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QUESTION 1.01 (1.00)

a. The reactor coolant pumps require about 30% more power to

operate in cold shutdown <200 F than at 530 F (hot shutdown).

Why are the power requirements different for each condition? (0.5)
b. If the VELOCITY of the fluid is the SAME at 200 F and at

530 F, will the MASS FLOW RATE also be constant at these
two different conditions? Explain. (0.5)

QUESTION 1.02 (3.00)

After operating in natural circulation for 2 hours, a compiete loss

of natural circulation flow occurs. How will the following parameters
be affected initially (INCREASE, DECREASE, or NO CHANGE )? Briefly
explain your answer. (assume no further operator action)

a. Core delta T

b. Core thermocouple temperature

c. Steam generator pressure

4-—RCS-flow

QUESTION 1.03 ( .70)

Following a reactor trip from 100% power, how long should it take

befcre the source range instrumentation would be automatically energized?
(Choose the one most correct answer).

a. 9 wminutes.

b. 12 minutes.

e. 12 minutes.

d. 23 minutes.

e, 55 minutes.

(*xxxx CATEGORY 01 CONTINUED ON NEXT PAGE *xxxx)
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QUESTION 1.04 (3.00)

Explain HOW and WHY the following parameters change as reactor power
level increases at MOL.

a. Fuel Temperature Coefficient (delta pem/ F)

b. Moderator Temperature Coefficient

QUESTION 1.05 (3.00)

Briefly explain how the reactivity worth of a control rod is affected by
each of the following?

a. Moderator temperature increases.
-

b. Ruactor power increases.

¢. Other control rods.

d. The radial position in the core.

QUESTION 1.06 (1.50)

Compare the =2ffects of a 0.5% positive reactivity addition
to a subcritical reactor if the reactor was slightly subcritical
[shutdown margin = 1%] as compared to greatly subcritical [shutdown

margin = 5%] for the fcllowing two items. (No calculations are
required).
a. The change in count rates.

b. The time to reacn a stable count rate.

QUESTION 1.07 (2.00)

After operation at 100% power fcor several weeks near the end of cycle,
power is reduced to 75% using rods only.

Describe the Xenon transient in terms of production and removal

rates from the time power reaches 75% over the next 40 hours. Include the
2ffects from =ach production and remcval terms.

(#xxxx CATEGORY 01 CONTINUED ON NEXT PAGE »xxxx)
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QUESTION 1.08 (1.50)

a. If the reactor is operating in the power range, how long will
it take to raise power from 20% to 40% with a +0.5 DPM Start-
up rate?

1. 12 aec.
2. 21 sec.
3. 36 sec.
4. 54 sec.

b How long will it take to raise power from 40% to 60% with the
same +0.5 DPM Startup rate?
1. 12 sec.

e 21 sec.
3. 368 sec.
4. 54 sec.
QUESTION 1.09 (2.00)
a. Describe the relationship between discharge flow rate and the
following, for a centrifuga. pump.
1. Pump speed.
2. Pump discharge head. ({1.0)

b. Define the following terms.

1. Pump Runout

2. Shutoff head. £1.0)

(*xxxx CATEGORY 01 CONTINUED ON NEXT PAGE x*xxx)



1. PRINCIPLES OF NUCLEAR POWER PLANT OPERATION, PAGE 5

QUESTION 1.10 (2.00)

a. Since fuel temperature cannot be measured, what power distribut-
ion limit at Millstone prevents exceeding the fuel temparature

limit? (0.5)

b. What limit must be observed to prevent exceeding the clad

temperature limit? (0.5)
2. Why will the clad surface temperature peak towards the top of
the core rather than the location of peak actual heat flux? (1.0)

QUESTION 1.11 (1.80)

True or False

a. The production of Xenon from lodine is FASTER than the decay of
Xenon to Cesium.

b. As a result of an increase in power from equilibrium Xenon
conditions, Xenon concentration initially DECREASES.

SLOWING the rate of a power decrease LOWERS the height of the
resultant Xenon peak.

0

QUESTION 1.12 (2.00)

The control rods must be maintained above the Rod Insertion Limits during
power operation.

a. List THREE reasons for the Rod Insertion Limits.

h. HOW and WHY dces the limit change as power is increased?

QUESTION 1.13 (1.50)

During a cooldown of the RCS using RHR, assuming a constant decay heat
rate, how will RHR flow through the heat exchanger have to be adjusted to
maintain a constant coocldown rate from 350 F to 150 F? Explain your

answer.

(*xxxx END OF CATEGORY 01 xxxxx)
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QUESTION 2.01 (1.00)

Indicate whether the follcwing statements are TRUE or FALSE concerning the
Reactor Protection system.

QUESTION 2.02

The 109 % Power Range nuclear flux trip does not provide protection
until the low range trip is manually blocked.

The Intermediate Range high nuclear flux trip can be blocked if 1 of 4
Power Range channels is above 10 %.

 (2.00)
f\ga(,‘{»- ’.D?.ﬂ-\g..

With theAComponent Cooling Water Pump Control Switch in

a.
the "AUTO"” position, what are three conditions which will
automatically start the standby pump? (setpoints not
required. ) {0.76)
b. Under what condition will compunent cooling water automatically
be isolated to the RCP’s? ¥ (0.85)
¢. What is the approximate (+/- 50 psig) setpoint of the CCW relief
valve downstream of the thermal bLarrier heat exchanger?
Why is it set at this value? (0. 71D)
QUESTION 2.03 (1.90)

Describe how the 120 VAC System ensures power is available to the
Vital Instrument AC panel (VIAC-1) under the following conditions.

a.

b.

0O

Inverter (INV-1) failure.
Rectifier failure.

Locss of normal 480 VAC input to the inverter.

(xxxxX CA’EGORY 02 CONTINUED ON NEXT PAGE #*xxxx)



2. _PLANT DESIGN INCLUDING SAFETY AND EMERGENCY SYSTEMS PAGE
QUESTION 2.04 (2.00)

a. State the power supplies to each of the motor-driven AFW pumps. (0.

b. From which steam headers does the turbine driven AFW pump
receive its steam supply? (0.

e. State the signals, logic, and coincidence that will cause each
of the AFW pumps to start automatically. i

QUESTION 2.05 {1.50)

a. Briefly describe the system used to detect leakage past the Reactor
Vessel head O-rings. A brief drawing may be used. Include in your
description the NORMAL positions of the valves during power
operation. X £3.

QUESTION 2.08 (3.00)

a. Briefly describe what happens to No. 1 RCP shaft seal when the
injection pressure increases by 50 psig over normal pressure. {£1.

b. What are the flowpaths for the RCP #1 seal leakoff during a

0

safety injection? o

What two parameters determine the differential pressure across

the RCP 31 seal? (0.

(*xxxx CATEGORY 02 CONTTINUED ON NEXT PAGE *xxxx)
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QUESTION 2.07 (2.00)

State the valve positions (OPEN or CLOSED) for the following RHR
System Valves for the indicated emergency conditions. Place your
answers on your answer paper.

INJECT. COOLDOWN CL RECIRC HL RECIRC

COMPONENT

a. RWST Suction Valves
B ——Sump Sucttion Vaives =
c. Hot Leg Suction Valves

d. Cold Leg Discharge Valves

\J

Hot Leg Discharge Valves

+r
-

QUESTION 2.08 (2.50)

The following pertain to the plant air systems.

a. When an Instrument Air Compressor control switch is in the "AUTO"
position,
stop?

b. In the event of a loss of Containment Instrument Air Comprgssoré.
how will air be supplied to the Containment Air System? Include
applicable setpeints.

0

True or False

Unit 3 Instrument Air System may be cross-connected with the
Unit 2 Instriment Air System via a spcol piece.

QUESTION 2.09 (1.00)
Briefly describe how the Charging Pump and Safety Injection Pump Net
Positive Suction Head (NPSH) is maintained during ECCS Cold Leg

Recirculation.

(*xxxx CATEGORY 02 CONTINUED ON NEXT PAGE **xxx)

at what receiver pressure will the compressor start and
(1.0)

PAGE 8

-—

(1.0)

(0.5)
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QUESTION 2.10 (2.50)

a. How long after a Containment Depressurization Actuation (CDA)
signal does the Containment Recirculation System (CRS) actuate? (0.5)

b. What is the reason for the time delay? {0.5)

¢c. After the required time delay the CRS enters MODE I and later
MODE II. Describe the difference between CRS MODE I and MODE II. (1.5)

QUESTION 2.11 (2.00)

Briefly describe how the letdown pressure controcl valve (PCV-131)
performs its functicn during both normal and solid plant operations.

QUESTION 2.12 (2.00)

State two functions of the Containmentc Recirculation System (CRS).

QUESTION 2.13 (2.00)

Which of the four reactor trip switchgear breakers (RTA, RTB, BYA,
and BYB) receive a trip signal upon each of the foll~wirg occurrences.

a. In Mode 1, train B shunt trip =ignal is received from the contrecl
room switch.

b. In Mode 1, an autcmatic reactor trip signal is received from
Train A.

In Mode 3 with the shutdown banks fully withdrawn, both bypass
breakers are connected and closed, simultaneously.

9]

(**xxxx END OF CATEGORY 02 »xxxx)
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(0.5)
(0.5)

(1.0)

(0.75)

(0.73)

QUESTION 3.01 (2.00)
a. What safety limits are the following RCS trips designed to protect
against?
1. Overtemperature Delta T
2. Overpower Delta T
b. Why does the Overtemperature Delta T circuit have pressure
as an input whereas the Overpower Delta T circuit does not?
QUESTION 3.02 (1.50)
a. Why is "Bank Overlap” desired?
b. BRIEFLY EXPLAIN why the Rod Control Startup Reset Switch is
not used when recovering from a dropped control rod at power.
QUESTION 3.03 £ LT

Which of the following expresses the combined error signal used by
the Reactor Control System to generate rod motion? NOTE: OQutward rod

motion is positive.

a.

b

O

(Impulse Pressure - Nuclear Power) + (Tref - Tavg)

(Nuclear Power - Impulse Pressure) + (Tref - Tavg)

(Nuclear Power - Impulse Pressure) + (Tavg Tref)

(Impulse Pressure - Nuclear Power) + (Tavg - Tref)

(**xxx CATEGORY 03 CONTINUED ON NEXT PAGE xxxxx)



QUESTION 3.04 (3.00)

a.

What input signal is used to adjust programmed level for the
pressurizer level control system?

What is the normal programmed pressurizer level at no load
and full load?

If the pressurizer level control channel fails high during
100% power operation, what Reactor Protection signal will
cause the Reactor to Trip? Provide a brief explanation of
why the Trip occured and the SEQUENCE of events that led to
the trip. (Assume no operator action)

QUESTION 3.05 (1.50)

PAGE 11

(0.4)

(0.6)

(2.0)

While operating at 100% power, the steam pressure compensation signal
to the Steam Generator Water Level Control System fails low. What
the immediate response of the feedwater flow? Explain your answer.

QUESTION 3.06 (2.40)

a.

0O

State the three Reactor Protection System (RPS) signals and

is

associated logic and coincidences that will close the Feedwater

Regulating Valves automatically.

Which RFS train (A or B) actuates the automatic closure of the
Feedwater Regulating Valves?

True cor False

The Manual reset buttoms on MB2 give the operator a means of
resetting any Feedwater Isolation Signal while the condition
causing the signal still exists.

How do the Feedwater Regulating Valves and their bypass valves
fail upon loss ofﬂ

1. Pneumatic pressure?
2. Electric power?

(*xxxx CATEGORY 03 CONTINUED ON NEXT PAGE *x*xx)

(0.8)

(0.3)

(0.5)

(0.8)



3. INSTRUMENTS AND CONTROLS PAGE 12

QUESTION 3.07 { .T7T0)
During an RCS cooldown, INDICATED pressurizer level:
e 2ol
a. 1is less than actual. e 1 ("'K‘L e

no *
AlSumL

b. is greater than actual.
c. 1is the same as actual.

d. is less than actual at the start of the cooldown but is greater
than actual when cooldown is complete.

QUESTION 23.08 (1.20)
Describe the automatic opening and closing functions that are associated

with the motor-operated block valves upstream of the Pressurizer
PCRVs. Logic not required.

QUESTION 3.09 (2.00)
The following concern Pressurizer Pressure controls.

a. State the setpoints and coincidence (ie. 2/3, 2/4, etc.) for the
following RPS inputs.

1. High pressure reactor trip.
2. Enable manual block of SI.
3. Low pressure reactor trip.

b. In addition to the RPS trips listed above, state 2 additional
RPS inputs from the Pressurizer Pressure detectors.

(*xxxx CATEGORY 03 CONTINUED ON NEXT PAGE *%xxx)



QUESTICN 3.10 {3.00)
The following concern RCS instrumentation.

a. Wide Ranze temperature instruments have a control input to the Cold |
Overpressure Protection System (COPS). Why are the Narrow Range

temperature instruments NOT used in the COPS? (0.5)
b. In addition to the COPS, what other control inputs do the Wide
Range temperature instruments supply? (0.4)
¢. List seven control inputs provided by the Narrow Range
temperature instruments. £2.1)
QUESTION 3.1:11 (3.00)

The Millstone 3 unit has been operating at 65% with all control
systems in automatic. For each of the following conditions, give
the direction of initial rod motion and EXPLAIN why the rods move.

a. A Steam Generator PORV fails open. (0.75)
b. A feedwater heater string is bypassed. (0.75)
c. A lower detector of a power range channel fails high (N44). (0.75)
d. "B"(2) RCP trips off. (0.75)
-
QUESTICN 3.12 (1.50)

Describe the opening interlocks associated with MV 8812A&B (RHR
suction valves from RWST). What is the purpose of the interlocks?

QUESTICN 3.13 (2.50)

a. During a fuel drop accident, how would the radicactivity release
be detected? £1.0)

b. What automatic actions occur on detection of high activity as a
result of a fuel drop accident? £1.0)

c. What detects radiation that may escape from the containment
atmosphere? (0.5)

(*xxxx END OF CATEGORY 03 x*%xxxx)
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QUESTION 4.01 (3.00)

Answer the following questions regarding EOP 35 FR-H.1, RESPONSE TO LOSS OF
SECONDARY HEAT SINK:

a. List the two specific symptoms which warrant entry into this

procedure. (2.0)
b. What is required if, during this procedure, the RWST level
decreases to less than 8205;410-gallons? (1.9)
QUESTION 4.02 (2.00)
a. Why is the RHR Pump placed on miniflow recirculation for a
minimum of 5 min. prior to placing the train in service for plant
cooldown? {0.8)
b. How is a low boron ﬁoncentration in an RHR train (to be placed
in service) corrected? (1.0)
¢. Would starting an RHR pump, with the CVCS letdown pressure control
valve (PCV-14%) in automatic, result in a pressure INCREASE OR
DECREASE in the Reactnr Cooclant System (RCS) during sclid plant
=5 operation? /211 (0.5)

(*xxxx CATEGORY 04 CONTINUED ON NEXT PAGE *x*xx)



PAGE 15

QUESTION 4.03 (3.50)

a. Assume the plant is operating at full power and the Axial
Flux Difference (AFD) has been outside the target band for
the last 5 minutes. What are the TWO actions specified
which you may choose between to meet the Technical
Specification requirements? Include time limitations. £32:.95)

b. Assume that it is 0310 on 03/18/86 and the plant is presently
at 45% power. Considering the AFD penalty history below, at
what date and time mav power be increased above 50%? EXPLAIN.
(Show all caleculations). Assume no deviation cutside the band after

0310 on 03/18/886.

TIME WENT OUT TIME BACK
DATE OF BAND IN BAND POWER
03/17/86 0310 0318 85%
03/17/886 1557 1637 65%
03/13/88 0148 0310 45% (2.0)
QUESTION 4.04 (2.00)

A leak has developed in a CVCS Letdown piping component located
outside the containment building and may be manually isolated.

The general area radiation level in the area where the leak is to be
isclated is 600 millirem per hour. The one available person to
perform the work informs you that his present gquarterly exposure and
lifetime exposure levels are 2.90 Rem and 54.75 Rem respectively.

a. Using only 10 CFR 20 whole body exposure limits as a guide,
how long may this person work in the area before the guarterly
exposure limit is exceeded? (SHOW YOUR WORK) {1.9)

b. What is the minimum age that this person may be to perform the
work? (SHOW YOUR CALCULATIONS) (0.5)

(*xxxx CATEGORY 04 CONTINUED ON NEXT PAGE *xxxxx)
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QUESTION 4.05 (2.00)

Assume a peripheral control rod drops into the core at 100% power.
According to AQOP 3552 "Malfunction of the Rod Drive System”.

a. How is Tavg matched with Tref?

b. During recovery why is a Rod Urgent Failure alarm received?

e Under what circumstances must the AUTO/MANUAL switch at the
Pulse/Analog (P/A) Converter be held in MANUAL during rod
recovery?

d. Who(m) must be consulted if the rod has been inserted for more than
1 hour?

QUESTION 4.06 (1.00)

State the two entry conditions (symptoms) of high RCS activity as listed
in AOP 3553 "High Reactor Coolant System Activity”.

.« QUESTICN 4.07 (1.50)

The following pertain to tagging procedures as stated in ACP-QA-2.06A
"Station Tagging".

a.

0

Who are the only personnel that are authorized to issue Safety Tags
to listed qualified individuals?

What is the purpose of a "blue tag” found on a valve?
True or False

A tag of no other color may be attached to a switch or device
bearing a blue tag.

(*xxxx CATEGORY 04 CONTINUED ON NEXT PAGE *x%xx)
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QUESTION 4.08 (2.00)

The following concern ES-0.2 “"Natural Circulation Cooldown”.

a. Under what conditions is switchover *to AFW pump supply to
alternate water sources required?

b. While maintaining a cooldown rate of <50 F/hr, what RCS parameter
is utilized to monitor the cooldown rate?

c. Describe the method used to lower RCS pressure.

d. While maintaining RCS subcooling >80 F, what RCS temperature
indication is utilized to monitor the subcooling?

QUESTION 4.09 (1.00)

What are the Millstone 3 administrative whole body limits according to
SHP 4902 "External Radiation Exposure Control and Dosimetery Issue’

for the following:
a. With NRC Form 47

b. With NRC Form 4 and approved exposure upgrade?

QUESTION 4.10 (2.50)

The following concern precaution statements listed in OP 3201 "Plant

Heatup”.

a. The shutdown banks must be fully withdrawn whenever positive
reactivity is being added by Boron or Xenon changes, RCS temperature

changes or control bank movement except during 2 conditions. State
the two conditions.

b. Why must pressurizer pressure not be allowed to exceed 1985 psia
until Steam Generator pressure is >585 psig?

c. Which RCP is the preferred pump for single pump operation?

d. If RCP-A(1) is stopped, why must loop A(l) spray valve be closed?

(xxxxx CATEGORY 04 CONTINUED ON NEXT PAGE *xxxx)
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QUESTION 4.11 (2.50)

a. State 4 of the 5 entry conditions for "Immediate Boration”
AOP 3566.

b. Under what conditions may Immediate Beration be stopped?

QUESTION 4.12 (2.00)

State the rfour Immediate Operator Actions listed in ECA 0.0 "Loss of
All AC Power". INCLUDE how these actions are verified. NOTE: Sub steps
are regquired.

.-

{ #xxxx END OF CATEGORY 04 xxxxx)
(xxxxxxxexxxkx END OF EXAMINATION ®kxkkxkxxxkxkxx)
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1. PRINCIPLES OF NUCLEAR POWER PLANT OPERATION,
THERMODYNAMICS. HEAT TRANSFER AND FLUID FLOW

ANSWERS -- MILLSTONE 3

ANSWER 1.0% (1.00)
a. At 200 F density of water is greater; (more 1lbm/ft3) therefore,
it takes more power to move each ft3 of water the same distance.
b. m at 200 F is greater than m at 530 F.
Example: s (v (p) (36800/1hr)
m/p at 200 F = m/p at 530 F
If p increases m increases.
if p decreases m decreases.
REFERENCE
GP HT&FF pp. 288-289, 285
ANSWER 1.02 (3.00)
a. Increase [0.25]. Th will increase while Te remains relatively
constant [0.5].
b. Increase [0.25]. Heat is no longer being remcved at the same

rate. t0.51.

{0.8].

Decrease or no change [0.25]

-86/04/01-JAGGAR, F.

PAGE

19

(0.5)

(0.5)

less primary to secondary heat transfer

d—Deerease 0,251, Heat—sink removed~driving head reduced {05}~

REFERENCE
MP3 GP HTFF p. 357
000C56A248
000058A257
0000S56K101

ANSWER 1.03 [ . T9)

b.

REFERENCE
MP3 Reactor Theory RT-11 p. 4



1. PRINCIPLES OF NUCLEAR POWER PLANT OPERATION, PAGE 20
THERMODYNAMICS, HEAT TRANSFER AND FLUID FLOW

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

015000A301
ANSWER 1.04 . (3.00)

a. The Fuel Tempé;ature Coefficient becomes less negative as power
increases [0.5]. The resonances associated with Doppler broaden
and overlap with increasing fuel temperature.[0.57

o £V

b. The MTC becomes more negative as power increases because Tave

increases.[0.5)] ince the MTC is principally a function of

moderator density change per F, at higher temperatures the change in
density per F is greater. [0.5]
.28

REFERENCE
MP3 Reactor Theory RT-13 p. 4; RT-12 pp. 6-8
Q00100K5489
ANSWER 1.05 (3.00)
2. INCresses --~=~==- as moderator temperature increases, density
[0.25) decreases allowing neutrons to travel further
thus having a higher probability of reaching
a control rod [0.5].
shi &+
b. Increases ~~=~==== caused by an increase in the neutron flux
(0.25] 4eveil in the core. [0.5]
A15 1 DLTIen
¢. Decreases ~~—==-==~ due to rod shadowing- the other rods absorb the
(0.25) neutrons and reduce flux for the rod in
question [0.5]. willalse accept -‘AA\\SkQﬁa,wﬂ“

d. Central control rods have a higher worth then those on the edges [0.25]
because relative flux tapers off at the edges of the core. [0.5]

STTERENCE w1l ':(((P*' S.“ﬁ*““fn" o@ Ou"cn r«\\o-\g

MP3 Reactor Theory RT-14 pp. 2-5 (“i“* edqe) of core P be & highe~

001000K502 worth tha ((n\rc.\ rocls.

001010K504



1. PRINCIPLES OF NUCLEAR POWER PLANT OPERATION, PAGE 21
THERMODYNAMICS, HEAT TRANSFER AND FLUID FLOW

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 1.06 (1.50)

a. The slightly (greatly) subcritical reactor will have a
larger (smaller) increase in count rate. (0.75)

b. The slightly (greatly) subcritical reactcr will take a
longer (shorter) time to reach a stable count rate. (0.75)

REFERENCE

MP3 Reactor Theory RT-8 pp. 2-5
015000K506

ANSWER 1.07 (2.09)

After the power decrease, the production of xenon from fission [0.3]
and from the decay of iodine [J0.4] is greater than the removal by
decay of xencn [0.4] and burnout by flux. [0.3] After five hours,
the removal rate is greater than the production [0.3] and positive
reactivity is being added until equilibrium at about 40 hours. (0.3]

REFERENCE
MP3 Reactor Theory RT-16 pp.4-5
001000K538

ANSWER 1.08 (1.50)

a. 3

B. 2 [0.75 ea.]
REFERENCE

MP3 Reactor Theory RT-10 pp. 3-8 -
001000K547



ICIPLES OF NUCLEAR POWER PLANT OPERATION PAGE 22
THERMODYNAMICS, HEAT TRANSFER AND FLUID FLOW

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 1.09 (2.00)

a. 1. As pump speed increases, discharge flow rate increases
proportionally. [0.5]

2. As pump discharge head increases, discharge flow decreases

(according to the pumps characteristlc curve) {0.5]

ol alio accept Ariseussion of v N d\v\u 'r? \x AiS € LS 14 Compie

b. 1. Pump runout is the condition when a cengrl‘ugal pump is
pumping at its maximum capacity. (Greater than the design
flow rate). [0.5]

] Te

2. When a pump at shutoff head is pumping against a shut
discharge valve. (Max head the pump can deliver) [O. 5]

o A o ]
accepr L‘.,»‘fm/ pisuve aboye whicl, 4, Pom g :

REFERENCE ’ i R WOl Y
GP HTFF pp. 320, 322, 328
COMPONENT - PUMPS

ANSWER 1.10 (2.09) g1 2 . e~ o (
a. Locel power density-KW/FT. [0.5] g;;_lrr LG.mfg-»,  .Uulu. 2;u;10r6-~~'
b. DNB (DNBR) [0.5] Alscaccep® kus/cy
c. Clad surface temperature is a function of heat flux and moder-

ator temperature. [0.5] Moderature temperature is higher at the
top of the core. [0.5]

REFERENCE
MP3 GP HTFF pp. 224-228, 243-244
002000K510
002020K511

(1.80)




1. PRINCIPLES OF NUCLEAR POWER PLANT OPERATION, PAGE 23
THERMODYNAMICS, HEAT TRANSFER AND FLUID FLOW

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

REFERENCE
MP3 Reactor Theory RT-16, pp. 1-6
001000K533

ANSWER 1.12 (2.00)

s 1. Ensure the capability to insert adequate negative reactivity
such that sufficient shutdown margin exists on a reactor tsrip.

2. Minimize the amount of positive teactivit( 3& eJecEpdvrod can
add to the core. A's® tccepd — L ¥ potesina Yeck s 0F rod-
v - ol T svv QA L50C 1 YPE Qec Aend q»4'1:‘3

3. Ensure acceptable power distribution limits are maintained. (1.0)

b. The rod insertion limits increase as reactor power (dT) increases
(0.6].
As power increases, the power defect inserts negative reactivity
[0.25]. On a reactor trip, this negative reactivity is remcved as
power decreases anc Tavg decreases to its no-load value [0.25]. S
= vt Q coT - 7!*.'\;"‘— ~ov~ A1 |>.‘.'L a p, -'L,\.-\u‘l\'f,. Co.{’
REFERENCE e
MP3 Topic 8 Lesson 3. pp. 26-27
Q010C0K504

ANEWER 1.13 (1.50)

As the RCS temperature drops, the temperatuare difference across the
RHR heat exchanger also drops [0.25]. The cooldown rate will be lower.
(0.25]. As a result, the flow through the HX must be increased tc
maintain the same heat removal rate [0.5]

REFERENCE
GP HTFF P. 178
005000A102



2. PLANT DESIGN INCLUDING SAFETY AND EMERGENCY SYSTEMS PAGE 24

ANSWERS -- MILLSTONE 3 ~-86/04/01-JAGGAR, F.
ANSWER 2.01 (1.00)

& K

. ¥

REFERENCE

MP3 Topic 6 Lesson 4 pp.16, 22

015000K407

ANSWER 2.02 (2.00)

Novnal CCJ Plan p vxo{ ranning d
a. ow-—pump-discharge pressure (80 psig)~©

Blackcut Sequence
SI Sequence £.75)

b. Phase “B" isclation. {(0.8]
c. 2484 psig. +/- 50 peig [.25]

The piping it protects may be subjected toc full RCS pressure
if a thermal barrier HX leak develops. £.5)

REFERENCE

MP3 Topic 4 Lesson 1 pp. 11, 15, 16
00800CK401L

00803CA304
ANSWER 2.8 (1.50)

a. The Static Transfer Switch automatically transfers toc the
alternate source of 430 VAC power from Bus(ﬁz-ZR (0.5}

5. The DC supply to the inverter is available from the Battery
charger and/or battery (301A-1). ([0.5]

c. Same as b. [0.5] \
kil alee aceept power 15 avelald e S')vO»« allernde Saurce = /‘.l"'ﬁ{
REFERENCE

MP3 BOP Vol. 1 120 VAC System pp. 10 & 16
062000K410
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2. PLANT DESIGN INCLUDING SAFETY AND EMERGENCY SYSTEMS PAGE 28
ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.
ANSWER  2.11 (2.00)

During normal plant operation), PCV-131 is used to maintain a constant
backpressure on the letdowrt flow control valveer~ (This prevents the
letdown flow from flashing to steam in the letdown liines or letdown
heat exchanger.) £12:9]

When the plant is solid, water can be diverted from the RHRS to
provide letdown upstream of the letdown heat exchanger. PCV-131 can
be manually“set to maintain desired RCS pressure by controlling RHR

pump discharge. [1.0]
REFERENCE

MP3 Topic 2 Lesson 1 pp. 11-12
004010K505

004020K612

ANSWER 2. 12 (2.00)

1. Condenses steam f0.5] thereby depressurizes the containment
atmosphere. 0.5} [ -

2. Removes core decay heat (over the long term by injecting water

into the core). ([1.0]
REFERENCE

MP3 Topic 3 Lesson 4 p. 69
006050G0N04

ANSWER e.13 (2.00)

RTA RTB BYA BYB

a. i TRIP -l TRIP
b.  TRIY - o TRIP

e. THIP TRIP THIF TELP
(12 @ 0.17 ea.]

REFERENCE
MP3 Topic 7 Lesson 1, 2, & 3 pp. 20-21
012000A307



3. INSTRUMENTS AND CONTROLS PAGE

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 3.01 (2.00)

P TR
2. Excessive fuel power (KW/ft) {0.5 ea.]

b. DNB is a function of pressure whereas KW/ft is not related
to pressure. £1.0)

REFERENCE
MP3 Topic 7 Lesson 1, 2, & 3 pp. 44-49

012000K402
012000K403

ANSWER 3.02 (1.50)

a. Maintain an even flux distributlon or prevent flux peaking. [0.75]

b. (Only one group of rods needs to be reset). The Startup Reset
Switch will reset all control rod groups. [0.75]

REFERENCE

MP3 Topic 6 Lesson 2 pp. 42, 25, 11, 46
001010K403

001010K501 ==

00C003A102

ANSWER 3.03 £ . T0)
a.
REFERENCE

MP3 Topic 6 Lesson 2 pp. 15-20
001000K403

29



3. INSTRUMENTS AND CONTROLS PAGE 30

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.
ANSWER 3.C4 (3.00)
a. Tave (auct high) [0.4]
s 2 ) C .00

b. 25.0%,"61.6% ~ [0.6]

c. High pressurizer level trip [0.4) charging flow decreases [0.4]
pressurizer level decreases {0.4] letdown isolates [0.4]
and pressurizer level increases (0.4)

REFERENCE
MP3 Topic 8 Lesson 4 I & C Failure pp. 61-62
Topic 6 Lesson 6 & 7 p. 25
011000K404
011000K104
ANSWER 3.05 £1.50)
Feedwater tflow would decrease [0.5]. The failed compensation signal

would cause a decrease in the steam flow signal [0.75] causing a SF/FF
mismatch [0.25] causing feed flow to decrease.

REFERENCE =
MP3 Tepic 6 Lesson 9 p. 18
035010A301
ANSWER 3.06 (2.40)
a3 P-14 [0.1] 2#?‘(0.1] levels on 1/4 [0.1] Steam Generators.
2. Safety Injectionm [0.1] 1/1 [0.1]
3. P-4 [0.1] 1/2 [{0.1] trip breakers open in coincidence with a

low Tavg in 2/4 [0.1] loops.

PR £(0.3)
¢. False (0.5]
dg. 1. GQlosed

2. Closed [0.4 each]
REFERENCE
MP3 Topic 6 Lesson 3 pp. 31-32
059000K413
055000A212

05390004411



3. INSTRUMENTS AND CONTROLS -

ANSWERS -- MILLSTONE 3 -BG/OA(OI—JAGGAR. ¥.
ANSWER 3.07 ¢ .T0)

b.

REFERENCE

MP3 Topic 6 Lessons 8 & 7, p. 23

011000K403

ANSWER 3.08 (1.20)

o .
Open-->220Cpsig [0-4]
--(control switch in OPEN) . L &

--COPS ARM/BLOCK to ARM [0:4]
Closed--<2200psig {0-.43 -
REFERENCE

MP3 Topic 6 Lesson 6 & 7 p. 17
010000A403
ANSWER 3.09 {(2.00) _
4370 L 1388 €°
a. 1. 2400 psig 2/4
2. 1985 psig 2/3 o= aove gl
3. 1860 psig 2/4 (Setpeoint varies as lead-lag circuit)
1838 O [Geo RS IG [{0.2 each]
b. Low pressure Safety Injection
Loop OTdT setgpint circuit (0.4 ea.]
w1l alio accepT T PRV RBlodc @. A3 psia”
EEFERENCE for Sl crdid.
MP3 Topic 6 Lesson 6 & 7 pp. 17-18, §

010000K101



3. _INSTRUMENTS AND CONTROLS PAGE
ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 3.10 (3.00)

a. When the COPS is in service, the RCPs are not operating, therefore,
the Narrow Range instruments which are located in the bypass
manifold would not be reliable. Will also accept narrow range
instruments range does not extend to 450 F. {0.58)

b. Loop stop valve logic. (2.4]
< 1. Rod control
e. Obar
3. O
4. Steam dump
5. Feedwater Isolation A i
8. Pressurizer level e | &
7. Rod insertion limits .3 each]
€. C-lL impat
REFERENCE .
MP3 Topic € Lesson € pp. 5, 19
010000K403

ANSWER 3.11 (3.00)

a. If a S/G PORV opens, the increased steam demand on the S/G will
cause Tavg to drop.[(0.25] The control rodes will move out to
match Tavg with Tref. [0.5]

b. The overall feedwater temperature to the S/G will drop. [0.5] Tavg
will decrease and rods will move out. [0.25]

O

The N44 signal to the rod control system increases. This
indicates a rate of mismatch between reactor power and turbine
load. [0.25]. The mismatch circuit will cause rods to drive in.
{0.5]

d. All rods will trip in [0.25] because of a single loop loss of flow
trip. {0.5)

REFERENCE
MP3 Topic 6 Lesson 2
001000K602



3. INSTRUMENTS AND CONTROLS PAGE 33

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.
ANSWER 358 (1.50)

Valves cannot be opened unless 8804, 8837, 8838A are in the
fully closed position. (Q.75]

Prevents a potential flow path between the RWST and the
Containment Recirc. Pump suction when either RHR or Containment

Recirc. system is operating. 10.753
REFERENCE
MP3 Topic 3 Lesson 4 p. 63
0G5000K407
ANSWER 3.13 {2.50)
a. Detected by(RE41 & 42>monitors inside containment. {1.0)
b. (ETEEéé CTV 32A, B and 33A, B; stops containment purge supply
-y and exhaust fans. [(1.0) g
¢. Detected by the ventilation vent (extended range) monitor RE-10. [0.5]
1o 1 v > o Py WG e 1D ¢ 4 o . LT R " o
REVERENCE 4., .. gal ddny cavbe & 8 . TR "SR i
MF3 RMS p. 64 3 A S Ipind (v, $0e e
0340CCA401
072000K401
073C00K401 -
r:“: e ;,s-;..‘ lOSES f:-, R - / N S ’-"‘1"_ 3
Demmpe- closawre step S €xhaus™ Jern
Eurenst ;..,\ £ B oL .“\-‘, S Suyy tany L



PAGE
ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.
ANSWER 4.01 (3.00)
a. 1) From ECP 35 E-0 "REACTOR TRIP OR SI” when minimum AFW flow is no>t
verified. (1.0] ;q‘/o :'-‘«_5/
2} S/G NR level <[(35% with total FW flow to S/G’s < 275 gpm (red path
condition). 0]

b. ECCS should be aligned for cold leg recirc. [1.0]

REFERENCE
MP3 EOP 35 FR-H.1 pp. 2,9
000054G010

ANSWER 4.02 (2.00)

a. To mix water for sampling, (0.5]
. Cf*".“”’-'LE» B Uvva on(enAYet Ly v 3

o. Flowpath aligned from RWST ,to £VCS letdown (without exceeeding.=-
__*3430-gpm-thru-LTDN-HX) until) boron concentration is equal to or

greater than RCE boron congentration. [1.0]
\-P (¢ Y A v {

-

f
c. Decrease (0.5]

REFEZRENCE

MP3 OP-3310A p. 11
OP-32C8 p. 7

005000GO12

005000K109

34
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ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 4.03 (3.50)

a. Within 15 (or next 10) minutes [0.5] either
1. Restore the indicated AFD to within the target band [0.5], or
2. Reduce the thermal pcwer to <90% of rated thermal power.[0.5]

b. Accumulated penalty over the past 24 hours is 89 minutes.[1.0]
The penalty will be reduced to 60 minutes at 1618 minutes on
03/18/85 and then power may be increased.([1.0]

85% 0318-0310 = 8 [0.25]
55% 1837-1557 = 40 [0.25]
45% 0310-0148 - 82/2 - 41 [(0.5]

89 min total penalty

G3/17/86, from 1557; 81 min left -€0 = 21 min -> 1618 03/18/86 ([1.0]

REFERENCE

MP3 Technical Specifications 3/4.2.1 p. 1-2
001000A303
ANSWER 4.04 (2.00)

a. 3000 - 2900 mRem = 100 mRem cdose remaining [0.5])
800 mR/Hr X 1 Hr/60 minutes = 10 mrem per minute [0.5]
100 mR/10 mR/minute = 10 minutes [0.5]
b. 5(N-18) = 54.75 + 0.10 (0.3]
N - 18 = 54.85/5
=18 = }1
N=11+ 18 = 29 [0.2]
REFERENCE

MP3 SHP 4902 p. 6
9990150000



PAGE

ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.
ANSWER 4.05 (2.00)
0.2
a. By adjusting turbine load. [0 51
OV‘(\.A\ win Al Vece. ,(4'-6 C_‘._P"
b. An attempt has been made to move ‘a group of rods with all lift
coils disconnected. [0.5] . \»-“ﬂ"'f‘ Lrqed Faduve dee o

¢. If the dropped rod is a control rod. [0 51 ;

d. Reactor Engineer(ing). [(0.5]

REFERENCE

MP3 AOP 3552 App. A

001000A203

ANSWER 4.06 (1.00)

L. High activity based on chemistry sample. [{0.5]

2. Failed fuel monitor alarm. (0.5)
REFERENCE

™MP3 AOP 3553 p. 2

0000078G010
ANSWER 4.07 (1.50)

a. The onshift SS/SCO/SRO. [{G.5]

b. The valve is to be cperated only by order o7 the individual to

whom the tag is issued. £0.5)
¢. True. [0.5]
REFERENCE

MP3 ACP-QA-2.06A pp. 4, 15
9990140000

36



ANSWERS -~ MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER 4.08 (2.00)
a. When DWST level decreases to <80,000 gal. [0.5]
b. RCS Cold leg temperature. [0.5)

Letdown (or Pzr PORYV) and aux. spray. [0.5]

(]

d. Core exit TCs. [{0.5)

REFERENCE

MP3 ES-0.2 pp. 4-6
000074K311

ANSWER 4.09 (1.00)
a. 1000 mr/quarter [0.5]
b. 2000 mr/quarter 6.51 %

AS00 amrfabe Lot

REFERENCE Sudd i
MP3 SHP 4902 p. 9 (500 + 0.5 curreadquanienly permanent i
9980150000 'j’)‘,\mc_."»\ '\oaﬁvnﬁ : Ce.0r)
ANSWER 4.10 (2.50)

a. 1. The RCS has been borated to the cold shutdown concentration.
2. The RCS has been borated to the hot Xenon free conceatration and
is being maintained at no-lcad Tavg. [1.0]

b. To prevent inadvertent Safety Injection. (0.5]

e. MM2). [0.8)

d. To prevent "short-cycling” spray flow from the other loop. [0.5]
REFERENCE

MP3 OP-3201 pp. 10, 13, 24, 27
002020G0Q7



ANSWERS -- MILLSTONE 3

PAGE

-86/04/01-JAGGAR, F.

ANSWER 4.3 ({2.50)
e Control rod tank height below the rod bank low-low limit
alarm setpoint with the reactor critical.

2. Failure of one or more control rod clusters to fully insert
following a reactor trip or shutdown, indicated by digital
rod position indication system.

3. Uncontrolled cooldown of the reactor coolant following a
reactor trip or shutdown.

4. Uncontrolled or unexplained reactivity increase, indicated
by aonormal control. rod bank insertion, increasing Tavg or
increasing nuclear power.

5. Failure of the Reactor Makeup Contrecl System to the extent
that the makeup system must be bypassed to a complish
boration of the Reactor Coolant System.

[4 cf 5 required, 0.5 each]
b. When the entry ~condition is satisfied. {0.5])
REFERENCE

MPJ3 AOP-3566
000024K301
000024K302 -
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ANSWERS -- MILLSTONE 3 -86/04/01-JAGGAR, F.

ANSWER $.18 (2.00)
1. Verify reactor trip.

a. Trip and bypass breakers open.
b. Neutron flux decreasing.

2. Verify turbine trip.
a. All turbine stop valves clcsed.
3. Check RCS isolated.

a. Pressurizer PORVs closed.
b. Letdown isolation valves closed.

d c. Excess letdown isolation valves closed.
8. Verify AFW flow >525 gpm per intact S/G. (1C at 0.2 ea]
REFERENCE [o'30 accep® > S25qpm,

MP3 ECA 0.0 pp. 3 & 4
000055K302
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QUESTION 5S.01 (1.50)

3. Consider the MF3 reactor orerating at constant
pover and tempersture., Will the neutron flux senced
by the excore power range nucleer 1nstruments 2t EOL
be GREATER THAN: SMALLER THANs or THE SAME AS that
sensea at BOL 7 Justify vour answer.

be MWhat steps sre taken to ensure that the eyxcore power
ranje nuclear instruments accurastely renresent core power
throughout core lifetime ?

QUESTION 5.02 (1.50)

What 15 REFLUX E01LING and when would core
cooling be provided by this mechanism ?

RBUESTION %£.03 (2.00)

8+ List trree reactor safety concerns if Rod
Insertion Limits are violsted,

2
O fou commence a start-up with SR counts reading 2 X 10
counts per sacond. Assuming the SRk has not de-eneraizeds
you would expect to 30 critical sbout the time Sk count

»

rate has resched (select one from the folloving)!

4 X 19 covnts per second
2. 8 X 10 counts per second
3

3. L6 2 .0 counts per second
q, 32 X 19 covunts FOr sacond

QUESTION S.04 (1.00)

3. Which condition would result 1n 3 nigher SUR! 3 rod
ejection accident at BOL or EOL ? Why ?
[ The reduction in U-23% slone accounts for the chanae 1n

Beta Ear vith tus] OOP g, CTRUE/FALSE )

(kexxs CATEGORY OS5 CONTINUED ON NEXT PAGE x»axe)

£1.01

£0.%5)

[0.75])

(0,25
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S. THEORY OF NUCLEAR FOMER FLANT OFERATION, FLUIDS, AND FAGE
T O R o P
QUESTION 5.05 (3.00)

For the following conditionss will the CALCULATED ECF

for 3 startup performed 4 hours after 3 trip from 3 40-day
100 % mower runs be HIGHER THANs LOWER THANs or the SAME 2=
the ACTUAL contro’ rod position at criticality.

Treat each condition semarately. Eriefly explain vour answers,

1. BOL Rod Worth Curves were incorrectly used to

calculate ECF when EOL conditions exist. C1.03
2. Frevious reactor critical dats was gsenerated

durina a 100 % power run which lested for 2 hours and was &~ "w;>

preceded by 3n outsae of 12 hours. ((Assume previovs eO-clay 100# | £1.0]
5 One rezctor coclent pume 15 stopped three minutes

prior to criticalitey, £1.03]

QUESTION 5.0& (1.00)

Wny 1s 1ndividusl RCF flow nigher for 3 loop than 4 loop
onerztion?

QUESTION S.07 (Z2.50)

3. For BOL conditionss 3t what MF3 axial core locations TOF, MnIDDLE »

or BOTTOMs 1s the critical heat flux at 3 maximum? £0.25)

Briefly explain wvhy, £0.75)

o, How does the maanitude of th ritical hest fluun

chnange (INCREASE» DECREASE, STAY SAME) 35 the folloving

marameters are DECREASED. Conside, each semaratelv, £1.5]
i FTavo
< REG bressure
3 RCS flow

(KR xExE CRTEGORY OS5 COodiTHUFD o NEXT PALE xxxxx)



S. THEORY OF NUCLEAR FOWEK FLANT OPERATION, FLUIDS, AND FAGE 4

3. Explain the response of resctor pover and Tave
during énd after 2 minutes of Emergency Boration
at 100 X powver. Assume rod control 1s i1n manusl. £1:5)
o, Explain the resnonse of reactor mower and Tave after
d minutes of Emergency Boration at 10E-8 amps and
no loao Tave. £1.53
QUESTION 5.07 (3.00)
The plant 1= operating 2t 25% power when the $2 steam
generstor main steam 1solation valve fails shut. Given the
initial conditions belows i1ndicate the direction (STAYS CONSTANT,
INCREASES» DECREASES) of the final steady state values for the
listed rnarameters, Assume no orerator actionss all
control svstems in manualey 3nd no reacuor trip or SI occurs.
INITIAL CONDITIONS
Tave = 5468 F
Tete = S50 F
5_.1:"‘,-" 'J.E‘lf,»'l T - lrl r
hw 52§
2 Turbine rover [0.25]
o. Tave for affected loon £0.25)
e Tave for non affected loogs £0.75)
e 5/G pressure for affected loaw £6.725)
b pressure for non-affected loog £0.75)
Will 5/6 code safety valve(s: 1lift 7 [0.25]
RUEST T 8:i10 tZ2.50)
Tou are operating at 100 %X power with RCS Tave at 547 F enc
2 steam pressure of 745 Ps13. Wnat must Tave be chanaed to
INn orger mzintain these conditions with 20 % of the tubes
L @3ch stesm enerator plugged ? Show all works incloudinag
any agrlicable formulas.,

LERRXX CATEGORY 05 CONTINUED ON NEXT FALE Z2xxx)
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QUESTION S.11 (2.00)

For the following situationsy indicate wvhether the final stable
rower level wi1ll be HIGHERs LOWERs or THE SAME 2: the initizl
pover level. Explain youwr ansvers. Assume the i1nitial Fover
level 1s at the point of adding heat following a normal reactor
startup a3t the end of life., Consider each situstion separately,

&+ Steam dump pressure setting 1s lowered by 20 PS1g. FO.5]

D. A small steam leak develops inside conbtainment that is
insufficient to initiate SI or CIy but 15 sufficient to cause
30 1ncresse 1n steam flowv for the sffected steam senerator. {0.53

€y 20 zpm of boron 1s addeds with &ll svstems in
manual. CG.S)

d. The steam generator level detector for the SGWLEC svetem

fa1ls hianh., £0.%3

QUESTION

wn

(Z2.00)

ra

o1

3. What 1s the startup rate 1f 3 resctor is initally criticsl and a
rod witharawal results 1n the intermediate range 1ndications

increasing from 2 E -8 amps to 5 E =7 amps 1n 1| minute 3ndg
S sec? £0.8]

b+ Usine the following 1nitisl conditions, calculate the MLrLmom
number of sters of rod bank insertion required to ensure the
reactor is swvberatical., £1.2)

Sk 15 0.5 DFM

“effective delayed neutron fraction = 0,005
~aversje neutron precursor decay constant = 0,08 seec -1
“rod o3nk worth = 5 pem/step

txxxxs END OF CATEGORY 05 xxxxs)
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6. FLANT SYSTEMS DESIGNs CONTROL» AND INSTRUMENTATION FAGE
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QUESTION 5.01 (1.,00)

The desian of the RLS 1s such that the core is more likely
to uncover for s cold leg break than for a hot leg break
of the same size. Eunlain why this is true.

QUESTION &4.02 (3.00)

If 6.9 KV Bus 354 15 lost while operating at the folloving pover levelsy
w1ll the reactor trip? Justifyv vour answer by sroviding the appiicable
trip setpoint and required logic and coincidence. Consider each case
separately and 1ndenendently.,

-y

8. 759% powver [1.5]
b. Z5% rmower £1.5)
QUESTION &4.03 (S 00

The steam pressure detector for $ 1 66 sticks at the

100% valwe vhen turbine losd is decreased from 100X to 75%.
Starting with the load decreases exnmlain the SGWLCE System
si3n3al processingr including ALL steps of the rasulting
transient and ending 2t the finzl stable conditions.

Assume no operstor intervention and all control svstems
1in auvtomataic.

=

FUCSTION &.04 (290

o

. Will & SC Safetv Valvets t1fe 1n 2 tube rusnture event

17 the atfected S6G tsolatedy SI is sctuated andg primary
pressure levels out at 1200 psig ?

0. In the sbove case the primary svstem

is being cooled doun with the wnaffected steam qenerator:

and Lhe primary system tempersture 15 a3t 545 ﬁu&rees F.

The affected steam aenerator , 1solated and 1ts temperature
sethlles out at 570 dearees F. RCFs are securedy ST is
terminateds and affected nrimary loor 1s50lation valves remain OUen.,
How would the secondsry system interact vith the

Primary system under these conditions? €1.01

CEERREE LATEGORTY 0é CONTINUED ON NEXT PAGE xaxxx)

BEriefly exnlain your answer. £€1.01
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QUESTION 6.05 (1.00)

Liven the following ECCS pump discharge design flow rates

2t nominal discharge pressuress ESTIMATE the leak rate if ‘
3 Loss of Coolant Accident occurreds one train of safety ECCS
injection fails to operatey pressurizer level stabilizes

on scates and RCS pressure stabilizes st 14600 psi1g ? [0.5]
Justify your ansuer. 0.5]
Lontsinment Recirculstion Fump 3950 apm
Sefety Injection Fump 4490 gem
FHE Fumg 4000 3pm
Centrifugal Charging Fums 150 3pm
BUESTION &.06 {2.2%5)

Refer to the sttached Figure &4-1+» MAIN ELECTRICAL

DISTRIEBUTION and 1ndicate the electricsl lineug for esch of
the following conditions by listing 1n the below matrix the
positiaon of each breasker shown (0 for OFEN or C for CLOSED) .

i. Starting up number three unit {MODE 2 -

2 No. 3 Main Generator svachronized (MODE 1)

3 s Station blackout (from MODE 1)
l"_f:”"T ':”NDITI']N i A e lo 2- 30

EREAKER DESIGNATION

\

1SG-3U
3Gh~1
JoB~-1
35C~}
350-1
J9D~2
144

3 C~-17~2
14-142
34C -1
380~2
19~U2
39D-17T -
348~2

Caxxxx CATELOKY 046 CONTINUED ON NEXT PAGE mxxax)
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QUESTION &.07 (1.50)

You are operating at 100 X steady state powver with
containment pressure channel IV (PE 934A) failed high with
its 3ssociated CTMT FRES Hi1i-3 alarm annunciator lit. A
technician troubleshooting the trip bistables inadvertently
de-enerzices the i1nstrument powver to the 1nput relsy bay for
contsinment pressure channel II.

Will & Contsinment Depressurication Actuation oceor? [0.51
WHY or WHY NOT® 1.03
|
| QUESTION 4.08 (2.00)

You are operating at S0 % nower slowly raising power with
rods 1n awtomstic, Controlling first stsoe turbine i1mpulse
pressure fails low.

I
|
\
l
|
l 3. What 1is the initisl]l direction of rod motion - £0.5)
r (O What plant condition 15 sensed by the i1nstrumentztion
| that v1ll csuse the 1nitial rod motion? £1.03
\
| C. What 15 the maximum speed of 1niti3l rod motion
} (steps per minute) 9 [D0.5)
{
} QUESTION &.09 (2.00)
| ; . '
| 3. What 1s the function of the motor-—-driven auxiliasry
feedwater nump manual start block signal? £1.073
. List one system line up a3na one sueikch configuration
for which & low-low steam jenerator water ievel would not
| cause an auvtomastic suxiliary feeduater pump start? €1.0)

(xekere CATEGORY O&6 CONTINUED ON NEXT PACE xxxsx)
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QUESTION 4,10 (2.50)
3. What are two () conditions that require the use of the &
n1gn level waste drain hesder instead of the preferred 12* e
ievel waste drain header? wbat’s m e sumf - ﬂ‘) £1.01
P _ (¢(.A‘F.‘!4*|‘o~ for T
0. The Containment Orain Suup(i;;:;ﬁ:%z/)s required to be
monitored periodically to verify e RCS leak rate 1s
vithin limits. (TRUE/FALSE) £0.5
[ How can Unidentified RCS Leakage rate be estimated? (1.01
QUESTION A.11 (2.00)
a. Describe an IR detector recponse if the circuitry is
cvercompensated during 3 reactor startup., [0.751
b, Descrioe an IR detector response 1f the circuitry is
ngercompensated during 8 reactor shutdowny tneluding any
effectz on SR detector instrumentation. 0703
e What operator action 1s reauired to continue 3 resctor
shutdown 1f one IK channel has failed high ? Include any
applicable setpoints., [0.5]
QUESTION 6.12 (3,00
For the folloving INITIAL CONDITIONS:
PRESSURIZER level control selector switch in
Fosition I/1IX1G
FEESSURIZER level in the groarsm band with
10 % reactor power
FRESSURIZER level recorder selected to Channe] 11
anno assuming no orerator actionss
CESCRIEE the effect on pressurizer level snd
115t two (I of the indicitions available to the operator,
1F
3 4 level Channel III fai1ls HIGH. C1.0]
O Lhannel 11 failed HIGH instead of Channel ) i & 4 [1.0)
C Lhannel J fsi1ls HIGH 1nstead of JI or TII. (1.9)

Treat each situation semarately.

(Exxxx LATEGORY o5 CUNTINUED ON NEXT FAGE sxxxx)
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QUESTION 6.13 5l

3. Five (5) components are sequentially loaded
automaticzlly onto the diesels during a3 Containment
Depressurization Actuation (CDA) with Loss of Off-Site Powver
that are not loaded automatically during a station blackout
with no CDA present, Select these S components from the
list below and arrange in the sroper sequence.

RHE Fump

Aus Feed FPump

CRDM Cooling Fan

Szfety Injection Fumo
Containment Fecirc Fump
Charqing rnume

AL Alr Recirc Fan
Service Water Fumn
RFCLW FPump

Guench Soray Fume

CERREx END UF LATEGORT 04 xxx2%)
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7. FPROCEDURES - NORMALs AENORMALs» EMERGENCY AND

D . ", " - —_—— - - -~ - - - -

. \Qg:t b(:c\zihfondf\iggs SNg: ist b\ proc ure\fob(g =N
SOWTr 10 51 tuedaon canbe reset 7
C}/b{ Under wihat three (3) conditions may an SI be
terminated\y bvl Proccdur; 7

QUESTION 7.02 (2,50)

a. Expiain how a total loss of AC power can lead to a RCF
seal tailure,

o List two (2) indications of a3 failure of a RCP
fuomber 1 seal?

e Wnat are the tuo (2) reassons for stopping all
RCFs 1n case of 3 massive RCP seal failure if Frimsry
system pressure 1s less than 1435 nmsia

(1700 psi1s for ADVERSE CONTAINMENT) 7

QUESTION 7.03 t1.00

e Wnile sttempting s dropped rod recovery on snutdowvn
bank Ay the li1ft coil disconnect switches for all rods in
the bank sre placed 1n the ROD DISCONNECTED Fosition. MWhat

alarm will 1nitiate when an zttempt 15 made to withdraw the
aftected roag”

[ 3 Choosze the one (1) mromer action that must take nlace
cetore re-sttempting recovery if the lift coil disconnect
switeh alignment 13 corrected one hour and 15 minutes after
initti1al rod drog oeccurs

L' reevaluate Koa Cluster Control Assemdly
miszaligrment
tér consult resctor engineering

(327 verify SHUTDOWN NARGIN
€3 NDTIFY the NRC

tRexex CATEGORY O7 CONTINUED ON NEXT FAGE xxxxx)
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QUESTION 7.04 (2.00)

a2, In the response to inadequate core cooling or degraded

core coolings what tvo (2) functionally diverse system parsmeters

are checked to veri1fy adequate core coeling has been recovered? £1.01
0. In the event 1t pecomes necessary to vent the Reactor

Yessel 1n response to potential void formations under what

condition 1s 1L necessary to determine the maximum allowvable

venting times and why 13 this necessary? £1.03
GUESTION 7.05 (3,00

3 Hnst 1s the preferred core cooling method durin~ 3 loss of

normal 2nd emergency AL sower? Include source of cooling uater

and heat sink, (1.0}
G ine actions of E£0F 35 ECA 0.0 LOSS OF ALL AC FOWEK

raquire letdown to be 1s0lated. What 1s the purpose of this

ection? £o.73
Ce Select the correct sequence of pover source attempts -
when tryina to resztore mower to an AC Emergency Bus!

t1)  Emergency Diesels RSST» NSST
o1 RGSSTe NEGTs Emergency Diesel

td) HM5S5Te Emeraency Diesels RSST

£0.6)
o Luring & recovery from loss of all AC rowers yhy i1s it
necessary to verifv tnst Inverter 4 is enerai1zed a3s soon as
pOver 1s restored to bus 34C. £0.73
GUESTLON S 7 1,00
The mlant stertup procedures have recently been modified to

require startang 3 second condensste pump before svitching
over to the motor driven feed pums from the turbine driven
mEin feed pump. WOy wss Lhis change necessary?

CVARRER LnlEGURY O7 CONTINUED ON NEXT FPAGE mxxxx)
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QUESTION 7.07 (2.00)

List the only two (2) actions that can be taken locally &t
the auxiliary shutdovn panel (ASF) to stop an uncontrolled
cooldoun during @ =hutdown from ocutside the control room.

QUFSTION 7.08 \-30\:’\))

Answer the following questions concerning the Kadiological
Frotection Frogram and Foel Handling Procedures.

2. The Corporgte ALARA program includes a total annusl
exposure guide of mrem 23mmss andg mrem

neutrons per year (select best answer from below).

S 4000, 800U
r N 4500, SO0
3. 9000y 300
4, 5000, 500
£0.5]
. khy 15 it 1mportant to orientate 2 new fuei azsembly
s0 that the seri1al number an the top of the upgper nozzle
block i1z 1n the Southwest corner uhen storing the new fuel
In the storasae panl? '
[1.9]
Ce Assembly end/or evacuation should be considered 1f
personnel vill be exposed to radistion dose rates arester
than - o oo mrem/nr (fi1ll »n the blank).
[¢.51]
Q. Fuel movement 1n the fuel storage pool area has veen swspended
because only one criticslity-radiation level monitor is operzole,
Wnat must be done betfaore continuing fuel movement operations’ £1.01
BUESTION .09 LS50
& List & options the operastor has us1ng the
Frimary plant heatup procedore to msintain 3 aiven
heat-up rate (MUK, y (1,07
0. What 15 the maximom grimary svotem hest up rate allowved
by mrocedure? Lo.5]

Crxxwe CATEGODRYT OF LONTINUED ON NE X FaLie wxxxe)
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8. ADMINISTRATIVE FROCEDURES, CONDITIONSs, AND LIMITATIONS
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QUESTION 8,07 (2.00)

The plant 15 operating at 75% pover and the latest leak rate data
shows .

7.2 gpm - Total leakage
3.1 gpm - Leakage due to 3 lesking charging pump relier vaive
1.2 3gem -~ Leakage into the Frimary Drains Transfer Tank
943 gpm - Leakage throwgh 3-RHS-HMV8701Ce RCS ‘oop 19
HOT LEG to RHE
0.4 gpm - Total primary to secondary leakage
+2 3rm - Leakage mast RCF seals

-
Wnat limitsy 1f 3nyr have been exceedad?

QUESTION &.08 (2:.50)

Essed on TS, shouwld eacii of the folloving requests be agranted?
Justafy vour decision.
Lonsider e3ch request separately.

2. f request to conduct an asmroved modification on
Fowver Range Neutron Flux Channel N44, wvhich will require

deener3iina the detector. Over Fower Delta T Channel I1
15 trigpend. Operaticonal Mode 1.,

O+ R request to commence neating us the Reactor Flant
from Moda S COLD SHUTDOWN with all ecode fFressurizer
zafety valves i1nornerzhie,

Cs A request to replace the sir start solenoid valves on
Unit 3 Emergency Liesel Generator number 2+ while
Unit 3 Emergency Diesel Generator number 1 is 005.
Orerational mode i,

G+ AN approved vork order to replace the seals
on botn 21r 10‘—' d"l(\' Sy ONEe 2% 3 tllb?.
0';-3"\‘ ‘rl‘J'l)l Misfye ?

€. A maintenaznce request to simultaneously recslace both
Lrains of HEFA filters an the Auxiliary Buildine
ventilation exhaust system on Unit 3.
Uperations]l Mode 1.

iaxxEn CATEGOKRY 08 CONTINUED ON NEXT FAGE mxsxx)
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AJESTION 8.07 (2,00)

Technicsl Specification 3.4.4 states *All pover-operated relief
valves (FORV's) and their associated block valves shall be
OFERAELE®. For the followina situations state what actions are
required to be taken within 2n hour 1f operations 2t mower are
to continue,.

3, One or more FPORV's 1nopersble because of excessive seat leskaae

o. BOTH FORV's 1noperable due to sticking valve stems

QUESTION €.,10 (3.00)

3. If contsinment integrity i1s not met at MFP3 in Modes |
or I» then what ¥ optiors does the SRO have for
corractive sction? Time reriods 3re not
regquired.

. In vh3t rode or Modes 1s contsinment intearity
NOT required?

Faor esch of the following situstioncs tndicate YES
1t coatainment 1ntegrity ie nreserved and NO

1f 1% 1s vielsted., If containment integrity 1s
violated. explain whet would be necessary to
restore 1t to normal.

-
-

1) The equinpment access hatch iz rronerly
closed during refueling operstions.
fe1ntenance 1= repalring 2 crimped
closed penetration gressurization
surply line to the door.

S The outsrde door of the personnel sir
lock 15 properly closed. The 1nside
d00¢ 15 wedzed open vith a 2144 to allow
for 3 detsil ‘g 1nspection of the knife

1
tgdoor) sezls.

31} The outside containment purae ehaust valve
AHVU-VS hass the operator removed with
the valve agen.

taxaxs CATEGORY OB CONTINUED ON NEXT PAGE xxxxx)
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QUESTION 8,11 (1.00)

To g0 from COLD SHUTDOWN to HOT SHUTDOWN (Operational -
MODE S to MODE 4)y what general condition must be
satistied?

QUESTIGN 8.12 . (3.00) D€‘€+ed /ﬁ

Classify each of the followine occurances wusing the

State of Commecticut Classification Scheme

(EFIF FORM 4701-5: provided. Identify what factoris)

were used to determine the final classification. ,//

a+ A small plane crashes on the river shore within the
rlant perimeter apout & nalf mile East of the mlant.
The radioactive medicsl isotopes the plane vas Carrving
cannot be locatea.

0. Wnile vorking with the polsr crane i1n the containment during
hode S» the brake on the hook fzilsy dromping the hook onto

8 pipang run. The sample line from the pressurizer liaud

space ruptures ang fuel drop sccident area monitor 3RMS-REA41
resding increases to the slarm setpoint of 15 mR/A7

€+ An accident 1n the coantsinment rezults in an injury to 2 worker.
The wvorker 15 in contaminated anti-0 clothing and has oroken his
lea. Due to the accident the worker receives 2 KRem of radiation
Freviously ne had sccumnlated S00 mrem for the quarter and yesr.

. Load following nperations at 100% mower result i1n an Iodine
spike of 350 uc/am o o % TS5 3llovable). A main steam line ruptures
1nsi14ge contzinment. Contzinment spray is initiated. During the
transient five 5) atmospineric relief valves on the affected steam
Jenerator lift when the MS5IV: shut and two (2) fail to resea€§x
Reactor to secondary lesksge throuah the affected SG was ;
500 grd prior to the event.

PAGE
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APPROVAL:

Incident Class/

Posture Code

GOLF

FOX

DELTA-ONE

{(unusual event)

CELTA-TWO

(unusual event)

DATE: fggzz SORC MTG. N0.: FP7 /9

STATE OF CONNECTICUT

INCIDENT CLASSIFICATION SCHEME

Incident Description

Radioactive material
transportation accident.

Lost radioactive material
in excess of Title 10,
CFR30.71, Schedule B
Quantities.

Minor event of general
interest but nn public
hazard with no radioactive
releases.

Incident with NO unplanned
radioactive release.

Incident with no currently
existing public hazard but
WITH unplanned radiological
releases such that site

Protective Actions/

Emergency Actions

*Limit spread contam-
ination and initiate
clean up.

*Assist in source
recovery

None

No protective action
required for public.

No protective action
required for public.
Corporate and Station
Staff should remain on

boundary plume doses are less
than 0.005 REM to the whole
body and/or less than 0.025
REM to the thyroid from plume
exposure pathways.

standby for performance
of dose calculations.

EPIP Form 4701-5
Rev. 0
Page 1 of 3




Incident Class/

Posture Code

CHARLIE-ONE
(Alert)

CHARLIE-TWO
(Site Area
(\ Emergency)

BRAVO

(General Emergency
without Containment
Breach)

Incident Description

Protective Actions/

Emergency Actions

Incident which has a potential Staticn and Corporate

for projected site boundary
plume doses or has a radio-
active release with between
0.005 and 0.05 REM to the

will activate Emergency
Response Facilities.
State and local will
standby for Key Staff.

whole body and between 0.025 If appropriate they

and 0.25 REM to the thyroid.

will actuate Emergency
Staff/EOC, and monitor
food/water/milk. Bring

EBS to Standby Status.

Incident which has a potential Station and Corporate

for or has a radioactive
release with projected site

will Activate Emergency
Response Facilities.

boundary plume doses of 0.05 State and local will
to 1.0 REM to the whole bocy activate Emergency Staff/
and/or 0.25 to 5.0 REM to the EOC. Monitor food/water/

thyroid.

milk. Consider placing
miTk animals on stored
feed. Alert EBS. -
Activate EBS and public
.warning if necessary.

Incident which has a potential Station and Corporate

for or has radioactive releases will Activate Emergency

with projected site boundary Response Facilities.

plume doses of 1.0 te 5.0.

State and local will

EPIP Form 4701-5
Rev. 0
Page 2 of 3

MAY 21 1984



Incident Class/ Protective Actions/

Emergency Actions

Incident Description

Posture Code

REM to the whole body and/or
5.0 to 25.0 REM to the
thyroid.

activate Emergency
Staff/E0C. Control
food/water/milk.
Immediate take shelter/
access control for
2-mile radius and 5-miles
downwind. Extend to 10
miles downwind 1f
necessary. Evacuate
2-mile radius if not
constrained. Alert
EBS. Activate EBS and
public warning as

(\ ; appropriate.

ALPHA Incident which has a potential Station and Corporate

(General Emergency for or has radioactive releases will Activate Emergency

with Containment

Breach)

with projected site boundary
plume doses of greatér than
5.0 REM whole body and/or 25
REM to the thyroid.

Response Facilities.

State and local will
activate Emergency Staff/
EOC. Control foocd/water/
milk. Immediate take
shelter/access contrcl

for 2-mile radius and 10
miles downwind. Evacuate
2-mile radius and 5 miles
downwind if not constraine
Assess need for additional
evacuation. Alert EBS.
Activate EBS and Public
warning as appropriate.

EPIP Form 4701-5
Rev. 0
Page 3 of 3

MAY 21 1984
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Q = mcpaT
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.
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v = 3.14
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1 Cur‘ie - 37 X lol'dps
1 gal = 3.78 liters
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2.54 co

lyr=2.15x 107 sec.

3.4]1 X 10* BTU/HR

Equations

"B S ey . 8
hegse 1 %At
SUR = Zﬁp
t* + (B-p) 1

¢,(-K)) = ¢, (1-K,)

P =po 10 SUr (t)

P = po ot/t
SUR = 26 .06 CR=_§
T l-Keff
1 = o 4 EBI
p-B
M CR2
= 0.693
: 9—_;— t* = 10" seconds
t
Conversions
1 kg = 2.21bs

1 gm/cm® = 62.4 1bs/ft?
1 ft? = 7.48 gal

1 gal. = 8.3453 1bm.



S« THEORY OF NUCLEAR FOWER FLANT OFERATIONs FLUIDS, AND

B iR ——

ANSHWERS -~ MILLETONE 3 =8&6/03/25-HANNON, J.

ANSWER S.01 (1.50)

3. GREATER THAN.
As fuel burns ups flux must increase to maintain the
s3ame powver level,

awvi
t. Feriodic Palxbratxoq,oﬁo-laln adunst« B e e e
Jfalorlnetrlra are performed, 9&—v~+f9n9-rover—+—va¢so

REFERENCE

nF3 System Description Topic & Lesson 4 Excore Nuclear
Instrumentaztion

MF2 Reactor Theory RT-2.4

ANSHER 9.02 (1.50)

Reflux boiiing occurs when steam exits the core andg 15
condensed 1n the S6 tubess with the resulting condensate
returning to the core via the not ileg to repest the cvcle,

This tyre of cooling occurs with 2 voided core
when no resctor conlant pumps are rUnGLND,

REFFRENCE

MF3 Mitigating Core Damage - Loss of Coolant Accident and
Fost Accident Coolings mage 1.12. 1,31

fAF3 Heat Transter Thermodvnamics 3nd Fluid Flow Fundamertsls

Section III Fart By Chanter

ANSWER 5.03 (2,00
3. 1} Acceptsble nuclesr Feaking fasctors,
tZ) Adequate shutdown margin,
t3) Bound rod ejection accident 3nalvsis aszumptions.
-:' . "\'l ¥

tThe rule of thumd 1s 4 or

REFEREMCE

HF3 TSe & 374 1-3;

MF3 Resctor Theory and Dperatine Characteristicsy Topic:!
Subcraitical melticlacations. “,{f K1-8.68.

'

noudlinas of the ori19inal cowunt

FAGE 20

£0.25]
[0.751]

€0.5]

£1.0)

i0.5]

V.53
£0.5)
05

CH.5]

rate),



S. THEORY OF NUCLEAR FPOWER FLANT OPERATIONs FLUIDS, AND FAGE 21

.—----_-_-——_--—.-----_-._-_-.__.._..--_—-..—_-_......--——---—.__..-

THERMODYNAMICS

ANSKERS -- MILLSTONE 3 ~B&/03/25-HANNUON,» .
ANSUHER 5.04 (1.00)

a. EOL [0.25]
Because a lower EBeta Ear at EOL results in 2 areater. HIGHER JSUR
poasb—parer—deents at EO . [0.51
0. FALSE £0.253
REFERENCE

nF3 Reactor Theory and Operating Characteristicsy Topic:

Frompt zno Delaved Newtron Fractionss nage RT-9.4.
AnSWER 3.05 "30‘.)\“)) hl

r ; g,
1. +owneER HIGHER Red worth iacreases over core | €. “s?ume +he am€ [0,5)

rod withdrawa |l would pe necesiary to : :
Ihe core _is. ;e.--—.uﬁ;wwmdtm ru\d.*v-ﬁ-]

tHb-—due to g_l«&oanuoe&a~oe**pacfnal criticality at EOL

Addfhb“
would ceccur zooner Jinan nredlctedtlf BEOL condltlon were ~_-_’//)
assumed. Thu, — e e [0O.5]

® EONER t1(OREXR [0.5]
Frevious RCD accounts for more xenon eo1s50n than

exiets in the ectuel startums thus the ECP will 1ndicate
more rod motion thin 15

necessary to achieve criticality, [0.5]
3. SahE [0.S3
Insi1gniticant tempersture chanae, [0.5]
REFERENLE
fAfZ Reactor Thearv Sections 15, 14s and 17
ANSWER S+06 {1.00)
- Y 37 l'_l S 3re |la >3 L thne 3 loor cont |‘3’.'r5‘,l~)ras CI.OJ

KEFERENLTE

AF> Heat Transfer Thermodynamics antg Fluid Floew Section III
Fart Bs £ nhavter 1 Lage 326



S. THEORY OF NUCLEAR FOWER PLANT CPERATION, FLUIDS» AND PAGE 22
g T el s et e kst e e

ANSWERS -- MILLSTONE 3 ~8&6/03/25-HANNDON, J.,
ANSHWER S.07 (2.50)

3. EOTTOM of the core. £0.25)
The critical heat Vlux 1s inversely related to reactor

coolant quality: wvhich is essentizliy nil at the bottom

of the core(pefore any steam bubbles have started to form

on the aeat transfer 5urfac€> £0.75)

. 1. INCREASE

2. DECREASE

3. CECREASE 0.5 eacnl £1.5]
REFERENCE

MF3 Heat Transfer Thermodvnamics snd Fluid Flow Fundasmentsls
Fiaure 4-9 nage 229.

ANSWER 5.08 ( Q)

[N
<O

3. Fower decreases 1nitislly due to the boron addition. [0.5]

The mrimary to secondary mismatch causes Tave to decrezze.

[0.5] The decrease in Tave inserts positive resctivity and

restores reactor nower to =3 sliahtly lower than or the zame

3s 1niti1al pover level., [0.5] £1.5]

O Tave does not change due to the boration. £6.S3
‘Tave 15 determined by the amount of pump nest and the steam

cumpe setting.), After the initial transients nower decreases
3t 3 negative '1/3 DPM rste to the multiplied source level., [1.01]

£l

REFERENCE
MF3 Transient and Accident Anzlvsis Chapter 4,10



S+ THEORY OF NUCLEAR FUWER FLANT OFERATIONs FLUIDS, AND
SO e T o e i A
ANSHERS -- MILLSTONE 3 “B&/03/25-HANNON »
ANSWER 5.09 (3.00)
a8+ Turbdine gpowver STAYS CONSTANT at 25 X pover
b:. Tavag taffected loop) - INCREASES
(final value eonal to Th)

c. Tave (non-3ffected iloops) - DECREASES

. S/C pressure (sffected loon) INCREASES

e. S5/6G pressure (non-3affected ioops) - DECREASES
f. Yes

(1n affected loor when Fressure axceeds 1185 psi9l.

REFERENCE

Steam Tables

MF3 System Descriction: fosic Ly Lesson 3» fpage 17

fransient

ANSWER

5/G heat
@ Us 374
Al{Tavai
Liven: AL
From Ste
AlLSS
Taval 9

REFERENI E
P33 Heat

=

J s

t,

ira3anster
Section 11

& Acciaent

b |

anster = 13
Tztm rema1n

Tstm) = AZ

.

FNEJ

Fart Ee T

Ahglys1sy

MOGYNIMm] e

2+950)

ba(Tava
constzants
Tavgl Tstm)

for ? f
lavads 0
88 1ncre o

Tt e

Chanter 4,

N0

Faae 4.11

istm)

Flow

Fluin

Ja

Fundamentsls

FAGE 23

[0.25]
[ctl%]
£0.,75]
[0.75]
0.73]

£0.25]

£1.0]

£1.0]

[0.5]



5« THEORY OF NUCLEAR FOWER FLANT OFERATIONs FLUIDSs AND FAGE 24

St D T S e s S e e s
ANSHERS -- MILLSTONE 3 ~86/03/25-HANNON, .
ANSWER 511 (2.00)

3. HIGHER [0.29] steam dump pressure setting decresse causes
RCS temperature to decrease. MTC and FTC both 2dd nmositive
reactivity to 1ncrease pover. [0,25] [0.5]

0. THE SAME [0..5] the steam dums system will comrensate for
steam lesk by shutting valves to maintain demanded steam
3enerator mressure, [0,25) £6.5]

P

c. THE SAME [0.25] +the negative reactivity will be matched by
the positive reactivity added by MTC and FTCs C3UsS1N3 no

chanae 11, bower. £0.25] [0.5]
LOWER pada FRY will close wntl Flow error ¢ sets level erme,

G -HEEHER [0,.25] Réb—benaeﬁafvre~wr++—ﬁee¢ grtior=1
fecdester—oerha-3dded to the s Lean_gaaenatan_.dd+u9—pa&r+:v-
L&»&L;»+tv—#e»«fﬁ4~uou~r—&e—*«&&e@eﬂn (0,251 £0.53
Mx *r. t’ whil ecovr Wwhen 1 o ak {@.fy | e Cresdqed (h 3‘[ V X2 Lu., de ,’(’:f:r&

REFERENCE o~ Y s56).

AF3 Transi1ent and Accident Analysis Section 3 MNormzl
Tranmsient Analysis

MP3 NSST Topic & Lessen 9 SQWLCS

.
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THEORY OF NUCLEAR FOWER FLANT OFERATIUN, FLUIDS» AND

ANSKERS -- MILLSTONE 3

=B4/03/25-HANNON, J,

ANSWER o+12 (2.,00)
surdt)
3. ¥ = Fal(10) vhnere t 2i1ven 1n mintes
o’ ~§ (1.79)sur

o X 0. 2 » 190 = (10

105(25)/71.75% = sur = .8 DFM

[ compute the reactivity represented by the staple SUR:S
rho = peta eff/ 1 + lambda bar( 26,06/ zsup)
= '-:'0‘)‘:'5-"’ 1 + 0008 (260‘:":' ‘.:'¢EI,'
= 26.7 ncm
$ Steps = 96.7 pca/ S pem/step
= 19 steps [T | ST

FEFERENCE
AF2 Transient ana Accident Anslvsis Section 3 MNormsl
Transient Analysis
fFl Resctor Theory RT-10.,3
RES Topic & Lesson 4 Excore Nuclezr Instrumentation

FAGE 25

£0.5)
(0.4)
(Uol]

£¢.21



4+ FLANT SYSTEME DESIGN, CONTROLs AND INSTRUMENTATION

T ——————— - — - ——-——-—————— - - —— -

ANSWERS -- MILLSTONE 3 -B&6/03/25-HANNDN, J.
ANSHWER 6.01 (1.00)

Steam venting out the bresk occurs sooner [0.25]1 for

38 hot leg break than for a3 cold leq break because of the loop

seal between the S/6 and RCP [0.25). Thusy injectfon flow
1s more effective in the hot le3 break because

tngjection fiow exceeds bresk flow when bresk flow shift

from I-zhase to all steam (0.25]., Thereforer less mass is
lost from tre svestem [0.25].

REFERENCE
nitigzating Core Damage LOSS OF COOLANT ACCIDENT AND
FOSTACCIDENT COOLING rage 1,32

SWEF 5.0°7 (3,00)

e TES. [0.50] The reactor will trip if Z out of 3
circuits (0.25] 1n 3any 1 owt of 4 loops [0.25]) sense
90Z fiow [0.25] with nower > 39%Z [0.251 (F-8).

[ 38 . [0.5] The reactor wi1ll not trip becsuse
the required logic 1s 2 owt of 3 circuits [0.25] sensing
& 4

YOR tloe (2.25) 1n 2 out of 4 loops [(0.25] with
sower petween 104 (P-7) and 39%Z [0.25) (P-8).

REF FFENIL
MF3 Simuiztor fMslifunction Cause & Effects Document - EpN3
mF3 NSSS Tomic 7 RPSAS pages 54 and 66

FAGE 24

[10‘)]

£1.5]

£3:53



6. FLANT SYSTEMS DESIGNs CONTROL+ AND INSTRUMENTATION FAGE 27
ANSHERS -- MILLSTONE 3 ~86/03/25-HANNON, J,
ANSHER 6.03 (2.00)

As power decreasesy steam flow detector delta-F decreases:

and steam 3enerator pressure Increases., (0.43

Since steam flow uses 3 square root extractor corrected ror
steam pressures and steam pressure is stuck st 3 lower value
than actualy 1ndicated stesm flow will be lover than

actual flow. (0.4)]

The steam-feed flow error si2nal will tend to cleose the

FWURV, £0.473

As the level decreasess the level signal vi1l]l open the FWRV,
{0.4]

Eventuallys the level error will cancel the flow error andg
steam rlov vill ecual feed flov at 3 lover level.

10,41 £2:0)

REFERENCE
AF3 NSSS Toric 6 I&C Systems Lesson ? Stesm Gererator Hater
Level Caontrol

ANSWER 5,04 (2.00;

3. res, EO 251
HWitih MSIV shuty affected SGC will equalize

vith grisnary gressure, First valve set at 1185 psig. (0.75]
o. SG would backfeed orimary due to Fsat oe1ng ni1aher

than grimary (Fsat for 570 F = spproximately 1230 psiad. £1.0)

REFERENCE
MP3 Transient and Accident Ansivesis Section 10
Steam Generator Tube Runti-e

A\ o v b 3 )
HHESKRER SV t] .00 {,"‘Jy (‘ﬂ‘&': b 7o

Estimated leabksse wvould be tie 'semof one centrifuasi charging pump (- 12)/

Sho—Ohesalets dnection sumefuchd discihrergot Llow—sateacs
HFYO gpm ( +3E5—F6 apm ) Cod5]
400 0 (1.0]

LESf.me’e_ (s :‘r-_u,(e, ab'u'm,,-u\ 50 T’;,pm t LLSO ¥ w\’uv‘{,r.;

ok rumont scccwrs at 550 Wm o 660 #

L e



6. FLANT SYSTEMS DESIGN» CONTROLs» AND INSTRUMENTATION FAGE 28

T D A . > W A - — - . G G GG W -~

ANSWERS -- MILLSTONE 3 ~86/03/25-HANNON, .

REFERENCE
MF3 NS5S Topic 3 Lesson 4 ECCS

ANSWER 6.06 {2 ]
Assoming NSST s awvail
FLANT CONDITION -——-—-=3:3 1. % 3.
EREAKER DESIGNATION
Xyl ¥
NS
156-3U 1 C g
35A-1 ‘ C 0
— b=t + - .
35B-2 0 0 0
SUbL~ i C 1
3nb-1 C C 0
Foky~2 0 9 0
34A-Z C = a
-1 T~¢ C € (o
14-U2 0 0 C
34C-2 0 0 o
340-2 0 o (1]
15-U2 0 0 c
24p-17-2 C C (v}
34B-2 L C ]
L2+29)
FEFERENCE
fF2 EOF Introduction to Electrical Svystems
PSS mzan One Line/Phasing Diaarzm Power Distribution System
Cemposite S & W DWG MO, 12179-EF-14-6 i
mP3 BOP Electricat Distribetion Sustert 4100 Vol ]/;fem
ANCMER é&.07 {1.50)
M. [0.5]
Ihe 1nput relavy must ener3ize to zctuate for an unsafe
condition ‘Lo 3vo1d inadvertent spray actuation in the event
af a8 loss of instrument nouer). £1.0)

REFERENLE

RES NESS Topaic 7 RFPS5AS o 1te

e e e
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6. FLANT SYSTEMS DESIGNs CONTROL» AND INSTRUMENTATION FAGE 29

- - - W W S . . - - ——— -~ - - - -

ANSHERS -- MILLSTONE 3 -86/03/25-HANNON, J.
ANSUWER 6.08 (2.00)

3. Rods draive 1in. €0.5)
o. Sudden reactor/turbine mismatch. [1.01
e 72 steps per minute £0.51
REFERENCE

fF3 System CDescription Volume 4 Rod Control

ANSUER 6.09 (2.00)

a. Frevent starting the motor-driven auxiliary feeduster

rumes from the main control board while the emergency

2enerator loasd sequencer 15 operating. [1.0]

o. SWITCH CONFIGCURATIONS:

(1) The TRANSFER swvitch 1in LOCAL and the STOP-AUTO-START
switch on the switchgear bus in STOF

(22 The TRANSFER svitch in REMOTE and the
STOF-AUTO-START switch on the control boasrd in STOF

(3) The TRANSFER swvitch in REMOTE and the
STOF-AUTO-START switch on the control board in

- PULL-TOD-LOCK

) SQ%Uancr test laevp Cany one 0.5

SYSTEM LINE UP:

(1) The affected steam generator RCS loop 15 1solated

{'L dfw Pv*Mp faction EowBdn 2 i £1.07
) valves closed [_M'«] rne ,5"_)

REFERENCE =
AF3 N5SS Topic 4 Lesson 2 Auwxiliary Feedester Svstem



6. FLANT SYSTEMS DESIGNs CONTROLs» AND INSTRUMENTATION

ANSHWERS -- HILLSTONE 3 ~B6/03/25-HANNON, J.

ANSKER S.10 (2.50)

a. High radiation [0.51
Toxic chemicals ([0.5]

b TRUE

cAargiay /Lo_fd.um £low balence
C+ - REQASAr sump 19vel and pusp operstion, [ )
wmientord wm e pho ey
REFERENCE f 4 it decits S

mnF3 EOF Reactor Flant Aersted Drains

nFs F & ID KRadioactive Liquig Waste & Aerated Drains Sh 3 of 3
iS4 o B+l

«4 1
ApP 2255¢5 Reactor Coclandt Leak

HMEWER o+11 (2.00)

K

: dvercompensation results 1n 3 lover than actusil resding
0.251 witn 1ndicated level increasing a2t a higher than

o " e
CO253 [ 2.59)

Cag Undercompensation results in 3 higher than actusl
readings (0.25] and if - S x 10E-11 amps (0.25) will

prevent the SR detectors from automatically energizing [0.25].,

C. ine operator can manually energize the SR detectors
vitih the SK Elock-Reset swvitch (0.25] when the ofperable
ik echannel drops below & » 10E-1L amps (F-é6 setrnoint)

REFERENCE

nFZ Transient 3nd Accident Analvsiss Instromentation and
Control Fzilure Analysic mages S5.32 - 33

AF3Z N588 joric b Lesson 4 Excore o paae 153116[

{
2ctual rates €628 giving a3 false high startup rate indication.
+

FAGE 30

[1.01]
[0.5]
[1.01]

[0.753

[0.751

L0.5]
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6. FLANT SYSTEMS DESIGNs CONTROLs AND INSTRUMENTATION

- ——————————— - ———— - ——————— - - —— - —————— -~ — - ———— -

ANSWERS -- MILLSTONE 2 ~B6/03/25-HANNON,» J,
3. Steady state operation. [0.5) High Level alarm and
Channel III level 1ndicating HIGH, £0.59]

b Stesdy state operation. [0.5] Higqh Level alarme
Channel IT Jevel i1ndicating HIGHs and the recorder
indicating HIGH {(any two). 0.5

C FINAL RESULT:
Actual level incresses wntil high level trip (2/3)
‘Logic not required) £0.51]

INDICATIONS:

Hian levei deviation alarm

fack up hesters turn on

High error si13nal reduces cherging flow to minimum
fctual pressurizer level decresseqkﬁn-rfaﬂy)

Low level zlarm

Leftdown secures and 3ll heaters turn off

(anvy two of above 1ndications) (0.53

FEFERENLCE

AF3 Transient and Accident Anslvsis Section So page 5.52

ANSWER 6,13 T
(_rr“lr‘-;.ﬂ. Pwr\‘p
Wuentn Serav Fump

Safely Injection Fump
FHE Fomgp
4 4 . :
Contsinment Recire Fump
(0.1 eacr + 0,25 for gproper seauence)
REFERENCE
MFS BOF Introgduction to Electrics] Systems
mF3 hain One Line/Fhesing Diggrem Fower Distribution Svetem
Composite 5 & W DWG nO, 2179-EE-1A-4

FAGE

31

1.0]

C1.0]



7. FROCEDURES NORMAL » AENORMAL s EMERGENCY AND
"'86 OJ/ 5 HANNONP \Jo

ANSUWER 7 (2.00)

rarnl 1ve; rasgctor 1s\tripped [&.41 and ail-ECCS \oads
ar sta e [u (afte™ 2 nresed time del ) I

Adequate RCS subeooline Co«43 06
2. Secondary he«t sank ok (8,41 0.6
3. RLS anventory ok (P2RL fus) [0.4) 0. %

REFERENCE

MF3 NSSS Topic 7 RPSAS

Westinghouse Jeners Group Emergency Response Goidelines
Executive VYolume - Generic Issues

ANSWER 7 208

3. { Loss of hiah gressure injection flow from CUC
Loss of cooling water flowv to the RCP thermal
parrier cooling svstem heat exchangerc:
Continvous loss of RCS conlant ocecurs:

Seal overheating rezults in dearedation and
eventual fai1lure, Lt0.25 EACH]

RCF HI RANGE LKG FLOW HI alerms
RCF LO RANGE LKC FLOW LOW 3larm (followed bv above
alarm)s
3 An urexplsined 1ncresse 1n the PCP Sesl Wster
Returny
i <Flow aoove 5 apm vithbh 3 carresponding RCF Lover
Bearing water temmerature approaching 2390
dJearees F,
CANY TWi E ’H eachnl

S

Minimize mass transfer out thne o cah

L2ssen tne possibirlity of Tarming teo ghs

Hitn "".‘z"]‘.lh'; roor heat transfer nronerties

rotential for i1masdecuatle core roolino.

REFERENCE
AF3 Mitigating Lore Damage; Loss of All AL Fowers page 4,3

EOF 35 E-1 Loss of Reactor or Secondary Coolant
P33 NSSS Topic 1 Lesson 2 Reactor Coolant Foamp
AOF 3554 RCF TRIF or SEAL FATLURE
(4) #2 ReP Seak leakoff flow high alovm
(5) An morepan in Hhe u»ﬁu,ﬁo( pump feak waten \J.#L'( HW
©) A~ incresse i the Leadafd) Flow Re wrden @)
Cj) A CLQer‘AL'QM Pl fovel w“*L~ FPzi. Lbﬁb( bOVMQtDM Alarrn

(F) An oncreast im M%.a, £l




7+« FROCEDURES - NORMAL+ AENORMAL+» EMERGENCY AND FPAGE 33

e T ———

ANSWERS -- MILLSTONE 3 ~846/03/25-HANNON,» J,
ANSHER 7.03 (1.00)

3. ROD CONTROL URGENT FAILURE [0.9)
o, (2) [0.51
REFERENCE

AUF 3552 MALFUNCTION OF THE ROD DRIVE SYSTEMe DROFFED ROD
Technical Specification 3.1.3.1
nF3 NSSS Toapic 5 Lesson Z Rod Control

SHSUHER 7,049 (2.,00)

t1r RVLAS plenum level 49+5F (GREATER THAN OK EQUAL TO
19%)
AND
tZr (st lesst two) RCS hot leg temperatures €0557
5 ‘LESS THAN 250 degreez F) oR €1.03
g CoRE wait TCs
0. IF FRT not asvairlables or PRT rupture disc faile while
venting the Reactor Vessel to the FRT (either one)
[0.53
haintain Containment Hyvdrogen concentration LESS THAN
32 £0.51 [1.03

REFERENCE

EOF 35 FR-C.1 FESPONSE T0 INADEGUATE CORE COOLING
EOF 30 FR-C.2 RESFONSE TO DEGRADED CORE COOLING

EOF 25 FR-1.3 RESPONSE TO VOIDS IM REACTOR VESSEL
mitiaating Lore Damasge LOSS OF COCLANT ACCIDENT AND
FOSTACCIDENT CONLING



7. FPROCEDURES - NORMAL» AENORMAL+ EMERGENCY AND

- ——— - ——— - — - - ————_—— - - - . -~ — - —

ANSWERS -- MILLSTONE 3 ~36/03/25-HANNONy J.
SACETIES (a'ﬁ no operator ;d‘im) ov

ANSHWER 7.0 (3.00)

driven AFW pump provides feed [0.5) and the

secondary dump steam to atmosphere [025]1 to mromote
natursl c1rcnlat\on@u912f : r€$+vrtd)

o. Rinimize RCS inventdry loss (and shrinkage due to
cooldown?.

=
4

C. (1)
T Festore pover to the plant process computer,
REFEREMNCE

EOF 35 ECA 0.0 LOSS OF aLL AC POMER
OF 33454 120 Yolt Non-VYitzl Instrument A(
MITIGATING (ORE DAMAGE CHACTER &

A"SNEF‘ 70'«-’-.'7 L 10‘)\))

’r L".c:'kf.-

To aveid unplanned reactor trips due to low-low SGC levely
CC ras oA c? loss 011 Main  beaduo aten f)wmf wtion :
REFERENCE

Report of unplanned reactor trip at 1042 nours on

February 12+ 1784% the 4th such trip a3t HF3 since initial
eriticality.

O 3321 Feedwathr

ANSHER 7«07 (2,00

3. close S6 atmosphneric dumps

b cloze atmospheric dums bynmass valves
L et el s (ANY TWo)

FOF 3503 SHUTDOWHN GUTSIDE CONTROL FOOm

FAGE 34

[0.71
[O.61]

£0.71

£1.0]

—r O3
—E 03 -

lj_ C-?



7. FROCEDURES - NORMALs AENORMALy EMERGENCY AND

- —————————— - —— - —————— i ——————— - ——— - —— —— -

ANSWERS —-- AILLSTONE 3 -B&4/02/25-HANNON, J.
ANSWER 7,08 (2,00)

3. 4

[ This orientation must be maintzined to ensure mroner

Fositioning aof the foel 1n the core and sase of SNHM
accountsbality.,

o2, the inoperable instrement to service, or

Gs p Frovide an appronriate portable continuwous monitor with
the recuired slarm setpoint. /’kahef OAQX

REFERENCE

SHF 4902 Rev., 8 xternal Radistion Exposure Control sndg
Dozimetry Izscue f&] ln

EPIF 40104 Shift Sun
EFIF 4001 Director ot Station Emergency Omerations

GF 3211A New Fuel Assembly Receipt and Tnspection g 22
OF 3Z210E

1S Table 3.3-6 Action 28

ANSUEFR 7 +09 t1.50)
3 Eu Start/stop RCPs
2 #IR B/U heaterz ON/OFF

FHE flov control

L3N Lo )

Lo

Oi's 100 neqreez F 1r. any one nour nur 100

{44/“[ Cffd + $or éoe;‘//r

REFERENCE ) ;:..;‘quq (F

FAGE 35

[0.51
£i.01
£0.51]

[1.01

1.0]
£0.5]

/vavu4g4f~>

# el
OF 23201 mage 17 ru/; 7.5.3.¢-7 W
- " bt Lo '
fechnicsl Specification 3.4.9.1 ('W

f?%ifa~9£ﬂ*n4!?'



ANSHERS -~ MILLSTONE 3

ANSHWER 7.10 (2.00)
1. Diagnose and 1dentify 7
2. Isolate affectea SC
3 Cooldown primary system
4. Depressurize nrimary sy
Se Terminate SI

tany 4)
REFERENCE

7+ FPROCEDURES - NORMAL» AENORMAL+» EMERGENCY AND

——————— i ——————————— - ————— - ——————————— -

~B46/03/25-HANNON »

sulted SG

stem

fF3 Transient snd Accident Anslysis

STEAR GENERATOR TUBE RUFPTURE
eOr 3T E~0

AOF 3554 STEAM GENERATOR TUEE LEAK
EOF 35 E-3 STEAM GENERATOR TUEE RUFPTURE

. Resctor trip and bypass breskers OFPEN

ANSWER -4 § | (2.,00)
a. 1, Digital RFPI at ZERO
de DECREASING neutron

flu: on NIs

(zny two! 90.25 each)

be o813 gberitifal ity

Jd.

\\

r'/ af : C
e nFedundana\oonxtorlng capabllxtv/ﬁs rfquoffJ D»L‘r“/
/ N / (3

REFERENCE

nF3 Mmiti1gating Core Damager Anticipated Transients Without

Trie
EOF 35 E-¢ FReactor Trip or
EOP 35 FR-S.1}

IS Bases 3/4.9,.2

4

Safety Injection

FAGE 34

(2.901]

[G.5]
(1.0]

[0.,51
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8. ADMINISTRATIVE FROCEDURES» CONDITIONS» AND LIMITATIONS

T - - - - - ——— - -——— - . - - - - - .- -

ANSWERS -- MILLSTONE 3 ~B46/03/25-HANNON,» J.

ANSWER 8.07 (Z2.00) ’ g
RCS Fressure Isolation Valve Limits exceeded.
UNIDENTIFIED Leakage limits exceeded.

REFERENCE

MF3 PEID LOW FRESSURE SAFETY INJECTION SH 1 of 3
Technical Smecification 3.4.6.7

ANSWER 8.08 (2.50) - »

2. Yesf0.2] no bistable for, OFdeltal from NI's. [0.3] &Jhd

(¥ Qiso accept VYes. FProvided 700°F was not exce

o. No [0.2] cannot enter tode 4 unless sprlicable LCO's are met.

[0.3]

No [0.23 do not intentdonzlly enter azction statement for

msi1ntensce unless other DG demonstrated OPERAELE. [0.3]

d. Yes [0.25/-a1ntenance and entry 1nto action statement has been

spproves syv—tesd-Dapartuent -Heads [0.3%5

No [0.Z] only 1f one train a3t 2 time is taken out of service.

£0.3]
REFERENCE

Functionai Diagram Frimary Coolant System Trip Si1g9n3ls sheet

TOSO 3.04' 3;709' 3060103
ACF-BA-2.02C

ANSUWEFR 8.09 (2.00)

3. c1ther restore the FORVis) to ogperable status [0.5)
or close the associated block valve(s) [0.5]

o. Either restore the valves to operadle status [0.5)
or cloze the black valves AND remove ocower trom the
lock vzlves [(0,S] (AND be in HOT STEBY within the
next & nours andg 1n HOT SHUTDOWAN within the next
& nNowurs?

REFERENCE
IS 3.4.4

FAGE 40

£1.0]
£1.01

C0.5]
[0.35]

€0.51]

CO.5]

C1.03

£1.0]



8. ADMINISTRATIVE FROCEDURES, CONDITIONS, AND LIMITATIONS

ANSWERS -- MILLSTONE 3 -846/03/25-HANNON, J,
ANSWER 8.10 (3.00)
8. Restore contsinment intearity (1 hr) [0.5] OFr

Go to cold shutdown (within the next 3é hours) [0.5]
b. Hode S COLD sHuTDOMN  [Wade é alse accepv‘ed Sreest
e Wi :';kngf core K inclided w i+
1 YES rayeéns 1
gy YES Fue/ movem('lf/ I ede S as

REFERENCE
i» 8y Definitions and 3.6.1.1%

ANSHER g.11 t1.00)

The full complement of equipment for MODE 4 must
operasbles or asnother wav of saying thiss

LCO's for MODE 4 must be met without reliance on the
Action Statements.

L
o

REFERENCE i

J o % Vs
TS B 3/4 0-1  — .J{SD ,((prf Tﬁ{- !
K———H e —— A NS OR v
ANSWER 8.12 (3,00)
5. GOLF QO.SJ does not effect clant Ofpsy wwa3s not 1nitiated by

mlanty 2nd does not e¢ffect loczl travel ratierns. [0.257
tconvert to FOX i1f scurce recovered).

b DELTA-TMO (0.5] due to lear rate [0.253

s DELTA-ONE [0.5) due to Sraznsmort of contaminagtean
indiviaguai. [0.25])
s I CHARLIE-THO (or higher) [0.5%]1 Pri-Sec leak rete combinen

»1th IODINE Spike [(92.25]

LEFERENCE
EFIF 4701
nF3 BOF Radistion Mmonttorine Systems

3} No. The valve must be closed. o 51&154041-

FAGE 41

[1.013
£0.51

0.%5]
£o.51
[0.35]

£1.0]



v sg/t Cycle arficiency = (Networx
out)/(Znergy in)

s oV 8 e W2 dtz
)
\ - ® °‘t
a = (‘lf - lo)/t A AN - Aoe
a c‘/zeff - [(t1[7)(th)1_
((2y,2) * (t,)]
%D -L X
[ Ioe
TR e
[ i I ‘o‘K/TVL
)
VWL = 1.3/u
HVL = -5.593/u
SQR = S/(1 = Ke¢)
R, =5/(1 - Keffx)
SUR = 250/1% + (B = o)1 CRY(T = Koppy) = Ro(1 = K p0n)
e \Lf/:,‘ + [((8 = a)/20] M= 1/(1 - Keff) . CR,/CRO
et Bl =Kegnllll = Keom)
T = (38 - 2)/(20) SOM = (15' Keff)/Keff
o * (Kope1)/Kope = Kypp/Kops t¥ = 10 7 seconds
L % = 0.1 seconds”™'
o = [(2*/(T Kype)] + (8 ¢4/ () +12T)]

* 4 : i .

L = aN R/hr = (9.5 CE)/dz(mev.ers)
R/hr = 6 CE/d% (feet)

dater Parameters Miscellanegus Conversions
1 nal. = 3.345 lom. 1 curie = 3.7 x 10'%ps
1 ga]. = 3.78 liters 1 kg = 2.21 lom
1 ft3 = 7.48 qal. 1 hp = 2.54 x 103 Btu/nr
Density = 62.4 lom/ft3 1 mw = 3.41 x 106 Btu/hr
Density = | gm/cae : lin = 2.54 ca
Heat of vaporization = 970 8tu/lom °F = 9/5° + 32
Heat of fusion = 144 Btu/lbm °C = §5/9 (°F-32)
| Atm = 14.7 psi = 29.9 in. Hg. 1 BTU = 778 ft-1bf

5, # HZO = 0.4335 1bf/in.
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COMMENTS ON NRC WRITTEN EXAMS AND ANSWER KEYS

REACTOR OPERATOR EXAM

1.02 @ No explanation should be required since was given
in problem that flow was lost. Any reason given
why this occured would be strictly hypothetical.

1.03 Either b or ¢ should be allowed as correct, if
calculate:

Assume EOC conditions:
I.R. at 100 percent power = 5 x 10 .
I.R. at S.R. energization = 5 x 10 -11 amps
Beta effective = 0.0054
Stable SUR after trip = 1/3 dpm
Reactivity after trip = 7000 pcm
P=P3 10 Surs Beta
Beta - Rho
t = 17.7 minutes
Time to energize from typical shutdown curves from
wWestinghouse and evolution conducted on simulator
(see attached curves) indicate approximately 15
minutes to source range energized.
1.05 b. Rod worth is not affected by increase ir the flux

level in core, as stated in.key.

Rod worth for

power increase may increase, decrease, or remain

constant, depending on flux distribution and

location of control cod.

(Ref. Large Pressurized

Water Reactor Core Control by Westinghouse pg.

6-26)



1.89 2.

1.05 4.

1.09 boZo

110 s

1.12 a.

Effect on rod worth is dependent on location of rod

in question relative to the rod moved. If rod
inserted is close to cne in question, the moved rod
will depress the flux in the region and lesson the
worth of rods in close proximity. If rod inserted
is far away from the rod in question the flux in
the region of this questioned rod will increase and
its worth will increase. (Ref. Westinghouse
Reactor Theory Review Text pgs. I-5.42 and 1-5.413).

If a rod is at outer regicns of core, but not at
edge, it will be at region of highest local flux
and will have highest rod worth. Therefore rod

worth at outer region of core can be higher than

rod worth at inner region of core.

Also accept system pressure above which the pump

will not produce any flow.
-~ . =k S \ > P SR
plaa &2 g1 . st %

Accept RCS flow rate, nuelear enéhalpy-?ise*hét
channel (£} or heat flux hot chanrel factoc-
(FQt2)) -Ref. T.S. Bases for 3/4.2.2 and 3/4.2.3
pg B 3/4 2-2,

Accept peak linear power density (KW/Ft) = Ref.
T.S. Bases for 3/4.2 pg B 3/4 2-1

Also accept limits potential effects of rod
misalignment on associated accident analysis - Ref.
T.S. Bases for 3/4 1.3 pg B 3/4 1-13.



2.02 a.

2:08: €.

2.05

. Wording of the question can result in confusion
between RPCCW and TPCCW

. The question is not cousistent with the
normal operation of the system in that we do not
operate with a RPCCW pump in standby, ready for
an auto start. Both RPCCW pumps are running
supplying each trains subheaders with the
containment safety related sub-header split by
having all inside containment sub-header
cross-tie valves closed. The swing pump (PIC)
is prevented from operating by electrical and
mechanical interlocks with the other pumps
operating. Ref: NSSS Text RPCCW Chapter Pages
9-13; RPCCW OP 3330A.

. There is no low discharge pressure auto start
feature for RPCCW pumps Ref: NSSS Text RPCCW
chapter Pages 9-13.

. RPCCW Pumps are not sequenced on a LOP/CDA
Signal Ref: BOP Text Sequencer Chapter Figure 1.

Delete the "RCS Stop Valves Open" from answer key.
This has been removed from the AFW Start Logics
thus not requiring RCS Stop Valves to be Open to
produce an AFW Pump Auto Start. REF: functional
logic diagram Figure 7.2-1 Sheet 7 and 15,
Amendment 14 dated July 1985.

Should also accept reactor vessel leakoff flange H.
Temperature Alarm and Indication. Ref: P&ID EM
102A-3 and EM 107 A-4, NSSS Text, Reactor Vessel
and Internals Chapter PG 8-9.



2.06 b.

2.07 b.

2.07 4.

2.08 b.

2.10 a.

2.11

Correct terminology for RCDT in answer key would be

containment drain transfer tank (CDTT)

This part should be delected, as there is no
alternate suction for the RHR System from the
containment. The Containment Recirc System is the
only system to take a suction on containment for
long term cooling in recirculation mode. Ref: NSSS
Text RHR chapter, P&ID EM 112 A-5.

The RHR pump cold leg discharge isolation valves
are closed, not open, while in Cold Leg Recirc.
Ref: ES-1.3 Rev 1, Change 1 Page 4 Step 2.b.

The normal configuration for the Containment
Instrument Air System is not to run the containment
instrument air compressers after fuel load. The
containment instrument air systewa is supplied from
the instrument 2ir system through the containment
isolation valves. Ref: OP 3332B Objective.

The time delay till the containment recirc system
starts has been changed to 660 seconds (1l min).
Ref FR 2.1, Rev 1, Page 6, Item 6.b

During normal operation, PCV 131 maintains a 4
constant backpressure on the letdown orifices, not

letdown flow control valv.:. The letdown pressure

control valve is used in both manual and automatic

for solid plant pressure control, not exclusively

in manual as indicatred i1n the answer key. Ref:

NSSS Text CVCS Chapter Pages 8-13; OP 3201; OP

3208,



3.0) &,

3.06 a.

3.07

3.08

3.09 a.

Overpower Delta T does not protéct against a safety
limit.
-
nov’ Ao
P-14 coincidence is 2/4 levels (Ref: Function

Diagrams, Rx Trip Sys., Figure FSAR 7.2-1 (7 of 19)

Must anticipate candidate assumptions as to which
PZR level xmtter he is looking at, since cooldown
OP has him use cold-cal level channel (LI-462) and 05- ﬁ@

Figure 7.1 to monitor actual PZR level. Ref: OP usy;Cy“ Q‘Jﬂ'
3308, step 5.10, Caution 2, Pg 16. Cold-cal M
W

(A

instrument (LI-462) will read lower than actual.

Open - >2200 psia
Control switch to/in auto
COPS Arm/Block to "ARM"

Close - no AUTO signals to close these valves.
(Ref: FSAR Funct. Diag. Fig 7.2.1 (19 of 19)

1. 2385 psia or 2370 psig (REF: E.O, PLS)
2. 1900 psia/l885 psig (REF: E-O, PLS)
Add PORV block, 2/4 detec., 2200 psia

(REF: FSAR Funt. Diag. Fig 7.2-1 (19 of 19) & (6 of
19)



3.13 a. Rad element numbers should not be required in key.

b. Sugges: minor credit for trip of supply and exhaust
fans because their trips are a cascading effect.
ie:

- Rad element close dampers 32 A/B

- Damper closure stops exh. Fan

- Stop of exh. Fan 4A stops supply unit HVUIA
damper numbers should not be required in key.

Ce Candidate must assume release path is thru Aux.
Bldg. For key to be correct. 1In addition, several
of the process vent monitors available throughout
the Aux. Bldg. may indicte activity increase as
well as HVR-10. Rad element numbers should not be
required in key. REF: LSK 22-1D& 1J, P&ID 148A &
153A.

4.01 a. Key is in error in 2 places for specific numbers.
1. Key has 35% vice 34% for S/G NR levels.

2. Key has 275 gpm vice 525 gpm for FW flow

verification.

b. Answer kev is correct, however, quections uses
wrong level; level should be 520,000 vice 520, 410
gals.

4.02 a. Key should also accept that running pump for 5
minutes will equalize boron concentration to that
of RWST (thus raising RHR boron concentration if
low)

b. Per OP 3310A the RHR alignment is from RWST thru
RHR pump and back to RWST., No mention is made of
the flowpath from CVCS, which the key refers to
(REF: OP 3310A, Step 7.2)



Bl B

4.09 b.

4.10 b.

4.12

Per AOP 3552 there are two possible answers to this
question depending on where in the procedure you
refer to.

Possible answers are:

1. Per the key

2. 1f QPTR > 1.02, do not increase turbine load,
borate as necessary to minimize TAVG-TREF

deviation.

Key should also accept that the urgent failure is a
"Power Cabinet Urgent Failure" due to regulation

failure.

Also acceptable:

1500 & 0.5 (current quarterly permanent dosimetry
reading)

Up to a maximum of 2500.

(REF: SHP-4902) Step 8.1.2.7)

Key is correct; however question uses 585 psig
which is incorrect, should be 660 psig (REF: Op

3201)

Step 4 of ECA 0.0 says to "Verify AFW flow -5325 GPM
per intact S/G" just as the key indicates.

Some examiners may answer "Verify AFW Flow >525 GPM

TOTAL." This answer should also be acceptable
since many examinee's are aware of an error in the
EOP's. Attached are the pages from the ERG's that
indicate this step should correspond to the value
for AFW flow in the heat sink CSF status tree red
path. Also attached is a copy of that status tree.



SENIOR REACTOR OPERATOR EXAM

5.01 b.

S04 &,

Calorimetrics are not done at different power
levels to adjust detectors following initial
startup testing.

Question asks "which condition would result in a
higher SUR; a rod ejection at BOL or EOL." Answer
key says EOL results in a higher peak power level.

This is not asked for in the question. A more
correct anser would be the smaller B results in a
higher SUR at EOL

l. Question refers to improper use of rod worth
curves vet answer does not even mention them.
Answer <e discusses B from BOL to EOL which has
no bearing on this question. Rod Worth curves
are not based on B.

A more correct answer should compare rod worth
at BOL to EOL and conclude that rod worth
increases over life. Since BOL curves are used
the reactor will actually go critical below the
calculated ECP.

The answer key discussion does not match the

answer. Key says criticality would occur sooner
than predicted and answer is LOWER however
question asks to compare calculated ECP to
actual. Therefore your answer should be HIGHER.
Refer: Core characteristic's handout)



207 a.

S.ll d.

Wording of question is confusing. Examinees may
answer LOWER, implying the actual criticality is
lower than the ECP which is generally the way

the two are compared.

2. Insufficient information is provided in this
question. Examinee needs information about
power level before the 12 hour outage discussed
in the question in order to estimate xenon for
this condition. (Attached figure shows xenon
vs., time after trip). Essentially the previous
RCD could be at any xenon condition depending on
the power level before the outage.

Alsn, answer key conclusion is wrong based on
reasoning provided. Again, like the previous
question the answer key reverses the comparison
scheme called for in the question. "Actual vs.
ECP", vice "ECP vs. Actual".

Key should also accept, Critical Heat Flux is the

heat flux necessary for DNB to occur. Since

temperature at core bottom is lower, and pressure

is highest, greater margin to DNB, CHF is at its

maximum. Discussion of steam quality should not be
necessary for full credit.

Answer key is incorrect, if a level detector
(controlling channel) fails high, the feed
regulating valve will close until level error
equalg flow error and steam generator level
stabilizes at a lower value. Reactor power will
settle out to the same level as before.



6.05

6.07

6.08 b.

6.10 c.

6.11 a.

With RCS pressure at 1600 psig the SI pumpw ould
not be injecting (shut off head for SIH is 1580
PSIG). An estimate of charging pump flow would be
approx. 400 gpm. at 1600# assuming it's 150 gpm at
about 2250%# and 550 gpm at 660#.

(REF: MP-3 NSSS Trng. Topic 3 Lesson 4 Pg 45.)

For plant condition 3 (Sta. Blackout) the 34C-IT-2
and 34D-IT-2 breakers would be open upon Failure of
system to Fast Transfer. 1In addition the EDG
breakers are open. Also, condition 1 has two
acceptable answers: RSST or NSST.

(REF: MP-3 Trng. BOP Chap. 4.16 kv.)

Techincally incorrect. There is no instrument

power tu the input relay bay.

Should accept "Tref less than Tavg causing Terror

for rod insertion."”

Can also block by sequencer test lineup or by AFW
SYSTEM valves' being closed.

Estimates can also be made using RCS leakage
computer program (or manual calculation), and/or
charging/letdown Flow balance. (REF: EOP-3555.)

No effect on SUR and indicated level won't increase
at higher than actual rate.



6.13

T+8) 8.

There is no load called "Aux Air Recirc Fan" -
remove from answer key. If this was to mean Ctmt.
Air Recirc fans, they do nc. start on CDA. Add
"charging pumps" to key, since during LOP the
sequencer does not give them a start signal but it
does during CDA. Also note that nothing is loaded
on diesels during a blackout, by definition. It is
not reasonable to expect students to know exact

sequences.

The question asks what conditions must exist "By
Procedure" to reset a spurious SI actuation. The

conditions to terminate SI "Per Procedure" are:
« RCS Subcooling

. Secondary Heat Sink

« RCS Inventory (PZR Level/Pressure)

Credit should also be given for these conditions.
(REF: EOP E-0, Rev 1, Page 10, Step 26)

Answer Number 3 is the result of a seal failure,
not a condition resulting from A loss of all AC
that can lead to (produce) A seal failure. This
answer should be deleated fromt he answer key.
(REF: Mitigating CORE damage, Chapter 4, Page 4.5)



7.02 b. The following can also be indications of A RCP #1
Seal failure and should also be accepted for full
credit:

« #2 RCP Seal leakoff flow high alarm

. An increase in the affected pump Seal water
supply flow.

. An increase in the Leakoff Flow Recorder(s).

. Immediate response to a major failure would be a
decrease in PZR level and a PZR Level Deviation

Alarm.
. An increase in charging flow.

(REF: Dynamic response of the simulator; NSSS
Text, RCP Chapter; P&ID EM 103A-4.

s No comment.,

7.04 a. Credit should also be given for exit thermocouples
<1200° (or <700°F). There are numerous kickouts in
FR C.1 prior to this step that look at CORE Exit
Thermocouple Temperature aiong with Plenum Level
and Hot Leg Temperature :-o verify adequate CORE
cooling. (REF: FR-C.1, STEP 5&6, STEP 15 & 16).

w 33 o



705 a.

7.08 b.

7.08 4.

The only source of cooling is steam relief out the
S/G safeties due to the loss of instrument air and
the loss of power to the atomospheric bypass valve
on the loss of power. Manual operator action would
be required to locally open the atomospheric bypass
valves to bleed steam. During the time delay to
initiate manual dumping of steam via the
atmospheric bypass valve, the S/G safeties will
lift to remove CORE decay heat. (REF: Mitigating
CORE damage, Chapter 4, Pages 4.8 - 4,12

Credit should be given for "To prevent a loss of
main feedwater pump suction". The minimum flow
requirements for two feedwater pumps is greater
than the capacity of a single condensate pump is
why this condition can occur. This is consistent
with the stated reason for che procedural change.
(REF: OP 3321, REv 0, Change 5, Change 6)

Credit should also be given for "Controlling AFW
flow to the S/G's" which can result in excessive
cooldown, especially at the beginning of cycle.
(REF: E-0, Rev 1, Page 8, Step 20 Response not
obtained; ES-0.1, Rev 1, Page 3, Step 20 Response
Not Obtained; etc.

The answer (reason for procedure words) is to
minimize schedule time for fueling sequence.

Credit should also be given for restoring the
inoperable instrument to operation to meet the
minimum channels operable requirement, The
question does not preclude this action as a
possible solution. It should be noted that
students are not required to memorize Tech. Spec.
action statements.

- 33 =



7.09 a‘

Could also be "Temperature Control Valve" vise
"Flow Control Valve". (REF: OP 3201, PAGE 22,
Caution).

Credit should also be given for 60°F/Hr. This is
consistent with Precaution 4.3 of OP 3201 which
requires pressure and temperature to be maintained
in accordance with Tech. Spec. Figure 3.4-2 which
is based on a 60°F/Hr heatup. (REF: OP 3201, page
10, Precaution 4.3 and Tech Spec. Figure 3.4-2
Explanation note at top of Figure)

Other possible answers:
- Required by Tech. Specs.
- Criticality moniotoring.

No answers correct. Limit ensures FQ(Z) envelope

*not exceeded during normal OPs or in event of xenon

redistribution following power changes. The
reference given for the key answer does not refer
to this, but rather refers to why we allow
operation outside the target band within time
limits. This prevents xenon redistribution from
being excessive and causing envelope of peaking
factors to be reached. Any answe: should be
accepted as correct.

P



8.07

8.08 b.

8,10 a.

Question given data is misleading. The total
leakage given is not defined and does not correlate
to any further data given. If use other leakages
which are given, identified leakage may be
excessive. The number given for leakage past RCP
seals does not define where it goes and could be
taken to be either part of controlled leakage or
unidentified leakage. The identification of
excessive RCS Pressure Isolation Valve Leakage
would require memorization of a Surveillance table,

which is not required of the operators.

Also allow yes with explanation that can't enter
Mode 4 (i.e. can only heat up to 200°F)

Department head can't approve entry into action

st atements,

The question requires knowledge not required to be
memorized by the operator (i.e. action statement of

greater than or equal to one hour).

Containment Integrity, as defined, is not required
in Mode 6 either. However, a "modified

containment integrity" covered under Specification
3/4 9.4 is required during core alterations or
movement of fuel in containment. Therefore, Mode 6
should also be accepted as a correct answer.

This involves memorizing action statements and
surveillance steps in two separate specifications.

- 14 =



8.12 a. Not enough information to classify.

b. ¢c. & d. Both questions asked to classify events based
on the given EPIP Form. The form is wholly
inadequate to provide the classification.
Apparently, EPIP Forms 4701-3 and 4701-4 were
intended to be given with the exam to
classify the events and were accidentally
left off. These are the forms which the
answers in the key are based on. Since the
required forms were not provided, any answer
justified by the candidate should be accepted
for full credit. Incidents require EAL Tables
to classify.

_
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ATTACHMENT 4
RESOLUTION OF FACILITY COMMENTS

REACTOR OPERATCR EXAM

1
1

~n

N NN NN

.02
.03
.05

.05

.05

.09

.10

.10
38

38

.02

.04
.05

.06
.07
.07
.08
.10

d

a(2)

o o

.

Question was deleted.

Answer key was changed to accept "b" or "c".

Answer key was changed to reflect a shifting of neutron flux
distribution caused by the doppler effect, changes in moderator
temperature and buildings of fission product poisons.

Either a description or a discussion was accepted

Answer key was changed to accept the statement that rods at the
outer regions of the core may be of higher worth than central rods.

Answer key was changed to accept “system pressure above which the
pumps will not produce flow."

Answer key was changed to accept RCS flow, FQ(Z), and Figure 2.1-1
parameters,

"KW/ft" was added to the answer key.

Answer key was modified to accept "1imit potential effects of rods
misalignment on associated accident analysis."

Answer key was modified to accept "higher delta T input to RIL
computer."

Answer key was modified by deleting "Low pumps discharge pressure
(80 psig)" and adding "Normal CC W pump not running."

"Stop valves open" was deleted from the answer key.

"Alarm indication" was added to the answer key but was not ~equired
for full credit.

"RCOT" was changed to "COTT" in the answer key.

Question was deleted.

Answer key for CL RECIRC was changed from "open" to "closed."
Question was deleted.

Answer key was changed from "5 minutes" to "11 minutes."
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2 Attachment 4

Answer key was changed to reflect control of pressure on letdown
orifices and manual and automatic control of the letdown pressure
control valves.

No change was made to the answer key. Overpower delta temperature
protects the core from overpower conditions as stated in RPSAS
Lesson Plan page 49.

Answer key was changed from "2/3" to "2/4" coincidence.

Candidates were directed to assume the "hot channel" level
indication during the examination.

Answer key was change to reflect current facility conditions by
deleting the answer for closing.

Answer key was changed to reflect current facility setpoints.
"PORV block at 2200 psia" was added to the answer key.
The element number was not required for full credit.

Answer key was restructured to include the cascading effect of the
exhaust fan trips.

Additional answers were accepted if they could be supported by
facility documentation.

Plant specific numbers were used in place of generic values.

Answer key was modified to accept alternate answer of "equalize
beron concentration in RCS with RWST."

Answer key was change to require the flow path from the RWST thru
the RHR pump and back to the RWST.

Answer key was changed to include "or buration as necessary."

Answer key was modified to also accept "Urgent Failure due to
regulator failure."

Answer key was changed to require "2500 mr/qtr and 1500 + 0.5 current
quarterly permanent dosimetry reading.

The value of 585 psig is in accordance with the reference material
provided for examination preparation.

Answer was key modified to accept either total flow or intact 5/G
flow.
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"At various power levels" was deleted from the answer key.
Answer key was changed to "higher SUR at EOL."

Answer key was changed to "higher."

Answer key was changed to "higher." Candidates were directed to
assume the same 60-day power history that was established in the

stem statement.

The statement concerning the formation of steam bubbles was not re-
quired for full credit.

Answer key was changed to "lower; bypass FRV will close until flow
error offsets level error. RX trip will occur when actual level
decreases (to 30% on 2/4 detectors in 1/4 SG)."

Answer key was changed to the approximate flow rate of one charging
pump.

Answer key was changed to include the assumption that the NSST is
available.

Answer key was not changed.
Answer key was not changed.

Answer key was modified to include "sequencer test lineup" and "AFW
pump suction valves closed."

Answer key was modified to include "charging/letdown flow balance"
and "RCS inventory computer program."”

The reference material does not support any change to the answer key,

Answer key was modified by replacing "Aux Air Recirc Fan" with
"Charging Pump." No reference material was provided to support this
modification.

Question was deleted.

No change was made to the answer key since all responses were
considered correct.

Answer key was changed to accept five additional correct responses.

Answer key was modified to accept "Core Exit Thermocouples."
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4 Attachment 4

Answer key was changed to include:
"Secondary Safeties and PORV's."

Answer key was changed to include "caused by loss of main feedwiter
pump suction."

Answer key was changed to also accept "throttle AFW flow."

No change was made since answer was in accordance with reference
material.

Answer key was changed to include "Restore the inoperable instrument
to service or...."

No change was made since answer was in accordance with reference
material.

Half credit was given for "60°F/hr."

Answer key was changed to include "criticality monitor" and “required
by technical specifications."

Question was graded to the answer key since no supporting documenta-
tion was provided.

Question was graded tc the answer key.

Answer key was changed to also accept "Yes; Provided 200°F was not
exceeded."

Answer key was changed by deleting the approval of department head.
Answer key was not changed.
No deduction was made for including "Mode 6" in the answer.

Partial credit was given for FOX.

Question was deleted.



