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Summary:
Examinations orn November 12-15, 1985

A written examination was administered to one reactor operator candidate who did
not pass. Complete examinations were administered to four reactor operator
candidates and three senior reactor operator candidates. Two reactor operator
candidates and two senior reactor operator candidates passed all portions of the
exam. One reactor operator candidate did not pass the oral and written
examinations and the remaining two candidates did not pass the written examina-
tion.
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1.

REPORT DETAILS

Facility Employees Contacted:

*R. J. Johnson, Nuclear Training v anch

*C. M. Noble, Superintendent (Operations and Engineering)
*C. T. Benton, Unit Supervisor

*L. C. Bush, Assistant Operations Supervisor

*J. M. Anthony, Operations Supervisor

*C. H. Noe, Nuclear Training Branch

*B. C. Lake, Training

*C. 0. Brewer, Simulator Section Supervisor

*E. Keyser, TVA Senior Engineer

*Attended Exit Meeting
Examiners:

*William M, Dean (did not attend exit meeting)
Lawrence L. Lawyer (Acting Chief Examiner Onsite)
William A, Douglas

*Chief Examiner

Examination Review Meeting

At the end of the examination week, the facility provided comments regarding
the written examinations and answer keys. These a. e included as an attach-
ment to this report. The NRC resolutions below rcfer to each question
commented on by the facility.

NRC Written Examination, Comment Resolutions

a. RO Exam
(1) Question 1.09: Accept 'radiation' or 'convection' for part (b)

(2) Question 2,03: Misprint resulted in incorrect answer on the key.
(b) is the correct answer.

(3) Question 2.12: Accept "Train A" and "Train B" as alternate answers
for the first two responses.

(4) Question 3.16: Delta T will be deleted as a required answer,
(5) Question 4.02: Material provided to the examiners did rot list

inventory as a monitored CSF., CQuestion will be
deleted.



(6) Question 4.15: Knowledge of evacuation sites and operations
personnel assembly points is considered to be basic
elements of emergency plans of which reactor
operators should be cognizant. Question stands.

b. SRO Exam (Applicable RO Exam Questions are in Parenthesis)

(7)

Question 5.09(1.12):

Question 5.10(1.13):

Question

Question 5.16(1.18):

Question

Question 5.22(1.21):

Question 6.02(3.03):

Question does not refer to Pressurized
Thermal Shock, but conditions required to
cause brittle fracture in a metal,
Flexibility in grading the answers will
be utilized, as long as the three
criteria in the key are present in
acceptable form,

The additional training material provided
the NRC after the examination does not
change the ordering of isotopes in terms
of relative importance. A wider range of
% of contribution (47-57% -U235, 36-46%
-Pu239) will be accepted.

The term "precursors” was not intended to
be part of the question. This makes the
question ambiguous with no easily defined
response, It will be deleted.

The referenced information in the
racility training material does not
coincide with information on actua! plant
performance. Answer key will be modified
to fidentify the decrease in boron
concentration due to fuel burnout as the
overriding factor.

Facility made no recommendation regarding
the disposition of this question or
references supporting their comment,
Question stands.

For the conditions given in the question,
it would take an extraordinary sityation
to achieve a situation where Tc, Th and
Tavg are equal. This question was also
examining candidates' knowledge of
programmed temperature. Answer key
stands.

Due to erroneous material provided by the
facility to the NRC, both (a) and (b)
will be accepted as correct answers.




Question 6.U6(3.09):

Question 6.07:

Question

Question

Question 6.12(2.13):

Question

Question 6.14(2.15):

As the question asked for "engine
shutdown troubles" and the overcurrent
relay only trips the feeder breaker, it
will not be required as part of the
answer. Note that material provided by
the facility to the NRC listed
“overcurrent relay" as an engine shutdown
trouble bypassed on an emergency start,
Material provided subsequent to the exam
contradicted this,

The diffuser pond is in the facility
controlled area, and does not adequately
fit within a reasonable description of
the "environment”.  Answer key will
remain as is.

The answer for (a) will be changed to
reflect recent Tech Spec change and the
answer for (b) will be expanded to allow
steam leakage causing valve damage as an
alternate answer,

The body of the question clearly states

"crane" giving the candidate a
significant clue as to which interlocked
device is in question. The answer key
will stand as is.

In the situation described in the body of
the question, the containment spray
system operates in a recirculation path
through the containment. Answer key
stands as is.

SIS is not an appropriate answer.
Partial credit will be given to Aux.
Bldg. Isol. signals. Will include the
high temperature in the ventilation
supply as an additional required answer,
using the same *>tal point value.

Reference material supplied by the
facility listed condensate recirc as an
automatic action. Based on post-exam
material brought to the NRC's attention,
this answer will not be required, and the
question point value will be decreased by
. N




Question

Question

Question

Question

Questinn

Question

Question

Question

Question

Question

6.17:

6.22(3.20):

7.06(4.07):

7.09(4.11)(c):

7.14(a):

7.20(4.23):

7.23(4.25):

The answer key will be modified to
reflect ‘"prevention" of automatic
transfer.

Only a Failure High Channei I will cause
all the events listed and in the sequence
given, Answer key stands as is.

Based on minimal interaction of facility
operators with this aspect of health
physics; question will be deleted.

Answer key will be changed to reflect
change that was not included in material
sent to the NRC.

The answer key covers all components
"sequentially loaded" and will remain
unchanged.

Answer key will be modified to not
require memorization of surveillance
required. Answers will be evaluated for
adequate coverage of required personnel
and other facility notifications.

The question asks for those parameters
monitored for "“cooldown" not natural
circulation. The parameters listed in
the answer key are required for full
credit per SQN-ES.0.3. Additional
natural circulation parameters will not
result in any peralties to the candidate.

SQNP-AQI-2 is very specific about steam
dumps being put in Tavg Mode after rods
are in Auto. There is some flexibility
in the time of occurrence of the
subsequent steps regarding 6.9 Kv Unit
Board. Transfer and putting feed reg
valve in Auto so sequence 4, 3, 2, 1 will
also be accepted.

Misprint in the answer key. (b) is the
correct answer,

Agree, "Yes" is the correct answer.




(31) Question 8.08(a)&(b):

(32) Question 8,18:

(33) Question 8.19:

(34) Question 8.23:

5. Exit Meeting:

Question may not be clear in its intent
to elicit only those trips which provide
protection according to accident
analysis, Will also accept answer "5"
for (a) and "1" for (b).

A broader answer will be accepted as long
as "personal hazards" and “"incapacitating
equipment electrically"” are discussed.

The facility supplied PLS manual should
either be updated to match other facility
instructions and precautions, or
eliminated as a source of information due
to the multitude of contradictions
contained within the PLS. Answer key
will be modified to change (a) to

+15 psig and (c) to *3°F,

Both NUREG-1021 and 10 CFR 55.22 require
senior reactor operators to be examined
on their knowledge of design limitations
in technical specifications, operating
characteristics, and reactor thermai
limits. Question stands.

At the conclusion of the site visit, the examiners met with representatives
of the plant staff to discuss the results of the examination. Those individ-
uals who had clearly passed the simulator and oral examinations were identi-

fied.

There were no generic weaknesses noted during the oral and simulator exams.

The couperation given to the examiners and the effort to ensure an atmosphere
in the control room conducive to oral examinations was noted and appreciated.



ATTACHMENT

(1.5) 1.09 Indicate the most significant type of heat transfer that is
taking place in each of the following conditions. (i.e.
Condiction, Convection or Radiation)

a. Nucleate boiling on the cladding surface of the fuel
assembly.
b. Accident condition in which steam is passing through the
coolant channels,
e. Heat from fission accross a fuel pellet,
ANSWER
a.) Convection (+.5 ea)
b.) Radiation
e.) Conduction

REFERENCE
Nuclear Power Plant Oper. Trng. Program, HTFF & Thermo, pp 193-206
002/000; K5.01 (3.1/3.4)

TVA COMMENT

Statement places no restriction on what the accident condition is
(Small-break LOCA, Large-break LOCA) and on the state of the
steam passing through the core. A low-quality steam mixture is
highly likely in some small-break LOCA's which have relatively
high convective heat-transfer coefficients and small radiation
heat transfer coefficients. Convection is still the most
significant type of heat transfer in these cases.

Radiation heat transfer would be more significant for only
high-quality steam or superheated steam conditions. However, the
question only states "steam" states.

The non-specification of “accident condition" and “"steam” ma’
this part of the question (b) ambiguous and not acceptable as a
test guestion.



(1.0) 2.03 Which of the following is the preferred order of valve operation
for initiation of Emergency Boration as stated in AOI-34?

a. 62-135 & 136 (RWST Suction Valves), BIT Injection Valves,
HCV-62-929 (Emergency Borate Manual Velve), FCV-62-138
(Emergency Borate MOV)

FCV-62-138, HCV-62-929, 62-135 & 136, BIT Injection Valves
FCV-62-929, FCV-62-138, 61-135 & 136, BIT Injection Valves
FCV-62-138, 62-135 & 136, BIT Injection Valves, FCV-62 929
HCV-62-929, BIT Injection Valves, 62-135 & 136, FCV-62-138

ANSWER
c

REFERENCE
SQNP Lesson Plan "CVCS" pp 14 & AOI.--34A
EPE-024; PWG-11 (4.0/4.0) & EA2.02 (3.9/4.4)

TVA COMMENTS

AOI-34 does not list flow peths in preferencial order as
indicated in c¢. Refer to your copy of AOI-34 and re-read
instruction you will find that the answer is b.

(1.0) 2.12 Fill in the blanks below to complete the statement concerning
Auxiliary Control Air:
The Containment Building is supplied with redundant headers, each
supplying and valves., These headers are
isolated on . The Auxiliary Control Air compressors are
cooled by the system.

ANSWER
PZR spray; PORV; Hi-Hi containment pressure; ERCW (+.25 ea)

REFERENCE

Westinghouse PWR Systems Manual "Air Systems®, pp 12.3-2
078/000; K1.04 (2.6/2.9) & K1.03 (3.3/3.4) & PWG-10 (3.4/5.7)
TVA COMMENTS

The enswers given are correct; however, train A and Train B are
also correct for the first two blanks.



(1.50) 3.16 List ALL of the signal inputs to the OT Delta T trip point
calculator.

ANSWER
Delta T; Tavg; PZR Pressure; Delta Flux; Delta T at rated power; Tavg at rated

power (+.25 ea)

REFERENCE

Westinghouse PWR systems Manual “RPS", pp 9-10
SQNP TS Table 2.2-1

012/000; K6.11 (2.9/2.9) & A2.05 (3.1/3.2)

TVA COMMENT
OTAT trip point calculator does use the loop AT parameter,

The AT parameter enters tie comparator. SEE ATTACHED BLOCK
DIAGRAN.



(1.0) 4.02 Which of the following is NOT a Critical Safety Function?

a. Core Cooling
b. Heat Sink

e. Subcriticality

d. Containment
e. Inventory
ANSWER
e
REFERENCE

McG, EP/2/A/5000/10, Status Trees
SQN FR-O, Status Trees
PWG-10: Recognizing EOP Entry-level conditions (4.1/4.5)

TVA COMMENT

All of the above are Critical Safety Function. SEE ATTACHED
PAGES.

(1.0) 4.15 a. What is the primary evacuation s ~lter for contaminated
personnel if a total plant evacuation is required?

b. Where is the assembly point for Operations personnel on a
Site Emergency?

ANSWER

a.) Watts Bar Nuclear Plant (+.5ea)
».) Control Building Lunch Rcom (Evelation 732)

REFERENCE
SQNF IP-7, pp 1 & IP-B, ppS
PWG-36: Actions in Facility E-Plan (2.9/4.7)

IVA COMMENT

Delete this question. This is SRO level knowledge of the REP, RO
candidates are taught the REP on a basic level as part of
certification training but do not receive detailed REP training
in prelicense.



QUESTION 5.09/1.12 (1.50)

List the 3 conditions necessary for brittle fracture to occur in metal.
ANSWER 5.09 (1.50)

Nominal tensile stress (+.5)

Temperature below RTndt (+.5)

Sufficient sized surface defect (+.5)

REFERENCE
SQN TS, B3/4.4.95

002/000; K5.18 (3.3/3.6)

TVA COMMENT

Expand acceptable answer to include PRESSURIZED THERMAL SHOCK (PTS)
conditions. Emphasis in training is placed on PTS events which require
slightly different conditions for initiation conditions are:

1. Reactor vessel beltline region must have a very large degree of
neutron radiation embrittlement.
8 A flaw or crack of critical size.
3 High thermal stress must be induced by cold water cascading by
the beltline region of the vessel.
4, The RCS must be pressurized following the thermal shock.
REFERENCE:

SQN WK 3&4 REQUAL LESSON PLAN, Day 10, Page S of 15

QUESTION 5.10/71.13 (1.50)

List the three main power producing isotopes in the core at end of life and
indicate their approximate contribution (in %) to power.

ANSWER 5.10 (1.50)

U-235 Approx 49% (+.25 for isotope, +.25 for contribution to power +/-2%)
Pu-239 Approx 44%

U-238 Approx 7%

REFERENCE
SQN/WBN License Cert Trng, "Reactor Kinetics" pp 6

001/000; KS5.47 (2.9/3.4)

TVA COMMENT

The numbers used on the key and the allowable tolerance implied for an
acceptable answer are not necessarily true and may differ from reference to
reference. These numbers are discussed in “ball park" terms, usually with the
addition of PuZ4l as the fourth isotope of concern.

Attached are excerpts from three other documents used for training. Any
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U-235: B, = 0.0064 = 8,
U-238: 8, = 00157 = g,
Pu-239: §, = 00021 = g,
Pu-240: 8 = 0.0053 = B,

2. Fission Sharing Percentage,

7, = the percentage of the total core power produced by an
individual type of fuel.

The fission sharing percentages of the individual fuels are a
function of core age, due to the production of Plutonium and
the depletion of U-235. At BOL, about 7% of the total
core power results from fast fissioning of U-238; the remaining
93% is produced by fast and thermal fissioning of U-235.

As the core ages, Pu-239, Pu-240 and Pu-241 are produced

as follows:

B — U gon BN gy W
fission (73%)

2Pu + n
33’ Pu (27%)

3P+ in i i

At EOL, the individual fission sharing percentages are:

~ 50%

7 Tass
s
/ Tase = 1% \

1

/ Ya3e ~ 38% /

(
\

Tan ~ 5%

N

~

3. Core Déﬁﬁ—xgdi;dn Fraction, p

= the fraction of all fission neutrons which are born as
delayed neutrons.

w
]

number of delayed neutrons produced
# = number of fission neutrons produced

15.1-13 )



DELAYED NEUTRON FRACTION
FOR REACTOR CORE

SALEM Nuceag PAnT  REACTDR. “TTHEORY TERT

235 238 239

Delayed Neutron U U Pu
Fraction, B 0.0064 0.0156 0.0021
Power (Fission)
Fraction,
EOL 93% 7% 0%
EOL 55% 7% 38%

B— = (/8235 "Yzas >+ (B 238 7238>+(B239.7239 )




DELAYED NEUTRON FRACTICN
FOR REACTOR CCRE

6 - sts'ﬁy 2as * 6238’ 7233 + 18233 7239

At BOL:

6 (BOL) = (0.0064)(0.93) + (0.0156)(0.07)

= 0.0059 + 0.00Mmn

6 (BOL) = 0.0070

B (EOL) = (0.0064)(0.55) + (0.0156)(0.07)

+ (0.0021)(0.38)
= 0.0035 + 0.0011 + 0.0008

L; (£OL) = 0.0054

9-6b )
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The Delaved Neutron Fraction (8) is a fraction of the total n.u::onfﬂéﬁﬂfo

are delayed.

neutrons that are delaved
total neutrons from fission

Each fuel has a different fraction of neutréns that are delaved:

U-235 B8 = ,0065
U-238 8 = .0157
PU-239 8 = .0021
PU-241 B = .0049

6.3 To determine what the average neutron lifetime (1) is, you need to multiply

prompt neutron lifetime (1,) by the promot neutronm fraction and multiply
the delayed neutron lifetime (14) by the delayed neutron fraction, and
then add these two together,

1= 1, (1-8) + 14 8
(2 x 1073 sec) (1 - .007) + (12.5 sec) (.007)

1.986 x 10™° sec + .0875 sec.

.087519 sec.

.09 seconds
generation

1

.09 sec/gen 11 generations

second

NOTE: This longer lifetime results in 11 generations per sécond rather
than 50,000 generations per second. (If only prompt neutrons wera
present.) This gives much better ccntrol of the reactor.

6.4 To determine what the Weishted Averagze Delaved Neutron Fraction (8) vou

need to know what percentage of the total fissioms each fuel is providing
and the Delaved Neutron Fraction (8) for each fuel.

. 6.4.1 At BOL 93% of fissions come from U=-235

72 of fissions come from U-238

- U-235 U-238
B = (.93)(.0065) + (.07)(.0157) = .007144

6.4.2 At EOL 497 of fissions come from U-235
7% of fissions come from U-238
38% of fissions come from PU-239

% ©of fissions come from PU-241

i U-235 U-238 4 PU-239 PU=-241 B
B = (.49)(.0065)+(.07)(.0157)+(.28) (.0021)+(.06) (.0049) D
L —

———

= ,003135 + ,001099 + .000798 +*.00029é = ,005376




QUESTION 5.15 (1.50)

What are the two factors associated with delayed neutron procursors that
influence the value of Beta Bar Effective and what =ffect do they have?

ANSWER 5.15 (1.50)

1. Delaycd neutrons born at lower energies, so less likely to leak out
providing a positive effect (+.75)
2. Delayed neutrons are born at an average energy too low to cause fast

fission which provides a negative effect (+.75)

REFERENCE
SQN/WBN License Cert Trng, “Neutron Kinetics"

001/000; K5.47 (2.9/3.4)

TVA COMMENT

Question is poorly written, in that the answer key implies the question is
addressing knowledge of IMPORTANCE FACTORS. Quite frankly, there is no answer

to the question as written and therefore the question should be removed from
the examination.

Note: Remove question as written from exam bank. Replace with question
directly related to IMPORTANCE FACTOK.

QUESTION 5.1671.18 (1.25)
Over core life there are two effects that cause differential boron worth to
change. List these two effects, their relative impact on differential boron

worth and indicate which effect is the overriding factor.

ANSWER 5.15 (1.25)

; A8 As the fuel burns out, less boron is required, which increases the
boron worth (+.5)
- Fission products build up, decreasing the boron worth (+.5)-this is the

overriding effect (+.25)

REFERENCE
SQN/WBN License Cert Trng, “Core Poisons“, pp 4

004/000; K5.06 (3.0/3.3)

TVA COMMENT

Reference lesson plan is in error. The differential boron worth increases
(becomes more negative) over core life, as shown in SQN Curve Book TI-28,
Figure B.9.1 for Unit 1, Cycle 3. Answer is based purely on a theoretical vs
real-life answer. Boron worth is less et ECL.
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QUESTION 5.21 (1.50)

The following data was obtained during a core refueling.

Number of Assemblies Loaded Neutron Count Rate
0 40 cps
S 70 cps
10 90 cps
15 115 cps

Determine the number of assemblies it will take to reach criticality. Use the
attached graph paper if desired. (Assume equal assembly worth)

ANSWER 5.21 (1.50)

for 0-5 assemblies, 1/M=.571 (+.25)

for 0-10 assemblies, 1/M=.444 (+.25)

for 0-15 assemblies, 1/M=.348 (+.25) for 10-15 assemblies, 1/M=.782

See attached graph for curves (+.75)

REFERENCE

NUS, Vol 3, Units 12.2, 12.3

SQN/WBN License Certification Trng, “Neutron Sources and Subecritical Mult*
001/010; KS.16 (2.9/3.5)

TVA COMMENT

EDITORIAL ONLY please refrain from such questions in the future, because
of the obviously erroneous use of 1/M during fuel loading.
CRITICALITY is not the ultimate goal. This question is
applicable to research type facilities only.




QUESTION 5.22/71.21 (1.00)

Using the attached steam tables, what is the amount of primary subcooling if
the pressurizer is at 2235 psig and Tavg is 575 degrees F?

ANSWER 5.22 (1.00)

for 2250 psia, sat temp = 652 (+.5)
with Tavg = 575, TH = 607 (+.5) -give +/- 2 degrees in determining TH
45 degrees F

REFERENCE
Steam Tables and SQN PLS

002/000; A1.04 (3.9/4.1)
TVA COMMENT
An alternate answer is acceptable in this case, where power conditions were

not specified. If in an accident, 18. Th ‘1‘8,s may all be the same and
in that case subcooling would be 653°F - S759F = ~780F.




QUESTION 6.02/3.03 (1.00)

Which statement below regarding Diesel Generator load sequencing is correct if
a LOCA occurs AFTER a LOSS OF POWER?

a. Loads already sequentially connected will remain connected.

b. Loads awaiting sequential loading that are required for an accident
will have their sequential timers reset to time zero.

& The non-accident loads not yet connected will be sequenced on once all
accident related loads are connected.

d. All loads will be stripped, then ONLY the accident relsted loads will

be sequentially connected.
ANSWER 6.02 (1.00)
b

REFERENCE
SQNP System Descrip, “Electrical Distribution" pp 19/20

064/000; K4.10 & K4.11 (3.5/4.0)
TVA COMMENT

Both answer a. and b. are correct for SQN arnd therefore full credit should be
awarded for either answer. Page 19 of the quoted REFERENCE makes the
statement that implies that an SIS will strip loads or block loads--that is in
error. The only difference between the listed Nonaccident and Accident
Condition Columns in Table S-2 is the PZR heaters, and the heaters are
unaffected by SIS.



lv-5

TADLFE 5-2
DIESEL GENERATOR LOAD SEQUENTIALLY APPLIED FOLLOVING A LOSS OF
e ST VING A Loss oF
NUCLEAR UNIT AND PREFERRED (OFFSITE) POWER

Time Total Load Applied i
! in ne Starting Nonaccident Acclident

Equipment Name Seconda® Load kVA Londition Condition
Miscellaneous Loads 0 760 430 Yes Yes
Centrifugal Charging Pump & ANU S 603 3630 Yes Yes
Safety Injection Pump & AlV 10 §0) 2460 ilo Yes
Residual Heat Removal Pump & ANU 15 403 2195 No Yen
Essential Rav Cooling Water Pump 20 600 3470 Yes Yen
Component Cooling System Pump 25 350 1905 Yes Yes
Auxlilary Feedwater Pump 30 500 2569 Yes Yes
Contalnment Spray Fump & AU 35 105 4060 No Yes
Pressurlzer Heaters 20 485 kw 485 kw Yes Ho
Fire Pump 120 200 878 Yes Yes
Spare Component Cooling System Pumpt & 125 350 1905 Yes Yes

Diesel Ceneral Rating: 4000kw continuous or 4400kw for 2 hours

‘Time 19 measured from the time of cloalng of the breaker connecting the diesel Renerator to the pover traim.
“4Applles only to diesel generator 1A-A or 2B-8
AllU - Alr Handling Untt



QUESTION 6.06/3.09 (1.75)

List the 7 Diesel engine shutdown troubles which are bypassed when there has
been an emergency start.

ANSWER 6.06 (1.75)

Low Lube 0il Pressure (+.25 ea)
High Crankcase Pressure

Phase Balance Relay

Reverse Power Relay

Loss of Field Relay

Overcurrent Relay

High Jacket Water Temperature

NOWVE WN -
- - . - . s »

REFERENCE
NA NCRODP 90.4 "EDG"
SQNP Diesel Generator Handout pp 8

064/000; K4.02 (3.5/4.2)

TVA COMMENT

Only 6 of the 7 listed are true. The overcurrent relay is not bypassed.

#6 Overcurrent Relay is not an engine shutdown it only trips the feeder bkr to
the shutdown bd and is only placed in service when the 6.9k.v. unit bd and
6.9k.v. shutdown bd are paralleled.

Reference 45N765-2

QUESTION 6.07 (1.50)

a. Fill in the blanks in the following statement regarding liquid waste
processing:
Liquid, whose tritium concentration is % or more of

the tritium concen ration, is designed to be processed as
tritiated liquid.
(0.5)

b. List the flowpath of Radioactive Liquid from the Liquid Waste
Processing System starting with the Waste Condensate Tanks and Ending
with the Environment. Include the piping through which it
passes. (1.0)

ANSWER 6.07 (1.50)

a. 10%; primary coolant (+.25 ea response)

b. Blowdown line from cooling twoers; diffuser pond; diffuser pipes;
river (+.25 ea)

REFERENCE
SQNP Sys Descrip, 8.2, “System Design and Operation (Liquid Waste)" pp 4,16

068/000; PWG-4 (3.1/3.3) & K4.01 (3.4/4 1)
TVA COMMENT

The normal interpertation of "the environment" ends with the diffuser pond.



QUESTION 6.08/72.09 (1.25)

a. What is the maximum differential temperature allowed by Tech Specs
betweer the pressurizer spray and the pressurizer?

b. What is the purpose of the loop seal located below each pressurizer
safety
valve?
(0.5)

e. What is the driving force for normal spray flow?
(0.5)

ANSWER 6.08 (1.25)

a. 320 deg F (+.25)

b. Inhibit H2 leakage which may wire guide the valve seat (+.5)

8. Delta P between the RCP discharge and the PZR (+.5)

REFERENCE

SQNP PLS pp 42; SQNP Lesson Plan “RCS", pp 27 & 29

010/000; K6.03 (3.2/3.6) & K6.02 (3.2/3.5)

TVA COMMENT
A. T.S. 3/4.4.9.2 lists maximum differential temperature between spray and

PZR as S60°F. Surveillance requirement still requires logging of
conditions when spray AT exceeds 320°F for tracking of cycles in
section 5.0 "Design Features."

Loop seal is used to prevent steam leakage through safety valves. Loop
seal is heat traced to ensure that upon opening of a safety valve the
water in the loop seal will flash to steam thus reducing water hammer
damage. This information should be accepted as an alterna’e ancwer.



QUESTION 6.09 (1.25)

Fill in the blanks to complete the following statements concerning fuel
handling interlocks:

a. The refueling canal lifting arm is interlocked with the . The
lifting arm cannot be lifted unless the is in the poisition
or the crane is ___

(1.0)

Bridge and trolley drive operation is prevented except when
actuated.
(0.25)

ANSWER 6.09 (1.25)

a. manipulator crane; manipulator crane gripper tube; fully retracted;
over the core (+.25 ea)

b. both gripper tube up position switches (+.25)

REFERENCE

SQNP Sys Descrip. 9.0, “Fuel Handling System” pp S5 & 7

034/000; K&4.02 (2.5/3.3)

IVA COMMENT

a. Transfer cart (Trolly); transfer cart; fully down position.
The refueling canal lifting arm is also interlocked with the above as
well as the manipulator crane.

Reference. FHI-7

QUESTION 6.1272.13 (1.00)

Describe the flow path of the Containment Spray System when the RWST is too
low to support spray operation, assuming there is still ice in the Ice
Condenser. (Identify all components, excepting valves in the path)

ANSWER 6.12 (1.00)

Emergency sumpe++Containment Spray Pumpse««Containment Spray Ht
Exchgrs«««Containment Spray Nozzles«««Upper Containment Compartmente«e?
Drains in the bottom of the Refueling Canalee+Lower
Compartment«+«Emergency Sump (+.15 ea)

REFERENCE
SQNP Sys Descrip. 4.5, “Cont Spray Sys“ pp 17/18

026/000; K4.01 (4.2/4.3)

TVA COMMENT

Adequate response to this question would include all components to the
containment spray nozzles. Remaining information, however true, is not

required to describe flow path.




QUESTION 6.13 (1.50)

What signals will automatically initiate the operation of the Auxiliary
Building Gas Treatment System?

ANSWER €.13 (1.50)

-Phase A Containment Isolation signal from either Unit (+.5 ea)
-High Radiation signal from fuel handling bldg area rad monitors
~-High Radiation signal from Aux Bldg exhaust vent rad monitors.

REFERENCE
SQNP Sys Descr. 4.4, “Cont Air Purif and Cleanup Sys" pp 15

EPE-060; PWG-10 (4.1/4.4)

TVA COMMENT

SIS and Auxiliary Building Isolation Signals should also be acceptable, even
though they are general.

Another acceptable answer is high temperature in auxiliary building general
supply fan suction, either unit, «115°F; 1-TS-30-103/103A,

2-TS-30-104/104A - Ref. SQN SOI 30.6A page 6 of 22, Rev. 13.

QUESTION 6.1472.15 (1.75)

a. List the signals which will cause an automatic isolation of the
Feedwater
System.
(0.75)

b. List the automatic actions that occur due to the feedwater isolation
signal.
(1.0)

ANSWER 6.14 (1.75)

a. Hi-Hi level in any S/G ( 75%) (+.25 ea)
SI signal
Reactor trip with lo Tavg ( S54 deg F)
b. Both MFP trip (+.25 ea)

MFWRV and Bypasses shut
Condensate system recircs to condenser
Feedwater isolation valves close

REFERENCE
SQNP Lesson Plan "Conc.nsate and Feedwater Review", pp 10

059/000; K4.19 (3.2/3 &)
TVA COMMENT

General agreement with key, except for "condensate recires to condenser”.

This action occurs indirectly upon feedwater isolation signal. Ref. SQN Logic
Print 47W611-3-2,



. _-/,/“\

TION 615 (1.25) |
‘\\\\ f\ .'_/' \ {
Where a?im;hor-nl sleeves ;;loclltod with RCS penetrations located?

N

ANSWER 6.15 (1.25)

-Return lines from RHR loop (SI lines) (+.25 ea)
~PZR Surge line, both ends '

-PZR spray into PZR »

~-Chg line connection

-Aux chg line connection

REFERENCE
SQNP Lesson Plan “RCS", pp 34/35

| 002/000; K1.06 (3.7/4.0) & K1.08 (4.5/4.6) & K1.09 (4.174.1)

VA COMMENT
Editorial Only This section does question the candidates lnovibi;t of
system design, however, this particular point is é‘quostiu;
S information that is (in the opinion of the training u{eﬂf)
¢,<-___,____m"~v- et best & pour measure of deésign knowledge. : |

QUESTION 6.17 (.75)

List three interlocks that would prevent the AUTOMATIC transfer of a 6.9 KV
Shutdown Board from its normal supply to its alternate supply.

ANSWER 6.17 (.75)
-alternate feeder has normal voltage (+.25 ea)
~-transfer switch is in AUTO

-trip was not due to overcurrent

REFERENCE
SQNP "Review of Electrical Distribution" pp 4

062/000; K4.03 (2.8/3.1)

TVA COMMENT

Answer key lists conditions that would ALLOW transfer, NOT PREVENT transfer.



(1.0) 6.22/3.20 With the pressurizer level control selector switch in
position I/II, a failure causes the following plant
events. (Assume no operator actions taken.)

Charging flow reduced to minimum

2. Pressurizer level decreases
. Letdown secured and heaters off
4. Level increases until high level trip

Which instrument failed (I or II) and in what direction did it
fail?

ANSWER
Level I Channel (+.5) failed high (+.5)

REFERENCE
Westinghouse PWR Systems Manual "Primary System Control", pp 12-14
011/000; K3.01 (3.2/3.4) & K3.03 (3.2/3.7)

A _COMMENTS

A failure low of the channel II (backup channel) will cause some
of the same plant events, effects are close enough to be

debatable.

p Letdown will isolate/heaters will turn off upon low failure.

2. After letdown isolates, as actual pressurizer level
increases control circuit will reduce charging flow to
minimum.

3. Level will increase until high level trip.

4, Failed channel will indicate pzr level decrease. Either

answer should be acceptable,




(1.0) 7.6/4.7 Which of the following describes what is meant by “Nothing
Detectable" as it is utilized in determining the existence
of Beta-Gamma contamination ca skin or clothing surfecces?

Less then 100 dpm above background &s measured with a
pancake probe.

Less than 100 dpm above background as measured with a smear.

Less than 5 times background counts as measured with a
smear as counted for one minute.

Less than 3 times the square root of a one minute
background count as measured by a smear counted for 1
minute.

d

Reference

SQNP RCI-1, ppl2

PWG-15: Knowledge of facility Radcon (3.4/3.9)

TVA COMMENT

Question is inappropriate. If taken in context, “Nothing
Detectable” limit is associated with smears and skin smears are
not to be used unless totally unavoidable due to possibility of
worsening condition. This question is not appropriate based on
the duties/responsibilities of local H.P. section utilized at
SQN. 10CFRSS does state that operator examinations test
knowledge of radiological procedures and controls, however
emphasis should be placed on areas of concern to operations
personnel. This is DIFINITELY NOT NEED TO NFO ION FOR
FACILITY SRO PERSONNEL.




(1.0) 7.09/4.11 Fill in the blanks with the appropriate limits listed in
the precautions section of the GOIs:

a. A load change of +/- %/min or a step change of h 3
should not be exceeded.

b. The boron concentration difference between the pressurizer
and the RCS must not exceed ppm.

¢. The arming temperature setpoint for UNIT 1's Pzr PORVs
is deg F.

ANSWER

a. 5; 10 (+.25 ea response)
b. S0

e, 380

REFERENCE

SQN GOI-3B and GOI-S
PWG-7; Limits and Precautions (3.5/4.0)

TVA COMMENT

Answer key for part c.) is in error. Arming setpoint for COPS
Function on Unit 1 is 350°F (Refer to attached pg 54 of GOI-1)
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(2.0) 7.14 a. On a station blackout, whqat are the 8 loads that are
sequentially loaded automatically onto the diesels.

b. There is a precaution in the Loss of Offsite Power

procedure (AOI-35) to ensure that the diesels are loaded to
>1600 KW within 4 hours (assuming the diesels are required

that long). What is the purpose of this precaution?

ANSWER
a. 1.) Centrifugal Charging Pump 2.) AHU 3.) ERCW Pump 4.) CCS and
Booster Pump. 5.)Spare Component Cooling Pump 6.) AFV Pump
Pressurizer Heaters 8.) Fire pump (+.15 ea)
b. To clear the diesel exhausts and superchargers of accumulated
combustibles (+.8)
REFERENCE

SQNP AOI-35, pp 3/4
4.)064/000; K4.10 (3.5/4.0)
b.)064/000; A2.06 (2.9/3.3)

TVA COMMENTS

Part a.) answer is not correctly stated on key - sec attached
page 4 of AOI-35.

(1.50) 7.15 List the immediate actions in AOI-7, “Probable Maximum Flood",
assuming the plant has been notified by the Division of Water
Management that flood producing conditions may develop.

ANSWER

~Notify Management personnel listed for call duty (+.25 ea)

~Refer to IP-1 and implement REP for FLOOD

~Notify load coordinator if unit loaded or scheduled to be loaded

~Make radio contact with Fontana Dam if they are involved in flood warning
~Perform SI-216 (Flood Protection Surveillance)

~Initiate SI-215 (Flood Protection Communication)

REFERENCE

PWG-2 (2.7/3.8) & PWG-11 (4.3/4.4)

TVA_COMMENT

If this particular instruction is put in proper perspective,

immediate operator actions are then some twenty seven hours in

advance of any actual flood condition and then actions are not
required in a compressed time frame. This question, as asked,
Inappropriate and should be deleted from this examination.

7.)

is
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IV. SUBSEQUENT OPERATOR ACTION (Cont.)

2. Confirm diesel generators loads are less than 4000 kW each for

’/// continuous operation and less than 4400 kW for 2 hours.

a. D/G 1A KW
b. D/G 1B KW
c. D/G 2A KW

” | %

1

1

1

1 d. D/G 2B Kw
1

i

|

|

|

3. Send AUO to the diesel building to check the condition of the D/G's

4. In the event of loss of Unit 1 or Unit 2 station "B" train
power supply (6.9-kV shutdown boards 1B-B or 2B-B) verify
that ERCW header crosstie valves open:

a. 1-FCV-67-223 open
b. 2-FCV-67-223 open
€. 1-FCV-67-424 closed

5. Following equipment energized and/or operating.
CAUTION Equipment started by blackout will not stop until B.O.
is reset. If required to stop equipment "Pull To Lock"
control switch.

DIESEL GENERATOR LOAD SEQUENTIALLY APPLIED FOLLOWING A LOSS OF NUCLEAR
P S POWER

Time in
Equipment Name Seconds(1)
Miscellaneous Loads 0
Centrifugal Charging Pump & AHU 2
Essential Raw Cooling Water Pump 15
CCS Pump & Booster Pump 5 20
Spare Component Cooling System Pu-p(z) 20
Auxiliary Feedwater Pump 25
Pressurizer Heaters 90
Fire Pump 120

Diesel Generator Rating: 4000 kw continuous or 4400 kw for 2 hours

lTil! 18 measured from the time of closing of the breaker connecting
the diesel generator to the power train.

2Appli¢n only to diesel generator 1A-A or 2B-B
.‘-




(1.0) 7.20/4.23 What are the three parameters that are monitored to
determine RCS cooldown in accordance with ES-0.3, “Natural
Circulation Cooldown"?

ANSWER

Core Exit T/C (+.33 ea)
T-Hot

RCS Subcooling

SQN ES-0.3, ppb
EPE-074; EA1.02 (3.9/4.2)

IVA COMMENT

Actually there are five parsmeters listed in ES-0.3, any of which
are acceptable answers. Se sttached excerpt foom ES-0.3.

(1.0) 7.23/4.25 Plece the steps listed below, which are performed during a
plant startup, in the proper sequential order.

1.) Transfer 6.9 kv unit board 1A from Start Bus 1A to unit
station transformer lA.

2.) Transfer S/G feedwater regulating valve conirol to AUTO.
3.) Transfer steam dumps to Tavg mode.
4.) Transfer rod control to AUTO

ANSWER

a (+.25 ea in correct order)

3

1

2

REFERENCE
SQNP GOI-2, pp 22/23
PWG-12: Performance of Integrated Operations (3.5/3.4)

TVA COMMENT

Question is not valid. Startup steps listed above are NOT
sequence critical during plant operations. Actual sequence is
dependent on plant conditions and will vary from startup to
startup. Question should be removed from the examination.



SQNP

ES-0.3 Unit 1 or 2
Page 2 of 9

Rev. 0

NATURAL CIRCULATION COOLDOWN

ACTION/EXPECTED RESPONSE RESPONSE NOT OBTAINED

CAUTION: If SI actuation occurs, then E-0, Reactor Trip Or
Safety Injection, should be used.

Note: If at any time an RCP can be restarted, then go to
appropriate normal cooldown instruction

Try To Restart An RCP IF an RCP can NOT
be started,

a. Loop 2 preferred THEN verify natural
circulation

RCS subcooling

b. Refer to SOI-68.2

Start an RCP and go to
appropriate plant 5/G press stable or

instruction decreasing

T-hot stable or decreasing

Core exit T/C stable or
decreasing

T-cold at satura.ion temp
for S/G press

IF natural circulation
NOT verified,
THEN increase dumping steam




(1.0) 8.03 While in Mode 1, a Pressurizer Code Safety Valve is determined to
be INOPERABLE. How long do you have to restore the Code Safety
to operability before Tech Specs require you to initiate shutdown
to Hot Standby?

a. You must immediately start your shutdown procedure
b. 15 minutes
c. 30 minutes
d. 1 hours
ANSWER
c
REFERENCE

FNP/SQNP TS 3.4.3
010/000; PWG-5 (2.9/4.1)

TVA COMMENT

Answer Key is in error. Correct answer is b. 15 minutes. See
attached Tech. Spec. LCO 3/4.4.3.

(2.0) 8.07 Indicate WHETER or NOT the following conditions REQUIRE that the
plant be in Hot Standby within one hour.

a. In Mode 1 with one cold leg injection valve failed in the
closed position.
b. In Mode 1 with UHI accumulator at 1850 ppm boron.
c. In Mode 1 with RCS pressure having exceeded 280 psig.
d. In Mode 1 without primary containment integrity.
ANSWER
a. NO
b. NO
€. YES
d. NO
REFERENCE

CAT & SQNP TS, pps. 2-1, 3/4 5-1, 5-3, & 6-1
PWG-8: Recognition of TS entry level conditions (3.5/4.5)

COMMENT

a. Is also a condition which requires plant shutdown so proper
answer is YES. See attached sheet 3/4.5.1,




_REACTOR COOLANT SYSTEM

3/4.4.3 SAFETY AND RELIEF VALVES - OPERATING

SAFETY VALVES - OPERATING

LIMITING CONDITION FOR OPERATION

3.4.3.1 Al pressurizer code safety valves shall be OPERABLE with a 1ift
setting of 2485 PSIG = 1X.*

APPLICABILITY: MODES 1, 2 and 3.
ACTION:
With one pressurizer code safety valve inoperable, either restore the inoperable

37 /2 Lo OPERABLE status within 15 minutes or be in at least HOT STANDBY
within 6 hours and in at least HOT SHUTDOWN within the following 6 hours.

SURVEILLANCE REQUIREMENTS

4.4.3.1 No additional Surveillance Requirements other than those required by
Specification 4.0.5.

The 11ft setting pressure shall correspond to ambient conditions of the valve
at nominal operating temperature and pressure.

~
) SEQUOYAH = UNIT 2




3/4.5 EMERGENCY CORE COOLING SYSTEMS

3/4.5.1

ACCUMULATORS

COLD LEGC INJECTION ACCUMULATORS

LIMITING CONDITION FOR OPERATION

3.5.1.1
a.

b.

C.

d.

Each cold leg injection accumutator shall be OPERABLE with:

The isolation valve open,

A contained borated water volume of between 7857 and 807! gallons of
borated water,

Setween 1900 and 2100 ppm of boron, and

A nitrogen cover-pressure of between 385 and 447 psig.

APPLICABILITY: MODES 1, 2 ang 3.*

ACTION:

wWith one cold leg injection accumulator inoperable, e~ ept as a
result of a closed isclation valve, restore the inccerable
accumulator to OPERABLE status within one hour or te in at least HOT
STANDBY witnin the next 6 hours and in HOT SHUTDOWN within the
following 6 hours.

With one cold leg injection accumulator incperable due to the
isolation valve being ciosed, either immediately open the iso'ation
valve or be in HOT STANCBY within one hour and de in HOT SHUTDOWN
within the next 12 hours.

SURVEILLANCE REQUIREMENTS

4.5.1.1.1 Each cold leg injection accumulator shall be demonstrated OPERABLE:

At least once per 12 hours by:

8 Verifying, by the absence of alarms or Dy measurement of levels
and pressures, the contained borated water volume ang nitrogen
rover-pressure in the tanks, and

2. Verifying that each cold leg injection accumulator isolation
valve 1s open.

"Pressurizer pressure above 1000 psig.

SEQUOYAH = UNIT 2 3/4 5-1




(1.50) 8.08 Match the following reactor trips with the condition each is

ANSWER

a. 8

b. 8

e. 3

d. 3

e. 4
REFERENCE
CAT/SQNP TS,

designed to protect against.

a. Overpower Delta T

b. Intermediate Range

High Flux -
¢. Undervoltage RCP Bus 3.
d. Overtemperature AT 4,

e. Power Range Positive 5.

Rate

pp 8 2-3 to 7

012/000; pwg-5 (3.2/4.0)

TVA COMMENT

Power excursions during low power
operation

Control rod drop

DNB

Control rod drive housing rupture
No fuel pellet melting

Loss of heat sink

Uncontrolled rod cluster assembly
withdrawal from subcritical

conditions

No credit taken for this in
accident analysis

Multiple answers are accepted for a. an b.



2.2 LIMITING SAFETY SYSTEM SETTINGS
BASES

Manual Reactor Trip

The Manual Reactor Trip is a redundant channel to the automatic protective
instrumentation channels and prov des manual reactor trip capability.

Power Range, Neutron Flux

The Power Range, Neutron Flux channel high setpoint provides reactor core
protection against reactivity excursions which are too rapid to be protected
by temperature and pressure protective circuitry. The low set point provides
redundant protection in the power range for a power excursion beginning from
low power. The trip associated with the low setpoint may be manually bypassed
when P-10 is active (two of the four power range channels indicate a power
Teve! of above approximately 9 percent of RATEg THERMAL POWER) and is auto-
matically reinstated when P-10 becomes inactive (three of the four channels
indicate a power level below approximately 9 percent of RATED THERMAL POWER)

Power Rgggg, Neutron Flux, High Rates

T.e Power Range Positive Rate trip provides protection against rapid flux
increases which are characteristic of rod ejection events from any power
level. Specifically, this trip complements the Power Range Neutron Flux
High and Low trips to ensure that the criteria are met for rod ejection from
partial power.

The Power Iln?c Negative Rate trip provides protection to ensure that the
nt

minimum ONBR is maintained above 1.30 for control rod drop accidents. At high
power a single or multiple rod drop accident could cause local flux peaking
which, when in conjunction with nuclear power being maintained equivalent

to turbine power by action of the automatic rod control system, could cause

an unconservative local ONBR to exist. The Power Range Negative Rate trip
will prevent this from occurring by tripping the reactor for all single or
multiple dropped rods.

[ntermediate and Source Range, Nuclear Flux

The Intermediate and Source Range, Nuclear Flux trips provide reactor
core protection during resctor startup. These trips provide redundant protect
tion to the low setpoint trip of the Power Range, Neutron Flux ghannels. The
Source Range Channels will initiate a reactor trip at about 10 ° counts per
second unless manually blocked when P<6 becomes active. The [ntermediate

SEQUOYAN - UNIT 2




(.75) 8.18 Recent failures of PK-2 test block terminal posts utilized during
routine testing of circuits has occurred recently at Sequoyah
Nuclear Power Plant. Though the root cause of this problem is as
yet undetermined, what are the potential problems associated with
a terminal post failure?

ANSWER

-result in an open circuit making equipment unavailable, which may go
undetected, (+.5) Potential personnel safety hazard if an open circuit is
developed on a current transformer cirucit during testing. (+.25)

REFERENCE
USNRC I&E Notice #85-83 of 30 October 1985.

TVA COMMENT

Accept a broader answer than on key. The answer, if it includes
comments on potential damage to equipment and/or personnel or
dumage to the circuit, should be accepted.

(1.0) 8.19 What are the tolerances within which the following control
systems must be maintained while in manual control in a steady
state condition?

a. Pressurizer pressure
b. Pressurizer level
c. Tavg
d. Steam Generator level
ANSWER
a.) +/-30 psig (+.25 ea)
b.) +/-5% span
e.) +/-4 deg F
d.) +/-5% span
REFERENCE
SQNP PLS, ppl
PWG-7: Explain/apply Limits & Precautions (3.5/4.0)
TVA_COMMENTS

Some of these spans are outside of allowable Tech Spec or
procedural limits. Specifically

8. Pressurizer Pressure DNB >2220 psia

b. All procedural references state maintain on program - no
tolerance is specified

c. Tavg ¢+ 3°F s glven as tolerence in GOI-2 step 60

This question is not valid and should be removed from the
examination.



(1.0) 8.23 What is the factor W(z) a function of and what does it account
for as it applies to the heat flux hot channel factor Fq(z)

determination?

ANSWER
It is a cycle dependent function (+.25) that accounts for power

distribution transients encountered during normal operations (+.75)

REFERENCE
SQNP TS 3/4.2.2
001/000; KS.45 (2.3/3.8)

TVA _COMMENTS

Question asked is not pertinent. This is not handled by the SRO,
but by the NUCLEAR ENGINEERS when the related surveillance
performed. Question should be deleted.



T TTTT TavyY”

e Y




-

THEORY OF

HUCLEAR

pPOUER. 5

L anT

JFERATION

;.

TTCCTMERMGDYNAMICS . T

- —— -~

=
o

. \J

AYESTION

The resctor
Azsuming BOL
Live
pouwer four %
nestl,

N

]
-

v
.

sneuwer dDelow tns

e

: it

sonait

s p
-

TERWNA

L

$+ Final 2,3
T
rlimM.
[y e - .
o it Belt B 273
D4
o -y .
- 1Nda N
- - N
o Ly o
 J | 3
- - P -
J‘J‘.fl;ar f: .
& e - "
~ " H e
=1 % 5y stert Gl
71 - - f -1
“ila €1 4 L »
s 4 e
"
TN

L1

- taa

no T od
t desc
2w 3te
[~ o

13 -

g &wien
GrTifniy
a3 Lihe 3
itatle.
Ty -
IRBE 3! a
r #4 2 T =
igs D
» 1 T e
i 2 VY EV'Qe
-, Ia q°
* 2%10
-
. = 5 L -
* - "

bt |

a

- 4
-
< B §
s

o
.
P
Live
bR T
- ¥

M -

L )

-

v

Low
ischarge

<+ AN

FORY fzils open.,
zotor tripe ChooOsSe
f Tavg and nuclesr
¢ point of sading
nal IWer soove

sondgition,
Flue. How

flow

e Locregse 0ofr N
L
RS R

FAGE

t Oy

Shange)

=
o
-
L
o

i



S. THEOFY OF NUCLEAR POMER PLANT OPERATION. FLUIDS. AXL FALE
ST IHERMODYNAMICS | TTTTTTTTThTTmTmTTTTTmTTTT

QUESTION 5.03 (2,005

an ECP 18 zalculsted for 8 startup 4 naure sfter 2 chutacun from LOOX
steady state power.: indicate whether the sctual craiticsl cosition will
be GREATER THANs LESS THAW or the SaAnME a3s Lhe ECF for the following

CANTIt1IANS .

> P - - AR = . - ;- (——— T - b - om o
1) e 3team dum: ATreIsSUre gatenlint Ld INCcresased O4 20 3319
-~ G -~ - - - - - - . = - -

- all steam 3enerator levels are increases oy T4 Gne minute

B - e

sefore “he cal:iviated ECF 18 %o La raachned
3 Carnaenser vac ua redureng I0Y Ha diue to 3z small sir leal
- Rejchor startiupe : svaa fai " rs

Pagep—— - i
|‘j‘~'=' PO |

» . <

atrisi et wit@ b |/ - s wl p s e ffarantisl rag waortin %o
TLIRE CECPEAST 20 qpve NG EFFECT

: $ 34 gdrted Lo e zime helan
=%0 tempar 2t LHLREMm S
1 - r Burhns B ¢ cletes

PUHIES TN L ' &)

2 1igve tae nignest HFSH 3t the b ¥ 3 M ste
whnere the most asdvsntageows locstion of ¢ £3% 3ource ang Lhe Neaxt 81
oy 3 & P Lt 14 4 4 mo . L .3 3 ™ - resa

GUEETION S.0¢ Y 1
Mgt srae Lae 3 agiti ¢ Lhat Te SpeC s & met g engyuré
"'-: :ru*.f'-=l F = N % t“!‘“"l " § s A 1 . " "':‘-b' .3 -
= ds csetween Ln-norE zrllances
SENEE T smtE U & {OHTIUE it HEYT PLECE zages



-

QUESTION

THEORY OF NUCLEAR FOMER FLANT

TTTRERADDYNAM

ICS

- ————— -

' . -
o oty

Attsched 13 3

cptimum point

i
-

<o
,

tached szre ¢
L. Comgared
W temrmarzbar

“igh kite 3 5N

JUESTION <.1
137 R AT ¢
afhs InSicEre

curve
optimum point icentifiec
coefficient would

shift

urve
>

es El

o

w

rrTEs3

ghgwing

be

L 5 L)

Jn_la

an

LaF

Lne md

" INnls 3
‘ sp N,
triz curve
Lo a =
Gh curyes
o Y & & -
o s L |
-
ECORESS

Hess A
E"N
-
18T &
: Lnhe
- g 3
k
e. %43
'-.
i

foaer 3

nnw would

reft?

O;T

P,
RS
m

FAGE :

'.Jl,n ‘Q‘!e
Temperature
the

EOL z3na
stive 3¢
b fil.
r i'
. - ¥ 4 -



REACTOR OPERATION
8. Coeffecients and Control (continued)

POINT OF OPTIMUM MODERATION
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Indicate whether bhe following situations will ARM ONLYs ARM AND ACTUATE

I R NN W SSSN—

or HAVE NO EFFECT on the

stezm

dum o

svatem.

a) 90% powers 18% step losd incresses Tavy Tref by § degrees Fr steswn
dumgs in Tavyg mode of operstior
) B80% powersy T.5%/min vamp decresse in turoine load for 3 minutes:
Tava Tref by 7 deareas F» stessm dumps in Tzv3 mode of operation
= Hot Ters Fowers Tavg=54% fegrees Fo ztasa dumps in 5TH FREZSS made
with 100% p3ig set into the stezm pressure controller
4 Turbine Lrips Tavg=937 degreeczs steam duaps 10 Tévg mode
QUESTION &.093 LB
Indicete whetier the Tollowing CVULS valves will FAIL OPENe CLOSED or A5 13
arn. 2 Lass Instrument Az
2 0w Fr e Letgdown oy Fe §o=31
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7. EROCECURES - NORMAL» ABNORMAL» ERERGENC! AND PAGE 12
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 QUESTION
Which of
. 3

Lo
4.

| euesTIoM

b

. TTTTRABISLOGICAL CARTRGL

Tl F1.90}

the foliowing wowld MIT require Emergency Boration®
Excessive contral rod withdrawsl wnile st pawver.
Uncontrollad rasctor hestus following 3 resctor trag.

Failure of the Beorie Acid Flow Zontroller FCU-42-139 to
function while performing 2 dorztien Lo recuce power.,

Eacessive corbtrol rod Llozerticn winiles st sower.

- - - 4 > -
sk PR

Wit the ceactar trip oreskers ZRUT 3nd the 3/Gs under fitrogen pressures
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FFOCEDURES - NORMAL» ABMORNAL
RADIOLOGICAL CONTROL
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SUESTION 711 {50

In order tc hDypzss 3 Fusl Hsndla
i3 required’

BUESTION . 7,12 (1.50)

Fill in the olanks below %o

orerstions’

CCmE

-
A
o
J.a

. EAERGENCT AND PAGE 16

- ——— - ——

vispment itnterlocks whiose permisszian

Lets the stateaent regarding solid water

Nnenever Lie plant is otilizing latdown from RMRe the ____
tontrol valve shouvld be uzad to mainlain pressures whileée the
ceeew fontral valve snould pe fully Jpen, Fower Lo the ____ ¢+
the _____ and _____ shoulyd e Lz33ed ovt to minimize the possibility
of everpresiur izing due to 3n I zignal,. Whenever the reactor
plant tempe-sture is sbove _____ de3 Feo 2t Jesst cie RCF must

Ue in Gperation,
BUESTION T.13 €1.50
Lizt the required acticnsg on sn ATRE (f tae *r1' Gragkers csn NOT o+ cpened
g% iisted in Function Festorztion Guideline FR~Z.1. For sny scticn thst
reguires lovsl dmeraticn of devicese include tihe lacsticn frowm sntien ins
jevice wmust be operates.
PUESTION. 7. 14 21
00 g 3tation Slzchguily ahpt zre the - 243 hat are sequentially
ioaded sutomaticsll: onto o gaecils, '3 Y
2 Tivere . 1% 3§ arecautiaon irv ke : Qffgita Souer sracsaure tAGI~-397
ta ansure thst the z@ ]t SILEU o id $H within 4 Bours
AEBLMYAG T HIFERIET T E r# e . sl gt LE LOe ZuirsdEe OvY
thys Bres autian” A EN=
GUEZTION  T7.19 aipiiirs (| 38)
List the itnmediate actionz in AQT-T+ *Frgooavle BRauiaem Fload' s satumking
the slant nas deen notified ro the Ticision of Water Manzgement thet floea

provdusing conditions a3, cevels
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QUESTION 7,17 A5
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i?ln. ADHINISTRATIVE PROCEDURESs COHCITIONS, AND LIATTATIONT PAGE 0

e | e e e e S e e e -

QUESTION 8,04 i1.00)

Technicsl Szecifications require *wo RHR loosm:z %o be OFERAELE during caold
shutdown. Certsin equizment m3y be substituted for one of the RHF loops,
Hhich condition bDelow will szatisfy tihis substitution requirement™.

. . 3+« Four filled PL3S loops with two /63 © 10% leveliWide’
' B, Four filled RCS (oops with ¢he. 3T ruap snd REST 7 S0% lavel

tv Four filied RCE loops wiih twc OPERABLE RCPs and one DPERABLE
AFN Fomp witn C57 levsl b} 4

4. Fowr filled RCS loops with one COFERAEBLE FCF ana one 51 sump

QUESTION &.09 S -0

Indicate whethsr sisrez on the veartics
responsibility of the Unmit 1 Ralince o
38 bath BOF3,
C=#M~-27a [ERCH®
=288 (Cooling Truer “ums Controlsl
{Hetaar niggiczl 'Enviiong MNonjtaring

Josrds tizted oelow 3Irs the
Plant EUF pperators Unit T BOF
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AUESTION 3.19 & el b
1

ete the following statements concerning refualing operations oy
1iiling 1n the correct number.

-
5)

3° At lesst et of water

- -

i

nall be maintained over the Loz aof

irradiated fuel sssemblie: seated in the storaze racks.
by Frigr to agvement of irrzdizted fuel Iin the reschtor sressure vassel
the reactor shall nave peen =zupcritics]l for at lasst NAUrS .,

4
4
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X
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e

5
Il in the blanke to complete the fallowing statenent regarding temporary
t

$i 1
slterstions!
The Shifl Encinesr revisws requests 4o perfora temparary slierstions
for completenszz an ~arrestnezzy verafises it has Deen reviawad Dy
reens 30d spproved (v _____ 80 thigt soan _____ 18 attsched 3=
reguliTed. Be a3l parforas cene ToOr emergency conditiaons requiting
temzarzry =1t a biar
QUESTIOH - 8412 1:0
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£. ADMINISTRATIVE PROCEDURES» CONDITIONS. AHD LImITATIONS FaGE 24

W e e e e e -

QUESTION RB.20 - 11.90)

List the FIVE bas2:z for i@ ainimum temperature for oriticality
limit of the Technizal Specaficstions.

Q‘JE:SAI!]N 3 sz i l ..:,u_:a ¥
dhen 8 sviteme suosystems Triine Tomtonent ar device 131 determined ta be

INOFERABLE SOLELY becsusze 7z emargency powsr scurce 18 INOFERAELEs OR
S0LELY becsyszes 143 normél powsr zowrcs s IHOFERAEBLEs 1L wev De considered
OPFRABLE far the purpose of satizfying the requiresments of ity applicsble
limiting conditicn for cpergnisones grovided twe candibticns 3re met, Cilst

thaese TEO conditions.

QUESTION 3.23 £ %)

“aple inm Mode Ze undar WHAT COHCITIONS mav that Unmit's Assistant Shife
Enginser ASE' lesve Lhe ctontrol roum FOR WHAT REAZODNSS
GUESTIIN 3.17 1.8
st L3 Sine fectos Wiz Furdtiaon of grod wnat =z ft sgecunt far s 1%
e3plies Y2 trie heat flu: mot chanmel fassar Fa iptermination?
ﬂ.,'::frﬁf e | .
-t ' g LB BEga= . + AT L g8 Fhage limtts
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With the first "tweak” of the hea: cc.irol knob, the partial wapor blanke:
spreals over the axtire pa= surface. Wwe thes find & thiso laye: of steam every-
vhere oo the paz surface. As shown 4o a previous tabdle of ther=al comdiciivi-
ties, staam is as excellent INSULATOR; hence, the pan surface pov presents ac
extremaly large resistance to heat transfer. Assuming agais tlat the electric
beata: can MAINTAIN the desired heat flux, we knov from the equatios;

Va = n“au.r.' T tuq)

that 4f Q/A is Beld constan: and U dacreases drastically and T,  4is coastast,
thes T _ _, sust increase rather substastially (on the order of :1000°F).

If thie pan surface bad been s fuel rod in the reactor core and ve alloved full
£ily boiling to taks place, the metal of the fuel rod might Rave melzed or deen
seriously deformed or cracked. Radicactivity would then leak Zroa the damaged
rod into the coolant with severe ramifications. DNB, trazsition boiling, and
£full film doiling are NEVER permitted iz an operating reactor uader ordinary

conditions.
Now, we should make a plot of the results of our simple experiment. If the

heat flux i3 plotted against the temperature difference between the pan sur~
face and liquid temperature, & figure similar to the one below is obtained.
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B¢ Rix vessel sbove Lts RT iNDT)H

REFERENCE
Cote T3¢ pu 3/4 1-i7
FMNP/SONE T3 B3 3.1.1.4

0L/0808 PHG-% (1.%774.1)

ANSHER §.21 ‘1400
I« TIts carresponding notmal or amerjenc, tource L aperseler and
o« ALl its redundsnt zompohients sro Seet 2l

PEFERENCE
Ha T3 2.0.%

IQHE T3 7.0, 7

FAGE 352
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ANSMERS -~ SEQUOYAM 142 ~85711 /10-DEAN. . W N

ASHER 3,23 1,00}
It iz a8 cycle dependent furction (+, 1% %4hat sccounts far power
distribution transients encounteres auring narmasl cperztions -1

REFERENCE
SOMF TS 374.0.2

0870007 %9,38 (21.3/3,8)

ANSHER g.24 {3.50

-

fractiaon of Fart
-

. 100
m lirie breab ¢ 29

1y 1 apm ensures dossge cantrivutian will be smsl
limits (+.:5) in event of & tuse rupture or ste

-

<} S00 apd ensuraes 36 tubs integrity 13 msintiined (+.%9) 1n Lthe svent of
2 mein stesm line rupturz or undsr LA conditions (+.25
REFERENCE
SANF TS BR/8 2,8
EFE-N3Ti PNG-S 3.1 4,
AMSUER 8,3% 2.0
3 vauter Room: & Ingtrument & % EUG 06 el 31l Fump Foch
T oes
: Eat blishh % continuons Fi iaken (#5285 wiftd Dackup fiq FRBTEssLIan
t..%) for those arezs Ain wnich Tedundan svstems, 2ontonente coula ba
i3mz 3¢ *+29)
Estsulisa Aourlv fire w L 3 3 AL
FEFERERCE
2OHE T4 2. i .3
%4 N % 18y & PutEs3s t%.%°4%.7
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6. ﬁDHIhISTRﬁTIV PROCEDURESo CONDITIONZs AND LIMITATIONS FAGE
ANSWERS -~ SEQUOYAH 182 <25 11712-0EANy W N
ANSWEFR B.26 ( +50)

To prevent & potentially hazardous situztion involving HI +. 0% when air
is initially admitted to the primary .12 the vents. (+.2%

REFERENCE
SONF FLS. pp 40

004/020% KS.16 (2.7/3.3)

ANSWEF 27 (1400

83! To avoid insdvertant initiastion cf flow from the svstem Juring
inadvertant RCS depressurization transients, (+.5 ea)

b) To protect the lozd cell from pocsicle damage.

REFERENCE

SANF FLS» pp &9
006/050% FHE-7 (3.8/79.2)
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1. PRINCIPLES OF NUCLEAR FONER PLANT OFERATION. PAGE 2

ST IRERMODYNAMICSs HEAT TRANSFER AND FLUID FLOW

AUESTIGN 1.0 (1,00

The reactor i3 oritical z* 1G.000 cps when 3 3/G FORY fails ron,
Aassuming BOL conditions» no rod mcticons and no resctor tr. - thoose
tive answer below that best describes the values of Tavy sna nuclesr
power for the resulting new steasdy ztzte. (FOAW = poinl of adding
heszt .

8+ Finasl Tavg 3rester than wnitisl Tavye Final sower sbove
FOAN.

oy Finsl Tavu3 grester than inttisl Tavaee Final power 3t
FOAH.

cs Finzl Tavg less tnan 1mitisl Tsvie Finsl pcwer 3t FOAH,

G. Final Tava less than initisl Tavyy Finzl power above FUAH.

BUESTION .02 {1400

Whicih of the fallcwing con

c giticms would c3suse 3 LM curvye to aredict
critic2lity earlier than 1t

-

+
wil sctuslly ocoouts
3 sgurece laocated too near detactaor,

ies losded tos far from detectar,

Riafest Jartn T L EREEemDLies &g TLrEn
& Cartrol rod located Cetwesn f L zgzsem i3es losdes anc detector.

FUEFTION 1 3 .5

2 wator driven gritrifugal zump 13 cpersting 3t 3 low flow CSangitisn,

= ner. start poerihg the tnrottle valve or & Ll aTae 3i02. How

Wwill ssen o1 o0 sllowing ve s¥fectesd’® I £33 ecreaaeg 3 LNEnye
3 Dischetas Srazsute v
o Avsiisol Tk v
x Matar. Amps 3

EASAE CATEGORY g1 CONTINUED SN BEXAT PALGE xdxax;
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1. PRINCIPLES OF NUCLEAR POWER FLANT OPERATION.

T T TLERRODYMNAMICSs HEAT TRANGFER ANL FLULD FLOR

© QUESTION 1.04d " i1.30)

(gssume 3ll otiner parsmeters are constant
1' The relative rstio of Pu=-2I30 4o U-I3F inzrezses

27 Fugl teaperature INCresses

GUESTION 1.3% (2+50¢

g R S R S L —— N—

21 Mdeoderstor tempersture decreszes (ruel Laaparsture remsing

The slsnt Lz aparsting &% 30N rpaweres turbine in AUTOIINP INI»
$1 resctar coolsnt pump Lrips. A3EUaing & reactior

bhere 13 no operstar sction snd read control L2 in MANUAL»

the following parameter:z will o HIGHEFs LOWER or the BSAME st
thve transient comssraec o their wnitiasl values,

1/ #2 5.6 stezm pressurs

T8 83 RES Lhop Flow

3t Te im looy 81

. T T T - <L~ 2

Z Buzlezy Foser
2L EFTLG s -

an ECP 13 $3lculsted ¢ 2 £ % 3FLe; 8 S ur
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constant!

when Locw
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tre end 3

Oy T4 s

$

L

indicate whetner the rollowing congditions «1ll c:zuse the Fuel Temperstura
Coefficient (pcm/de3 F) to become NIRE or LESS negative or n=.e NO EFFECT.
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1. FRINCIPLES

QUESTION 1.1¢

In order ta scnieve tine Nni1jnest the suctid
wnere the most advantzgeous locst : tne heszt
wowld be relative Lo the pump. 3, UBstresn

t
g

tarattlin
of tne
adcunstrezm

T s 2d
B 2%/ mir
oW would
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1. FPRINCIPLES OF NUCLEAR FOMER FLANT OFERATION, FACE
T T THEFROCYNAMICSy HEAT TRANSFER AnC F_ULD FLO

- e LS e - -

L g

BUESTION 1.17 (31+000

Identify the nuclides <

COmpOs
resctor snd describe how tni

i3 5

ing the secondary souwrce wtilized in yowur
spurce 1T ‘regenerated’.

GUESTION 1.18 (L+25
Jver core life there 3re “wo 2ffects that cgusze 1ifrarentizl Loran worts La
chsnae. List these two effect=s thneir reistive imgact on Jifferentisd
garan «orth snd Leviicsdz nnich effect L3 khpe Quarriding rtactor.,
BUESTION  1:1°7 gy
Frovide the definitions “or %ihe fFollowing tseas!
3 CuEr
0% Spacific =akeds
eUESTIN ; P 1.,7%
Sk e te3ciop facliant annal Eoiling Water curves indicsting tne four
Fassh toilivg veal z the roint f OHEs EDS ispel the auss
e st Lzeile ca3m LiDl2as winz®t 12 Sne agunt 9f primdty Fuocsaling
f 1 sressurizar i 13 223% psiy and Tawa 32 575 degress p7
'jF_---" 0"- l.
z : Eis 2 » Faff =23a249 1% e JFES 473t 18 the
3 3f. e t hat waz adzdeq {3 thz corsd
e ST 108 Ly aed { @0
IfF Ltihe #auilibdriom caount rsts 1n 3 succeritic szotar TEIFLES que Bo 3
reactivity additiony what nsppen: to the margin tr critacslaty’
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2. FLANT DESIGHY INCLUDING SAFETY AND EMERGENCY SYSTEMS FAGE s

- —— - - —— -~

QUESTION 2.01 {1.00°

Which of the following components served by tie Ccmponent Cacling Watar
System (CCHW) could NOT csuse 3n increaszs 1in both CCLW surje tant level and
CCW radiation wmonitor ingicstion :f 3 f21lure 3f the coapansnt veing scoled
occurred?

8+ RCP bearing coolers

0. FRHE pump seal cooler:

2, Spent Fuel =it Mezt Evthanger
%, Sezl Mater Hest E.cranger

QUESTION .02 f1.007
SHR 1rlet 1szscolstion valves T4-1 snd T4-I z:ich nave 2n indapendent RO
prezzure transmitter szsocisted witr Lhem. HWhich of the following
stateaments describing the effects af toe transmitter associsted witn 73-1
failing hian 13 corraect”

(31

-
" 7
=

LI ' U

3 - If 3ot Td-1 zfa Ta=C 3re spene Ehev will ahut.
g If sreny 7321 will shut 3cg slaseds T4-1 will not -be i 1o
CI’E' ‘-‘é‘-"..;."
] iT Bata Ta8=1 = T3=T 3re z .y GeEithe 2 wiil ba zols Lo pe
sl 3
3 IERfe T4 : f PR s B :azitiones 23 a=s5ired.
& - r = F 2 Z tre-ooerators but T8-3
- : = = 7 as seres foirt 18 shut
x¥r%s p eciF . O TITHUED ON NETT Frol sasxsa
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1. FLANT DESIGN INCLUCING

QUESTION Z2.08
Yhat sre the FLS piping cenetr arizont
of the piping’ (penetrstaons
33 2ne Jroup’

bhae Emerjency Gas

Treatman Fy &
; ral Sy 2 s2eld o establisn
=5 poin o whacn

E




2+ FLANT DESIGHN IMNCLUDING 5AFETT AND ERERGENCY SY3ITENS

- - -

s/ )

‘he statement below the Lonaensste Storage

Tar:’ 2
The L£57 ainitmum water volums af arns i3 sufrficient to
maintain tnz glant in hot standby ¥ _ hours,

BUEZTION ol A
: the four AUT
valve sna whnether
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QUESTION 2.1¢

SAFETY &y

List the 2130t E5F ralst2a losas supelisd
comman or redundant Icmponent:s 23 g ]
GUESTION Z.17 ¢1.25
Whers are therma!l :zleseves 2szocisztied «1th
PUESTTON .18 {150
-Lst the THREE SC5 lesksge wcnitoring sy
the glant i1z opersting 2t 1004 power
BUESTION Z.17% L.G0
What ECLS relstzd components sre taggeq o
prevent Inaduvertsnt over pressurizst
FUEFTION Z.270 1.9
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2, INSTRUMENTS AND CONTROLS FAGE 173

- ————— -

QUESTION 3.01 SO & %Y

which of the following would pe thz INITIAL ressconze of the feegwater flow
due to the responze of tne 5/6 Mater Level Lonmtrel Svstem 1f thne steanm
sressure transmitier contralling tae SGRLIS fsiled HIGH 3t S0Y power?
3. Feed flow would IHNCREASE cus to the mauimum stesm pressure input
to the ztesm flcw =ianal
h, Foed flow would IHCREASE sus to the level aizmstch error patueen
actual and proarzmmed lavel causend Dy thne preszure 1nstrument
failuw e,
~s Feea flow would DECREASE to bne mizmatca bDetween stheésm 3nd
feed flow signzls cesvsed B¢ the pressure 1nstrument failure.
i+ Feed flow wouwlid remzl 4 " e *c Lhe Jdominance ar the level
arror 1gnsl Swer 4r \ - ro s1angl
=. “aed flow would ~2n 4 £ e e EMm : w1 t affect
the stesm 710 I
RDUESTION © 3.42
<% stitement & 1 e
- P
L A - . : : | 3 Lialatine Amplifier
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3 INSTRUNMENTS AND CONTROLEZ

L

- - —— - ———— -

QUESTION 3.03 - (1,00
Whioh statenent 2 re3sraing Z1ie¢ Generstor logs 3aquencing
15 correct ‘A poours AFTEF L0SS OF POMWER?

-2

quent ; cannected will reams3in connected.

2quer I 1 3 that are
Ve - tisi timers

-

Loz g - crinecte wi
ire cannected.

vy then OdLY the asccident related load
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3. INETRUMENTE AND CONTROLS

-

QUESTION 3.03 (1,00}

Wihich aof the following ststements concerning the operstion ar the Feactor
2 18 correct?

Trip breskers 21.d Reactor
[ X

clozed by 15 VDC

power

e A Trsin B teip
sresber E.
s @ slarm *EYA for &7
i rackex to the *Te:z
d. mantrol Power for ti
-hannels T a3ng IX1
QUESTT O 3.05% e
Indicsse winetner ~-2 followina
ar BAVE d0 EFFELT aon the stezn
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3. INSTRUMENTS AND CONTROLS

- — - —

QGUESTION 3.08 = {24307

Matcn the following resctor prcot ) 4 contrel szignsls 1n Column A
teo their associzted log3ic ¢ Column E.

COLURN A COLUnN E

Z loop loss of flow

-

-

-

2N Oon ROWer

F=12 (La-L> Tavy on temperature decrease!

-

0 N & s e
Lo P pa Pk pa P e
2o B 2o LD Ga Bt b

.

Fzr nigh pressure trip 'pressure 1ncrease’

FEH hign powar rod LpOWer tneresse?

QUESTION 3.07

Lizt tne®X 01 3ine TAUtZawn Lrau : o : there
N3z Desan 2n 54 E

TION




3, TIHSTRUHENTS AND CONTROLS

e - G S - . -~ -~

QUESTION 3.1i2 “11.0G)

What automatic control asction occurs when 3 P13h r3
detected ov the followins rsdistion monitaors”

distion

37 Fuel FPool rsdistion monitors (G=RE=-50-1032

bl §'C Blowdouwr msonitors (1.2-RE-30-120 8 -2

= Ou
]
-
<
{

GUESTION 3.135 11450

cenattian

T o-

f

w i

Winen nuclesar sower Nas oeen incressed svave the setpoint fFoi ge
missive F-10: the operstor can manually block three protective
festuras. izt thesze THREE festures tihat csn e bDlockea.
QUESTION 3.14 e
Wragt sve the resctor trifgs Wn1dn 37 snavoleda. / dDlacked oy Lhe
system interlock F-7°7
RUESTZ Oi = g Yo £.5
Fhst signals «ill sctomatically tnitista os . A rotae w
Buiidinzg Gz Trestment S.stem”
AT A e g )y =
: - £ ohme gignald ta y kg T tris nGand :
AuEITIC M .
R st 4 ired for PAutomat: IWERD f ¢ @ LN
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e =T , :
; kL I3
« THFEE nower = - La e tai 1d triad "
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3. INSTRUHENTS AND CONTROLE FAGE

-

QUESTION 3.1°%

Tne Detector Current Comp
power range detectarsz., He
iatpoint and wnen 135 tolsz

o
v
9

unper snd lower
13 tne alarn

o
13
e I
T
-
0
b
e
¥
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O
b

Nith the Zressurizer level agnevrzl z2lector mwitch i6 »2osition L/1Is
g failvre cavses the fullosing siznt 3 T Atzume no operatsor
seticns tsken,

I Eharging flow readvead t

“ Frezsurizasr level decre

3. Leatdown securad sr re3ters off

4, Level incresses until hizn level tras
dhich instrument f31lz2a I or II znd in wns iirection d4id 1t fail~>

What 2re tro=s fAsin Steza ITsolatic ES R I F € nad wonat sre their setpoints?
QUERTION 3,22
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4, FROCEDURES - NORMAL» AENORNAL+ EMERGENCY AND

RADIOLOGICAL CONTROL

- ——————

QUESTION 4.01 (1,60)

On 3 unit startupey Wnen rezctar FoWer rescnes
tions must be verified. Without z=ny operatar
following is HAT observed 3t 10X,

g« °*F-7 Lo Fur F; v 1
Be *IR Traim A Trip Blocked® 113
£+ "F=10 tuclesr At Powsr® permis
4+ *F-l3 Turbine Hot At Fower® e

QUESTI (1,00}

B T Ny T e — NS,

1% s

gctione whnioh of the

Wihicn of Fallowing 13 Critiosl Zatety
ESTIdN 3.97 3
HBichn of the Peliswing wolly 5553 8 GRS -

: CLuBEstYe cantral ¢ Wi gty

() rantralled 2e3 _ szt =Bk 3
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A e e e e e o hat e o b A

FAGE
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SHETE mensye

1%
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RALIOLCGICAL CONTROL
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3, PROCEDURES - NORMAL» AENORMAL. ERMERGENCY AND
TTTTRADIOLOGICAL CONTROL

- ——— -

QUESTION 4§4.053

Fill in the Dlanks in the fq : _ regarding tie monitering aof

AFD 3nd asctions to te taten ) are not met.

The AFD shall be consid i sf its limits whern at least
OFERABLE esxcore ¢ gl = ndiceting the AFD to bde

stside tts limit. When L Lo L ZFL : gutsige 1ts allowsele

i1imit 1% muzt be resztoreqd i cecificstions withir {time) or

Thermal Fower aust Do reduced 1283 than “ aof Rateda Thermal

witihinm time
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in thszt he coula
g mrem.
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JdUESTION Jd.19 I
Fill in the elsnks velow Lo complzte toe ztatemen? 3Jaraing Lid water
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P ::r'tr'-l i SLVe £ W8 o e v st FoweT ta Tihe .
the A0 Yi33340 ¢ to m1 mize tne possidilat
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UESTION s 1:050\
List ALL the itmmediate sction sup-steps fram E-0y *Reasctor Trip ar Ssfety
Injection® that sllow vou to accomplish the following 1emediste actions!

a) Verifv ECCS status "1.0)

g ECCS Aliranment G.%%

0

21 Verify Containment Izclation

<) VYertifwy AFH status f4,0)

QUESTION 3.23 (1.00

Whst sre the tiaree margmeter:z that sre monitared to determine RCS cooldown
in secorasnce with E$-0.3e *Matursl Circulation Cooldown®?

Brior %o comaencing 3 dstural Cirquistion Cooldown per ES-0.3» 1t i3
necsssary tc increase tne RCS boric sciad sadition dy 19%. Way 138 this
pagueicreq’
€E:ZT13 - [ )
13 thg teszs Lizieéqd O s WHlch are parforme during 3 siant stsrtue
i Lhe g & s@suent i raer
i Transter 5.9 ky unit voard 1A from Start 18 LA to it ztation
trznzformer 14
. y Te&r 3.6 adwagter reguliasting (aive ntral to AUTE,
: tTrensfer steam dusps to Tavag mode
- % 3 ; < %
sxuxs Eol OF CARTEGOR: I ExvEs
FEESXSARET RS END TF CAARMINATION Z2338X8X3ARXRAxR
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KE » 1/2 mv 4
PE » mgn

vf - 'o + 3t w

¢ (Vf - 13)/t

.0/t

n 02
—

We oy 2P
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6 = mCpat
Q= VAeT

Pwr = ‘f‘h

m= v‘vAp
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p losw(t)
poet/T

0
e 26.06/T7

e 260/0™ + (B - )7 s

(e*/0) *+ [(8 = 0¥ 70)
= /(o - 8)
(8 - 9)/(%p)

(Kopg=1)/K gpg = Kope/K ps
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CEam/(T Kypg)] & [Bype/ (1) +3T)]

e (zov)/(3 x 10'9)
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water Parameters

1 gal. = 8.345 lom,

1 ga]. = 1,78 liters

1 fto = 7.48 gal.

Density = 62.4 ::s/ftJ

Density = | gm/

Hea: of vaporization = 970 Btu/lom

Hest of fusion = 144 Btu/lom

| Atm = 14.7 psi = 29.9 in. Hg.
1 ft. H,0 = 0.4335 T6f/in.

Lscie efficiency » (Vet work
out)/(Energy 1n

A= AN '

A Aat

-Ix
| = loe

o] ™™

I P Io 1°.l/TVL
+]

VL = 1.3/u

HVL = -0.693/u

SR = §/(1 - ‘,ff)
R, = S/(1 = Kygp,)
CRY (1 = Kopgy) = CRY(T = kg
Mo /(1 = Kyge) = CRY/CR,
Mo (1= Keppo)/(1 = Koggy)
SOM = (1 = K go)/K ggs
t* = 10 seconas
T = 0.1 seconds™’

to $ o pen ®
R/he = (0.5 CE)/a%(meters)
R/hr = 6 CE/d° (feet)

Miscellaneous Conversions

1 curie = 3.7 x 10'0ps
1 kg = 2.21 lom

1 hp = 2.54 x 10° 8tu/nr
1 mw = 3.41 x 10° 3tu/nr
lin = 2.54 cm

°F = 9/5°C + 32

°C = 5/9 (°F.32)

1 BTU = 778 ft-1bf

e=2.718




Volume, f'/1b Enthaipy, Blu/ib Entropy, Bluio x F
""" ':,':‘ Water Evap Sleam Water  Evap Steam water  Evep  Steam ";’"
" "ie "s . P Py - by o
2 008859 | 0.01602 3305 3305 -002 10755 10755 00000 21873 21873 2
» 009%5) | 001602 2948 2948 300 10738 10768 00061 21706 21767 L
40 012163 001602 2446 2446 803 10710 10790 0016 21432 2154 40
45 014724 001602 20377 20378 1304 1068 1 1081 2 00262 21164 21426 a5
50 017795 | 001602 1704 8 1704 8 1B 05 1065 3 1083 ¢ 00261 2 0901 21262 50
(39 0.2561 001603 1207.6 1207 .6 2806 10597 1087.7 0055 2039] 2 0946 60
70 0.362%9 0.01605 ec8 3 B6E & 3805 10540 10921 00745 19500 20645 70
80 0.5068 0.01607 6333 6333 48 04 1048 4 1096 4 003932 19426 20359 80
80 06981 0.01610 468 ) 4681 5802 10427 11008 01115 18970 20086 ¥0
100 0.9492 0.01613 3504 3504 6300 10371 11051 01295 18530 19825| 100
110 12750 0.01617 2654 2654 7798 10314 11093 01472 18105 19577 110
120 1.6927 0.01620 20325 203.26 8797 10256 11136 01646 17693 19339 120
130 2.2230 001625 157.32 157.33 9796 10198 11178 01817 17295 19112 1%0
140 28822 0.01629 122 98 12300 10795 10140 11220 01985 16910 18895 | 140
150 3718 001634 97.05 97.07 11795 10082 11261 02150 16536 18686 150
160 4.74) 0.01640 77.27 77.29 12796 10022 11302 02313 16174 18487 | 160
170 5933 001645 62.04 6206 137.97 °962 11342 02473 15822 18295 170
180 7.511 0.01651 50.21 $0.22 148.00 9302 11382 0.2631 15480 18111 | 180
150 9.340 0.01657 4094 4096 15804 9841 11421 02787 1.5148 1.7934| 120
200 11.526 001664 3362 3364 168 09 9779 11460 02940 ] 4824 1.7764 | 200
210 14.123 001671 2780 27.82 178.15% 9716 11497 0.3091 14509 1.7600| 210
212 14696 0.01672 2678 26 80 180.17 9703 11505 0.3121 14447 17568 | 212
220 17.186 001678 2313 2315 188.23 9652 11534 03241 1.4201 1.7442 | 220
230 20.779 0.01685% 19.364 19381 198.33 9587 11571 03388 13902 17290 | 230
230 23968 0.0'693 16 304 16.321 208 4% 9521 1160 6 0.3533 1.3609 1.7142| 240
250 29825 0.01701 13802 13819 21859 9454 11640 0.3677 1.3323 1.7000 | 250
260 35427 001708 11.745 11.762 22876 9386 11674 03819 13043 16862 260
270 4].856 001718 10.042 10.060 23895 8317 117206 03960 12769 16723 270
280 49.200 001726 8627 B 644 24917 9246 11738 C4098 1.2501 16599 | 280
290 $7.550 001736 7.443 7.460 2594 9174 11768 04236 12238 16473| 290
300 67.005 0.01745 6 448 6.466 2697 91072 11797 04372 1.1979 16351 | 300
310 77.67 0.0175% 5 609 5626 2800 902 5 11825 04506 11726 16232 310
320 B9 64 001766 4 896 4914 2904 BS4B 11852 04640 11477 16116 | 320
340 117.99 0.01787 3770 3788 3113 8788 11901 04902 10990 15892 | 340
360 15301 0.01811 2939 2957 3323 B862.1 1194 ¢ 0516] 10517 15678 | 360
330 185.73 0.01836 2317 2.355 3536 8445 11980 05416 10057 15473] 380
400 247 26 0.01864 1 Baas 1.8630 3751 8259 12010 05667 09607 15274 400
420 30578 001894 1.4808 1.4997 3969 BOE 2 12031 053!5 09165 15080 420
440 38154 001926 11976 12165 4190 785 4 1204 3 06161 0B729 14B90| &40
460 4669 00196 09746 09942 4415 7632 1204 8 06405 ©0B299 14704 | 460
480 56€ 2 0.0200 0.7972 08172 464 5 7396 12041 06648 0.7871 1.4516 | 48D
500 680 S 00204 0 6545 06743 4879 7143 1202.2 06890 07443 14333| S00
520 8125 00209 05386 0 5596 5120 687.0 11950 07133 0.7013 14146 | 520
540 G628 00215 0 4437 0 4651 5368 657.5 11643 07378 06577 1.3954 | S40
$€0 1133¢ 00221 03651 0.3871 562 4 6253 118727 07625 06132 13757 | 560
$80 1326.2 00228 02954 03222 589.1 5899 1179.0 07876 05673 1.3550 | 580
600 15432 00236 02428 0.2675 617.1 5506 1167.7 OR134 05195 1.3330 | %00
620 17869 C.024? 0.1962 0.2208 646 9 506 3 1153.2 OB4D3 04659 13092 | 620
650 2053 % 0.0260 0.1543 0.1802 6791 4546 11337 0B6S6 04134 12821 ] 630
6560 23657 00277 01166 0 1443 7145 3921 1107.0 08995 03502 12458 | 660
680 2708 & 00304 00808 01112 758 5 3101 1068 .5 09365 02720 1.2086 | €80
7¢0 30343 00366 00386 00752 822 4 1727 995 2 0.9%01 01490 1.13%0 | 700
705.5 |22082 0.0508 0 00508 906.0 0 S06 0 10612 0 10612 | 70558
TABLE A.Z2 PROPERTIES OF SATURATED STEAM AND SATURATED

WATER

(TEMPERATURE)




Volume f1¥/1b Enthalpy Bru/io Entropy Bty a ¥ Energy. Brud
"':“.‘ """’ Water Evap Steam | Water  Evap  Steam | Water  Evep  Steam | Water  Steam ".:.'.'
v, L % b, L™ b, s, ‘e . ) v
o086 | 32018 | 0.01602 33024 33024 000 10755 1075% e 21872 21872 [ 10213 | o086
210 | 35023 | 001602 2945% 29355 303 10738 10768 | 0006 21705 21766 303 10223 0.10
‘B8 4- 453 | 001622 20047 2004 7 1350 10679 10814 | 00271 21140 21411 | 135C 10257 018
020 | $3160| 001603 15263 15263 2122 10635 10347 | 00422 20738 21160| 2122 10283 | 020
0.30 t4484 | 001602 10397 10397 3258 10571 108%7 | 0064 20168 20809 | 3254 10320 ©.30
040 Y2865 | 00162¢ 7920 7921 4092 10524 10933 | 00793 19762 20562 | 4092 10347 040
0s 79%86 | ODI607 H21 5 6415 4762 10886 10963 | 00925 19446 20370 | 4762 10369 [ X3
06 85218 | 001603 5400 540 $325 10855 10937 | 01028 19186 20215 $324 10387 06
07 9009 | 001610 46593 466 94 S8 10 10327 11008 03 18966 20083 | 5810 10403 07
oe $438 | 001611 41167 411 69 6239 10403 11026 | 01117 18775 19970 6239 10417 08
09 $824 | 001612 B684I 368 43 6625 10381 11043 | 01264 18606 19870 6624 10429 | 09
10 10174 | 001614 333%9 33360 6973 10361 11058 | 01326 18455 18781 | 6973 10441 1.0
20 12607 | 001623 17374 17376 9403 10221 11162| 01750 17450 19200 9403 10518 20
ko 14147 | 001630 11871 118 73 10942 10i32 11226 | 02009 1.€B54 18864 | 10941 10567 20
40 15296 | 001636 90 63 90 64 12092 10064 11273 | 02195 16428 18626 | 12090 10602 40
8.0 16224 | 0.0:641 73.51% 7353 13020 10009 11311 ) 02349 16094 1B443 | 13018 10€3) 8.0
60 17005 | 001645 61967 61 98 13803 9962 11342 | 02474 15820 18294 | 13801 10654 | 60
70 176 82 | 001645 53 634 365 14483 9921 11369 | 02581 15587 1BIEB | 1&48] 10674 7.0
80 18285 | 001€53 47.328 4735 15087 9885 11393 | 02676 15384 18060 | 15084 10652 80
80 168 27 | 001656 42 385 4240 15630 9851 11414 | 02760 15204 1.7964 | 15628 10708 | X8
10 19327 | 001659 38 404 38 42 16126 9821 11433 | 02836 15043 17879 | 16123 10723 10
14696 (21200 | 001672 26 782 26 80 18217 9703 11505 | 03121 14447 1.7568 | 18012 10776 [14.69
15 21303 | 001673 26274 2€ 2% 181.21 9697 11509 | 03137 14415 17552 | 181.16 10779 15
20 22796 | 001683 20070 20087 | 19627 9601 11563 | 03358 1.3962 1.7320 | 19621 10820 20
30 25034 | 001701 13 7266 13744 | 2189 9452 11641 | 036582 13313 16995 |2186 10879 30
40 267.25 | 001715 104792 10497 | 2361 9336 11698 | 03921 12844 167652360 10921 40
$0 26102 | 001727 B 457 8514 | 2502 §23¢S 11741 | 04112 12474 165851251 10953 50
60 29271 | 001738 7.1562 7174 | 2622 9154 11776 | 04273 12167 16440 | 2620 109380 &0
70 30293 | 001748 61875 6205 12727 9078 1iB0€ | 0341) 11905 16316 |2725 11002 70
80 31204 | 001757 54536 5471 | 2321 9005 11B31 [ 04534 11675 16208 | 2819 11021 80
90 32023 | 001766 48777 489 | 2907 8946 11853 | 04623 11470 16113 [290¢ 11037 S0
100 32782 | 001774 44133 443) | 2325 8886 11872 | 04743 11284 16027 | 2982 11052 | 100
120 32:27 10017858 372937 3728 | 3126¢€ 8778 11924 (04919 10960 195879 | 3122 11076 [ 120
140 3304 | 001803 32010 3218 | 3250 BS60 11930 (05071 1068! 15752 | 324S5 11096 140
160 36335 |00.815 28155 2834 | 3361 B550 11951 | 05205 10435 15641 | 3355 11112 | 160
180 37308 | 001827 25129 2531 | 3362 8507 11969 | 05328 10215 15543 | 3456 11125 | 180
200 3180 |001€23 2.2683 2287 | 355% B42B8 119873 | 05438 10016 15454 | 3548 11137 | 200
250 40797 | 001865 18245 18432 | 3761 8250 12011 | 05679 09585 15264 | 3753 111586 | 250
300 €17 35 | 00j8ED 1.5238 15427 | 3540 BOZ9 12029 [ CSBEZ N9223 151053929 11172 | 300
350 £:173 | 00913 13084 13225 | 4098 7942 12040 | 060 08909 14968 [4056 118" 350
400 <260 | 00193 114162 11610 | 4242 7604 12046 |0€217 0B863C 14837 | 4227 111E7 | 400
450 4528 | 00195 10122¢ .10318 | 4373 7675 12048 ' 06360 O0B378 14738 [ 4357 11189 | 450
8§20 :45'01 00198 090787 05276 | 4455 7551 12047 | 06490 OB14S 14635 | 4477 11188 | S00
8% (47.93 | 090199 082182 0841F | 4609 7433 120473 | 06511 07936 14547 {4569 11186 550
€Cd i‘é‘ 23 | 00201 0 74952 07693 | 4717 7320 12037 | 0D€723 07738 14461 |4695 111E2 | 600
702 €523 190205 063305 06556 | 451 € 2102 129:8 | 0€S2F 07377 14304 |4889 11169 | 200
83 518 21 0 0203 0 54803 0569C | 5038 6" 11434 [ 07!'11 07051 14163 |5067 11152 | 800
900 £3:95 | 002i2 0 47965 05009 | 52¢ 7 < 1194 | 07279 06753 14032 | 5232 11150 | 900
100U 5223i% | 00216 0242435 048460 | 54 ¢ &5 11929 {07432 06476 13910 | 5376 11104 |[1000
1100 22 2¢ | 00220 037s€3 04005 | 5.7.¢ 4 11851 | 07578 06216 13794 | %531 11075 |1100
1200 :::‘.7 i9 | 00225 034713 03625 | 57, » ti.. 11848 |07714 05969 13683 | 5669 11043 1200
1300 l‘.'?-’? 00227 030722 03293 | 5856 §94 6 11802 [0 7842 05733 1.3577 |580! 11009 |1300
1e00 €707 | 00%3] 02787. 03018 | 5988 5765 11753 | 07966 05507 13474 |5929 10371 1400
1100 59420 | 00z3% 025372 02772 | €117 5048 11701 | 08025 ©°€253 13373 {6052 10331 |1500
2009 €2585 | 0027 016254 01883 | €721 4652 11333 [0BED: 0425 1288] |6626 10286 2000
2500 €52 11 0 02¢f 0 10207 01307 | 72317 3616 10933 |C9139 03200 12345 | 7185 10329 |2500
3000 69533 | 00343 0050/3 00850 | BOL & 2184 10203 |0972:2 O01E91 1.1619 | 7828 9731 | 3000
32782 172047 | 00508 ¢ 0050¢ | 906 0 0 9060 | 10612 o 10612 |B759 B759 |32082
TABLE A.3 PROPERTIES OF SATURATED STEAM AND SATURATED

WATER

(PRESSURE)

A.4




Abs press. Yemperature F
B/sq In
(u{ temp 100 200 300 400 800 00 700 800 $00 1000 1100 1200 1300 1400 1500
vlomer| 3925 4573 B9 8715 6311 6%7
| »| 800101502 11957 12418 12886 133C) 13845
(101.74) » | 01295 20509 21152 21722 22237 22708 23148
vloo161 | 7818 S0 24 10224 1142) 12615 138 08 15001 161924 17386 18578 19770 20962 2215 M
3 »! €801 11456 11948 124) 3 12882 13359 13833 14336 14637 15347 15867 16396 16933 17480 1801 %
(162 24) « [ 01295 [ 18716 19363 19943 20460 20032 2137 21776 22159 22521 22866 23194 23509 23ell 2410)
¢lo016) | 38382 4293 8! 03 S708 6303 6900 7492 B0OL 8691 9287 98B 10480 11076 116 77
1 a»l CGBO2|1166€ 11927 1240€ 12078 13355 13840 14334 14835 15346 15866 163345 16933 17479 18034
(19-21) s |0 1295 | 17928 18592 19173 19692 20166 20803 21011 21338 21727 22100 22430 22744 23046 23337
v00161 ©D166 |29 €853 33963 37985 41966 45 978 49964 53I04E 57926 6]90> 65882 69858 73833 177
15 ol 6808 1680911925 12299 12873 13352 1383 B 14332 14B34 15325 1%8L5 16354 16832 17478 18034
(21303) s |0 1295 0.2940|1813& 18720 19242 19717 20155 20563 20546 21303 21653 21982 22297 2259 22890
v 00161 0016622356 25428 28457 31 466 DA 465 37458 40447 43 435 45420 49405 52388 55370 581352
20 a] 6805 1681111514 12392 12869 133459 13835 14329 14832 15343 15863 16353 16831 17478 18033
(227.96) » | 01295 02940 17805 18397 18921 19357 19836 20244 20628 20891 21336 21665 21979 22282 22572
vlooi161 00166 1103¢ 12 €24 12165 15685 17195 18 €99 20199 21697 231954 24685 26 183 27€76 29168
40 ol 6810 1681511866 12364 12850 13336 13825 14321 14825 15337 15858 16388 19827 17475 18030
(267.25) » | ©1295 02940 | 16952 1.7608 18143 18624 19065 19476 19860 20226 20569 20899 21224 21516 21807
v l00161 00156 7.257 £35¢ 9400 10425 11438 12446 13450 14452 15452 16450 17448 18445 1SM)
60 »| 6815 1682011616 1233 & 12832 13323 13815 14313 14818 15332 15853 16384 16524 1747.1 1802%
(29271) s | 01295 02039116492 17134 1 7681 18168 18612 19024 19410 19774 20120 20450 20765 21068 2135
. 001‘61 00166 00175 | 6218 7018 7.79¢ B850 91315 10075 10825 11581 12331 1308) 13829 14577
80 »| 6821 18824 26574 1237% 12812 13309 13805 14305 14811 15326 15845 16380 16920 17468 18025
(312.04) » | 01295 02935 04371116790 1 7349 17842 18289 18702 I 9089 19454 19800 20131 20446 2075% 21041
v |00161 C©O166 00175 293: 5585 6216 6833 7423 BOSO BE55 9298 9860 10450 11060 11659
100 M| GE2¢ 16829 26577112276 12793 13296 13765 14257 14804 15320 15842 16376 16916 17465 18022
(327.82) s | 01295 02935 04371} 16516 1) 7085 17586 1BO3E 18431 ) 8833 19205 19552 19883 20199 20502 20794
vl00161 0C18 00173 40786 4634) 51637 56831 €192 €7006 72060 7.7096 82119 87130 9213 $7130
120 »| 6831 16833 2696 | 12241 12774 13281 13784 14282 14798 15314 15839 16371 16513 17462 18020
(341.27) » {01295 02939 0437! | 16286 16872 1.7376 17825 18246 18635 1 9001 19349 19680 1999 2.0300 20592 .
v|00161 00166 0C175 | 34651 36326 44119 48585 5 2995 57364 61709 66036 7.0349 74652 78%6 83213
340 »| 6837 16E 3 2¢¢ gs | 12208 12753 13268 13774 14280 14791 1530 B 15834 16367 16909 17459 18017
(35304) s [ 01295 02535 04370 [16085 16686 1 7196 17652 18071 1B4E] 18828 19176 19505 19825 20i29 2042]
v |00161 00165 00175 30060 34413 3IBABD 42420 46295 50132 53945 57741 61522 65293 69055 71.2811
160 »| €842 1€B 42 26985 '12174 12733 13254 13764 14272 14784 15303 15829 16363 16905 17456 1801 4
(263 55) s | 01294 02938 0437015906 16522 1 7039 1749 17919 18310 18678 19027 19359 19676 1 9380 20273
v |00E: 00166 00174 26474 30433 34033 3762) 41064 44505 47907 51289 54657 S8014 61361 54704
180 | 6847 16847 2658, {12138 12712 13240 13753 14263 14777 15297 15824 16359 16802 17253 18012
(373C8) s |C123¢ 02338 0¢€370|15743 1637 16900 17362 17784 1BI7E 1 B4 18894 19227 19545 18849 20142
v lo0161 00166 00174 | 23598 27247 30583 33783 36515 40008 43077 46128 49165 52191 55209 58219
200 » 622 1€831 2699512101 12690 1322€ 13743 14255 14770 15291 15819 16354 16858 17450 18009
(321 80) s | 01294 € 2535 04355115593 1.6242 16770 172339 17683 1 8057 18426 18776 19109 19427 19732 20025
v lCC161 OCIEE 00174 0O0186 2 150 24662 26872 26410 31909 34382 36837 39278 41709 44131 4 65406
250 » 6E S5 16663 27003 3/% 10 1263% 13150 13716 1423¢ 14753 15276 15806 16344 1683 S 17442 18002
(82297) s {1295 02327 O 4355 05567 | 15951 16502 16976 17405 1760! 18173 18524 18558 18177 19482 19776
v lOGlCY 0016 CJ17¢ 00186 | 1 7655 20044 212263 24407 26509 28385 30642 32688 34721 3674 38764
330 »! €279 15872 2704 3751% 12577 13152 13689 14213 473 € 15262 15794 16333 16880 17434 17996
(41735 s {01292 02937 02307 C565| 15703 16274 1) 6758 1.7192 17591 17964 18317 18652 18972 19278 19572
v lGO161 OCl66 00174 001BEC 14313 17028 18977 20332 22652 24485 26219 2 7980 29730 31471 33205
350 » €292 16435 2i02° 37521 12515 13114 13662 14192 14716 15247 15782 16323 16871 17426 17989
(43173; » |01293 02935 € 2357 0%6¢4| 1583 16077 1) 6571 17006 17411 17787 18141 18477 18798 19.05 1.9400
v |00161 ©0O0'EE 00174 VOIE2 Y] 283) 14763 16497 18151 19759 21339 22901 24450 25987 27515 29037
400 » €905 16897 27033 37527 12451 13074 1334 14170 14701 15233 15769 16312 16862 17419 17982
(042 60) s |2 1293 0293: 04365 056063 | 15282 ! 8901 1 6406 16850 1 7255 17632 1.7988 18325 18647 18935 19250
v |00161 001CL 00174 o01EE | 09919 11584 1 3037 14357 15708 1 €932 1825 19507 20746 21977 23200
SO0 » €932 16919 27031 3L 38 12312 12991 13577 1817 7 14666 15203 15744 16291 16844 17403 17969
(457 01) s |01292 L2334 U 4354 0 3t601 14971 1 6595 16'23 1€5/8 1 €992 17320 17730 1 8069 18333 18702 1 89)8
TABLE A.4 PROPERTIES OF SUPERHEATED STEAM AND COMPRESSED

WATER (TEMPERATURE AND PRESSURE)

A.S5




WATER (TEMPERATURE AND PRESSURE) (CONTINUED)

A.€

Abs prevs. Yemperature, ¥
™/3q in.
(st . bemp) | 100 200 300 400 $00 600 700 800 $00 1000 1100 1200 1300 1400 1800
» |00IC) O0IGA 00174 O0QIBE 07944 0%25 10726 ) 1892 13008 14093 18160 16211 1) 7252 18284 ) 930%
600 A 6958 16542 27070 37549112159 1290 ¢ 13518 14083 14630 15174 15719 16270 16826 17388 17956
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3000 A| 75E3 17/BE 27522 37847 4B7.52 61006 [ 10505 12670 136327 14202 15004 15748 16355 170:4 17618
(€9533) s | 01277 025.4 04320 05597 06796 OBOOS | 1.1966 13652 14429 14976 15334 13641 162!° ).CT6! 6888
v NOI60 COI65 00172 00183 00199 00227 0033501588 01987 0230! 02576 02827 03%%5 0329! 03510
3200 » 764 1753 2756 3787 4875 6054 BOOB [12509 13534 14331 15038 15703 16348 16983 17612
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v| 00158 00163 0017C OOIBC 00193 00213 00248 00334 00573 00314 01004 01160 O129E 01424 01542
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TABLE A.4 PROPERTIES OF SUPERHEATED STEAM AND COMPRESSED
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PROPEMNTIES OF WATER

Denslity o
(Ibs/1t?)
Yemp Saturated PSIA

(2] Liquid 1000 2000 2100 2200 2300 2400 2500 3000

32 62414 62637 62 846 62867 62883 62.909 6293 82.851 63.056

80 6238 62.55 6275 62774 62.798 62.822 62846 6287 6299
122 61933 62 185 62371 62390 62409 62427 62 446 62465 62559
200 60.118 60.314 60511 60.53 60 548 60.568 60587 60.606 60.702
300 £7.310 57.537 57.767 £7.79 §7.813 57.836 57.859 57.882 57.898
400 63 651 53803 54 218 54.249 84.28 54,311 54 342 $4.373 54 529
410 53 248 83.475 6379 53.82% 5386 5389 63.925 5295 5411
420 52.798 §3.025 §3.35 63 40 83 425 53 46 $3.50 8353 53.69
430 5§2.356 52575 $2.825 6295 5299 63.02 §3.065 5309 §3.265
440 £1.921 $2.125 52 42 52 45 52 475 §2.51 52 54 52.56 52275
450 £1.546 51.66 52025 62 065 $2.10 6214 82175 2.1 5241
A50 51.020 51175 51.56 51.61 5164 5168 51.725 £1.76 5196
470 $0.505 50 70 51.1 5114 51175  51.22 51.25 §1.30 51.50
480 50.00 50 20 50.62 80 66 50.7 80 74 50.78 50 825 51.035
435 48 50% 49 685 8013 80.175 80 22 50.265 50.21 50 35 80575
500 48 943 49.097 45618 49 666 49714 49.762 4981 45858 $0.098
610 48 48 51 4905 49101 49 152 49.203 49.254 49 305 4956
520 47,85 4791 48 4E 48 515 4B 57 48 625 48 68 48.735 4901
830 4717 47.23 47.8% 47918 47978 48 037 48 096 48.155 48 45
540 45 .51 4723 47.2%¢ 47.362 A7 428 47 454 47.56 A7 BS
550 45 87 46 59 46 658 46 726 45 794 46 B62 4693 427
£50 4525 4592 45 954 46.068 46 142 46.216 46.29 46.66
570 44 64 4522 45.30 4538 45 46 4554 45.62 46.02
&0 43 B 4450 44 58¢ 44672 44758 44 Ba4 4493 4536
530 4310 4373 43 825 43 92 44 015 4511 44,205 44 65
600 42.321 42913 43017 43122 43226 4333 43 434 43 956
€:0 41 45 4195 4208 42 1% 42 314 42 432 4255 4314
€20 £0.552 40950 41.083 41.217 4135 41483 41616 42283
€50 3953 4144
620 38 491 40388
€50 I7.N 3926
660 36.01 38.006
670 3448 3652
630 32.744 34638
690 30518 32144

TABLE A.6 PROPERTIES OF WATER, DENSITY
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1. FRINCIPLE: OF NUCLEAR FOWER FLANT OFERATION.
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With the first “tweak” of the heat costrol knedb, the partial vapor blanke:
spreads over the antire pan surface. We than f4ind a this layer of steam every-
vhare oo the pan surface. As shown 40 2 previous table of tharmal conductivi-
ties, stesn i an sxcellest INSULATOR; hesce, the pan surface Rov presests &o
extremaly large resistance to hest transfer. Assuming again that the electric
heatar can MAINTAIN the desired heat flux, we knov from the equation; -

Va = oT, - el

that 4f Q/A is bald constast and U dscreases drastically and T,  is comstast,
thez tnr' sust iacrsass rather substastially (eoa the ordar otlﬁoOO'I).

1f the pas surface had been & fual rod iz the raactor core and ve alloved full
fils beiling to take place, the metal of the fuel rod might have malted or been
seriously deformed or cracked. Radicactivity would then leak fros the damaged
rod iato the coclant with severe ramifications. [NB, traas.tion boiling, and
full fils doiling are NEVER permitied in an operating reactor under ordisary

conditions.

Now, we should make a plot of the reasults of our simple experiment. If the
heat flux i3 plotted against the temperature differsnce Detwesn the pan sur~
face and liquid temperaturs, a figure similar to the one below is obtained.
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