


REPORT DETAILS

1. xaminers
G. Nejfelt, Chief Examiner

2. Exit Meeting

At the conclusion of the site visit, the examiner met with facility
training staff. The following personnel attended this exit meeting.

Facilit resentatives

G. R, Overbeck, Director, Nuclear Training
R. W. Bovinet, Work Leader, Operator Training Program

NRC Representative
G. M. Nejfelt, Chief Examiner

The following ftems are discussed during the exit meeting on
August 3, 1988:

a. Timely submission of examination comments from the facility
training staff. These comments were received in the Regional
Office on August 19, 1988,

b. Materials that were prepared for the tentatively s~heduled
Requalification Examinations starting the week of October 31,
1988 were discussed. Most of the written examination questions
were found to be satisfactory, except for static simulator
questions that could be answered without the use of the simulator.
No Job Performance Moasures (JPMs) were available for review.

3. Examination Review

Responses to licensee's comments, concerning the written RO examination,
are provided in Attachment 1. Minor changes made without facility
comments by the examiner are provided in Attachment 2. Also, note

that six comments were made concerning the examination materials
provided (see Attachment 1 NRC Response to Questions 2.06.a, 2.07,
2.10.a, 3.02, 3.10, and 4.03).

Attachments:

1. RO Examination Comments
and Resolutions

2. RO Answer Kay Modification

Without Facilitv Comment



ATTACHMENT 1

REACTOR _OPERATOR (RO)

EXAMINATION COMMENTS AND RESOLUTIONS
FERMI 2 RO EXAMINATION OF AUGUST 2, 1988

The following represents the facility comments and the NRC resolution to
those comments made as a result of the current examination reviews policy.

1.05.¢

Facility Comment: Comment answer for Part (c) s 518 seconds . . .
a math error was made in the arswer kay,

NRC Resolution: Comment is acceptecd. The answer key is changed
from "318 seconds" to "518 seconds" to correct
the typographical error.

2.01

Facility Comment: Correct answer for Part (c) of 2.01 should be 1153
+0/-20 psig and 441 +20/-0 psig. This licensing
class was taught alloweble values as listed in
Technical Specifications.

References:
Reactor Recirculation System Handout, Paje 18
Fermi 2 Technical Specification (TS),
Section 3.3.3
Fermi 2 IS, Section 3.3.4
Pump Trip System Instrumentation

NRC Resolution: Comment is accepted, since the allowable maximum value
agrees with the setpoint value and is more conservative
than the setpoint value. The setpoint valves of 1133 psig
and 441 have been changed to the allowable values and
tolerances provided above.

2.02.

Facility Comment: In Part (a), the answer states that the backup air supply
for the inboard main steam isolation valves (MSiVs) and
"« normal air supply for the outboard MISVs is instrumert
This answer could be misleading. The term used at
i for this instrument air is called Control Air.
Specifically, INTERRUPTIBLE CONTROL AIR (IAS).




Attuchment 1

NRC Resolution:

Facili nt:

NRC Resolution:

2.02.d

Facility Comment:

NRC Resolution:

2.06.a

Facility Comment:

References:
Student Handout, Main Steam System and Bypass
System, Page 14.
Drawing 6m721-5730-5,

Comment is accepted. The use of the aiternate names

for instrument air (e.g., control air and Interrvptible
Control Air) are in addition to the answer as acceptable
alternate wording.

Part (b) answer should be "130 VDC and 120 VAC
(RPS M-G Set)."

Reference:
Student Handout, Main Steam System and Bypass
System, Page 14,

Comment is accepted. Typographical error is changed
from "125 vOC . . ." to "130 vOC , . ."

In Answer (d), the statement is made that the isolation

will not reset. Assuming the isolation signal itself is
clear pushing the RESET pushbutton without first pushing
the close pushbuttons on the MISVs will cause the MISVs

to cpen.

References:
Student Mandout, Main Steam and Bypass,
Page 14,
LER 5H0-341/87-037.
61721-2095-14, 15, 17, and 18,

Comment is accepted, only if, the candidate stated that
the solenoids for the MISY were deenergi:zed and reenergized
fn an unorthodox manner (e.g., LER 50-341/87-037).

On Part (a), the answer key should be changed to accept
the power supplies to the RPS M-G Sets as correct actions
for norma) supplies.

These would be:




Attachment 1

NRC Resolution:

2.06.b

Facility Comment:

NRC Resolution:

&

Facility ( mment:

1. DIV 1 (F“S M-G Set A) - 480 VAC Hotor Control
Caiter IMCC) 72B-4C Pos.

2. DIV 11 (RFS M-G Set B) - 480 VAC MCC 72E-58
Pos 1C-R.

References:
Nuc. Prod. Sys. Operati  Proc. 23.316,
Pages & and 9.
DECo Drawings 61721-2151-1 and 2.

Comwant is accepted for both the primary and alternate
RPS power sunpplies, if the candidate's answer is in the
same detai)., Student Mandout, RPS, PIC~C71, Revision 3,

Page 4, sucstuitiate the answer key as originally written,

Part b should have four answe»s:

1. Process Radiation Monitoring System.
2. Power Range Monitoring System.

3.  Nuclear Steam Supply Shutoff System.
4 Reactor Protection System.

Reference:
DECo Drawing 61721-2151-1 and 2.

Comment is not accepted. The question asked for systems
that received power from RPS. Also, if schematics are
provided as supporting material, please ensure that the
information is large enough and clear enough to be used
withou* a tedious effort to extract the information.

Using the reference given or Pages 8 and 14, there is

no mention of High Rea:tor Pressure causing a Standby
Gas Treatment (S8GT) System auto start. Thure is

a misprint on Page 14 that may lead one to believe

Part (a) High Radiation (ARM) on the Refuel floor,

may be a correct response. 4.a.4 on Pagc 14 should

be Fuel Poo)l Ventilation Exhaust Radiation High a: shown
by Page 8 of the SBGT system, Student Handou* and Alarm
Response Procedure 17014, Therafore, the answer key
shou'd read:



Attachment 1

NRC Resolution:

2.08

Facility Comment:

NRC Resolution:

.10.a

Facility Comment:

NRC Resolution:

2.10.¢

Facility Comment:

will: b, g
will not: a, c, d, e, f, h

References:
Standby Gas Treatment System Student Handout,
Pages 8 and 14,
Alarm Response Procedure 17014.

Comment is accepted and the answer key modified as
above. Revision of Student Handout, SBGT, T46-00,
Revision 4, Page 14, is needed.

Even though nct listed in the given reference, the
word chugging is often used to describe the c.ndition
of injecting the bouron too fast. So an alternative
phrase at the end of the answer would also be: Could
Cause Power Chugging.

Comment is accepted. The word “chugging” '+ added
to the answer key as an alternative wording

To be consistent with Question 2.01, the answer
for (a) should be 441 +20/-0 psig.

Comment is accepted. The answer key is changed to
the allowable value and tolerances provided abnve.

Note that the asterisk used in Table 4 of Student
Handout, RHR, Revision 4, Page 48 is not defined.

Part (c) should read:

FO15A/B: Remove initiation signal and push
Initiation Signa)l Reset Push Button
and Leak Detection Line Break Push
Button.

FO17A/B: Five minutes after initiation signal
i rece’ived.
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NRC Resoiution:

Facili nt:

NRC Resolution:

3.02

acility Comment:

Reference:
HRH Student Handout, Pages 32, 33, and 48.

Comments is not accepted. References did not support
revising answer key.

Part (d) should be changed to read:

FO17A/B can be closed (throttled) to control injection
flow (Reactor Level).

This is because the push button for closure of the valve
(FOI7A/B) wi.)l allow full closure if pushed lon? enough.
Also, the way the guestion is worded (close inhibit)
would lead one to think along the lines of open/close
rot throttled.

References:
RHR Student Handout, Pages 32, 33, and 48.
Fermi 2 Technical Specification 3.3.3 Table 3.3.3-2.

Comment does not warrant changing answer key, since
“"torottling" can be considered synonymous with
"closing" for this question.

Using the Student Handout on RWM referenced, Fermi 2
Technical Specifications and Proposed Design Change

(PDC) 7050 it is possihle to answer Part "a" several
different ways. The rirst way would be a word definition
as stated in the answer key. The other way would be with
specifi” numbers. Per the Student Text and Fermi 2
Technical Specificaticn the MINIMUM allowable reset

power level is 20% for the LPSP, The actual per PDC 7030
is 30%. the LPAP per the Student Handout is 35%. But per
PDC 7030, the actua) value set in the Control Roum is 40%.
Therefore, a suggested addition to the provided answer
would be:

a. (1) . . . similar, Also accept 25 & 5%,
b. (2) . . . similar. Also accepti 35% to 40%.
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NRZ luti

NRC Resolution:

3.08

Facility Comment:

References:
Kod Worth Minimizer Student Handont, Page 4.
Fermi 2 Yechnical Specifications 3.1.4.1 Rod
Worth Minimizer
Froposed Design Change (PDC) 7030, Revision B.

Comment is partiaily accepted. The question elicited more

than a numerical values for Low Power Point (LPSP) and Low

Power Alarm Peint (LPAP). Partial credit will be given for
range of values stated above.

Training material is needed to be revised with
plant changes.

Using the referenced Automatic Depressurization System
Handout, Figure 2 and Detroit Edison Drawings 61721-2095-02
and 07 the correct answer for “c" should be ADS valves
remain as is. The reason is that BOTH Core Spray Pumps

in Division Il must be running to satisfy the ADS logic.

Reference:
Automatic Depressurization Handout, Pages 7,
8, and Figure 2.
Detro’t Edison Drawings 6172.-209%-02 and 07.

Comment is not accepted. With no 130 VOC, the solenoids
for ADS valves will deenergize and close valves (e.g.,
remove fuses to shut stuck open SRV).

Using the Power Range Monitor and Technical Specification
reference plus Technical Specification Page 3/4 3-45 there
are three parts of the answer that needs to be expounded.

1. For Lhe information provided, Answer "c" could be
YES or NO. True eight inops LPRM inputs to CHANNEL D
APKM s111 leave it with 14 operable inputs (minimum
required to be operable). The guestions of how many
operable LPRM inputs per level is not 2ddressed.
Therefore since eight LPRM's are inop, it could
be assumed there are < 2 operable per level which
would make that ARPM Tnop per Technical Specification.
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NRC Resolution:

3.1

Facility Comment:

NRC Resolution:

4.01

Facility Ccmnent:

References:
Recirculation Flow Cortrol Student Handout,
Pages 10 through 12.
Detroit Edison Drawing 61721-2105-7.
Proposed Design Change 8294,

For Part (a), comment is accepted. The answer key is
revised to change the setpoint values and to added Limiter
No. 3 based on Potential Design Change (PDC) No. 8294 that
superseded Student Hardout, Recirculation Flow Control
System (B31), Revision 4, which was used to prepare the
question. Also, the point value for Part (&) was reduced
from 1.00 puint to 0.75 point with each limiter setpoint
with 0.25 point.

For Part (b), comment is accepted based upun Schematic
Drawing, 61721~ 2105-7 Revision C1; and the answer kcy
is changed from ". . . and . . ." to ™. . ., or . .
with either antunr worth 1. 00 point Student Nandout
Recirculation Flow Control System (B31), Revision 4,
Section D.4.a(a) is in error.

Using the Rod Sequenc: Control System Student Handout
Pages 4 and 6. The answer in "2" would mcre correctly
be: "“Neither Sequence Groups B 1-2 and B 3-4 Control
Rods are fully out, and. "

The answer is more complete because it recognizes that
A and B Sequences are broken into Groups A 1-2, A 3-4,
B 1-2, and B 3-4 on the Rod Sequence Select Switch.

Reference:
Rod Sequence Control System Student Handout,
Pages 4 and 6.

Comment is not accepted because it is moot. Nothing is
gained by specifying the subgroups for the “A" and “8"
Rod Control Sequence Groups.

The answer in the above question was not specific.
Therefore, answers should also include.
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1. During plant startup (when RHR shutdown cooling
is secured).

2. During plant shutdown (prior to RHR shutdown
cooling being started).

3. During a ioss of RHR shutdown (when RHR is
not able to be restored)

References:

General Operating Procedures 22.000.03, Page 9
and 22.000.10, Page 11.
Abnormal Operating Procedures 20, 205.01, Page 1.

NRC Resolution: Comment is accepted. The question could be construed
for plant situations when operstion ¢f recirculation
pumps may be required to operate. The answer and key
point distribution are revised to read:

1. Preventing temperature stratification or
in the Reactor Vessel (0.50).

2. Retaining solids in suspension until they can
be removed (by the RWCU System to prevent their
deposition in the bottom of the Reactor Vesse!
of the CRD mechanisms) (0.50).

3.  During plant startup (0.25), when RHR shut 'awn
cooling is secured (0.2%).

4. During plant shutdown (0.25), prior to RHR shutdown
cooling being started (0.25).

5.  During a loss of RHR shutdown cooling (when RHR
cannot be restored) (0.50).

(Note: Only two of the items above are required
for full credit.)

4.0

Facility Comment: Although not listed as an indication in Section 3.0

of AOP 20.106.04, there is another indication listed in
Step 2.1.1. This siep has the operator check LRPM (POWER)
as the Rod is moved to verify the rod is recoupled. This
method could also be used prior to the rod reaching
Position 48 by looking for no LPRM changs during rod
movement,
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4.11
Facility Comment:

10

Reference:
AOP 20.106-04, Page 3.

Comment is partially accepted. POM 20.106.104,
Revision 4, Section 2.1.1 must include the condition
of Section 2.1.2. Therefore, the answer key is
revised to read:

"4, Observe a response to the rod movement through
Nuclear Instrumentation (NI) response (0.25).
and
Demonstrates that the Control Rod will not go
to the withdraw overtravel position (0.25).
(Any three of the above for “ull credit)."

Note: Use of the NI response as an indication should
be added to Section 3.0 of POM 27.106.04,

Using the reference (AOP 20.710.01 Pages 1 a~d 2)
the answer key should be expanded to include:

If Reactor Building Vent Exhaust Radiation Monitor
upscale trip occur, verify the following aulomatic
action occur:

1. Reactor Building Ventilation System tripped.

2. Reactor Buflding Divisions 1 and 11 Supply and
Exhaust isolation valves close.

3. Pri Containment Purge and Vent Valves close.
4. SBGT System Auto Starts,

5. CCHVAC System aligns to Emergency Recirculation
Mode.

Notify the NSS of the event, actions taken, and that
it may be required to classify the event in accordance
with Emergency Plan Implementing Procedure EP 101,
“Nassification of Emergencies.”
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NRC Resolution:

.13

Facility Comment.

NRC Resolution:

11

Reference:
AOP 20.710.01 Refueling Floor High Radiation,
Revision 5, Payes 1 and 2.

Comment is partially accepted. The not'!fication of

the Nuclear Shift Super.isor (NSS) is added to the answer
key as an alternative answer., However, the question asked
for immediate cperator actions for the "Refueling Flow High
Radiation alarm." Therefore no credit is given for the
"Reactor Building Vent Exhaust Rod Monitor" upscale trip
imiediate operator actions.

Per Tech Spec 1.36, Page 1-6 O-Rings, Bellows, and
Welds should be acceptable for “Sealing Mechanism."

Reference:
Tech Sper 1.36, Page 1-6.

Comment is acceptable. Answer key Item 5 is revised
with these examples to read:

"S§. The sealing mechanism associated with each secondary
containment penetration (e.g., welds, bellows, or
O-rings) is operable."




1.1

1.12

1.13

fon

ATTACHMENT 2

FERMI

REACTOR_OPERATOR EXAMINATION
AUGUST 2, 1988
+ CHANGES MADE TO ANSWER KEY WITHOUT PROMPTING FROM FACILITY -

' Comment

Answer key asterisk at point (0, 1) is deleted, as a
typographica' error. Also, the range for the allowable
value on the x-axis is increased from "34-36" to "32-38,"
because the graphical accuracy intended would not be
acnfeved without the us: of graph paper and straight

edge rule-

Point value for Question 1.12 was erruneous given as
"2.00 points." The peint value for this question has
been charged to "1.50 points" to agree with the answer
key.

Point values redistribuwcd between Parts (a) and (b) to
reflect effort neaded in response. Part (a) vilue was
changed from "!.00 point" to "1.50 points" and Part (b)
value was changed for "1.00 point" to "0.50 pnint."
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. NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS

During the edministration of this examination the following rules epply!

1. Chesting on the examinstion meens e&n automatic denial of your epplicetion
and could result in more severe penalties,

¢, Restroom trips ere to be limited and only one candidate at & time may
leeve, You must avoid ell conteuts with anyone outside the examination
room to avoid even the sppeasrence or possibility of cheating,

3. Use bleck ink or dark pencil only to feciliteate legible reproductions.

4, Print your neme in the blenk provided on trhe cover sheet of the
examination,

§. Fill in the dete on the cover sheet of the exemination (if necessary).
6. Use only the paper provided for answers,

7. Print your name in the upper right-hend corner of the first page of eath
section of the answer sheet,

8. Consecutively number each answer sheet, write "End of Category T

appropriate, start each category on & new page, write only on one side
of the peper, and write '"Last Page' on the lest snswer sheet,

9. Number each enswer 88 to cetegory and number, for example, 1.4, 6.3,
10, Skip 8t leest three lines between each answer,

11. Separate answer sheets from pad and place ftinished answer sheets face
down on your desk or table.

12, Use asbbreviastions only 1f they ore commonly used in fecility literature.

13, The point value for each question is indiceted in parentheces after the
question and cen be used 88 & guide for the depth of answer recuired.

14, Show #l) colculationsg, methods, or assumpticns used to obtein en enswer
to mathematical problems whether indicated 1n the qguestion or not.

18, Partiel credit may be given. Therefore, ANSWER ALL PARTS OF TWE
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK,

16. 1f perts of the examination are not clesr as to intent, ask guestions of
the exeminer only.

17, You must sign the statement on the cover sheet that indicetes thet the
vork 18 your own and you have not received or been given assistance in
completing the examination, This must be done efter the examination has
beer completed.




18, When you complete your examination, you shell!

Assemble your exeminstion as follows!

(1) Exem questions on top.

(2) Exem #ids - figures, tehles, et:.

(3) Answer pages including figures which are part of the answer.

Turn in your copy of the exsminstion and ell pages used to answer
the examinstion questions,

Turn in ell screp peper and the belance of the paper that you did
not use for enswering the questions.

Leave the examination eren, os defined by the examiner. 1f after
leaving, you are found in this erea while the examination is still
in progress, your license mey be denied or revoked,
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1. BRINCIPLES OF NUCLEAR_POYE A
Al H AND_ELVIR.ELQW

-BQUER_EL
THEEMQDYNAMICS. HEAI _IBANSEEE.

QUESTION 1.01 (1.50)

Incressing recirculetion pump speed will ceuse WHAT change (INCREASE,
DECREASE, or REMAIN THE SAME) in esch of the following parameters?

(Assume normal cperating conditions) (1.8%)
a. actuel bundle power
b. criticel power

€. critical power ratio

QUESTION 1.02 (1.98)

Match esch of the power distribution limits [1, 2, 8 3) with its essociated
FAILURE MECHANISM in Column A and its essccieted LIMITING CONDITION in

Column B, (2.0)
1. Linear MHest Generation Rate (LHGR)
- Average Flaner Linear Heat Generation Rate (APLMHGR)

3. Minimum Critical Power Ratio (MCPR)

Column A Column B
FAILURE MECHANISM LIMITING CONDITION
Al, FUEL CLAD CRACKING DUE Bl. 1N PLASTIC STRAIN
T0O LACK OF COOLING
AR, FUEL CLAD CRACKING DUE YO B2, PREVENT TRANSITION BOILING
HIGK STRESS FROM PELLET
EXPANSION
Ad, GROSS CLAD FAILURE DUE YO B3, LIMIT CLAD TEMP YO 2200 ¥

DECAY WEAT AND STORED MEAY
FOLLOWING A LOCA

QUESTION 1.03 (1.00)

Using the steam tables, celculete 8 reactor cooldown rate (F/hr) for o
resctor pressure decreese from 1000 psig to 250 psig in one hour and forty
five minutes (105 minutes totel) SHOW ALL WORK for full credit,

(sssws CATEGORY 1 CONTINUED ON NEXT PAGE wwwaw)




1. BRINCIPLES QFE _NUCLEAR POWER_BLANI_QPERAIION,
THERDMODYNANICS . HEAT TBANSECE.ANDELVIQ ELOY

QUESTION 1.04 (2.50)
For esch of the following events, stete which COEFFICIENT of
reectivity (fuel tempersture, moderator temperature, void) would
to change resctivity,
8. Control rod drop ot power
b, SRV opening et power
¢, Loss of shutdown cooling whern shutdown

d. One recirc pump tripe while ot SON power

€. Loss of one feedwater heater ot 100% power
[extraction steam isoleted)

QUESTION 1.08 (2.%0)

1
Page § !
|
4

ect FIRSTY

(0.%)
(0.8)
(0.85)
(0.%5)

(0.%5)

Ww A SHOW ALL WORK,
bosd of T rMN f.o«mm, regehr ﬂﬂ'tl
s

What is the ohor t permissible stable resctor period, 8s steted in
the caution .f POM 22.000.03, STARTUP FROM COLD SHUTDOWN TO RATED

POWER? (0.5)

b. What is the doubling time for & constant reactor period of 2 minutes?

(0.8).

(ol 402 on l’"sel O‘M)

€. MHow long will 4t teke for power to redch the point of adaing hest Ayt

@ perjod of 7% seconds 1is rexrto:nti; (1.%)

Wit reacin PrvA meh JMMMI
+ be 429 -u(aua. 3.’!’ ;

(esess CATEGORY 1 CONTINUED ON NEXT PAGE wewaw)
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THERMODYNAMICS, HEAT TRANSEER_AND_EL.ID ELQW

QUESTION 1.06 (2.00)

ANSWER eech of the following questions given thet the resctor 1is et 100%
power end 1000 psig, when @ relief valve inedvertently opens,

N STATE the toilpipe temperatu, +, assuming etmospheric pressure in the

Suppression Pool and No Reesctor Depressurization (0.%)
b. It the Suppression Pool Pressure were to INCREASE, STATE whether

the Teilpipe Temperoture would INCREASE, DECREASE, or REMAIN THE

SAME , (0.5)
6. If the resctor sterts to depressurize when the velve is opened,

STATE wheather the Tailpipe Temperature vtll INITIALLY INCREASE,

DECREASE, or REMAIN THE SAME, (0.%)
dg. STATE the Renctor Pressure at which the Teilpipe Temperature

would be ot i1ts MAXIMUM value (during the depressurization), (0.85)

(ASSUME A SATURATED SYSTEM AND INSTANTANEOUS MEAT TRANSFER)

QUESTION 1.07 (1.00)

The resctor trips from full power, cguilibrium XENON conditions. Twenty-
four (24) hours leter the resctor is brought criticel end power level is
mainteined on reange 5 of the IRMs for several hours., Which of the following
stetements is CORRECT, (1.0)

8. Rods will have to be withdreawn due to XENON butld-in,

L. Rods will have to be rapidly inserted since the criticel
resctor will covuee & Pigh rate of XENON burnovt.

$ s Rede will have to be 1nserted since XENON will closely
follows 1te normel decey rete,

a. Rods will epproximetely remair, 86 18 85 the XENON estab-
lishes 1te eguilibrium value for this power level.

(esees CATEGORY 1 CONTINUED ON NEXT PAGE wewnn)
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QUESTION 1.08 (2.00)
Answer each of the following questions either TRUE or FALSE

A resctor hest balence wos menuslly cealculeted during the midnight to

8 a.m. shift, because the Process Computer was inopereble. The gain
edjustment factors were computed, but the APRM geain edjustmerts have not
been made.

e, If the feedwater flow rate used in the hest balunce calculation was
LOWER thean the asctus)l feedweater flow rate, then the actusl power 18
HIGHER than the currently calculeted power., (0.5)

b, If the rcactor recirculeation pump heat input used Iin the heet balence
calculetion was OMITTED, then the sctusl power is LOWER then the
currently calculeted power, (0.8)

¢, If the steam tlow used in the heat balence calculation was LOWER than
the actusl steam flow, ther the actual power {8 LOWER than the
currently calculeted pcwer. (0.%5)

g. I1f the RWCU return temperature used in the heat balence celculation wes

LOWER thar the actuel RWCU return temperature, ther the ectusl power is
HIGHMER than the currently cealculeted power. (0.%)

QUESTION 1.09 (2.00)

Concerning the Net Positive Suction Hesd (NPSH)!

8. DEFINE NPEM

L. For esch of the following, INDICATE whether the aveilable NPSH
8t the suction of the recirculeation pump would INCREASE/DECREASE/
REMAIN THE SAME: {1.%)

(1) The Feedwater Flow 18 INCREASED
(2) The Recirculetion Flow is INCREASED

(3) The Vesse! Pressure 18 INCREASED from 200 psig to 800 peig

(ewsss CATEGORY 1 CONTINUED ON NEXT PAGE wswws)
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QUESTION 1.10 (1.00)

SELECT the enswer below that would typicelly coincide with the MAXIMUM
Control Rod Worth, during & resctor startup (1.0)

8. Cold Shutdown prior to the startup

b. Heatup in Progress (espproximately 1% Reector Thermal Power (RTP))
€. Heetup Complete (epproximetely 1% RTP)

d. SON RTP

e. 100N RTP

(ennes CATEGORY 1 CONTINUED ON NEXT PAGE swwes)
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QUESTION 1.11 (2.00)

USE the 1/M plot end PREDICT the number of control rods fcquxrod to be
ithdrewn to schieve criticality, PLOT eah dafa piin? givem bolow o graph
NOTES: 1. CR = Count Rete

2. USE THE FIGURE BELOW TO SKETCHM YOUR SOLUTION

Eech CR reeding is recorded following @ § rod withdrewal with CRO
representing 100% rod density,

Number of Contreol Rods Withdrewn Count Rate
0 40
S S0
10 89
18 126
20 191
25 333
30 800

5 10 18 20 25 30 3s 40 45 S0 5%

lillecscslecncsloscalosnalsccclennsloccnlescnlonselocnslocncleanall.0
0.0: :0.0
0.8- -0.¢
9.7- 0.7
1/M 0.6: :0.6
0 5: :0 ¢
0.4- :0 R
0.3- :0.3
0.2 :0 2
0 1: :0.1
0.0:--——|----l----l----i----l----l----l----|—--—|----l----|---:

0 $ 10 18 20 2% 0" 3% 40 4% $0 -3

Control Rods Withdrawn

(ssss% CATEGORY 1 CONTINUED ON NEXT PAGE s=wus)
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QUESTION 1.12 (0!1)

An incresse in void content in an operating resctor causes 4 rageative
reactivity insertion, DESCRIBE THREE (3) effects which ceuse the void
resctivity coefficient (alpha-v) to be negetive.

QUESTION 1.13% (2.00)
Concerning the effects of Control Rods on reesctor power!

8. EXPLAIN how 8 control rod withdrawa) et certain power levels could gf?
result in 8 resctor power decresse (reverse power effect), +«+0

b, Which o9¢ of the following would be the rod movement sequence (&)
most likely to cause the reverse power effect? &3431

(1) Deep Rod - 10 notech movement
(2) Deep Rod - 1 or 2 notch movement
(3) Sheallow Rod - 10 notch movement

(4) Shallow Rod -~ 1 or 2 notch movement

QUESTION 1.14 (1.00)
MULTIPLE CHOICE (Select the ONE correct eanswer.)

The Doppler Coefficient of Reactivity correleates the change in fuel
temperature to 8 reactivity insertion,

Which statement 318 TRUE concerning Doppler Coefficient?

8. The coefficient becomes less negetive with fuel burnup, and more
negetive with control rod withorawel,

b. The coefficient becomes more negotive with fuel tempersture
incresse end less negetive with void frection iIncresse.

¢. The coefficient becomes less negoetive with control rod withdrawel,
end more negative with fuel temperature increase.

d¢. The coefficient becomes more negetive with void frection incresse
and less negetive with fuel temperature increase.

(wesns (ATEGORY 1 CONTINUED ON NEXT PAGE wuwuvw)
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QUESTION 1.18 (1.%0)

Suppose Beff over core life dacresse from 0,0072 to 0.0085., With equsl
insertions of 0.001 dK/K of positive reactivity!

8. Celculate the chanpe Iin the reactor periocd over core life. (1.0)

b. What is the cause for tnis change in Befft? ($.0)

(swess END OF CATEGORY | wewew)
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2.4
QUESTION 2.01  (ireDy

.. Whet will coeuse an RECIRC SYS A (B) STARTUP SEQUENCE INCOMPLETE !
annunicator when sterting o recirculetion pump? (‘LJL

b. Whet sutometic ection occurs, {f an incomplete start sequence is
detected? (0.85)

T Describe any sutometic eaciions thet cceur in the recirculetion
system o5 @ result of REACTOR PRESSURE., INCLUDE SETFOINTS/SEQUENCES
AS APPLICABLE. (1.0)

QUESTION 2.02 (3.00)

Answer the following questions concerning the Main Steam lscleation Valves
(MS1V)

8, Stete the sppliceble NORMAL and BACKUP pneumstic suoplies to the
Inbosrd MSIVs and to the Outboerd MSIVs. (1.0)

b, What provides the power for the MSIV normal operating solencids
ent logics? (1.0)

€. How does the loss of power to one of the MSIV solencoids eaffect
opening and closing esbility of that MSIV? (0.5)

d, An MSIV iscletion (Group 1) has occurred. The copersator sttempts

to reset the isoletion without depressing the MSIV close pushbuttons,
Does the i1soletion reset, anc if so, what happens to the MSIvVvse? (0.5)

QUESTION 2.03 (2.00)

Describe the featureof the Safety/Relief Valves (SRV) that
results in increesing the emuunt of erergy relensed per SRY ocpening. (2.0)

(sweee CATEGORY 2 CONTINUED ON NEXT PAGE swens)
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QUESTION 2.04 (2.00)

8. The RCIC system has received @ velid initietion signal end is
remping up in speed when the RCIC oil pump feails, HOW will the
turbine respond (essuming the turbine does not trip on low o4l

pressure) and WHY? (1.0)
b. The MPCl system hos received a valid initietion signal and its

auxiliery o1l pump feils to stert., HOW will the turbine respond

and WHY? (1.0)

QUESTION 2.08 (2.50)
The Control Rod Drive Mydraulic System interfaces with (interscts with)
several in-plant systems/equipment, EXPLAIN the interection with each of
the following systems,
8. Control Air System
b, Resctor Building Closed Cooling Weater
¢, Recirculetion Pumps

d. Resctor Protection System

¢, Resctor Manusl Control System

QUESTION 2.06 (2.50)

Ancwer each of the following questions concerning the Reactor Protection
System (RPS)

8. STATE tne normal eand elternate power suppliles to KPS (1.0)

e, List three (3) systems thet receive electricel power from RPS (1.%5)

(eeees CATEGORY 2 CONTINUED ON NEXT FPAGE wwsen)
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QUESTION 2,07 (2.00)

$tete whether the following conditions or signels WILL or WILL NOT cause
initistion of the Standby Geas Treetment System (SBGT) system! (2.0)

NOTE: Do rot consider setpoints., If the indiceted poarameters will
inftiete the svotem, assume the setpoint has been resched.

8. High redistion (ARM) on the Refuel Floor

b. High radistion in the reactor building ventilation exhaust
€. High perticulete activity in the drywell

d. Low flow in the offges system

.. High resvtor pressure

f. Low RPVY pressure

9. Low RPV woter level

h, Main Steem Line high rediation

QUESTION 2.08 (2.00)

The Stendby Liquid Control System (SLC) injects sodium pentaborate solution
into the resctor coolant, The pumps eare designed to limit the boron
injection rate. WHY (j1.e. what is the besis) are there limits 8t which the
solution must be injected (both urper and lower limits must be Cdlescussed
for full credit)”? (¢.0)

QUESTION ¢.09 (2.00)

8. Whet is the purpose of the Rod Block Moniteoring System? {(1.9)
L. The RBM gein change is done &0 that the REM ocutput will be equel
to or greater than the reference APRM output., WHAT s the reesson for
chenging the gein? (1.0)

(sssse CATEGORY 2 CONTINUED ON NEXT PAGE weswn)
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.

QUESTION 3.01 (2.00)

Stete whether esch of the following peremeiers directly initiates & screm,
rod block, both, or neither. Setpoints ere not required. (2.0

e, Main siesm line radistion
b, Neutren flux

¢. Reesctor vessel high level
d. Recirculetion flow

QUESTION 3.02 (2.%0)

Answer eesch of the following guestions concerning the fod Worth Minimizer
(RW") systenm

a. DEFINE or DESCRIBE (1.0)
(1) Low Power Set Foint (LPSP)
(2) Low Power Alarm Point (LFPAF)

b. Resctor power is 17% eand the RWM is ocperable.
(1) How many withdrew errors will the RWM allow? (0.85)
() Mow meny insert errors will the RWM allow? (0.8)

(3) What restrictions ere imposed on rod movement if the
sllowable number of errors 1s exceeded”? (0.%)

(eswws CATEGORY 3 CONTINUED ON NEXT PAGE wweew)
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.

QUESTION .74 (3.%9)

Assume the feedwater level control system is beirng operated in J.element
control using reeactor level detector channel A", Resctor power is at 85N,
Stendy state., For esch of the instrument or control signel failures listed
below, stete how resctor level will initielly respond (increense, decresse,
or remain constent) end briefly explain why, in terms of whet is heppening
in the Level Control System and Feedwoter Systerm immedietely following the
fatlure. Ao Scfam oceurs,

NOTE: A block diagrem of the feedwater level control system is sttached

(figure 1)
a. Channel "A" resctor level detector signal feils low.
b, Loss of signel to "B feedwoter control velve M/A transfer stetion,
¢ "B feedwater flow signel feils high.

QUESTION 3.04 (2.50)

For the following situstions, stete whether the Aytometic Depres-
surizetion System (ADS) relief velves will OPEN, CLOSE or REMAIN AS 1§,
Consider eoch set of conditions separately.

o, ADS initieting signel senled in, ADS valves ocpen . . . . resztor

woter level then rises to 177 inches. (0.5)
b. ADS initieting sigrel uenled in, ADS valves open . . . . ADS

timer reset bDuttons ere then depressed. (0.8)
¢, ADS initieting signel senled in, ADS valves cpen . . . , then @

DC power foilure occurs thet affects el)l busses supplying ADS

valves, (0.%)

¢, ADS initisting peremeters present, o loss of the preumatic supply to the
drywell heos occurred, 120 second timer timing out . . . . then the 120
gecong timer times out. {(0.%)

e. ADS initieting peremeters present, oll ECCS pumpes are secureo
except for CS pump B which 18 running with o discherge pressure
of 195 peig, 120 second timer timing out . . . . then the 120
second timer times out, (0.%5)

(ensnw CATEGORY 3 CONTINUED ON NEXT PAGE wewes)
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QUESTION

3.08

(2.80)

The Core Level Indicetor (LI-RE1D) loceted on Control Room Panel
H11-P60) hes en indiceting renge from ~150 to +50 inches.

8. WHAT fs INSTRUMENT ZERC for this level sensor?

B, Is this level sensor

(Provide the core component loceted et

Instrument Zero.)

temperature compensated?

€. MATCH the core conditions in Column | with the corcect

response of the core level indicetor (LI-RE10) in Column 2 .

QUESTION

HOW would an SR™ detector
Coused a gradusl decreese

8.

b.

3.06

COLUMN 1

LPCI is the only system
injecting into the vessel

No recirculetion flow exists,
no systems ere injecting to
the RPY, and the resctor 18
a8t atmospheric pressure

Both recirculetion pumps
are ot 45% gpeed

(1.00)

Page 18
| 0.8)
(0.%)
(1.8)
COLUMN 2
8, Full Scele
b, Downscale
$ Actus)l Level
d. 14 inches MHIGHER than
sctusl level
e, 14 inches LOWER than

ectuel level |

respond to 8 pinho.e lead which
in Argon ges pressure”

Gomme ond nevutron sensitivity would DECREASE,

Geamme sensitivity would DECREASE but neutron
sensitivity would REMAIN THE SAME,

Gomma sensitivity would REMAIN THE SAME byt

neutron sensitivity would DECREASE.

BOTH gamma and neutron sensitivity would REMALIN

THE SAME,

(venne CAVTEGORY
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QUESTION 3.10 (3.00)

There are THREE (3) speed limiters in the Recirculetion flow ontrol system
which function to limit the maximum speed demand.

8. WHAT {s the maximum speed demand limit imposed by FACH limiter?
(LIST EACH LIMITER AND THE AFPLICABLF SETPOINT. ) (1.0)

b. During what plert concitions are the #1 & #2 limiters in control
and imposing limitations on Recirculation pump spesn?
(SETPOINTS REQUIRED) (2.0)

o~

QUESTTON 3.11 (1.50)

STATE three (3) conditions thet would ceuse the Rod ~equence Control System
Annunicator, ALL A/8 SEQUENCE RODS NOT FULL OUT, %o ~larm.

(*#**2sv END OF CATEGORY 3 w®wsnnn)
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QUESTION 4.01 (1.00)

Operation of the Recirculetion Pumpe et @& suction pressure below 300 psig
should be minimized since such operations can contribute to shortening seal
life. However, STATE two ressons that mey require recirculetion pump
operations et low pressure,.

QUESTION 4,02 (1.00)

STATE two (2) slternate methods of scramming the reactor per AOP 20.000.19,
"“"Shutdown From Outside The Control Room'".

QUESTION 4.03 (1.50)

During reector startup, @ control rod is to be withdrawn., LIST three

peesible indicetions thet the control rod is uncoupled per AQOP 20.106.04,
"Uncoupled CRD".,

QUESTION 4,04 (1.00)

SOF 23.202, "High Pressure Coolant Injection System', cautions not to
defeat the automatic function of an ECCS by placing the controls in MANUAL

or OFF unless confirmed by et least twoe independent indicaetions. STATE
these two (2) indicetions.

(sesns CATEGORY 4 CONTINUED ON NEXT PAGE #swww)
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AND_EADIQLOGICAL CONTEQL

QUESTION 4.05 (2.00)

For each of the following conditiony (e through d) INDICATE which of the
cotresponding procedures (1 through 4) would need to be entered, (More
then one procedure may apply for each condition. If noe of the
procedures ere required to be entered then state '"NONE").

CONDITIONS

a. Crywell pressure hes increased to 3 psig

b. Reactor weter level cannot be determined

C. Reactor weter level decreasing to +160"

d, Urywell Equipment Sump MHigh Level Annunicator alarms
PROCEDURES

1. 29.000.01- Level/Pressure Control

re 29.000.02- Cooldown

3 29,000.03- Primary Containment Control

4, 29.000.04- Contingency For RPV Flooding

QUESTION 4,06 (2.00)

Per EOP 29.000.08, '"Reactivity Control Procedure”, if the MSIVs are open
and the Maji . Condenser is availeble, the operstor is to verify or manuslly
runbeck the Reactor Recirculetion Pumps to minimum speed before tripping
them, Explein why these pumps are runbsck prior to tripping them. (2.0)

QUESTION 4,07 (1.50)

Answer the following TRUE or FALSE with regards to the Criteris for
Stending Orders.

a. Stending Orders should be used to provide additional guidance on
administretive matters.

b, Standing Orders may conflict with procedural requirements.

€. Stending Orders cen be issued prior to epproval by the OF or AOE.

(v*ves CATEGORY 4 CONTINUED ON NCXT PAGE wwwan)
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QUESTION 4.08 (2.00)

Match the following teg descriptions (a through d) with the correct type of
teg (1 through 4)

DFSCRIPTION
o, May be placed to identify & short term condition or to explein
limitetions.
b. Used to warn against the operation of electricel or mechanical

equipment which could injury personnel.

I Used to mark the unsa’fe condition of equipment such as tools and
ladders.

d. Used for the protection of equipment or when determined to be required
be the NSS.

TYPE OF TAG

3 Red Tag

2. Safety Tag

3 Information Tag

4, Equipment Protection Tag

QUESTION 4.09 (2.00)

Per GOP 22.000.03, "Stertup From Cold Shutdown To Reted Power', when the
resctor is critical, four items must be logged in the Control Room Log
Book ., LIST these four (4) iteme (scome “"'{tems' may include more than one
entry).

(sswew CATEGORY 4 CONTINUED ON NEXT PAGE swwws)
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QUELTION 4,30 (2.00)

LIST the following system/equipment in the order they are taken out of
service during @ resctor shutdown from reted power with MSIVs open per GOP
22.000.10 Shutdown From Rated Power To Cold Shutdown.

Off Gas System

2. Lrst Reactor Feed Pump
3. Last Heater Feed Pump
4, Steam Jet Air Ejectors

8. Main Turbine

QUESTION 4.11 (2.00)

A loce) Ares Radistion Monitor ARM alesrms on the refueling floor. Upon
receiving indicetion or notification of @ Refueling Floor high radiation
condition, STATE the four (4) immediate cperator actions in the control
room?

(ewwex CATEGORY 4 CONTINUED ON NEXT PAGE #wwaw)
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QUESTION 4.12 (2.00)

Match the following Emergency Classifications (& - d) with the appropriate
description of that event (1 - 4), (2.0)

a, General Emergency 1. Events which involve &sctusl or imminent
substantiasl core degradation or melting
has occurred with & potential for lass
of containment integrity.

b. Site _mergency 2. Any condition that involves an sctual or
potential substantiesl degradation of the
level of safety of the plant.

¢. Alert 3. Events which involve likely or sctual
major failures of plant functions needed
for the protection of the public.

9. Unusual Event 4, Any station releted event which
indicates a potentisl degradatirn of
the level of safety of the plant, but
which is not likely to affect onsite
personrel or the public or result in
radicactive releases requiring offsite
monitoring.

QUESTION 4.13 (2.50)

List five of the six conditions that must be met to establish Secondary
Containment Integrity. (2.%)

(exwe® CATEGORY 4 CONTINUED ON NFXT PAGE sewwe)
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QUES T ION 4.14 (2.00)
TRUE or FALSE (2.0)

A General Radistion Work Permit (RWP) should be used for the following!

1. To enter posted Rediation Aresas

y 48 To enter posted Contaminated Areas

3. To enter postéed Airborne Redioesctivity Area
4, To enter posted Neutron Radiation Area

(*#eews END OF CATEGOKRY 4 wwwwn)
(sswwwwwnnn END OF EXAMINATION ssssxswasy)




. "
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JHEEMODYNAMICS, HEAI _IBANSEER_AND_ELVID_ELOW

ANSWER 1.01 (1.50)

a. increase (0.%5)

b. increace (0.5)
s decreoase (0.5%)
REFERENCE

Peage 27

GE Thermodynemic, Heat Transfer, and Fluid Flow Text pg.9-85, 9-86, 9-92
FERMI Nuclear Power Plent Thermel Sciences pg.10-10, 10-15

K/A 293009 K1.23 (2.8/3.2)

293009k123 o (KA's)
ANSWER 1.02 (1.98)
FAILURE MECHANISM
1. LHGR A2
2. APLHGR A3
3. MCPR Al
REFERENCE

LIMITING CONDITION

(6 @ 0.33 each = 1,98)

FERM] Nuclear Power Plant Thermal Sciences pg 10-10, 10-18

K/7A 2903009 K1.08 (3.0/3.4), K1.12 (2.9/73.58),
293009¥120 293009K112 293009Kk108

ANSWER 1.03 (1.00)

K1.20 (3.173.%)
v [(KA'S)

Obtain corresponding temp, from the steam tables by interpolation

1000 psig = 546.3 deg F

250 psig = 406.0 deg F

Temp., chenge: 546.3 - 406.0 = 140.3 deg F
Rate of cooldown: 140.3/1.79% = 80.2 deg F/hr

(.28)
(.2%5)
(.28)
(.28)

(eessx CATEGORY 1 CONTINUED ON NEXT PAGE wewrsw)
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REFERENCE

\
|
Steam Tables
K/A 293003 K1.,23 (2.8/73.1)

2390023K123 . (KA's)
ANSWER 1.04 (2.50)
a. Doppler or fuel temperature
b. Void
¢, Moderator temperature
d. Void

e. Moderator temperature
(5 st 0.5 esch = 2.5)

REFERENCE

FERM]I Reactor Theory Fundamental pg 7.5, 7.6
K/A 292004 K1.14 (3.3/3.3)

292004K114 «oRRA SR )
ANSWER 1.05 (2:.80)
s, From POM 22.000.03, shortest permissible stable period
equals 50 (+/-5) seconds. (0.%5)
b. Doubling time = (2 min)(60 s/1 min)/1.,44 = 83.3 ./~ 4 geconds. (0.5)
¢. 40% range 2 is equal to 0.04% on range 8 (0.2%5)
P(O) = 0.04 P(t, = 40 Period = 75 seconds
P(t) = P(0) e “(t/period)
40 = (.04 ¢ “(1/7% sec)
Time = 48 4/. 20) seconds (1.2%)
S8
REFERENCE

GOP 22.000.03 rev 15 pg 13

FERM] Reactor Theory Fundementals pg 10.9
K/A 292003 K'.08 (2.7/72.8)

292003K108 v CER'S)

(essss CATEGORY 1 CONTINUED ON NEXT PAGE seees)
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JHERMODYNAMICS, HEAI _IRANSEER_AND_ELUID_ELOW

ANSWER 1.06 (2.00)
8, 296 deg F (+/- 15 deg F) (0.5)
b. Incresse (0.5)
€. .ncreese (0.5)
d. 450 psia (+/- 50 psia) v0.5)
REFERENCE

Mollier diagram

Steam tables

System Book 1, 03-15-05, MS and Eypess System, Rev. 4, pg 31.
K/A 293003 K1.23 (2.8/3.1)

293003K123 o (KA'S)
ANSWER 1.07 (1.00)

c L
REFERENCE

FERMI Resctor Theory Fundementals pg 9.8
K/A 292006 K1.07 (3.2/3.2)

292006K107 «+(KA's)
ANSWER 1.08 (2.00)
a. FALSE (0.85)
b. TRUE (0.5)
¢c. FALSE (0.5)
a. FALSE (0.%5)
REFERENCE

FERMI Nuclear Power plant Thermal Sciences pg 11-9
K/A 293007 K1.,13 (2.3/72.9)
293007113 v (KA*S)

(sesew CATEGORY 1 CONTINUED ON NEXT PAGE ®wewx)
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ANSWER 1.09 (2.00)

8. P - P (or pressurec measured at the inlet of the pump) (0.85)
act sat

b, (1) INCREASE (More Subcooling at the pump suction)

(2) DECREASE ‘Reduced pressure 8t the eye of the pump results
in being closer to saturation pressure)

(3) DECREASE (Further to saturation tempersture end
incressed discharged fluid density causing less static head)
(3 ot 0.5 each = 1.5)
REFERENCE
FERMI Nuclear Power Plant Thermel Sciences pg 17-20

K/A 293006 K1.10 (2.7/2.8, K1.08 (2.5/72.%)
293006K108 293006K110 «(KA's)

ANSWER 1.10 (1.00)
¢ (1.0)

REFERENCE
General Electric Reactor Theory, Chapter 5
FERMI Reactor Theory Fundamentals pg 12.1

K/A 292005 Kk1.09 (2.5/72.6)
292005K109 v (KA'S)

(eemws CATEGORY 1 CONTINUED ON NEXT PAGE wwwss)
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THERMODYNAMICS, HEAI_IBANSFER_AND_ELUID_ELOW

ANSWER 1.11 (2.00)
32-3r
Drewing a streight line between the last two *'s predicts “—06-’-
control rods must be withdrawn,
(0.:1 for each point plotted, 0.50 for line and prediction)

a8 § 10 15 20 25 30 35 40 45 SO0 &%
YN

e B L R T R TN TN EEERR PSP PRpEpR [Repepepey [PRpnpapay gl Y
0.9- -0.9
0.8~ * -0.8
0'7- -°I7
1/M 0.6- -0.6
OIS- '005
- L -
Oo“' -0 ‘
0.3~ * -0.%
0.2’ * -0‘2
001- * '00‘
- x -
.0lcscnlcccn]assclecnnlcnsslassalsccallcscalcsnclesnalocan|ocsl

0 5 10 156 20 25 30 35 40 45 S0 -3
Control Rods Withdrawn
REFERENCE
GE BWR Aceademic Series, Reoctor Theory, Chep, 3, pg. 13-15,
FERM] Resctor Theory Fund., pg 11.11

K/7A 292006 K1.04 (3.3/73.4)
292008K104 o (KA'S)

(e*ews CATEGORY 1 CONTINUED ON NEXT PAGE swswe)




1. PRINCIPLES QF NUCLEAR_POWER_PLANT_QPERATION,

THERMODYNAMICS, HEAI TRANSEER_AND_ELVIQ_ELOW

160
ANSWE R 1,12 (S=8d)y,

(1) More neutrons will be ceptured in the resonant peaks of the fuel
(urenium and plutonium (0.5) (es the slowing down length incresses).

(2) Thermsl neutron leakege increases (0.5)
(3) Fest neutron leaksge increesses (0.5).
REFERENCE
FERM! Resctor Theory Fundamentels pg 5.13
K/A 292002 K1.03 (2.0/2.1) 292002 K1.04 (1.9/2.0) 292004 K1.03 (2.6/2.7)

292004 K1.10 (3.2/3.2)
292004110 292004x104 292002K104 292002103 v (KA'S)

ANSWE R 1.13 (2.00)

8. The negetive reactivity edded by the incressed voids generated by
the rod withdrawal is greater than the positive resctivity eadded by

-

the reduced rod absorption, fiec)

£5)

b. (4) )
REFERENCE

FERM! Resctor Theory Fund., pg 12.1 - 3
K/A 202005 x1.04 (3.5/73.58)

292005K104 «+(KA'S8)
ANSWE R 1.14 (1.00)

d (1.0)
REFERENCE

FERM] Reactor Theory Fundamenteals pg 8.22
K/A 292004 k1,08 (2.972.9)
292004x108 o (KA's)

(sexsw CATEGORY 1 CONTINUED ON NEXT PAGE ®wxwe)




1. PRINGCIPLES. OF NUCLEAR_POWER_PLANI_QPERATION,
THERMODYNAMICS, HEAT IRANSEER_AND_ELVID_ELOW

ANSWER 1.18% (1.80)
8. BOL: t =B - P/u*P = (0.0072 - 0.0061)/7(0.1)(.001)
= 62 seconds
EOL t = (0.005% - 0.001)/(0.1)(.001) = 45 seconds

CHANGE 62 - 45 = 17 seconds

b. Buildup of Pu-239 coupled with the burnout of U-235%5 causes & decrease
(0.%5)

in the effective delayed neutron fraection (Beff).
REFERENCE
FERM] Reector Theory Fundamentals pg. 10.4, 10.12

K/A 292003 k1,06 (3.7/3.7)
292003Kk106 W (KA'S)

(esews END OF CATEGORY | wesew)
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2a BLANT _DESIGN_INCLUDING SAEEIY_AND_EMERGENCY Pege 34
SYSIEMS

<.
ANSWE R 2,01 (a—“)

0.5
8, M-6G set feiled to complete startup sequence in <15 seconds B
b. The recirc M-6G drive motor Lockout Relay trips (0.5)

c. The recirc pumps trip (0.25%5) on high reactor pressure of 21§} 40/-“ s
.'4-&33- psig (0.25), The recirc pumps discharge valves shut (0.25)
if a LPCI initietion signel is present (0.125) and resctor pressure
decreases to “159"9 (0.128).

REFERENCE s ¥

Recirculetion System, pg 10, table 3 end 4
K/A 202001 K1.12 (3.5/3.6), K1.27 (4.1/4.3), K4.07 (2.8/2.9)
K4,14 (4,0/4.1), K6.06 (3.1/3.1

202001K606 202001K414 202001k407 202001127 202001K112
v (KA's )
. R .WJ . ‘-\J
ANSWE R 2.02  (3.00) m(1ther, um;.m& ol T A5Y) N

a. The pneumatic supply for the trboorq/@SIVs is Nitrogen (0.34) with
8 backup supply from instrument eair “(0.32). The supply for the
outboard MSIVs is instrument air (0,33).

/30
b. ’“-5' VDC (0.5) and 120 VAC (0.5) (RPS acceptable for the 120 VAC)

€ The loss of one solencid will not affect the ebility of the valve

to open or close (0.5). Both solenoids must de-energize to close
the valve. If either is energized, the valve will open.
€. The isoletjon will not reset (0.5). (OM(A Mtwwfﬂ"""‘u{"“

Conmnds 4o ‘&.ténu Apswvphiond Smade (€. ¢  dvma/Sradox Aoit Bl i aFim,
nmncwceq g o # .s.‘l...-.«., w:rwm/n@:'v». }

Mein Steam System eand Bypnns System, Sys Bk 1, 03-185-.0%5, Rev 4, pags 14 & 20
K/7A 239001 K1.,12 (2.8/72.6), 2.0) (3.2/3.3), K4,.0) (2.8/3.8),

K6.0% (3.373.3)

239001601 239001¥401 239001k201 239001k112 v (KA's)

(#0owe CATEGORY 2 CONTINLED TOPAGE wewaw)




2. BLANT DESIGN_INCLUDING SAFETY_AND_EMERGENCY Page 3%
SYSIEMS

ANSWER 2.03 (2.00)

The logic (Low-Low Set) is armed by ectustion of any SRV (0.5) and

8 high reactor pressure scram signal (0.5), the logic will lower the
opening end closing setpoints of two SRVs (0.5). The vealve blowdown
is also incressed (0.5)

REFERENCE

Main Steem System and Bypeass System pg 10
K/A 239002 K4.01 (3.974.0), K4.02 (3.4/3.6)
239002x402 239002401 +(KA's)

ANSWER 2.04 (2.00)

8. The turbine will speed up 8nd trip on overspeed (0.5) because
the governor valve will fail open (0.5).

b. The turbine will not start (0.5) because the governor and stop
valves require oil pressure to open (0.5) which is normally
supplied by the auxiliary oil pump,

REFERENCE

RCIC, Figures 3 and 7

MPCI, Figures 4 and 7

K/A 217000 A2.07 (3.1/3.1), 206000 K4,14 (3.4/3.4),
206000 kKS5.05 (3.3/3.2)

206000KS50% 206000K414 217000A207 . (KA'S)

(seaws CATEGORY 2 CONTINUED ON NEXT PPGE wewnn)




2...BLANI _DESION_INCLURING SAEETY_AND_EMERGENC( Page 36
SYSIEMS

ANSWER 2.08 (2.50)

8. Services the flow control velves, scram valves and screm discharge
volume vent and drein vaelves,

b. The CRD pumps ere cooled by the Reactor Building Closed
Cooling water system,

¢, The CRD hydroulic system supplies recirculating pump seal purge
water.

d. The RPS provides signels to energize or de-energize scram pilot

and scram valves and beckup scram valves (to insert rods on @&
scram. )

e, The Reactor Manual Control System provides signals to the

hydrauylic control unit, to position directional control valves
to control rod motion.

(5 at 0.50 esch = 2.5)
REFERENCE

CRDH System pg 23 and 24

K/A 201001 k1.03 (3.1/73.1), kK1.06 (2.8/2.8), K1.07 (3.4/3.4)
K1.08 (3.4/3.4), K1.09 (3.1/73.2)

20,901k 109 201001k108 201001k107 201001K1086 201001K103
«+(KA'8)
(DIv T (85 MG St A) - 480 Mec 7284¢ )
ANSWE R 2.06  (2.50) /(‘DIVE (8 m4G Srn) - 100 mee, £.54
” .
8. Normal - RPS M-G sete (G:5)
Alternete « 480V MUC (olmdnmidididbmiibo it (0.95)
b, Precess Radiation Monitoring System (0.5)
P Fower Range Monitoring Systenm (0.%5)
3, Nuclear Stesm Supply Shutorf System (0.%)
REFERENCE
RPS pg 5, 28
K/A 212000 A2.02 (3.7/3.9) (wvl ‘ar A Hidawsts -
212000A202 v (KA's) 4“* );‘4 Colosnt! V- 3.';)

(VI I (RAS AWernatde Tromibsrm B) =
4 \e Dist. Cohjael 1144 p.,z)

(wewew CATEGORY 2 CONTINUED ON NEXT PAGE ®sweww)




2. BLANT DESIGN_INCLUDRING SAEEIY_AND_EMERGENCY Peage 37
SYSIEMS

ANSWER 2.07 (2.00)
dutihd y.

will! b, wr g

will not! &, ¢, d&f, h G-
(0.25 eech = 2.0)

REFERENCE

SBGYT system pg 14
K/A 261000 K401 (3.7/3.8)
261000K401 1 (KA's)

ANSWER 2.08 (2.00)

The system discherge boron injection is limited such that the rate of
increase in the concentretion of natural boron in the primary coolant water
is fast enough to ensure @& negative reactivity insertion rate greater than
positive reactivity addition rate due to plant cooldown (1.0), yet slow
enough to ensure sufficient mixing so boron does not recirculate through
the reactor core in uneven concentrations (could cause power cycling)l,
(1.0). ) (2.0)

REFERENCE D““ﬂ’“’ M

SLC System pg S
K/A 211000 k4,05 (3.4/3.6), A1.07 (4.3/74.4)

2110008107 211000405 o [KA's)
ANSWER 2.09 (2.00)
8. i, Te prevent locel fuel damage that may result from & single rod
withdrawal error, (0.%)
2. Provides 8 signesl used by the operator to evaluate the change in
local relative power level during control rod movement. L0.8)
b. The locel power may be lower than the core aversge power, (1.0)

(soxes CATEGORY 2 CONTINUED ON NEXT PAGE ®ewws)



2. BLANT DESIGN_INCLURING SAEEIY_ AND_EMERGENCY
SYSTEMS

REFERENCE

RBM pg 4 and 7
K/A 215002 ¥1.,02 (3.273.1), GOO4 (3.23/3.4)
2150026004 215002K102 W (KA's)

ANSWER 2.10 (2.50)
12e/-0

. Resctor Pressure less than 441%psig

b. Prevent over pressurizetion of the low pressure piping
upstream of the injection velves.

¢. FO15A/B: Remove initistion signal
FO17A/B: S minutes efter initiation signal is received

d. FO17A/B can be throttled to control injection flow

Page 38

(0.5)

(0.5)

(0.5)
(0.85)

(0.5)

REFERENCE
RHR pg 32
K/A 203000 K4.02 (3.3/73.4), K4.10 (3.974.1)
203000K410 203000K402 «(KA'8)
ANSWER 2.11 (2.00)
8. 1. Low reactor water level (level 2)
2, High temperature at outlet of the non-regenerative
heat exchanger (140 deg F)
i SLC initistion
4. High sambient temperature (>183 F)
€. High differential mon.toring temperature (>53 F)
6. High aifferential flow comparison (>63.4 gpm) and 60 second time

deleay
(uny 4 a8t 0.2% each = 1.0)

b. Non-regenerative heat exchenger outlet tempersture <130 deg F (0.5)

To prevent damege to the ion exchange resin (0.5)
REFERENLE
RWCU pg 14 and 18

K/A 204000 x4.01 (2.572.5), K4,03 (2,9/72.9), k4,04 (3.5/3.6)
204000x404 204000K403 204000x401 v (KA'S)

(wenxzs END OF CATEGORY 2 ®wwwy)



3. _INSTRUMENTS AND_CONTROLS Page 39

ANSWER 3.01 (2.00)
a. scram
b:. both

c. neither
d. rod block
(4 et 0.5 each = 2.0)

REFERENCE

RPS, pg 6

RBM, pg 16

K/A 212000 X1.0) (3.7/3.9), K1.03 (3.4/3.6), K1.05 (3.3,3.6),

K1.14 (3.6/3.7)

212000K114 212000108 212000K1D3 212000K101 «+(KA's)

ANSWE R 3.02  (2.50) (2§ +/-$ ) =

8. (1) The LPSP is defined es the power level below which the RWM
program is enforcing adherence to the control rod movement as
compsred to the rod sequence (0.5) or similar,

(31547 28%) »
(2) The LPAP is the power level®above which all RWM blocks, alarms,
and error displays are discontinued (0.5) or similar.,

b. (1) 1 (0.%)
(2) 3 (0.5)
(3) Rod blocks will occur on all rods (0.25)except for the rod(s)
required to correct the insert or withdraw errors (0,25).
REFERENCE

Rod Worth Minimizer, po 4, 15
K/A 201006 4,01 (3.4/3.%5), k4,02 (3.5/3.58), k4,08 (3.2/73.4),

K4.07 (3.1/3.2)
201006x407 201006K40¢ 201006Kk402 201006K4A01 v (KA's)

(#vses CATEGORY 3 CONTINUED ON NEXT PAGE wewnn)




2. INSTRUMENTS AND_CONTROLS Pege 40

ANSWER 3.03 (3.99)

a. Causes resctor level to increese [0.33) due 15 the level control
system having & level error, level set., indicated level (0.5) rasulttn’
in the feedwater control velves opening to match new higher level
(0.%5).

b. Reactor level should reiain constent [0.33) because the "B" M/A
trensfer stetion will lock-up [0.5). The "A'" feedwater control valve
will control level [(0.5)].

c. Ceuses reactor level to decreasse [0.33) due to the lavel control
system having ® steam flow/feed flow error, steam flow ¢ feed flow
[0.5) resulting in the feedwater control valves 10 close to match new
lower level [0.5).

REFERENCE
Reactor Vessel Level Control System pg 12, 13, end figure 1

K/A 259001 K1.08 (3.2/3.2). K1.09 (2.8/3.0), K3,01 (3.8/3.8)
K3.02 (3.7/3.7)

259001K302 258001K301 258001K109 259001K108 . (KA's)
ANSWER 3.04 (2.50)

a. ADS valves remain as is (0.5)

b. ADS valves close (0.5)

¢. ADS velves close (0.5)

d. ADS valves open (0.5%5)

e. ADS valves cpen (0:.%)
REFERENCE

Automatic Depressurizetion System, pg 2, R, 9, and figure &

K/A 218000 K5.0) (3.373.8), x4.04 (3.573.t ), A2.0% (2.4/3.8),

K&. U2 (4.174,1), AY1.0% (4.1/74.,)1)

218000602 218000K501 218000x404 218000A20% 218000A10%

s+ LKA'S)

(e®es» CATEGORY 3 CONTINUED ON NEXT PAGE wwsewr)




2. INSTBUMENTS _AND_CONIRQOLS

3.0% (2.50)
Top of sctive fuel (0.50)
Yes (0.50)

(3 ot 0.5 esch = 1.5)
REFERENCE
FERMI RPVY Process Inst,umenteation pg 6.
K/A 216000 K1.0% (3.7/3.9), K1.22 (3.6/3.8), K1,23 (3.3/73.4)
KS$.01 (3.373.2), K&4.14 (3.373.4)

216000K123 216000K10% 216000K414 216000KS0!}
o (KA'S)

ANSWER 3.06 (1.00)
8

REFERENCE
SRM pg 17

216000K122

K/A 291002 K1.22 (3.0/73.1), K1.19 (3.0/3.1), 715004 KS.01 (2.6/2.6)

215004K501 291002K118 291002Kk122 v+ (KA's)

ANSWER 3.07 (1.50)
Motor overlosd (0.28); 176 & (0.28)
High frame o1l temperature (0.25)! 150 deg F (0.25)
Low lube o0i] pressure (0.28); 10 psig (0.25)

Ground fault (0.50)
{eny three = 1,50)

(swess CATEGORY 3 CONTINUED ON NEXT PAGE sewsw)
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.. INSTRUMENIS_AND_CONTROLS Page 42

REFERENCE

Compressed Air System pg 7
K/A 2950196011 (3.9/4.1), G009 (3.4/3.4)

2950196009 2950196001 . (KA'S)

aNSVER  3.08  aday T
&) NO (0.8)
b) YES (0.%)
o Jltid 5. (0.5)
d) NO (0.5)
e) NO (0.5)
£) YES (0.8)

"EFERENCE

Power Range Monitor (PRM) pg 13
FERMI Tech Specs pg 3/4 3-5
K/A 215005 K101 (4.07/4.0), K4.01 (3.7/3.7), K4.02 (4.1/4.2)

215005K402 215005x401 215008x101 (KA's)
ANSWER 3.09 (1.50)
8, Opens the scram discherge volume vent and drain valves (0.%)
b, Shutdown [0.25) or Refuel (0.25) (0.%5)
¢. Rod Withdrawal Block (0.%)
REFERENCE

CRD Mydrouitcs, pg 12
K/A 201001 AY.085 (3.3/3.4), k4,06 (3.8/3.9)
201001K40e 201001A105% +«[KA'S)

(ssess CATEGORY 3 CONTINUED ON NEXT PAGE wweww)




2. INSTRUMENTS AND_CONIROLS Pege 43

|
|
\
|
|
ANSWER 3,10 (&.00) \
¥\
nh
#1 Limiter <30% (0.25)
#2 Limiter < 47 10.25)

Wi Limitor <489, (03‘5)
b. Limiter #1: Recirc. pump discharge valve [0.25) not fully open (0.75)
ﬁ'“"?..du.t.r flow [0.25) <20% [0.25) (1.0)

Limiter #2! "A" or "B'" Resctor feed pumps [0.25) not running reted
flow [0.25) and & reactor vessel [0.25) level less than

level 4 (192.5") [0.25) is received. (1.90)

FEFERENCE

Recirculation Flow Control System pg 10-12',»‘ Prc w2294, ?-

K/A 202002 K4,02 (3.1/3.2), K4,.07 (2.8/2.9)

202002x407 202002K402 v« (KA's)
ANSWER J: 31 (1.50)

Power less than 35%

r Neither all A sequence control rods or all B sequence control rods

are fully out, and

3. Power is grester than 30% (or the Reactor Mode Switch is in the REFUEL
position)

(3 ot 0.5 eoch = 1.5)

REFERENCE
Rod Sequerce Contrel System pg 6

K/A 201004 GOO® (3.7/3.4)
201004G00S8 o [BA'S)

(#news END OF CATEGORY 3 wswman)




8. _BPROCEQURES - _NORMAL, ABNORMAL, EMERGENCY Page 44
AND-B&QIQLQQIC&L-CQUIBQL
b | »u-'-‘,lo-l',of ) u] wlin RHE §haddawn M[O U"J

4, bm«a f'h’ sy v [o.as] pren B L 3 heidelrans lu»a

S Doy @ /s Lie :u-o...-.-«..a' ( wHun, Erit con? £+
M&J ) Lo.s7).

00)
[Q!]‘r‘g :IU"‘LI*hﬂﬁtuhfF(‘AJ jpﬂ‘zulcg4k‘.¢11

Preventing tomperoturo stratificetion xn the R essel, (0.5)

ANSWER

Reteining solids in suspension until they can be removed (by the RWCU
System to prevent their deposition in the bottom of the Reactor Vessel
of the CRD Mechanisms), (0.%5)

REFERENCE

SOP 23.138.01 Rev. 21, Resctor Recirculation System, pg 7
/A 202001 K1,0% (3.4/3.4), K4,.12 (3.2/3.5)

202001Kk4)32 202001K105 v (KA's)
ANSWER 4,02 (1.00)
1. Scram the resctor at H1)1-PEDEBRR by taking one operable APRM's Mode
switch out of OPERATE position in Div., I and DIV. 11 (0.5)

"

Trip the main turbine at M11-PE32 r, removing the relay cover from
TTR1 or TTR2 and then push back on the reley trip coil bar at the top
until the trip flag falls. (0.5)

REFERENCE

AOF 20.000.19, Shutdown From Outside The Control Room
K/A 295016 G006 (4.1/4.1), AK2.02 (4.0/74,1)

295016Kx202 295016G00€ v+ (KA's)

ANSWE R 4.03 (1.60
2% Control Rod Overtravel arnunicast
¥4 Loss of poesition indicetion, (pest position 48), wher fully withdrawr
3. Control Rod Drift snnunicator

REFERE&CE T —
AOF 20.106.04, Urcoupled CRD ’ 0‘“"‘"“ “*NM‘"M#
K/A 201003 601§ (3.8/3.9) Pl M ; Intbruwssntdhe. (NT)

err

2010036018 (KA'g) /z“’,,,“

- rhe Cortal Ak o &
;‘:aﬁf& rertrand yisiho L0 &:i

‘n? *‘4 ﬂbnﬂ.o‘hml&kﬂ{fui(&huhV ‘).
(eewws CATEGORY ONT INUE m. NEXT FAGE wowwn!

W




4. _BROCEDURES - _tOBMAL, ABNQRMAL, EMERGENCY Page 4%
AND_BARIQLOGICAL _CONIROL

ANSWER 4,04 (1.00)
Misoperation in sutomatic wee initiated

2, Acequete core cooling is essured
(2 ot 0.5 = 1.0)

REFERENCE

SOP 23.202, HPC] Sysiem pg 13
K/A 206000 A2.17 (3.9.4.3)

206000A217 o (KA's])
ANSWER 4,085 (2.00)

8. 3

b B

c. 1

d. none

(4 at 0.5 esch = 2.0)
REFERENCE

EOP 29.000.01 pg 1, 29.000.03 pg 1, 29.000.04 pg 1
K/A 205024 GO11 (4.3/4.5), 295031 G011 (4.2/4.,6), 295036 6011 (3.8/4.1)
29050366011 2950316011 2950246011 v (KA'S)

ANSWER 4,06 (2.00)

Running beack the recirculetion pumps prior to tripping them minimizes the
heot load added to the suppression pool [1.0). If the pumps were tripped
at higher speeds 11 may ceuse o8 severe encugh transient to trip the main
turbine and 1ift the cafety/relief valves which would add heet to the torus
[(1.0). (2.00)

(ewens CATEGORY 4 CONTINUED ON NEXT PAGE wewsw)



8. _PROCEQURES - _'sURMAL . _ABNORMAL, EMERGENCY Page 46
&ND_BARIQLOGICAL CONIEQL

RTFERENCE

EOP 29.000.08 rev 2, pg 2
OCAP Course. ATWAS Study Guide Section X
K/A 294001 K1.09 (3.4/3.8)

294001K1089 « s CXA'S )
ANSWER 4.07 (1.50)

8. True

b. False

s False
REFERENCE

Admin Proc. 21.000.01, Conduct of Shift Operations, pg 12
K/A 294001 A1.,03 (2.7/73.7)

294001A103 v (KA's)
ANSWER 4.08 (2.00)

a 3

b. 1

¢ 2

d. 4

(4 st 0.5 each = 2.0)

REFERENCE

Admin Proc 12.000.012 rev 18, Tagging and Protective Barrier System, pg?
K/7A 294001 K1.02 (3.9/4.3)
294N01xK102 v (KA's)

(vesee CATEGORY 4 CONTINUED ON NEXT PAGE sssws)




$...PROCEDURES - NORMAL, ABNCIMAL, EMERGENCY Page 47
AND_BARIQLOGICAL_CONIROL

ANSWER 4.09 (2.0C)
. Time
2. Rod Sequence, Rod Group, Rod, and Rod Position
3. Resctor Coolent Tempersture (@s indiceted by RWCU inlet or Resctor

Recirc. loop temperature)
4. Reactor periog
(4 ot 0.5 each = 2.0)
REFERENCE
GOP 22.000.03 rev 15, Startup From Cold Shutcdown To Rated Power pg 1

K/A 294001 AY.06 (3.4/3.6)
294001A106 v (KA's)

ANSWER 4.10 (2.00)

s; ?0 ‘o 1‘ 3
(D.4 eoch, subtract 0.4 for each one out of order up to thye +alue 2.0)

REFERENCE

60P 22.0006.10 rev 6, pg &, 10, 11
K/A 294001 A1.13 (4.574.3)

2940015113 +(KA'Ss)
ANSWER 4.11 (2.C0)
1. Announce the event over the Hi-ce:
7. Sound the ”pltnt Ares Alerm',
3. Notify Health Physics.
4. Notify Security.
M’

5. wa Wy Lrar Shopr f-rmm (wss)

[ A.a4 of The idans dwe dn ¥ Lad, Mo.wf*"-"‘l

(¥n%% CATEGORY 4 CONTINUED ON NEXT PAGE vewen)



8. PROCEQURES - _NOBMAL . &&N, "MAL. EMERGENCY
AND_BALIQLOGICAL COWIRDL

Page 48

REFERENCE

AGP 20.710.01, Refueling . loor High Radietion rev &,
K/7A 295023 GO10 (3.9/3.%)
2850256010 o (KA's)

09 1

ANSWER 4,12 (2.00)

.C
b,
ct
d!
(0.5 each)

P W e

REFERENCE
EP 102, 103, 104, 10§

K/A 294001 AY1.16 (2.8/4.7)
294001A116 (KRR

(sssex CATEGORY 4 CONTINUED ON NEXT PAGE w®wrsy)
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$...PBOCEDURES. . NORMAL, ABNQRMAL, EMERGENCY Page S0
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REFERENCE

Admin Proc 12.000.013 rev 8, pg 7
K/A 294001 kK1.03 (3.373.8)
294001K103 «(KA's)

(*eenvn END OF CATEGORY 4 sswsn)
(ssvvnnnnsy END OF EXAMINATION ssssvwnney)
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PAIA_SHEE!
IHEBMORYNAMICS AND _ELVID MECHANICS EUBMULAS:
O =man 2 w LAT
B it e fmaepdbiai
1 1n R./R In R /R,
@ =UA (aT) e ¢ wonelond ¢ sessBecl
- . . K
2 3
@ =mc (am
P 0G=aéannr?
) " h, =h_.)
ne 102 _0ut ne --L0....0ut real _
O‘n ("tn - hout)leoal
Wactual Pivi PaVa
% B - e B wme--
uouppllod 71 T2
h o= pAV Py Vy = PRV,
3 —
ho=xka TP B &M-maﬁ-xa;vi_w-mop,lar
&Y _(in) = AT (out) ti';h
at = 2221l ol fewt) 6 » -=-30-..
AT im) 8.8x10
In (e=mecccnee )
AT (out)
Grz kALY
Ty = Mgy @ oo B g soece
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| RAIA_SHEEI
CENIBIEUGAL BUME _LOWS:
R LY Lo LY
Ny 62 (N,) M, (N,) Py
BORIATION_AND _CHEMISIRY _FQRMULAS:
R/hr = 6CE/d2 1, =1, 8™ €V, = €,
G = Rilution Rate 1= 1, " C=c,e®
Volume 10
A=A o Mt A = AN
CONVERSION™-
1 gn/emS = 62.4 1bm/étS Density of water (20 C) = 62.4 lbm/ftS
1 gal = B,345 1bm
1 ¢t3 = 7.48 gal Avogadro's Number = 6,02% x 1023
1 gal = 3.78 liters Heat of Vapor (Hzo) = 970 Btu/lbm
1 1bn = 454 grams Heat of Fusion (ICE) = 144 Btu/lbm
e = 2,72 1 AMU = 1,66 x 10" 2% grams
n o 3,1415%9 Mass of Neutron = 1,00866% AMU
1 KW = 738 ft-1bf/sec Mass of Proton = 1,007277 aMu
1 KW = 3413 Btu/hr Mass of Electron = 0,000%49 amu
1 HP = S50 ¢t-1bf/sec One atmosphere = 14,7 psia = 29.92 in. Hg
1 HP = 746 KW °F = §/%5 °C + 32
1 HP = 2545 Btu/hr ‘C = 85/9 (*F - 32)
1 Btu = 778 #t-1b+# 'R = *F + 440
1 MEV = 1,54 x 107'® pey 'K = *C + 273
he a.13 x 1072 M-gec
1 W 3.2 109 ¢iesione/sec

e, = 32.2 1bm-¢t/1bf-sec’

1 inch = 2,54 ¢cm

¢ = 0.1714 x 1078

Btu/hr 4t

2

c2 = 931 MEV/AMU
C*3n 10" a’sec
4
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RAIA_SHEEI
OYEBAGE _TUEBUAL .CONRUCTIVIIY. (K2
Matecial K
Cork 0.02%
Fiber Insulating Board 0.028
Maple or Dak Wood 0.0%9&
Building Brick 0.4
Window Glass 0.45
Concrete 0.79
1% Carbon Steel a5.¢>
1% Chrome Steel 35.00
Aluminum 118,00
Copper 223,00
Silver 235,00
Water (20 psia, 200 degrees F) 0.392
Steam (1000 psia, 550 degrees F) 0.046
Uranium Dioxide 1.19
Helium 0.135
lircaloy 10,0
BISCELLANEQUS INEQBMATION:
E = mcz
KE = 1/2 mv2
PE = mgh
V‘ = vo + at
Geometric Dbject Area Vol ume
Triangle A= 1/2 bh YNNI
Sauere A= B¢ PIEELIIIELIIII Y
Rectangle = L x W PIIIPPIREI I MY
Circle = ﬂ;7 LIIELER LA Eitiiey

Rectangular Solio Ve L x WxH

“
=
A= 2(LxW + LxH * WxH)
‘ 4 4 4

Right Circular Cylinder = (2 nr)h + 2(nr®) V= nr'hn
Sphere A= 4 wrz V= 4/3 (wr’)
Cube AP LI PN EN I iireili V = S3
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RAIA_SHEEZ

BISCELLANECUS _INEQBMATION. Scontiauedl:

10 CFR 20 Appei.dix B
Table 1 Table 11
]B.nma
Energy Col 1 Col 11 Col 1 Col 11
MEV per Air Water Alr Water
Material Half-Life |Disintegration uc/ml uc/ml uc/ml uc/ml
Ar-41 1.84 h 1.3 Sub| 2x10 0 | ~=--- T i ——
Co-60 5.27 v 2.9 8 | 3x10 7 |1x10 > || 1x10°© [sx10 >
1-131 8.04 o 0.36 8 | 910 7 |ex10 > || 1x10 9| sx10 7
Kr -85 10.72 y 0.04 Sl 16107 | seeas 10 ' | cecees
Ni-65 | 2.52 h 0.%9 S | 910 7 |ax10 > || 3x10°° |ix10 ¥
Pu-239 2.81%10° y 0.008 8 | 2x10 '2| 1x10 6x10 13| sx10 ®
Sr-90 Wy | wesse 8 | 1x10 7 |ix10 > 3x10 4| 3x10”7
Xe-135 9.09 h 0.2% Sub| x107% | ~---- I A
Any single radionuclide with T > 2 hr . ! & _
which does not cecay by alpha &F% 31077 [ox107> || 1x107'°| 3x107®
spontaneous fission
Neutron Energy (MEV) Neutrons per cm’r Average flux to deliver
equivalent to 1| rem 100 mrem in 40 hours
thernal c7o.xo: 670
0.02 aoo-xo‘ 280 (neutrons)
0.5 43-10. ) 30 o g -
10 24x10 17 en” x sec
[  Linear Absorption Coefficients p (em ')
Energy (MEV) Water Concrete Iron Lead
0.5 0.0%0 0.21 0.63 1.7
1.0 0.067 0.1%5 0.44 0.77
1.9 0.057 .13 Q.40 90.97
2.0 0.048 0.11 0,33 0.91
2.3 0,042 0,097 0.31 0.4%9
3.0 0.038 0.088 0.30 0.47
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Table 3 Superhested Steam

so Se YemprBivn - Degiees Tavene

(Y

T
“Egs Lea~
o2 =
Y o
£og Bz:
SX
3% “S2§
gap - -

e “-111
~Bg> TSRt
Bew -
G sl g
e a
ce=3 ag>
™t~ S -
R e

By 83=
anm K==
2Rs SR
== 322

Are~

” g
4 ot BT =
e T
eSS B2
as== anm

s %

2= 8=
wnm mw.m

...l "“

PR

Tk

i

X0
—rnts
<
-

§ = superheat #

2

X
La
ty
&g
it
LA
_ -

v = spechic wolume cv ftper Ib




Toble 3 Superhasted Steam -
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Table 3 Supernesind Steam - Continvee
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