP-2.00 pgse. 4 and 16

7-4 (,5) Borate to drive the rods out which will cause power to Shift tuw, g, .
top of the core or if rods are all the way out, reduce load. A, . .
—_— ———— . J\'
decreases power shitts toward the top of the core.

2.
3.
4.

b. l.
2.
3.
4.
5.

2.

REF.,:

'mexpected rise in any S/C narrow range level. e ,
High radiation from any $/G blowdown line. N items ree
High radiation from any MS line monitor. @’) 0.3 r'h €2

‘High radiation as determined by sampling aad analysis,

Shut AFW to ruptured S/C if NR level >50%

Shut ruptured S/G MSTV S lowms © o3¢t
Verify that ruptured S/G PORV is shut .'..
Shut ruptured S/G steam supply to the TDAFW pump

Verify ruptured S/G blowdown TV's are shut

Shut non-ruptured S/C MSTV's
Use noa~ruptured S/G PORV's for steam dunmp

Qs @ 0.3‘,1;

creh

Surry EP-4.0 pgs. 3 and 4

(continued on next page)



RCP seal leakotf high flow
RCP scal water return low AP

KCP Vapor seal tank high level
RCP seal leakoft low ilow

Vapor seal tank low level

Surry Annuciator Procedures (1C-4,1C-Z,1B-8, 1C-44, & 16-32).

purge air supply valves (MOV-VS-100A and B) close | g T
purge air exhaust valves (MOV-VS-100C and D) close * S ots €
supply fans (VS-F-4A- and B) trip @ o.a%p
TV-1A-101A and B close R R
Alternate suction (ApV-lA—lﬁB) opens I n&e. twm

FON P\n-&k\s:s net
Verify auto actions occurred p;t»d
Advise all personnel to leave area (and report at personnel for
change and decontarination area)
Start contamination air recirc. fans (VS-F-]lA-and B) €.\
Start iodine filtration fans (VS-F-3A and 3B) -e
Notify H.P. for survey
Turn control selector switches for supply fans (1-VS-F-4A- 6 dems

and B) to "OFF"
® 0.2 pts
Surry AP-5.8 e»ech

(o. "fr*-l) (0.2 pn)

Throttle ¢ condenser outlet v. valvas manually to maintain normal level

£f 22 feer do not eycved 2 A%, (O a rt,)

¢ rts) +
Reduce generator load to gllow condenser vacuum to be pajutained (0.3p ‘)

above the trip point (18"-22") and temp. at the groin not to
P QR°F
exceed 98°F. (o-:'*l)
. (022"’
3.X" Notify the System Operator of the reason for reduced load.

REF.: Surry AP-13

0.25 I.Oy*-"
-—| —

No.l 100 rem in neutron or gamma is the same because the quality factor
of the ionizing radiation is already figured in rem, because rem = rad
x quality factor.

REF.: Surry H. P. Rad, Prot




WB 0.75 rem/qtr.
Hands 18.75 rem/qtr.
Skin 5.00 rem/qtr.

1.75 rem/qtr. <0.*>

WB Count < 12 months ago
Satisfactzr) Respirator Fit Test < 12 months ago
Satisfactory Pulmonary Function Test < 12 months ago
. ‘;a‘ Lﬁ:‘r T.‘%“‘] -"fu‘k(‘"’!’“ ‘rY\ v-t-;.( 12 oty ‘lb
REF.: Surry HP Manual - Section I pgs. 1.2-3 and 4
C‘E.T.. (3 SR L1 o

150 Mwe/hour OR OP-2.1 (Unit Power Operation)

REF.: Surry 0P-2.1

Manually trip reactor.

Verify rod bottom lights are lit. 1l dem
Verify rod position indicators are indicating zero. +3
Verify that neutron flux is decreasing. @ O‘:P
Manually trip the turbine.

Verify turbine stop valves are closed

Verify rapid load decrease to zero,

Open turbine drains

"Reset” reheaters.

Verity normal voltages on buses H and

Verify S5 buses energized.

e‘\ck

1.
2
3.
4.
5.
6
7
8

0

Surry EP-1.00




5—1('Q\a. one (1)

(|63\n provides assurance that & mass addition pressure .nt can b

1

relieved by the opuration of a gingle PORV, ©OF equivalent.

surry T.5. 3.1

18 x 1.0 18 penalty minutes
36 x 1.0 36 penalty ginutes
g2 x 0.0 O penalty pinutes
72 % 0.5 36 penalty minutes

g0 total penalty minutes

@ 0318 on 7-20-84 there would be 72 penalty minutes
@ 1809 on 7-20-84 there would be 60 penalty m\nutvE:5 ) .0 P+,
Bng power could be {ncreased to »50%

REF.: gurry T.5. 3.12-4 & 5

Electrical Foreman and a ltcennvd SRO
SU}‘rln\wUdvn( - (Wrxatiun&

surry Te5. 6. - 4 & 5

Any trip which meetls the following:

The trip {s clearly undvry(nwd and corrected and

no gignifi-
cant palfunctions of 5a!v!y~rrlatvd or important equipment

occurred.
Any trip which meets the following:
The cause of the trip is not clearly OfF completely known OT
baftty—rclatrd and/or other important equipnment gunctioned in
4n abnormal of degraded ganner during or following the trip.
REF.: Surry ADM-14 Ppage 2

Use ADM-73, Classification of Systens
are 8»’d\13\;‘u' which list wost t-qu\pr‘,t«:\(

cannot be made then use the evaluation
((‘dn!t'.

REF.: Surry ADM=73 and ADM




pDegradation ol containment boundary
Any Bix (6) of the twelve (12) items listed
g8-3 (CAF for recent revisicns)

surry ADM-29, PES LO-44
jonizing radiation
heat SLTESBS
difterential pressule

potent jal oxygen dell

Station Manarer, AsSt .
(Any one of the ! 34

Surry ADM-38

cannot hide any indicator

must be dated

wust have name of person posting it
Ok

Use Standing order Book (5.0. $12) “Use of Temporary Control Board
Macker”.

Surry o.Y.

KN
X<

(or to prevent double jeopardy, 180°F from answel ‘a' will be

accepted)

REF.: Surry EPIF -2.0)

Once each piredi DY the Shift Su servisor or S.5. Asst .
k ,-ﬂ\
| el Il ])E'.E TELD

opF.: Surry 5.0. #15 ————

aiithin one hour establish a cont inuous ire warch at least one gide
of thre af fected [W‘.’M'I{Htll-h.

REF. surry T.S5. 3.21-3 & 4

1) AFW flow rate
RCS subcooling m nitor
3) PORYV pt's'.(i’ﬂ\ -~ acoustic
&) PORY position = light
5) Safety alve position - acousti

‘) !‘;i!f"t‘y \'-11'»' 'N"\i',}(u‘ X),'&W' {(',r_ e




Any event T
emergency plan o )Y : laa.,

Technical Specification £a

<

instances of

shutdown of th

nuclear powver plant in accordancw with Technical

Specification Limiting Conditions
F




Personnel error or procedurel ivedequacy which,
during normzl operationms, anticipated operational
occurrences, or accident conditions, prevents or
could prevent, by itself, the fulfillment of the
safety function of those structures, systems, and
ozponents important to safety that are needed to:
( shutdown the reactor safely and maintain it in a
szfe\shutdown conditions, or (ii) limit the release
of radipactive materizl to acceptable levels or
reduce thy potentizl for such release.
Any event résulting in manuzl or sutomatic actuation
of Engineered Rafety Features, including the Reactor
Protection Syst
Any accicental, unplanned, or uncontrelled
racdicactive release. \(Normzl or expectec release
from mzintenance or othex operational activities are

not included,)




9.

10.

11.

fzy fetality or serious inmjury occurring on the site
end requiring tramsport to &n off-site cedical
facility for treatment. Itex (9) of 50.72(z)
recuires notification of: "Any fatality or serious
tjury occurring on the site z2d requiring transport
to\&n offsite medicel facility for treatment."
Serius injury is considered to be an injury that
the judgement of the licensee representzsive will
recuire aguission of the injured indivicduel to a
hespitzl foX treatment or observation for an
extended periog of time (grezter than 48 hours).
Icjuries thet on)y reguire treztment ané/or rpediczl
cbservation &t a hogpital or offsite mecdical
fecility, but do not o¢et the conditions specified
2bove, &re not requi ed be reported.
Acy serious personnel radiogctive contazination
requiring extensive onsite delcantazination or

outside assistance.

Any event meeting the criteria in Xart 20 for

irmediate or 24-hour notification of\incidents.

Strikes of operating employees or secudity guards,

or honoring of picket lines by these ecplpyees.
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Instructions (continued)

3.6 Reporting

3.6.1 The Superintendent of Operations or the S.R.0. on call
shall be notified in the event of:
A. Reactor Trip
E. Less of Site Power
C. Major Equipment Failure
D. Personnel injury requiring medical attention
E. Any abnormal vater chemistry changer
F. Reportable Occurrence
G. Any significant oil spill to the environment
H. Unusual Safety Related Event
I. Or any significant occurrence.

3.6.2 Izmediate NRC Nocification (10CFR50.72)

(a) The Shift Supervisor shall notity Operations Center
via the Epergency Notification Svstem whenever any
Ezergency or Non-Emergency event, as specified below
occurs.

(b) Whenever the NRC is notified pursuant to this
section, a "station deviation" report will be
initiated. When making this notification, review
and utilize Checklist No. 67 to provide the NRC with
applicable information. Attach this checklist to
the "station deviation" report.

(c) Whenever the NRC is notified, the Shift Technical
Acvisor (STA) shall be summoned to the control room
tétinitiate a preliminary investigation of the

event.
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3.0 1nstructionu_(cout1nucd)

Epergency Events

The NRC shall be notified within one hour following the
declaration of any of the Emergency Classes, i.e.
Unusua) Event, Alert, Site Emergency, or General

Emergency.

Non-Emergency Events

: (A) Notify the NRC withir one (1) hour of any of the following:

(1) The inictiation of any pl&nt shutdown requirad by
Technical Speciticationms.

(2) Any event or condition during operation that results in
the condition of the plant, including its principal
safety barriers, being seriously degraded; or results in
the plant being:

(A) In an unanalyzed condition that signiticantly
compromises plant safety;

(B) In a condition that is outside the design basis of
the plant; or

(C) In a condition not covered by operating and
emergency procedure.

(3) Any natural phenomenon or other external condition that
poses an actual threat to the safety of the plant or
significantly hampers site personnel in the performance
of duties necessary for the safe operation of the plant.

(4) Any event that results or should have resulted in Satety
Injection System discharge into the reactor coolant

systez as a result of a valid signal.

- -

ok I
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iy 3.0 Instructions (continued)

Non-Emergency Events (continued)

‘ . (5) Any event that results in & major loss of emergency
assessment cepablility, offsite response capability, or
compunications capabilicy

(6) Any event that poses an actual threat to the saf fety of
the plant or significantly hampers site personnel in the
performance of duties necessary for safe operation of
the plant inluding fives, toxic ges releases, or
radicactive releases.

(b) Notify the NRC within four (4) hours of any of the

(1) Any event found while the reactor is shutdown, that, had

(;' it been found while the reactor was in operation, would
have resulted in the plant, including its principal
safety barriers, being seriously degraded or being in an
unanalyzed condition that significantly compromises
plant safety.

(2) Any event or condition that results in manual or
sutomatic, actuation of any Engineered Safety Feature
(ESF), including The Reactor Protection Systex (KRPS).

Actuations that result from preplanned sequences are

|
|
|
|
|
|
|
|
|
|
|
following:
excluded.

(3) Any event or condition that alone could have prevented

the fulfillment of the safety function of structures or

systems that are needed to:

| B RIS ot
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U. S. NUCLEAR REGULATORY COMMISSION

REACTOR OPERATOR LICENSE EXAMIMATION

Facility: Surry

Reactor Type: Vest inghouse 3 Loop

Date Administered: June 1964

Examiner: R. H. Thornton

Applicent: Z‘:& CZ‘ ’7
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Use separate paper for the answers. Write answers on one side only. St le
questigns sheet on top of the answer sheets. Points for each question are indi-
cated in parentheses after the question. The passing grade requires at least
70% in each category and a final grade of at least 80%. Examination papers will
be picked up six (6) hours after the examination starts.

INSTRUCTIONS TO APPLICANT:

Category % of Applicant's % of Cat.

Value Total Score Value Category
2£.675 -
25.0 2570 1. Principles of Nuclear Power

Plant Operations, Thermcdynamics,
Heat Transfer and Fluid Flow

2475 2s.32
e Fens 2. Plant Design Including Safety
and Emergency Systems

23.0 23.53

250 256 3. Instruments and Controls
25.575
25.0 250 4. Prccedures -- Normal, Abnormal,
, . - Emergency & Radiological Control
97.75
Too~4  100.0 - TOTALS
Final Grade 7

A1l work done on this exam is on ry own, I have neither given nor reccived aid.

Rvolicant™s SSanatire




1.

1-1

1-5

PRINCIPLES OF NUCLEAR POWLER PLANT OPLRATION, THERMODY..AMICS, HLA1

TRANSFER, & FLUID FLOW (25.0)

Considering Doppler eftects for an increase in reactor fuel tem-
perature, which of the following choices (increases, remains the same,
decreases) applies to each parameter below?

a. Resonance Escape Probatility (p)

b. Resonance integral (total area under the resonance peak).
C. Anount of fuel self-shielded.

ecenseetbdenrtiriscdsiavs—atter—a——fost—ioadang outase —the—odd—pessars’
PR T SRR RS EG et G ReM PRy teusee . After conmpletion
of fuel and new source loadings, the Source Range Monitors (SRMs) read
an average of 100 cps. (Kgff = 0.85 calculated).

a. What portion of the average SRM reading is due to the source
neutrons oanly?

b. Where would the SRM readings level off if the same fuel remained
in the core, but no wso’:‘-o-vere available? Explain.
Saurce nevfrons

Following a reactor trip from 100% power, how long would it take for
the source range instrumentation to be energized. Show by calculation
assuming that Po = ] x 10-% amps after the prompt drop. State all valid
assumption(s) neccessary to solve the problem.

Indicate whether you agree or disagree with the following statements,
and justify your answers.

a. The thermal neutron flux levels within the fuel pellets are higher
than those in the coolant channel between fuel rods.

b. For 1 given power level, the neutron flux level impinging the
excorz detectors will be the same at EOL as at BOL.

Name three (3) properties that are desirable for a good reactor modera-
tor to possess.

{continued next page)

€0.5)
(0.5)
(0.5)

(0.75)

(0.75)

(1.5)

(i.0)

(10)

(1.5)



Surry Exan/Scc. ] . Pape 2

1-6 A startup is being performed’' 15 hours after a trip from extended full
power operation using a calculated estioated critical position for the
time the startup commenced. How would each of the following events or
conditions affect the aectual critical rod position compared to the
estimated critical position?

(1. higher than estimated, 2. lower than estimated, or 3. mo signiti-
cant difference.) Consider each item separately.

a. A steam generator's level is increased by 25%.

b. The startup is delayed for appx. two (2) hours.

c. The steam dump pressure setpoint is increased by 200 psi.

d. A new boron sample is ten (10) ppm lower than the previous sample.
e. Condenser vacuum decreases by two (2) inches Hg from 29 inches Hg.

1-7 Give three (3) reasons for having Rod Insertion limits.
1-8 After a reactor startup from refueling, reactor power is maintained at
50% power.

a. How long (approximately) does it take the reactor to reach
equilibrium Xenon?

b. How long (approximately) does it take the reactor to reach
equilibrium Samarium?

C. If power is increased to 100% after three (3) months at 50%
power operation, will the Samarium concentration immediately
increase, decrease, or remain the szme?

1-9 The reactor is critical at 10~8 amps, BOL. By adjusting steam dump set
pressure, Tavg is decreased by 7°F. This results in a stable SUR of
0.2 DPM.

Compute the moderator coefficient of reactivity. Show your work.
Assume that the average decay constant of the delayed neutron
precursoss is 0.08 sec-1,

(continued on next page)

(0.4)
(0.4)
(0.4)
(0.4)
(0.4)

(l-S)

(0.5)

(0.5)

(0.5)

(1.5)
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1-10 Indicate how the following changes in plant conditions would indivi-

dually affect DNBR. (1. increase, 2. decreasc, 3. has no cftect)

a. Pressurizer pressure decreases

b. Tc decreases

Ce Reactor coolant flow decreases

d. The operator withdraws control rods without changing turbine load

e. Reactor power is increased

1-11 a. From the list below, which type of RCS heat transfer method has an
increase in the difference in temperature between the heat transfer
surface and the bulk fluid temperature (4T) accompanied by a
decrease in the heat transfer per unit area (Q/A)

1. natural convection

2. nucleate boiling

3. conmplete film boiling
4. partial film boiling

b. Explain how nucleate boiling influences the heat transferred from
the fuel clad to the reactor coolant.

1-12 a, Find the enthalpy change in an isentropic expansion of stean
through a turbine into a condenser (Note: Pstm = 825 psia,
saturated, Pcond = 2 psia).

b. How would the change in enthalpy in part (a) be affected by a less
than ideal turbine (i.e., some degree of inefficiency)? Select
one of the following answer.

1. Higher
2. No Change
3. Lower

1-13 a. Using the RCS loop design and operating conditions following a
reactor trip and loss of RCPs, state how the three (3) basic
requirements for developing a natural circulation driving head are
satisfied.

b. Why should the steaming rate from the steam generators be limited
during natural circulation cooldown?

e, With regard to the mechanical performance of power operated relief

valves (PORV's) why must an operator prevent RCS pressure from
rising to the PORV's setpoint during natural circulation? How
could this operational concern affect RCS natural circulation?

(2.0)

(0.5)

(0.75)

(0:75)

(0.5)

&
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1-14 Answer the following questions regarding operation of centrifugal nunps
either true or falsc.

a. One way to increase a pump's net positive suction hecad (NPSH) is
to raise the level in its suction tank.

b. Centrifugal pumps are operated in series to significantly increase
systen flow rate.

c. When identical pumps are operated in parallel, the combined pump
curve (hp vs. V) head vs. flow capacity can be derived by adding
individual flow rates at constant pump head.

d. The typical system flow will increase by a factor of 2.0 (double)
if a second identical parallel pump is started. Refer to Figure 1.1

" 1-15 Figure 1-2 represents a typical K(Z) vs. core height plot for a typical

Westinghouse PWR.

a. Explain why the Fq(Z) is limited from a core height of 6.0 ft. to
11.0 ft. Include the type of accident considered in this
restriction.

b. Explain why the Fq(Z) limit at 11.0 ft. to 12.0 ft is even further

restricted as shown. Include the type of accident considered in
this restriction and also state any difference in RCS heat removal
conditions considered for this portion of the core.

' END OF CATEGORY 1

(Write end of category 1 on your paper)

(0.5)

(Oo 5)

(0.5)

(0.5)

(1.0)

(1.0)
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2. PLANT DESIGN INCLUDING SAFETY AND EHERGENCY SYSTEMS (25.0)

. Conrppte ETRTEL PO g18% 0 Lo Ere £0 T 1800 67 it BNl
2-1 a) What systems and pumps provide normal and backup makeup water (1.0)
to the Component COOIIng'Surge Tank?
b) What thermal loads are auto-isolated from the Component Cooling (2.0)
subsystem when a High-High Containment (Phase 3) lsolation occurs?
List eight (8) differcnt types of loads. ¥
‘“ -
2-2 What design provision(s) has been made to ensure NPSH will be suf-
ficient during all conditions at a LOCA for:
a) Outside Recirculation Pum;. (2 provisions)? (1.5)
b) Inside Recirculation Pumps (1 provision)? ) (0.75)
2-3 a. List two (2) services provided by the Diesel 125V DC supply (1.5)
system.
b. If both electric motors are inoperative for the diesel air start (0.75)

compressors, what prompt action can be performed to restore
air compressor operability?

2-4 Match the list of Unit ] loads in the first column with the appropriate (0T3fen
"normal” power supply/bus in the second column. mﬂ{O.4a~>
f v
_ﬂ dihi —a)  Battery charge 1Al R 4160 V Emerg. Bus 1J
b) 4160 v. switchgear (CenTicl Vsts ) 480 V DC 1A -
c) INVERTER 1-I1III 4160 V 1H STUB BUS
d) RHR pump lA 480 V Emer. Bus lH
e) Charging pump 1E 125 V DC 1A
f) Recirc. Spray Pump lA
- g) Containment Recirc. Fan 1A
£ M—h) Emergency CGen. Fuel 0il Pump lA
2-5 &) List the input drain sources (name & number of each type com- (0.8)
ponent) which enter the High Pressure drain tank (receiver).
b) Between which two (2) components of the feedwater system does the (0.4)
HP Heater Draio Pumps discharge?
¢) What operating conditions (control actions and permissives) are (1.2)

necessary to get an au'o start of the second HP Heater Drain Pump.
Name four (4).

(continued on next page)



Lxan/Sec.2

Name the three (3) functions of the extraction steam system., (0.9)
Ytir 1ir  FE ETHFEN ANl PL

Describe where non-return valves (NEV's) are located,in the ( .2)

extraction steam system. Be specific as to the NKV and

component(s) being supplied (6 valves total).

What two (2) conditions will cause extraction line drain valves to (0.8)
open automatically? ’

2-7 Since the Component Cooling System operates at approximately 150 osia, (2.0)
how is this system protected agaiust overpressurization and rupture due '
to & leak in the reactor coolant pump thermal barrier heat exchanger.
Include all design feature and auto-actions considered in the protection
design (5 features).

2-4 a) Between which two (2) components does excess letdown flow origi- (0.75)
pate in the reactor coolant system? °

b) List two (2) problems that result from remaining on excess letdown (1.5)
instead of using the normal letdown line during power operation.
( -
{

- & { PR B <
"-J-:'-“‘“/ Clesv ¢ .
L' 2-9 List five (5) protective trips for the steam generator main feed pumps. (2.0)
2-10 Excluding automatic valve opening or closing signals, state seven (7) (2.8)
other automatic actions that result from a safety injection system ini-
tiation.
2-11 What pumps provide fluid for the following functions? ‘59.753

a. Exhaust hood spray
’,.aﬁ J— BIT recirculation

¢. Makeup to cold leg accumulators

END OF CATEGORY 2

(Write end of category 2 on your paper)



3. INSTRUMENTS AND CONTROLS (25.0)

Explain how the inputs in the core cooling monitor system arc used to
determine the margin to saturation indicated on the neter,

Explain what the three (3) regions of the margin to saturation peter
indicate and include the units of measure where applicable.

Assume the reactor is operating at 80% power when a N.R.Ty RID fails

high. Explain how the following parameters would initially be affected,
(increasez, decrease, remain the same) considering the Ty failure either a
control or protection channel as applicable.

Steam dump valve position
Charging flow rate, initially
OPAT setpoint

Rod iusertion limit setpoint
Control rod bank position

What is the furction of each of the following control interlocks
(permissives)? ooy mpczr/0oc Cpr L LATES
oay  THEy pest'T Aave TCY

a. C-2 )
b. C-5 '
c. C-7
d. C-9

Name the equipment reset by the Start-Up Pushbutton mounted on the
Control Board prior to plant startup.

Which of the following signals is not used an an input to the steanm
generator level control system to modulate the main feedwater regulatinog
valves?

a. Actual steam genmerator level
b. Feedwater flow

c. steam f'ow

d. T (avg)

(continued on next page)

(0.5)
(0.5)
(0.5)
(0.5)

(2.4)

(0.5)



Exan/Sec.3

3-6 What position (fully open, fulli closed, or throttled) will the main
feedwater flow control valve assume under tne following conditions?

c.
d.

f.

Reactor Trip with Low Tavg of 543°F
Increase in load from 50% to 60%
Safety Injection

S$.G. level of 75%

Loss of Air

Loss of Instrument Electrical Power

3-7 After a Safety Injection signal occurs, which component of the Emergency
Core Cooling System is designed to act first to initially reflood the
core after a design basis loss of Coolant Accident?

@a. High head safety injection system (centrifugal charging pumps)
through the boron injection tank.
b. The high volume-low head SI pumps
c¢. The cold leg safety Injection Accunmulators.
3-8 Fill in the blank's concerning the pressurizer level control and protec-

tion system.

b.

C.

Pressurizer level control system compares actual level to level
reference. level reference is calculated from

The level error signal is used to control if necessary
to vary PZR level.

High level reactor trip occurs at X level.

Letdown iscolation and occur at 14.4%Z level.

Heaters come on at +5% level deviation due to

The program Pressurizer levels corresponding to 0-100% power is
%z to X level respectively.

(continued next page)

(1.5)

(1.0)

(0.25)
(0.25)
(0.25)

(0.25)
(0.25)

(0.5)
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3-10

3-11

3~12

3~13

3-14

Exam/Sec.3 Page 3

a. The function of P-7 1s to block six (6) reactor trips under certain
signal conditions, one (1) signal being reactor power less than 10%
(P-10). Name the six (6) reactor trips P-7 blocks.

b. What other signal besides the P-10 input is required to block these
six (6) trips.

a. Name each of the conditions that cause a turbine rumback. Include
setpoinot, interlocks, and coluncidence where applicable.

b. Explain how the amount of turbine runback for each of the above con-
ditions is controlled and limited.

What six (6) events occur when the "LATCH" signal is activated on the
Main Turbine EHC Control Panel?

List three (3) control systems which use the turbine Ist Stage Pressure
input. State how the parameter is used as a control input/interlock.
(Exclude P-2 control input and setpoint data.)

What direction of change takes place in the OTAT trip sctpoint for the
changes listed below (increase, decreases, remains the same)? Consider
each change separately with reactor power at 90Z.

a. Pressurizer pressure decreases 5 psig
b. Loop Tavg increases 2°F

c. F (aAq) changes from + 1% to -6% on NI4]

Explzain what auto functions occur if the following levels in the VCT are

reached? *
a) 85%
b) 17%
c) 3%

END OF CATEGORY 3

(Write end of category 3 on your paper)

(2.4)

(0.5)

(2.0)

(1.0)

(1.8)

(0.75)

(1.5)

(1.5)



4. PROCEDURES -~ NORMAL, ABNORMAL, EMERGENCY & RADIOLOGICAL CONTROL (25.0)

4-4

4-5

Assuming the CVCS system is operating in auto makeup mode, name the
five (5) basic steps (control manipulations only) required to perform a
"dilute” operation without returning to Auto. Limit your answer to
recactor makeup controls only, using specific names for each control

device. i Jils
ﬂ.Jp u(crs 4’ o 5(04“‘» pos.ﬁ-..._ oen oOnt br
4

C.

a)
b)
c)

> & ke nqcnao.LuzQ/

In addition to the Daily Reactor Coolant System Leak Test, what

observed changes or indications warrant another RCS leak test to be
performed? (List 5)

Excluding time data what five (5) other parameters are recorded in
order to calculate the RCS leak rate?

Procedure 1-0P-1C states the amounts of reactivity by which actual
critical rod position may differ from the ECP. What are the
allowable deviations (pcm) above and below the ECP?

What operator actions are required to take the reactor critical if
it appears that cricicality will be achieved at a point below the
allowable limit, but still above the minimum insertion limit.
(Assume no precedure mistakes have been made.)

During the reactor startup, what four (4) operator actions are

performed concerning excore detectors after the P6 status lights
comes “on"?

List two (2) symptoms of a #1 seal failure for a RCP.
List two (2) symptoms of a #2 seal failure for a RCP,
List one (1) symptom of a #3 seal failure for a RCP.

Assume that your plant is operating at 100%Z power when a Circulating
Water Pump trips. What are your three (3) immediate operator actions?
Include the numerical limitations that are part of the actionms.

&

A
List six (6) indications of a dropped RCCS’event.

Furtubed A
How is a fsﬁ}ted S§/C identified during a §/G tube rupture? (List

at least three (3) methods.)
FPupTiiged

How is the fn;l;gd S/G isolation ensured? (5 actions)

What two (2) steps would be taken to reduce RCS temperature to the
no-load condition if the fawieed S/C MSIV and NRV failed to
completely shut? ‘ufh'

frantinuad an nav® name)

(2.5)

]

(1.5)

(loS)
(0.5)

(lcO)
(100)

(102)
(1.2)
(0.6)

(1.8)

(2.1)
(0.9)

(1.5)
(0.6)



4-9

4-10

4-11

Assume that a LOCA and Safety Injection have occurred on your plant:

a. What are the safety injection termination criteria? (5 items)
b. What are the criteria for which SI must be manually reinitiated?
(3 items)

Answer the following questions as they relate to you as an operator at
Surry Power Station.

a. What are your quarterly administrative limits for radiation doses
to the the whole body, hands, and skin?

b. What is the maximum quaiterly whole body administrative limit that
can be approved by station management?
tGET

Ce According to the HP Radiation Protection Manual, a person must

meet three ( requirements in order to wear 2 respirator. List
these three 696 requirements. Include time frame if applicable.

Does the biological effect of 100 rex dose depend on whether the expo-
sure was neutron or gamma radiation? (YES or NO)

Fill in the blanks in the Surry Area Designation Criteria for Radiation
Exposure Control chart in Figure 4.] using the appropriate values and
units as applicable,

END OF CATEGORY &

(Write end of category 4 on your paper)

(2.0)
(1.2)

(1.2)

(0.4)

(1.0)

(0.4)

(0.9)




TABLE 1

PRER DESIGNATION CRITERIA FOR RADIATION EXPOSURI CONTROL

Unrestricted

Radiatior
levels

Smearable Activity
B-y éom/100 em?

Airborne B-Yy
Particulate
uCi/ml *

L d

Restricted Clean

Restricted Control

Rac.iation

High Radiation

Airborne

Contaminated

+ Airborne radioactivity is expresséd in terms of maximum permissible

concentrations (MPC) as defimed in 10CFR20, Appendix B.

1f an

isotopic earzlysis is not performed, 1 x 10-10 pci/ml for unrestricted
areas and 3 x 10-9 pci/ml for restricted areas may be used in lieu

of the MPC's for airborme PB-Y gross particulate activity.

Appendix B, Table 2.

FIGURE 4-1

The sirbo¥ne MPC's for unrestricted areas are specified in 10CFR20,
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WRITTEN EXAMINATIONS
INSTRPUCTIONS

Compromising this examination must be avoiced.

a.

d.

Restroom trips are to be limited ard only one candidate at 2 time may
leave (check with proctor). Avoid all ccntact ‘with anyone except

examiners (including facility staff). If contact is unavoidable, Do
hNot Talk.

Paper for your exam will be provided. A1l other paper is to be removed
from this room.

Eating lunch/snacks is permissible, but trips outside of the exami-

naticn area are prohibited. Pleese obtair food/drinks before exam is
passed out. !

Cheating on the examination means an automatic dernia2l of your appli-
cations, ard could result in more severe penalties.

Instruction for .taking the exam.

LN
.

Use only black ink or dark pencil.
Use paper provided.

Print your name in the upper right hend corner of each page of the
answer sheet.

Consecutively number each answer sheet.
KWrite only on one side of each sheet.
As you complete each answer sheet, place it face down on the table.

Number each answer as to category arc question rumber as they appear on
the exanm.

Allow 2t least three lines between each answer. (Not recuired for
multiple choice).

Use acronyms only if commonly used in facility literature.
Partial credit will be given where eppliceble. Likewise points will be

deducted for any incorrect information. Show 2ll calculaticns, methods
or assumptions used to obtain ancwers,



1f any question is not clear to your or seems ambiguous, raise your

hend and the proctor will come to you. Ask only an examiner for -
cierification. We are pleased to help.

If you don't know the entire answer to a problem but can answer it from

some point; make an assumption, Stéte the assumption and answer what
your can,

To pass the examination, an overall grade of 80% and greater than 79%
in each category is required.

You are allowed six hours to complete the examination.

the exam is completed:
Review the instruction sheet at the end of the exam.

Staple the exam questions on top of the answer sheets. Turn in all
unused and scrap paper to the proctor.

Sign the statement on the cover sheet.
Turn in your exam, then pick up your belongings.

Leave the examination area. Being found in this area after you have
completed the exam could result “n your license being denied.



« Anewers ! Surry/Sec.) : Page 1

1-1 a. decrease : (0.5)
b. remains the same (0.5)
¢. decrease (0.5)
REI'.: Surry, Reactor Physice (Westinghouse), PWR Core Phycics page

1-5016‘1'5.2]

1-2 a. 1 =Co 1 =1-Keff =] -0.85 = 0.15 (0.75)
w Cim
0.15 = Co
100 cps
Co = 15 cps
b. SRMs would level off at 0 cps. (0.75)

With the reactor subcritical (Keff = 0.85) and the sources
removed, neutron population begins tc decrease by a factor of 0.85
from one generation to the next. Eventually all neutrons disap-

pear in the core and SRM counts are proportional to core neutrons
so that SRMs = 0

REF.: Surry Reactor Physics (Westinghouse) Neutron Sources &'Subcritical
Multiplication, p. I 4-10 thru p.I1.4-28

1-3 Assumption: (1 1 = -80 (due to longest delayed neutron half-life, (0.5)
Br-87) 3
Ex/0
(2) P-6 is energized at }6’*“'amps (0.5)
Calculation: P = Poe t/1 (0.5)

10710 = 10°% ¢

;uo" i
t = -80 sec x 1In (Hr8/107F) « .£6se “Ln (Ex10 s) P2
t = 79% sec. or I2%3 min.
792 13.2
REF.: Surry, Rea~tor Physics (Westinghouse), Neutron Kinetics p. I-I1-3.6, p.
1-3.10 ). P1- 141 p12.

1-4 a. Disagree. Thermal neutron flux levels within the fuel are lower (1.0)
because of self-shielding and because neutrons are thermalized in
the moderator, not the fuel.

b. Disagree. Excore detectors will see more at EOL due to increased (1.0)
leakage (because of reduced boron concentration and radial flux
shift to the outer portions of the core.)

REF.: Surry, Reactor Physics (Westinghouse), Neutron Physics, p. T 2, 3]

(continued on next page)



Surry Answers/Sec. | Page 2

1-5 a. a large scattering cross section
b. a very small absorption cross scction
C. @ large neutron energy decrease per collision

REF.: Surry, Reactor Physics (Westinghouse), Neutron Physics, p. 1-2.19

1-6 a. 2 (lower than)

b. 2 (lower than)

Ca 1 (higher than)

4 2 (lower than)

e. 3 (no significant)
REF.: CAF

1-7 a. Provide hot shutdown by reactor trip at any time, assuming highest
worth rod remains fully withdrawn,
A3 OR NCCEPT Previde a/e’-.fc S hoetdown n-n’;-
b. Limit reactivity insertion for rod ejection accident.

c¢. Provide for acceptable nuclear peaking factors.
REF.: Surry, Tech. Spécs. p. 3-12-11 and 3.12-12  ad RS boek, p.2 Thm C

1-8 a. 3o=kBhowss 0L /6 hours (Ref. Surry Curve Buk ,unitl)
b. 30-40 days
c. decrease

REF.: Surry, Reactor Physics (Westinghoue). PWR Core Physics, p. I-5.65 & p.
1-5.787-5.79 , Fort a. - Suery Unit 1 Cyele 7 Curve bk

1-9 p = Beff T=26 =26 = 130 sec.
1 + At; SUR 0.2

Assume Be’f = .0058
ANJ [_ﬂ(-ccf*' e = 006 S .0057

p = .0058 = ,0058 = .0005 = 50 pcm
1 -+ 0.08 (130) 11.4
MTC = 50 pcm = =7.14 pcm
-7°F °F
1-10 a. 2 (decrease)
b. 1 (increase)
&. 2 (decrease)
d. 2 (decrease)
e. 2

(decrease)

(0.5)
(0.5)
(0.5)

(0.4)
(0.4)
(0.4)
(0.4)
(0.4)

(0.5)

(0.5)

(0.5)

)

(0.5)
(0.5)
(0.5)

(0.25/
(0.25)
(0.25)

(0.5)

(0.4)
(0.4)
(0.4)
(0.4)
(0.4)



1-11

REF.:

1-14

REF.:

d. partial filw boiling (0.5)

b. Nucleate boiling creates: turbulence in the boundary layer at the (0.75)
clad surface by bubbles breaking through and increasing heet
transfer rate. Also collapse of bubbles adds latent heat to the
coolant to enhance heat transfer.

General Physics Corp., Heat Transfer, Thermo, Fluid Flow Fund. p. 13

a. 378 BTU/LBM (note: use Mollier Diagram) f5 6A//6... {5““’}‘!‘:"‘/"‘/" (0.75)
be 3 (Jewer) accgohple methed) (0.5)

‘ 0.9
a. 1) Reactor decay heat provides a heat source following a reactor (0°3/ea.
trip increasing RCS temperature in upper head and hot legs.
(Heat source).
2) The steam generator steaming causes RCS temperature to
decrease in the cold legs. (Heat sink).
3) The steam generator is located higher than the reactor so
that bouyant forces will cause RCS flow. Hotter RCS hot leg
fluid travels upward while cooler RCS cold leg fluid travels
downward (Heat Sink higher than heat source.)
b. Over-steaming the steam generators during natural circulation (0,4)‘
cooldown can reduce the effective heights difference between the
heat source & heat sink by cooling both the Ty, and T. sides of the
U-tubes in the steam genmerators thus inhibiting natural circula-
tion flow rate. Pho: Excessive .s/e-n'u’ rade could cause cold-
block. N7
c. These valves have been known to fail to reseat. A sudden drop in (0.4)

RCS pressure due to a stuck open relief valve could cause flashing
in the reactor coolant loop hot legs and a loss of natural cir-

culation. of - fhslive in Ba Fow paﬂ whick will eeuse a
/655 o:’ re&..a‘r'aw ol‘ nn(-u/ Cc'rc:;b}/'uy /}ow rose,

General Physics Corp., Heat Transfer, Thermo. Fluid Flow Fund, p.
355"3570 w,#;u%‘(“sg b“kj"“"d JOC‘I"(A} A [p 202 R.’f’ Lam C”/JOM

amd “Depress. Skpt 1o E11.
a. True (0.5/=a
b. Falsg
Cs True
d. False

General Physics Corp., Heat Transfer, Thermo, Fluid Flow Fund, p.
324, 328

(continued on next page)



Surry

1-15

REF.:

a)

b)

Answers/Sec. 1 Page &

Design basis 1OCA or large LOCA. Following a design basis LOCA, the
upper portions of the core will be reflooded last and therefore
remain uncovered for a longer period end more fuel damage could
occur. {(The penalty ensures that th: LOCA will not start with
unacceptably higher power densities in the upper balf,)*

Small break LOCA. For certain small break LOCA's, the reflood
rate from the injection systems is very slow (< 1 inch/sec.)*
causing the cop core region to be cooled by steam only heat
transfer resulting in stored energy build-up in this region. (The
more restrictive penalty additionally protects this region of the
core from small break LOCA's.)*

*Information in parenthesis not required.

General Physics Corp. Heat Transfer. Thermo, Fluid Flow Fund. p. 249

(1.0)

(1.0)



2-1 a) NOrmal - Condensate via main condenser puamps. (Bc-F-2) yowa (0-5)

/MJ Baokyp - Bearing cooling via bearing cooling water makeup pump.
b) Any eight (8) of the following @ 0.25 pts each

1) RCP thermal barriers

2) RCP bearing oil coolers

3) RCF motor startess Sfafor coolin j

4) Excess letdown Hx

5) RHR pumps, seal cooler cnd—etuffiﬂg—bux—jackets- AN
6) RHR Hxs

7) Primary shield penetration cooling coils

8) Primary shield water wall coolers

9) Primary drain coolers

10) Neutron shield tank coolers

11) Reactor containmeni air recirculation coolers

REF.: Surry System Description, Component Cooling, pps. 1,2 and 7

/;,.au) 7ime JJ«:, of Smin, after Hith e1s inibichon ancd
2-2 a) Outside Recirc. pumps have limiting flow orifice in discharge

lines (3000 gpm) and containment spray water (300 gpm max) is
diverted to pump suction sump to ensure subcooling.

Any (1)
b? Inside Recirc. pump suctions are supplied by hl/eded-ot'; flow after
each Cpnm'z‘ier (350 gpm max). Awud Time 2y 2 min. a
REF.: Surry System Description, Recirc. Spray Subsystems, page 3
o Mot ?mfr
2-3 a. l) Provide excitation for the generator

Provide DC control for 1 2 nd remote switchboards
00‘

% '“‘2’?"5 Mol G Ui R iloms (@) Shet Circuifs
r

~-belt change over from the electric motor to diesel
engine for one of the compressors.

REF.: Surry System Descriptions, Emergency Power and Distribution, p.4-14,
and 4-37 n/’. p(r!(.) S“"J -DICSJ CW z(‘SU-\ p/"..-

2-4 CLE‘E!)‘”‘ﬂBOV MCC 1H1 e) 4160V Emer. Bus 1J
b) 125V DC 1A f) 480V Emer Bus IH
c) 125 V DC 1A g) 480V Emer. Bus IH
d) 4160V 1H Stub Bus m/.h-) 480V MCC 1H-]
REF.: Surry System Description, Electrical Systeam, pps. 4-20, 4-69, 4-70,
6-1A, 5-3

(continued on next page)

(0.5)

(1.5)

(0.75)

(0.75)
(0.75)

(0.75)

(0 4)/ew



Answers/Sec.?

(4) MSE moisture removal drains
(2) drains from feedwater heaters (2A and 2B)

b) Between condensate/feedwater heaters no. 2 and main feed pumps
suction.

c) 1) HP heater drain pump control switch
(CS-15B6 or CS-15C6) in “auto”
prinf =™ ®)  HP heater drain tank level "normal”
3) Motor electrical protection reset
&) HP heater drain tank level high

Surry System Description Vol.l, High Pressure Drains System, p. 768

a) 1) Preheat feedwater
2) Heat source fc: the Flash Evaporator
3) Steam for auxiliary steanm system during normal operation

b) Non Return Valves are located on the extraction supply lines as (0.2/ea.
follows:

#? NRV-EX~TDN to point 1A and 1B feedwater heaters
#F NRV-LB<AQ2 to point 2A and 2B feedwater heaters
4P NRV-ES<TUZM to feedwater 3A

LP NRV-ESXVTIE to feedwater 3B

LFP KRV-FSNODM to feedwater 4A

LP NRV-PSNOBS- o feedwater 4B

c) 1) Turbine trip
2) Eigh level in heater shell

Surry System Descriptions Vol. 1, Extraction Steam p. 1 & 2

5 items at 0.4 pts. each

a) A check valve at the inlet side of the thermal barrier HX prevents
backflow into the CCS.

b) Flow instrumentation on the discha-ge side of the EX detects high
flow and transmits an alarm sigaal (50 gpm).

) A panual trip valve at the outlet of the HX isolates the CCS to
RC¥ thermal barrier.

d) The piping from the check valve at inlet to the trip valve on
outlet is high pressure_piping.

e) A safety valve is provided in the high pressure piping to relieve
excessive pressure that may be caused by heating.

Surry Syvstem Description Vol. 1, Reactor Coolant Pump, p. 8, Annuciator
Procedure 1C-2, and C.A.F.




surry Answers/Sec.2 Page 3

2-8 a. Each or all RCS loop cold legs between RCP and Steaw Generator (0.75)
(also loop drain header, or RCP suction).

b. Any two (2) of the following at 0.75 pts/ea.

1) The reactor coolant does not pass through the demineralizers
and filters. The activity of the coolant and impurities will
increase much faster using the excess letdown line only.

2) Since the letdown flow rate is not as great as when using the
normal letdown line, borations and dilutions will take much

longer, limiting the rate of change of power at certain
times.

'5%2) In addition there will be no hydrogen addition to the coclant
due to bypassing of the volume control tank during normal
system lineup.

REF.: Surry, System Descriptions Vol. 1, Chemical and Volume Control System,
P. 77./C.A.Fi)
e

S

-

4 0.2
2-9 Any 6/of the followiggrat,ﬂfﬂlpts. each

1) Low lube oil pressure (<4 psig)*

2) Insufficient suction pressure beyond a preset time delay (<55 psig
for >7 gec.)*

3) Bus undervoltage
4) Motor protection trip due to phase or neutral overcurrent

dlk —5) Safety Injection System trip
dolt - —£) Hi-Hi Steam Cenerator level
*Setpoints not required

REF,: Surry System Descriptions, Main Feed System, page 9

2-10 Any 7 of the following at 0.4 pts. each:
a) Reactor ttip(,z)turbine trip (&) ¢/¢c/'3¢‘ﬁ ‘.’“’ Frtms L’.Su Lovs
b) All charging pumps start (Shkim service o Keserct ~ ce,

c) Low head SI pumps start
d) Main feed pumps trip
e) Containment vacuum punps trip
f) Both motor driven auxiliary feedwater pumps start
g) The emergency diesel generators start and come up to speed
h) The control room supply and exhaust ducts close
Alse. J) Ha Pndyzer switches

REF.: Surry System Descriptions, Vol. /, Safety Injection System p. 27

,S“rrj EP 1.0

(continued on next page)




Surry Answers/Sec.2

Page &

2-11 a. Running condensate pumps
b. Boric acid transfer punmps
c. ,EB hydrotest puap

Nef r‘?-id

(0.25/e

REF.: Surry System Description Vel. 7, Condensate System p. 10, Safety Inj.
System p.3 and p. 6



Answers/Sec.3 Page 1

‘l,'bncnu-r 7“/54 et L s

Pt A o, T e ptre

* margin to saturation is the,lowest system pressure input 4e (1.0)

£ioz~ o-Calowlited from—eishes Lhe highest RTD (Ty or TC)

if selected (RTD position) or 13;!@;} Jncorc“lﬂtfnbLOuplq if the

sv]ccaSI switch is ip the J/C positiony /5 Swé pmefed  fowrm He
ted Seturation mtrafurl ~ /CN""J‘ INergim e 54/14' 7 ow,

Cad et

1) Extreme left - invalid results due to unit failure or invalid
inputs

2) Center region - margin to saturation in gsi- °F
(5« beeoole

3) Right region - Superheat, °F

REF.: _Surry_Systea-Desgriptions—Vols —p
fevised Surny fesson 52:3  tr Ty I_SZ}J il aiien
Alse V.C.5u Mmtg"l -D'xﬂf (ortaola.\j mon}"or, P 'S (S'((i"w 18 ¢
a, No change (because no arming signal)
b. Tﬂfflally increases
C. Decrease .
d. Increase

e. Decrease

REF.: Surry Instrumentation Manual, Chapt. 6, p.4, Caapt. 10 (CAF)
Chapt., 9, Chapt. 4

a. Blocks auto and manual rod withdrawal

b. Blocks auto rod withdrawal

Ce Arms steam dump for either tripping or modulation
d. steam durp condenser permissive

”
P

Surry/ CAF

a. All group step counters oa the Control Board
b. The master cycler counter

C. All slave cycler counters

d. The bank overlap counter

e, All internal memory and alarm circuits

£. All pulse-to-analog converters in the Rod Position Indication
Systenm

REF.: Surry Instrumentation Manual, Rod Control System, p. 25

-

(continued on next page)




Surry
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37

(continued on next page)

Answers/Sec.3

d. (Tnvj)
REF.: Surry Instrumentation Manual, Steam Generator Level Control,
p. 8.8
a. closed (0.25/e

b. throttled

C» closed

d. closed

e. closed :
: closed ‘

REF.: Surry Instrumentation Manual, Steam Generator Water Level
Control and CAF (some reference material in manual deleted).

C.
REF.: Surry System Description Vol. 1 Safety Injection System
a. Auct. Tave (0.25/

b. dakeup flew——eontrel valve C‘"fﬁ //w Condrlvedee (FCV .X122)
c. 88%

d. Turns off heaters

e. Insurge of cold water

f. 22.2% of 57.7%

REF.: Surry Instrument Manual, chapt. 10 and chapt. 11

a. 1) Low flow or(‘)RCP Bkrs. open (0'4/“—
2) RCP Bus Undervoltage W
By R e bmde i Feguenoy -

4) Turbine trip
5) Pressurizer Low Pressure
6) Pressurizer High Peessuze /

b. Turbine Impulse Pressure < 107 (P-13) (0.5)

REF, : Surry Instrumentation Manual, chapt. 11

sﬂo/tf’o (dnﬂn}:u‘ [m‘,,[‘d,onluf,m Tnsd. Jedure Series



Answer:s/Sec.3

3-10 a) 1) 2/3 OTAT channels within 3% below Trip Setpoint
2) 2/3 OPLT channels within 3% below Trip Setpoint
3) 1/, Power Range detectors sense power reduction of (=) 5%/2 (J,o‘
seconds (dropped Rod signal) afub-powen D7Tex Py ‘
4) Rod bottom signal (RP1 Dropped Rod) with power >70% (Any,Rod- /“v
within Potien_bisteble 20 steps belew—benk—@ 35etepo—(contrel

banie—B.C.D)—at—otherWestinphouse—plants, *f bofoe :
EXAMINER'S NOTE: CAF for setpoint information not available J

b) 1)¢ High AT Runbacks: (cyclic on 1.5 sec off 28.5 sec. inter-
2) wvals) at rate of 200%/min or 10%/min. equivalent turbine
power until signal is clear

3/) Dropped Rod Signals: ErArFv—forsunback data informatice-not ../

avaiiable. w Appan—&.&ll&ee—.—&hod—a&-mr
r-cfm-a: 9 sec. thie-ds same 200%Z/min. rate). -(hate—Treduvetion—to—timed

) and load limit : 1203 r;min. uatil l/Z ch. First S‘!,c. Press. < 70%,00:»(:.

RE!‘.: Surry Instrumentation Manual, Chapt. 9 Temp. Ind. Sys. p.
1vV5.7 for parts a(l), a(2), Chapt. 7 anl 14 (partical
information). Surry Systems Descriptions Turbine Control
Systems no information available.

Abe Legic diaqrems

FPI anpﬁl Red : Joud ,um‘ IZOZ/m» u.J-;l '/ZCL L',rsf S/t’c Press. 4707'9”

L n. ’ )
3-11(»? s ('cl‘\xr;’i;l vacuum trip will latch (§) Clese Emju fr,'o U..l.&-{ﬁ-"f‘a.) (0.3/ea

Auto-stop oil dump will reset (4 ) De-energize o E As0 >4 24
c. Main Stop Valves open 1) NRY 3 B\" 20 ET (‘(/i' > 45y 25)
d. Governor valves close Turbine kxtract. Sham eopen

e. Reheat stop valves open
f. Intercept valves open

REF.: Surry Syetems Description Vol. 2, Turbine Control p. 6-2
tnd Turbine Prbechion p. 7°2 andp. 7-6 (#H7)

3-12 a) Rod Control - T ref (0.25/e:
b) Steam Dump - Tref and sudden loss of load interlock
¢) S.G. Level Program - Ref. Level

REF.: Surry Instrumentation Manual, Chapt. 11, Process Protection
Instrumentation p.4

(continued on next page)




Answers/Sec.3

decreases
decreases
remains the same (assume not outside normal band)

Surry Instrumentation Manual, Chapt perature
Indicating Systen p. IV-5.4

Letdown is diverted to the BRS by the three-way
Automatic makeup is initiated.
Charging pump suction transfers from the VCT o the RWST,

diversion valve.

Surry, System Description, Primary Systems, CVCS, p.17




Answers/Sec.4 Pape 1

Place the makeup mode controller “"start-stop” switch to the "Stop”
position.

HFe
Set the primary grade flow controller (FC-114A) for the desired
flow rate.

¢c. Set the primary grade water integrator (YIC-114A) to desired quan- (0.5)
tity.
d. Place the makeup mode selector switch to "Dilute”. (0.5)
e. Place the makeup mode controller "Start-Stop” switch to "Start”. (0.5)
REF.: Surry, I-O-P 8.3.6 p. &
4-2 Any five of the following, 0.3 pts. ea.

a. 1) Increase makc-up water required to maintain normal PRZ level.

2) Temp. increase in reactor head flange leak—off piping.

3) Containment sunmp level increasing and suop pump operation
greater than normal.

4) Containment pressure, temp. and humidity rising above norumal.

5) Indication increases for either containment gas or par-
ticulate, condenser air ejector, component cooling water,
steam generator blowdown or aux. bldg. area Radiation

Monitors.
6 P drain tank, 1 11 1
09 - o ) WIH N R RS TSR AL H b #/in0
b. 1) VCT level (0.3/ea

2) PDTT level
3) PRT level
4) PZR level

5) Tave
REF.: surry’ w-5.3.l| Pgs- l ‘nd 9
4-3 a. 400 pcm above and 250 pcm below ECP (0.5)
b. 1) Insert all control group rods (0.25/e

2) Re-evaluate the ECP

3) Obtain Operations Superintendent's permission to approach
criticality

4) Use 1/M plot (per OP-1.4 App. A)

€. 1) Verify IR and SR-have 1 decade overlap (0.25/e
2) Block SR trips

3) Verify SR high voltage off
4) Monitor second IR on NR-45

of- 1 ;
REF.: Surry, I-0P-1.4 f-g ! rof- IC F 5

fonntinunad Aan mavwt wana)



Answers/Sec.4

v, *
. RCP seal leakoff high flow (4) ker "’C""f‘ ——— 7T leef (0.6/ea.
. RCP seal water return low AP (5) Abnormel increasemF
. RCP Thrme) Garcier CC W Temp. (145 °F)

RCP Vapor seal tank high level (0.6/ea.

. RCP seal leakoff low flos ) ”
. Abngrme InCcrease in rr‘z‘.vr (0,:/ (4 f(‘f’u/.l»r—(/rw A iarme

1
2
s
b. 1
2
3
v

Ce apor seal tank low level (0.6)

REF.: Surry, Annunciator Procedures (1C-4, 1C-5, 1B-§, 1C44 and 1B-32)
guer 13 ,ﬂF’-VI AF-/6

l. Throttle condenser outlet valves manually to maintain normal level
of 22 feet, do not exceed 15°F AT.

2. Reduce generator load to allow condenser vacuum to be maintained

above the trip point (18"-22") and temp. at the groin not to
exceed 98°F.

a

3. Notify the System Operator of the reason for reduced load.

Surry, AP-13

b
Any seven (,{) of the following:

a. Rod Bottom Lights

b. Rod Deviation Alarm

Ce Rod Bottom Rod Drop Alarm

d. NIS Rod Drop Alarm

e. Flux Deviation Alarm

£. Rapid drop in Tavg and Power level

g Rapid drop in Pressuizer Pressure and level
h. Turbine Runback

i. Steam Dump Arming

)

(’ot/3 Sltp/iﬂj ey G{&/ ﬁné\z . (A) 74«(.‘7"(

REF.: Surry, Dropped RCCA, AP 1.4

(continued on next page)




Answers/Sec.4

Any three (3) of the following (0.3 pts/ea.)

Unexpected rise in any S/GC narrow range level

High radiation from any S/G bloudoi} line

High radiation from any MS line monitor

High radiation as determined by sampling and analysis

Shut AFW to ruptured S/G if NR level >50% (0.3/ea.
Shut ruptured S/G MSTV

Verify that ruptured S/B PORV is shut

Shut ruptured S/C steam supply to the TDAFW pump

Verify ruptured S/G blowdown TV's are shut

Shut non-ruptured S/G MSTV's (0.3/ea.
Use non-ruptured S/G PORV's for steam

Surry EP-4.0 pgs. 3 and 4

Containment conditions -— Normal
RCS Pressure > 2000 psig

RCS Subcooling > S0°F

PZR Level >50%7

Heat Sink: §/C level >65% WR

or 172 NR or AFW flow > 540 gpo

RCS Pressure < 1715 psig

RCS Subcooling < 50°F

PZR Level < 20X

Surry, EP-2.00
WB 0.75 rem/qtr. (0.4/ea.
Hands 18.75 rem/qtr.
Skin 5.00 rem/qtr.

1.75 rem/qtr.

WB count
Satisfactory Respirator Fit Test

Satisfactory Pulmonary Function Tlest
i ik

@ o
i \ P —
$~7 Kespl« ~A‘F< K "

[All above within 12 months)

rry, HP Manual-Section 1 pgs.

;"II'A

(continued next page)




Surry Answers/Sec.4 Page &

4-10 No

REF.: Surry, H.P. Rad. Prot. Manual page 1.2-2 (0.4)

4-11 See Figure 4.1



ASwWER

4- 1
T:ELE )
APE: DESIGNKATION CRITERIA FOR RADIATION EXPOSURE CONTROL
Rirborne B-Yy
. Radiation Smearable Activity Particulate
levels f-y éon/100 =2 uCi/ml *
Urressricsed <500 meem/yr < 1000 i
Restrictes Clean £2.% m&njhr < 1000 < 257 P
Restriczed Control ‘
TRAac.etior > 2.5 mrem /hr - -
Rich Radiation > 100 m/ hr - -
Airborne - . > 257 mpc
Contaminated - > 1000 - -

» Airborne radiocactivity is expresséd in terms of maximum permissible

concentrations (MPC) as defived in 10CFR20, Appendix B.

1f an

isotopic erazlysis is not performed, 1 x 10-10 pci/ml for unrestricted

areas and 3 x 10-9
of the MPC's for airborme B-Y

pci/ml for restricted areas may be used in lieu
gross particulate activity.

** The airborne MPC's for unrestricted areas are specified in 10CFR20,
Appendix B, Table 2.

FIGURE 4-1




