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- UNITED STATES OF AMERICA
'

NUCLEAR REGULATORY COMMISSION'
-

1

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
.

In the Matter of )
)

METROPOLITAN EDISON COMPANY, )
et. al. ) Docket No. 50-289

'

(restart)
1(Three Mile Island Nuclear

Generating Station Unit No.1) )

NRC STAFF TESTIMONY OF PAUL F. COLLINS

REGARDING THE ADEOUACY OF STAFF'S ADMINISTRATION

OF ITS EXAMINATIONS
-

a

0. 1. Please state your nam and position with the NRC.

A. My name is Paul F. Collins. I am Chief, Operator Licensing Branch,-

Office of Nuclear Reactor Regulation.

)

Q. 2. Have you prepared a statement of professional qualifications?
,

A. 2. Yes. A copy of this statement is attached to this testimony.

..

Q. 3. What is the,pu pose of your testimony?
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A '. 3 The purpose of my testimony is, to address and describe -the actual

administration of the October 1981 TMI-l operator examinations. -

including proctoring, grading, safeguarding of the exanination,

licensee's review, and extent to which questions used in these

examinations were the same as those used on previous examinations.

,

Q.4 What procedure was used for proctoring the October examinations?

A.4 We made arrangements with four professors from Pennsylvania State

University, Capital Campus, Middletown, Pa., to proctor examinations.

P. Collins' met with them at the TMI training center on September 24,

1981 to discuss the proctoring and to permit them to see the examina-

tion room and to acqu& int them with facility management. The items

they proctored are indicated below.

Dates*

7

Professor William Aungst October 22 & 29, 1981 - all day

Pennsylvania State University
i

|
Capital Campus

( Middletown, Pa 17047

| - , , s.

Professor William Welsh October 22 & 29, 1981 - half day

Pennsylvania State University (morning)

! Capital Campus
I

! Middletown, Pa 17057
!

-
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Professor Wesley Houser October 21 & 28, 1981 - full day

Pennsyl/ania State University October 22 & 29, 1981 - half day-

Capital Campus (afternoon)

Hiddletown, Pa 17057

Professor Joseph Douglas October 21 & 28, 1981 - full day

Pennsylvania State University

Capital Campus

Middletown, Pa 17057

The proctors were present in the roon when the exaniner passed out

the examination to the candidates and listened to the instructions

given, including admonitions regarding cheating. There was at 1. east

one proctor present in the examination room at all times during

administration of the exaninations. They had no other concurrent

-duties to that of proctoring. They toured the room, assured that

there was no communication between or among the candidates. They
"

permitted only one candidate to be out of the room at a time and

made a log of absences. At the conclusion ,of the examination, the
,

proctors assured all paper was turned in.

Q.5 How is the grading being conducted?

A.5 The reactor operator examinations are being graded by the individuals

who wrote the examinations at Battelle Pacific Northwest Laboratory.

.

- , . .- , _. .- -~,
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The individuals indicated that one question or one section is being

graded at a time for each candidate before proceeding onto the next

question or section. This is in conformance with our normal grading-

practices.

One individual is grading categories A, B, and C, another is grading

categories D, E, and F, and a third individual is grading categories

G and H.

The senior operator exaninations are being graded by NRC exaniners

in the Bethesda offices. The same question is being graded for all

applicants prior to grading a subsequent question. One examiner

is grading the "A" examination. Two examiners are grading the_"B"

examination, one will grade categories I, J and K, while the other

will grade categories L, M, and N.

All graders have been alerted to compare answers to determine if any

cheating is apparent.

'"
, , .

The examinations will be reviewed by OLB supervision, per Examiners'

Standard ES-109, that includes a review for cheating.

<

0.6 How were the examinations safeguarded?

!

,
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A.6 The senior operator examinations were prepared in NRC offices in

Bethesda, Md. Access to the offices is limited and controlled.

The examinations were transported to the TMI training center in

the possession of an NRC examiner. The examinations were passed

out at the facility on the day they were administered.

The operator examinations were prepared in Richland, Washington

at the Battelle Pacific Northwest Laboratories. Access to these

offices is also controlled and limited. The exams were mailed

to the NPC Bethesda offices, where they were reviewed, edited,

and copies reproduced. .The examinations were transported to the

TMI training center in the possession of an NRC examiner. The

examinations were passed .out at the facility on the day they

were administered.

A.7 Were the examinations reviewed by the Licensee?

A.7 Yes. '

. .

,.

_Q.8 How was the review conducted?

A.8 After the examinations were distributed to the candidates, the

. examiner met with licensee representatives outside the examination

.
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room and reviewed-the questions and answers. At the conclusion of

the review, the examiner returned to the exanination room and

explained changes, as necessary, to the candidates.

Q.9 Have you reviewed the Octob0r examinations to determine if questions

were similar to those-asked on other examinations?

A.9 _Yes. We compared the TMI-l October examinations with all the

examinations administered since April 1981 at B&W-designed

facilities. These facilities are: Arkansas Nuclear One, Unit

1; Oconee Nuclear Station, Unit 1, 2 & 3; Crystal River Nuclear

Plant; Davis-Besse Nuclear Plant; and Rancho Seco Nuclear Plant.

0.10 What were the results of that review?

f

A.10 Less than 4% of the questions on the two R0/SRO examinations

given at TMI-1 in October of 1981 were similar to those given

at the other B&W-designed facilities. -

-0

0.11 Do you have the Master Copies and answer keys of the examinations
' administered at TMI-l in April 1981?

A.ll Yes. We have copies of the "A" and "B" operator examination and

senior operator examination.

.
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Q.12 Do you have copies of the answer _ key as originally prepared?

.

A.12 No. The answer keys contain many hand written notations.

0.13 Can you ascertain from the hand written notes who made them, when

they were made, and why they were made?

A.13 We can distinguish who made the notations. However, we cannot

determine when they were made, nor can we determine why they

were made.

Q.14 Can you determine who prompted the notation?

A.14 No. The examination and answer key are typed at the same

time. Changes to the key can occur and hand written notations

be made because:

f- 1. The complete answer was not typed. -

|

2. .The examination review process, prior. to the administration ,

<

!

of the examination, may reveal a change is necessary.

3. The licensee reviewers may recommend a change.

4. The grader may determine that the answer should be changed.
;

'

I.

At this time it is impossible to determine why answers were changed

or augmented.

.

n
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Q.16 Are the ftaster and answer keys to the April examinations included?

A.16 Yes.

i

.
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L'.S. NUCLEAR- REG"L/4 TORY CO'?dISSIO"- ,

'

SENIOR REACTOR OPERATOR LICENSE EXA.''I'iATIO"

.

%

Facility: TitI-1-

w
Reactor Type: B&W

'

Date Administered: 4/A#81 - WE D..

Examiner: Wilson /Bocer/f tcflillen

Applicant: M MTEQ. A

INSTRUCTIONS TO APPLICANT:
.

.

Use separate paper for the answers. Staple question sheet on top of
the answer sheeets. Points for each question are indicated in paren-
theses after the question.

*

Category- " of Applicant's % of
Value Total, Score Cat. Value Catecory ..

15 17.4 I.~ Reactor Theory

12 14.0 J. Radioactive Materials
Handling, Discosal and
Hazards

13 15.1
. . _.

K. Specific Operating . ~... .

Characteristics

e 13 15.1 L. Fuel Handling and Core
,

|
- - - - - - Parameters -

|

20 23.3 M. Adninistrative Procedures,

Conditions and Limitations

|

| .N. Theory of Fluids and Thermo-
_13__ ic 1

dynamics

Totals86 Lgg,9

|
|
[

I

: Final Grade %
.

!

I

"

.

. , ,- . . , . , --- - a - --
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.;uclear Theorv f15)*

,

c llowing an increment of reactivity addition, while subcritical, thereI.1 o
are two factors involved in the determination of how long it will take
to reach an equilibrium count rate. What are these two factors? (2) _

.I.2 ~ An increase in moderator temperature will influence the total non-
leakage probability ad on the response seen by the out-of-core
detectors. What influence does the moderator temperature increase
have on each of these parameters (i.e., increase or decrease) and on
which will the effect be more significant? (2)

I.3 Tech Spec 3.1.3.4 states that the reactor must be maintained
subcritical by at least 1% Ak/k until a steam bubble is formed.

a. What is the basis of the shutdown margin Tech Soec? (1)

b. Assume the reactor is at hot shutdown, Tavg 532Yand 0TSG's at
low level limits. Would the consequences of a steam line break
in this condition be worse at BOL or E0L? Why? (2)

c. Assume for any time in core life, the' reactor is at hot shutdown,
Tave 5320F, and flooded nozzles in the OTSG's (97-99% on operate range).
Would the consequences be less or worse than if the OTSG's had
been 1ow level limited? Why? (2)

, ,,
, ,

~

I.4 Each of the three following reactivity carameters changes over core
life (according to 0ARP Nuclear Theory lesson olan): Equilibrium
Xenon, moderator coefficient, power deficit. Below are the
numerical values given in the lesson plan. For each reactivity
carameter, briefly explain why it changes and how it would
affect shutdown margin (larger or smaller)Tmmediately following

..
.a. trio from full power. ..~.. .

Parameter BOL EOL

, . .a. Equil.ibrium Xenon -2.64% ok/k -2.73% Ak/k-

i. Reason for change:
ii. Effect on SDM (2)

1

b. Moderator Coefficient .77 x 10 Ak/k/* F -2.63 X 10-4 Ak/k/ F-4 0

i. Reason for change
ii. Effect on SDM (2)

c. Power Deficit (0 to 100%) -1.34% Ak/k -2.06% Ak/k
,

i. Reason for change
ii. Effect on SDM (2)
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J .- RADIDACTIVE' MATERIALS' HANDLING, DISPOSAL AND HAZARDS (12)
.-

J.1 Iodine 131 has a half life of 8 days and emits a 0.61 MEV Beta,
a 0.J6 MEV gamma 80% of the time and a 0.64 MEV gamma 10% of
the time. For three curies of this material, (Show all calcula-
tions).

a. What would the activity be after it has decayed for'30 days? (2.0)
'

b. After this 30 day decay period, if all this activity were in
one liquid radwaste tank could it be discharged directly to
the environs? Briefly explain your answer. (1.0)

J.2 What two criteria must-be satisfied in order forpersonnel to enter-
an area without an approved RWP, when the radiological conditions ~
exceed the conditions which require an approved RWP. (2.0)

J.3 a. List tw2 portable instruments at your facility that can be -

used to detect Beta-Gamma radiation. (1.0)

b. List one portable instrument at your facility that can be
used to detect alpha radiation. ( 0. 5)

c. List one portable instrument at your facility that can be used
to detect neutrons. ( 0. 5)

. -
.

J.4 What are the 10 CFR Part 20 requirements for 24 hour notification
of an overexposure of personnel to' radiation? (1.5)

J.5 A unit used to describe the activity of a radioactive substance
is a curie. If the biological hazard of a substance of X curies
is to be assessed, what additional information must be known
about the substance?

. (1.5), , , ,

J.6 a. What are the two facility limits on primary to secondary
leakege? (1)

-
. . . . -"

b. Explain the basis for each limit. (1)
.

4
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K. SPECIFIC OPERATI!iG CHARACTERISTICS (13)
.-

K.1 Assume the unit is operating at full power with an imbalance
of -6, when a spurious runback reduces power to 90% and shifts
imbalance to -14.

-

a. Assuming no operator action, how will imbalance change
over the next 4 hours? Explain. (1)

b. Consulting Figure. K.1, outline two methods of returning
the unit to an allowable imbalance. For each, describe
how the method will cause imbalance to change. (2)

K.2 After a reactor trip from full power, situations exist that
require taking the RCS solid.

'

a. How do you verify that the RCS is solid? (1)
~

b. Give five ways to reduce RCS pressure when solid. (1)

c. Outline a procedure to recover a pressurizer steam bubble. (1)

K.3 Explain how changing the turbine bypass valve reactor trip
setpoint bias from 125 psi to 150 psi would affect facility
operations. Figure K.3 should be used. (2)

. .

K.4 While operating at fall power, the unit experiences a trip.
Two minutes' later all four RCP's trip due to a loss of offsite
power. Power is restored 30 seconds later. You arrive in the
control room five minutes after the reactor trip. verifying that
the immediate actions of procedures 1202-4 and 1202-2 have been
accomplished, you observe that hot leg temperature is rising at

0a rate of almo.st 5 F per minute.
. . . , . --

a. What is the most probable cause of this temperature increase?
Expl ain. (1.5)

b. Should'you restart one or more RCP's in respoise to this
~

temperature increase? Explain why or why not. (1.5)

K.5 While operating at full power.the unit experiences a transient!

| which results in a reactor trip and ESAS initiation.

a. If the cause of the ESAS initiation is high reactor building
pressure, should you trip the RCP's? Explain why or why not. (1)

b. If, due to unavoidable circumstances, the RCP's are not
inmediately tripped per EP 1202-68, should you trip them
several minutes after the reactor trip? Explain why or why not. (1)

.
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L. FL'ELHAi:DLING, AIG CORE . PARA"ETERS (13):

L.1 The Safety Limits of the reactor core are based cartially or two. -

parameters that are not directly observable: DNBR and power peaking. .

a. What four observable parameters are used to detennine
DNS.

'

(2)

b. What limits are imposed to assure that power' peaking limits
are not exceeded? (1)

L.2 With respect to refueling shutdown containment integrity:

a. May the letdown valves, Mu-V2A, 2B, & 3, be opened even
though they are not operable (automatic closure on ESAS
signal is blocked)? Explain. (1.5)

t, . Per the Technical Specifications, what tm checks must be
made on all manual containment isolation valves prior to -

criticality following refueling shutdown. (.5)

L.3 During power operations one safety rod drops into th' cc e.
The unit runs back to 55 percent power as expected. fforts

to withdraw the rod are unsuccessful.

a. Is this control rod considered inoperable? Give the
basis for your answer. (1)

b. Explain whether or. not continued operation at 55% power
is allowed. Include any limitations that either allow
or preclude operation. (1)

c. Would your answer change if the rod in ouestion was
located in regulating group 5? Explain your answer. (1)

L.4 With respect to the Spent Fuel Handling Bridge and Trolley:-

a. Describe the methods of assuring that.the trolley is
properly positioned over a designated storage rack. (1)

' ' ' '

b, _ Why. must the control panel be energized when moving
the bridge by hand? (.5)

c. What mechanical or electrical interlocks exist to prevent
hitting the new #uel elevator when it is in the Up position? (.5)

L.5 a. What is the purpose of the power level cutoff hold point? (1)

b. Give an example of how violating this hold point could
result in undesirable consequences. (2)

. . . -

.
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M AC'!INISTRATIVE PROCEDURES. CONDITIONS, AND~ LIMITATIONS (20)-
.-

M.1 When a heat balance calibration is performed to adjust the Dower .

rance NI's to agree with the core thermal ocwer, the Tech Specs
(1.5.6) define a weighting factor, c4, that is used in the core
thermal power equation.

'

a. Define the weighting factor 84 (1)
'

b. Show .the equation that is used when power is>l5% but
<.50% . (1)

M.2 Administrative procedure 1001 addresses the situation of
encountering a " Temporary,0n-the-Spot" change. to an operating
procedure.Section 3.6.4.1 of AP 1001 discusses the use of such
TCN's (Temporary Change Notice).

a. Give an example of when a TCN is not required. (1)

b. What must be done in place of using a TCN? (1.5)

M.3 The following LER's from iMI-l were reported to the NRC during
the two year period preceding the Unit 2 accident. As Shift
Supervisor, f.or each of these incidents, describe:

i. Your imediate actions or those actions you would direct
your operators to take.

ii. The Technical Specifications that are applicable or have
been violated (do not include reporting requirements).

~ a. At 1452 hours on July 23, 1978 f t was discovered that air valve on ' A'
Emergency Diesel Generator had been tagged shut at 1115 hours
during I&C System Maintenance. Apparently, Operations
Personnel had not been notified. (2)

b. During a power level reduction to 65% for turbine stop
value testing; the Quadrant Power Tilt exceeded 3.64% '

for a total of 50 minutes and reached a maximum value
of 3.79%. (2). . ,

| c. In September 1978 during transmitter calibration an actual
| level of 12.42 ft. was discovered in the 'B' Core Flood Tank. (2)
1

d. During RCS heatup on March 27, 1979 following a refueling
outage, MS-V-6, the steam regulating valve to the EFW pump
was found closed. Apparently it had been closed for maintenance
and although personnel safety tags had been removed the
switching and tagging procedure did not require verification of

! . safety related valve positions. (2)

M.4 With regard to " Controlled Key Locker Control", as specified in AP1011,

j a. Who may authorize the change in position of locked valves? (.5)

b. Who is responsible for overall control of the controlled key
locker? (.5)

- - .%=. .9 r . =- =- . =-
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c; Describe-the acministrativevcontrol over a key. that :remainst
captured-in a-lock for more than one shift. Include wno has
responsibility for the key on the next shift. (1)'

-

M.5 Technical Specifications 3.5.4.2 states the minimum incore detectors
for radial tilt shall be arranged in the following' manner:

a. Two sets of four detectors shall lie in each core half. Each
set of four shall lie'in the same axial plane. The two sets
in the same core half may lie in the same axial plane.

,-

b. Detectors in the same plane shall have quarter core radial
symetry.

On the attached Figure M-5, sketch the minimum incore nuclear
instrumentation that will satisfy this soecification. (2)-

M.6 Under what conditions are the following excluded from the'
control and documentation requirements of Ap 1013 " Bypass of
Safety Functions and Jumper Control"?

a. Electrical jumpers (EJ), Temporary Mechanical Modifications
(TMM) and/or lifted leads. (1)

,

b. Spcal pieces or blank flanges. (1)

M.7 a. When may a."D0 NOT OPERATE" tag be used instead of a'" CAUTION",

tag? (.5)~

b. When may " CAUTION" tags be used instead of an " Instrument Out
of Service" sticker? (.5),

c. What operations personnel may decide whether a " CAUTION" tag
or "D0 NOT OPERATE" tag needs to be used? (.5)

:
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" THEMY OF. FLUIDS AND TFEF"0DYNAftICS (131..

N .1 - What. is the function and operating principle of a thermal sleeve? (1.5)

N.2 Reynolds number is used to detemine the characteristics of fluid
flow, i.e., whether the flow is turbulent or faminar.

a. Name three ceneral parameters that are used to detemine Reynolds
nunter. (There are actually 51 parameters, the equation is not
necessa ry) . (1.5)

b. Generally, what number or range of Reynolds Numbers is used to
distinguish laminar from turbulent flow? (0.5)

c. Turbulent flow has better heat removal characteristics. Why?~ '(1.0)

N.3 Figure N-3 is a temperature - entropy diagram showing an idealized
Carnot Cycle a-b-c-d. Your system however mere approximates a Rankine
cycle which include inefficiencies and superheat.

a. Sketch on Figure N-3 how your steam cycle differs from the Carnot
cycle and more approximates the Rankine cycle. To begin your
diagram, the line d-a' shows the condensation of the steam. As
superheat, include only the superheated steam leaving the
OTSG. (2.0)

b. Show on the diagram two additional realities of your steam
cycle: (1.0)

1) A slight ancant of condensate depression,
11) Additional superheat from the Moisture-Separators-Reheaters.

1. 4 Operating procedure OP 1102-16 "RCS Natural Circulation Coolirig" addresses
I the expected plant response to initiation and cooldown by natural
( circulation. y{y;,,

. f "' . [8
a. tn m/guring the reactor coolant pumps,. M' One statement says "Pri t

establish condition n the RC favorable to the initiation of
t~w natural circulatien. wo of these conditions and explain

g44p why they- are favorable for the initiation-of natural circulation.(2.0)

b. The reactor has been tripped, the 4 RCP's tripped, natural circulation
established and header pressure biased controlled @ 1010 psig.
Sketch and explain on Figure N.4 the expected behavior of Pressurizer

and T if the 125 psig header pressure bias is suddenly
level, T(for ex9mple by resetting the reactor trip). (1.5)removed

N.5 a. List the design flow capacity of the HPI pumps. (0.5)

b. If a LOCA occurred, what approximate flow indication would you
expect to read on each of the flow indicators for the HPI lines
if RCS pressure is about 1100 psi? Explain. (1.5)

_$_. _ ,b . & [ _ ..
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*1 OARP ;;g.17.

1. The magnitude of the change'in keff.
2. Actual value of keff after the reactivity chance is made.

. A . , J . .., u-
.

I.2 0ARP pg. 27

LT (non-leakage) probabilities decrease.slightly since the moderator
temperature increase decreases the moderator and baron densities.
More dramatic than tde reactivity effect is the response seen by
the out-of-core detectors.

pg 3-7 No possibility of an accidental criticality as a resu'lt decreme_I.3 TS a.
/ in RCS pressure.

f" 04 b. EOL, MTC is most negative A positive addition. Since b.oron
8 concentration is very low the amount of reactivity added will

be a maximum depending on the boil off in the OTSG's. If

feedwater is imed, secured consequences will be minimal.

c. With that inventory in the OTSG's the cooldown will be
gre.ater and the + reactivity addition much greater.

l49 but true for Xe135) _P 8 u-239 (explan. is for Sm
sSigkt y . higher fission. yield curve. .

,

I.4 a. i.

,_

,/'e .

ii. Effect on SDM - immed. following trio - none at SD'.hi ~ h
equilibrium but soon there after starts building in to
increase 3DM up to peak Xe.

b. Pg 29

i. 1. Becomes more negative due to Boron conc. reduction, and

2. Buildup of Pu 240 & FP's that have high resonance
I peaks. .

. .

- ii. Effect on SDM - reduces SDM since coeff becomes more0
necative - cooldown'to 555 F (?) (have seen 545 F elsewhere)-*

adds more +

c. Pg ?5-31 ,

i. Comprised of MTC + FTC, MTC exclained above, FTC f
slightly due to Pu 240.

ii. SDM - Substantial increase in power deficit directly
reduces SDM. For same total rod worth, difference in

P.D. is 0.72% which is amount SDM is reduced.

.
-

. .-- - -
- ._.= . =_ _ m n . g _ . _x-
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5. Ves. Tech Soets allow un to 10 curies to be release, see -

apoendix B tech sDec. .

J.2 Advanced HP training part 412 - IC.

1. The person conducting the survey shall review the last survey performed -

" f i>,Pf,' in the area as guidelines for choosing the ~ appropriate protective clothing.) 4
and respiratory orotection equipment, unless there is an indication,.

, b , , .: - that.significant changes in the radiological conditions has occured-

"'' in which case more restrictive orotective clothing and resoirators may be?; warranted.
-

2. For the purposes of exposure documentation, the individual performing
the survey shall document his exposure received while performing the
survey on the prepared RWP.

J.3 a. R02 - E520 PIC 6 - telelector -

b. Pac 4

c. PNR 4 or PAC 4

J.4 5 rems to whole body, 30 rems to skin, 75 rems to extremeties. <m gj 72

J.5 isoform - ie solid, liquid or gas
distance from person
isotope of element
type and quanity of radiation emmitted
energy of radiation

J.6 a.l.TS 3.1.6 - primary leakage - 1 gpm total both OTSG '

secondary ar.tivity - l.og/4n, 4- *2.TS

b.l. Indicates a weakness in RCS boundary, small leaks - big leaks - alsor ,s

*\ secondary activity buildup.
s .

- .

'-2. 2.02" linD h"SO . 1. .' - n 6a4.s

d. --M bad 0%\ l#C g y eW/.4 - NM IldN( , EEr
*

4w n -ses
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M.' a. I calence will contir.ue to shi': core nenative: Xenon will builduo -

in the top of the core and burn out in the bottom .

b.1. reduce power by boration (D C #

2. adjust APSR's and explain { core power - higher imbalance)

K.2 OARP Scisi Ops. Podule 4

a. Increase RCS inventory, a sharp increase in RCS~ pressure will be
experienced (1103-5, B.6)

b. pg.3 1. reduce charging
2. increase letdown
j.openPORY
+. increase cooling
5. decrease seal injection

c. 1. energize heaters
2. increase letdown
3. verify steam bubble when pressurizer level comes back on scale

- stable RCS pressure w/ letdown greater than makeup, sat. oressure
for sat. temperature.

K.3 (Make sure 1035 psig is below M/S Safety setooint)

After a reactor trip, secondary presiure will be maintained at 1035 osig
rather than 1010psig. This will result in a higher RCS temp. after a reactor
trip and higher prz level. (OTSG pressure will govern RQS temo. at sat.)
Less shrinkage in prz. per Figure K.3; before about 548-?; after about 550 F

OP 1102-16
A.4 a. RCS flow his been . educed due to the loss of the RCP's; less heat is removed

by OTSG's, temperature will increase. -

-

b. No; this is nomal and expected during the transition to natural
_ .

circulation which will take about 20 .- 30. minutes. , . , ..

K.5 a. No, trip of the RCP's is not required unless ESAS low RCS pressure
setpoint is reached. In the case of high RB pressure alone you don't
have an inventory problemg/g/d Q/g g yf/ 7b/gp

b. No, sufficient void fraction may exist such that core uncovery may occur.

O .

'
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L.1 a- TS 09 2-1.

Neutron cower '
,

RCS flow .

Temo.
Pressure

b. T.S. pg.1-2 .

Limits have been placed on the basis of the reactor power imbalance.
produced by the power ceaking

,

r/
L.2 a. Yes, the TS only,' address penetrations providing direct access

' from the containment atmosphere to the outside ate.osphere. TS 3.8.7
'

b. Verify that those that should be closed are 1) closed and -

2) conspicuously marked TS 3.6.5

L.3 a. Yes, per TS 4.7.1.2, because it is greater than 9" unaligned
from the rest of the group which must be fully w/d while critical
(TS 3.1.3.5).

b. Allowed, per T.S. 3.5.2.2.e if P; 60% and quadrant tilts are
acceptable.

(7) #(.v.c. Yes, operations are precluded per T.S. 3.5.2.2.f since it requires
,

the other rods in the group to be positioned such that the
g .,. , inoperable rod is maintained within 9" of the group avg. Grouc 5.

insertion to 9" is not allowed per T.S. rod insertion ' limits.g
ts ~

L.4 a. Target on south trolley rail - letter & black line,
P. 5 sight on trolley - metal plate w/ square cut out & cross -

properly aligned when letter is visible & vertical portion ,.p -
of the cross matches the line. ;jt, g,

p. 8 b. The selsyn units will lose their calibration. 2
p. 6 c. No mechanical, but bridge & trolley can't move unless the hoists are up.

. '< 7. : v' .
",g i:.:.w .

L.5 a. PLCO hold po. int assures that acceptable ceaking factors are
maintained through xenon transients. PLCO hold assures a minimuin xenon
transient since Xe builds to equilibrium.

.
. , ,. , , . . -

b. After load decrease, xenon could be beyond its peak in the upper
half of the core. Increasing power by withdrawing rods will increase
power in upper half of core & will burn out xenon in addition
to its rapid decline due to decay. This will cause rapid power
increase in the top of the core which could result in high local
peak powers.



~

.

. .

.

1 T.S; l .5,0

a. = the weichted crimary and secondary heat oalance considering-
heat losses.

."
b. Core Tnemal Power = .* O ^I'')Osec prim

-

= og, ,}j$Pc.g
85 ''

M.2 a. AP 1001; Temporary changes to procedure valve checklists do not-
recuire a TCN.

b. Deviations noted in ink on applicable checkoff sheets and must be ,
reviewed and approved by 2 licensed personnel one of which is SR0
(SS/ Shift Foreman). Deviations logged in Shift Foreman's log.

!M.3 a. i. Immediately test operability of 'B' diesel-generator; also . clear tag, .uf xM'report to duty off/ Ops Super. U

LER 78-022

ii. T.S. 3.7.2.C. 'A' D-G removed from service without testing
operability of redundant D-G..

b. i. LER 78-023; Nothing had to be done since Tecif Specs require power
to be " reduced to below power level cutoff which it alread)
was.

7 ii. T.S. 3.5.2.4.a&d Xenon burnout and rod withdrawl associated
g,c,g : ', with returning to power returned the OPT to within limits,
w. q>'M

c. i. CER 78-027; LER says borated water was-added to core floof tank
to bring it back within T.S. limits. Is there a procedure for
doing this? Can it be done within time limits? - //o- w.uT'

sT r fo u .:J.y.7 >
, ,

11. T.S. 3.3.1.2.a. 1040* 30 f t = 12.55 ft. minimum

d.i. LER 78- ; Drnediatelv open valve, clear tans, cheek Ings, initiate
-

7 {ss to insure valves are' opened. m,- # . y

ii. T.S. 3.4.2 Turcine driven EFW camp must be operable. Can it be
declared operable on aaxiliary steam? gg

M.4 a. AP10ll Shift Foreman

b. thi ft Fare an ( m ap d ele Bat e key issuance to CR0 - SS may function as
7.. Shif t Foreman)

c. pg. 3.0 Note to that effect will be made in controlled key log.
Responsibility will be tradsferred to Shif t Foreman relieving
the Foreman who authorized the key issue.

-_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ -
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- lM.5 .On Figure. _ .
1

.

1%6 a .MP 1013; :Positivelys identifiedlin' approved procedurcs- 10ther: procedures iL .

=ust =cet: five=: criteria (nct'ner.essary--to specify each- criteria)L
P.

b. These~that are a design part of the system and are installed or renoved
.

by operating, =aintainancu, or surveillance procedures.
.

M.7 a. AP1037 - lihen used in' environments where . CAUTION tags may easily deteriorate :
under extended use.

3 b. - They cannot - Instrument Out-Of-Service stickers are covered' by a separate
! procedure.

.c. pg. 3.0; SS,SF, Tor CRO.
!
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N.1 Functions to recuce tnermal stresses at'the connecting noint of tt:ana
:oid oicing. It does tnis by surrcundinc tne cold pice at the junction ocint ~,

witn a sleeve. One end of the sleeve connects to tne nct pipe wnile tne .
other connects to the cold pipe. The sleeve acts as a transition piece to -

reduce the A. . , ,T
- 7 .: / | :. J t ŵ

- -

PL2-a. 0ARP pg. 63 7_

eI,e ^ Y.1. average velocity; O
Vav D

'

2. pipe diameter, D -.

Re= j -

3. kinematic viscosity (d 27
4. density (/.9 . . , ,[ p 4 '.-/r'
5. dynamic viscosity % %vDg

g ' ' I
,

A~ . : u . . v,
. -

..-
.b. 0ARP pg. 64

- -
.

,

-

Laminar; Re42000 i
sooo 4h transition > ast:o :

Turbule.nt > woo

c. 0ARP pg.63

A.: cunt of mixing- . two different velocity profiles, turbulent flow
promotes heat transfer to more mass of heat absorbina medium.

N.3 On Figures; ref: 0ARP pg 52 - 54

N.4 OP 1102-15 pg 8.0 ..

( a. 1. Adequate subcooling - without subcooling void formation may occur
|

that would tend to block natural circulation particularly at higher
' elevations such as hot leg

2. OTSG level raised to 50% on operate range provjde large hea.t ,

sink for RCS
!

b. See Figure

N.5 a. Module 6 GPU Letter dated 1/3/80 - T':
*)j jnm J A2 N -(_=;

*

300 GPM @ 1800 psig'

i
b. Table 4; about 200GPM per infection line; or

Pump head curve for 1100 psi x 3 pumps divided by 4 injection lines

i

l

I

|

-- . .-. -. _.
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-5.6 The-Operations Depar:=ent will insure that Reactor Building. Access 4

Hatch seals are leak-tested per SP 1303-11.18.
.-

6.0 EMERGENCY ENTRANCE TO REACTOR BUILDING ,

6.1 Emergency entrance may be made without R'4P, air and radiation

survey, or atmospheric testing on direction of the Shift Supervisor.

6.2 A minimum of two persons, at least one of whom shall have received

Advanced Radiation Protection Training, shall make such entries.

6.3 All entering personnel shall wear complete protective clothing,
,

self-contained breathing apparatus, appropriate neutron and gama

dosimetry and carry neutron and gama dose rate meters.

6.4 The Shift Supervisor shall submit a " Reactor Building Emergency

Entrance Report" (Form 1630-2) to the Manager Unit I with a copy to

the Manager, Radiological Controls after each such entry.
.

.

.
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'

s.o
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U.S: NUCLEARJ.EGULATCRY~CC?iISSION

SENIOR REACTOR OPERATOR LICENSE EXr.INATION ._

.

- Facility: TMI-1 -

', Reactor Type: B&W

j Date Administered: 4/24/81

Examiner: Wilson /Boger/McMillen

Applicant: Ih MTER- A

'

INSTRUCTIONS TO APPLICANT:

Use separate paper for the answers. Staple question sheet on top of
the answer sheeets. Points for each question are indicated in paren-
theses after the question.

Category % of Applicant's % of.

Value Total Score Cat. Value Category

~

15 17.4 I. Reactor Theory

12 14.0, J. Radioactive Materials
Handling, Disposal and
Hazards

13 1 *I K. Specific Operating
- Characteristics - -*

- 13 15.1 L. Fuel Handling and Core
Parameters

. , ., ,

20 23.3 M. Administrative Procedures,

Conditions and Limitations
.

.N. Theory of Fluids and Themo-1 in
dynamics

Totals' '

86 g

"

.

Final Grade %

- 'j
- ,

. .

--. .
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I. *iuclear Theorv (15)

I.1 The OtRP Section on nuclear theory defi nes keff = 9'". or the
"

,.

ratio of n2utrons in eacn succeecing ,eneration. " 9*" %
Assumingastaclecountrateof20cosandakeffof0.94fcontrol

,

'rods worth 3*. t.k/k are withdrawn from the core.
-

a. "By rule of thumb", what should hapoen to the count rate and
keff several minutes following rod withdrawl? (1)

b. After this rod withdrawl in (a), keff is still less than one,
therefore the number of neutrons in each succeeding generation
should become less and less. What actually happens to count. rate
and wny? (1)

.

I.2 As power level increases from 15% to 100%, reactivity is needed to
overcome the negative effects of the Doopler defect. In other
words, the reactivity due to Doppler defect increasas as power
increases. What happens to the Dopoler Coefficient? Does it also.
increase, decrease or remain constant as power level rises? Explain. (2)

I.3 The 0ARP corrects the core beta value by a effectiveness factor
which is approximately 98%. What is the reason for this
effectiveness factor? (1)

I.4 Tech Spec 3.1".3.1 states that a Minimum Condition for Criticality
is that the RCS Temoerature must be above 5250F. What is the Tech .

Spec basis for this 1-imit? (2)

I.5 Tech Spec 3.1.7 applies to the maximum positive moderator
temperature coefficient of reactivity.

a. What are the two specifications tMt acoly to the MTC with
regard to pcw F level? .(1)

. . .

b. Although there is no specification regarding the maximum necative
MTC what would be the consequences of having an MTC of -1.0 X 10'"'Ak'k
and a main steam line break with a 2000F cooldown from 5320F. Woult.
you expect a reactor restart to occur? Sh'ow all calcula' tion's 'and~ ^

assumptions. (2)

I.6 OP 1103-15, Reactivity Balance Procedure gives guidance for 'ou
to periodically use the reactivity equation while the reactor
is at cower to check for any anomalies.

_

a. What three conditions constitute a reactivity anoma.ly and/or
discrepancy according to the procedure and Tech Specs? (1.5)

b. What factors are considered in the reactivity balance
equation? (1.5)

c. As a prerequisite, reactor oower must have been constant
+2% for the last 40 hours prior to perfonning the

.

reactivity balance.. In the past 40 hours, oower was:
' decreased from 100% to n rform turbine stop valve testing,
i then returned to 100%. tMtf::tvisin 3c reocuvity
| um.o m cyueuon wou w m elidate tha "l cul a H mi?

Ephin. Include assumptions. 3um bo s h41 (2)

a ca p % <J 0- hj w
t .
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R4DICACTIVE;"ATERIALS HANDLING, DISPOSAL AMD HAZAP.05 (12)'
.

J.1 Iodine 131 has a half life of B days and e-its a 0.61 VE7 Eeta. "

a 0.35 MEY garra 30t of the tire and a 0.64 MEV garra 10 of the -

time. For tnree curies of this material (Show all calculations).3

'

a. What would be the dose rate at a distance of 8 feet? (2.0)
5. How long could a person work in this' radiation field before-

exceeding the weekly limit? (1.0)

J.2 State the radiological conditions concerning airborne activity
and loose surface contamination which requires a properly completed
and approved radiation work permit. (2.0)

J.3 List JL " pre-operational" checks that should be completed before
utilizing a portable radiation protection instrument. (2.0)

J.4 What are the 10 CFR Part 20 requirements for in ediate notification
of an overexposure of personnel to radiation. (1.5)

J.5a.No eating or smoking is allowed in radiation areas. If the
radiation level is low enough to allow entry into the area,
why are the above prohibitions i= posed? (.5)

b. Discuss the ~ hazards of violating the above prohibitions. (1.0)

Under what condit' ions cust the_ primary coolant system beJ. 6 a.
sampled and analyzed for dose equivalent I-131? (.5)

b. What is the basis of this action? (1.5)

. -

y e a E
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k SPECIFIC OPERATi m CHARACTERISTICS 1(13)

M.1 During the midnight shift, while at rated ocwer near the end -

of core life, you are instructed to reduce load to 70% for 6 .

hours and then return to rated cower to meet the morning
demand.

a. Describe three factors to be considered if the evolution
is perfomed solely with control rods. (1.5)

b. Describe two disadvantages of performing this evolution
solely with soluable poison control. (1.5)

K.2 Operating limits are imposed on RCS heatup and cooldown rates
and RCS temperature / pressure relationships.

a. Explain why heatup and cooldown rates must be limited. (1)

b. What is the purpose of the temperature / pressure limit? (1).

c. Explain why the temperature / pressure limit will shift with core
age. (1)

K.3 Explain how changing the OTSG low level limit from 30 inches to 35
inches would. affect facility operations. (2)

K.4. You are the responsible SR0 on shift during a u-it cooldown -

due to a primary to secondary leak that exceeded Technical-
Sp~ecification limits. Secondary activity analysis had previously
identified that both OTSG's were leaking. The initial cooldown
was via natural circulation due to a problem that precluded use
of the RCP's. Both OTSG's have now been isolated since RCS

0temperature is 280 F and the DHR system is in operation. Assume
the valve disc on OH-V2 separates from the valve stem and drops

~" * * "inta the' valve' body.

a. List fiva control room indications that would result due to
this situation. (1)

, ,
,

b. Outline hg alternate methods of RCS heat removal after this
incident. (i)

c. Compare the two methods in terms of:

1. heat removal capabilities
ii. offsite radiological consequences

111. ability to control cooldown rate (1)

K.5 Reactor Coolant Pumps are required to be tripped if RCS pressure
reaches the ESAS actuation setpoint of 1600 psig. List four
circumstances which would allow RCP restart after manual
tripping due to low RCS pressure conditions. (2)

!

s

*
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L. TUEL 4A';DLP"i A*;0 CORE PARAMETERS (13)

L.1 Figures L.1 and L.7 are taken frcn the Tecn Saec Safety Limits
cases.

.

a. Identify the cortions of the curves of Figure L.1 that are
based on DNBR limit and the portions that arc , ad on

Kw/ft. limits. (1.5)

b. Identify the curves of Figure L.2 that are based on DNBR
limits and those that are based on Quality Limit. (1.5)

L.2 a. List the nuclear and radiation monitoring systems that must
be operable during refueling. (1.5)

b. Does the required operable neutron flux monitor (s) have to be
located in the control room? (.5)

L.3 While operating at full power with the Diamond Panel in manual,
one safety rod drops into the core.

a. Assuming no operator action, describe and explain the
response of reactor power. (1.5)

b. Explain how the radial position of this droceed rod will
affect quadrant power tilt as seen by the excore nuclear

,
instrumenta tion. (1.5)

L.4 a. Discuss the hazards associated with APSR handling if the
" Orifice Rod By-Pass Control" selector switch is positioned
" Orifice Rod". (1)

b. Under what conditions may the centrol rod grapple electrical
interlocks be by-passed? (.5)

_ . ~ . .

c. What is the difference between a " control rod test" light
indication and " control rod disengaged" indication. (.5)

- L.5 a. Why is it necessary to have Mechnical Maneuvering Recomaendations
.

for power escalations? (2)

b. What limits will exist during the initial power escalation i

at cycle startup? (1)
1

9

i

e
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Thermal Power Level, 7,
- - 120

(-29,i12) -

(II2) - (30, n)1
.

_,

ACCEPTASLE

4 4 PUNP 100 (47.1, 96.5)
*-

-

- OPERATION.

90 (87.2)2. (-46.4,91.5) --
_ (25.8.87.2)

(-25.4,87.2 ACCEPTABLE1

~~

3&4 PUHP
OPERATION 70 (46.4,69.2)--

j

I' ) 60 (59.6j
3 (24.7,59.6)

*

-
-

| (-24.4,59. 6) -
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OPERATION (47.5.41.6)'
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Reactor Power imealance, 5

Curve Reactor Coolant Flow (Ib/hr)
6

I 139.8 x 10
6

~
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3 68.8 x 10 TH I -l'
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. . .

( Reactor Outlet Te:nperature *F
i

,

REACTOR C00LANT FLOW

|

| CURVE (LSS/HR) POWER PUMPS.0PERATING (TYPE OF LIMIT)

1 139.8 x 106 (1005)*. 1125

2 104.5 x 106 (74,75) 87. 2%.

3 68.8 x 106 (49.25) 59.65

*106.55 of Cycle 1 Design Flow

.

TMI -l'
''

CORE PROTECTION SAFETY BASES
.
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"; ADMINISTRATIVE ~PDOCEDUPES; CnMOITIONS, A*:0 LIMITATIONS- (?O)

.-

M.1 Througn various observations it is de*. ermined that the pressurizer
~

electronatic operated relief valve is leaking while the unit is at
full power but the leakage is within acceptable limits.

a. What constitutes acceptable leakage limits for this situation? (1.0)

b. Is it permissible by Tech Specs to close the block valve to isolate
the leak? Explain. (1.0)

M.2 According to OP 1104-14 (or the OARP) the purge of the Reactor Building
may be linited by either of two considerations. What are they? (1.0)

M.3 When a heat balance calibration is performed to adjust the power
range channel NI's to agree with the core thermal power, the Tech
Specs (1.5.6) contain the following curve:

1.0 -

'
A

I

.

,

O c r
Provid'e the labels and/or numberf for A,B,C and D on the curve. (1.0)a.

'

b. Complete the followir; equation:
Core themal Power = ( _ ') Qsec. +- (1- )Qpam _(b.

c. When power is 3r15% and less than 100% what is the (blank) in
part (b) equal to? (0.5)

it.4 The following LER's fron THI-1 were reported to the NRC during the two
- year period preceding the Unit 2 accident. As Shift Supervisor, for

each of these incidents, describe:

i) Your immediate actions or those actions you would direct your
operators to take;-

11) The Technical Specifications that are applicable or have been
* 'violated (Do not include reporting requirements).

a. In May,1978 during initial cycle 4 startun, it was discc.ered
that the control rods had been in the "not allowed" region of the
Tech Spec curve reouirements for nine hours. The correct control
rod index curve had not been incorporated into the control room
copy of the operating procedures. (2.0)

b. In June,1978 during full power operation, seven of nine control
rods in Group 3 inadvertantly drop into the core due to a shorted
diode in DC power supply. (2.0)

.
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.

continued
_

"
.

M.4 c. Fron 0440 hours on August 18, 1978 to 1400 hours on August 19, 1978 -

t

it was discovered that neither of the two inservice Nuclear River
Water System pumps was selected to start on an E.S. Signal. ~(2.0)

d. In September 1978 during surveillance testing, a tempercture sensor
for the ' A' Diesel Generator Room was found to be inoperable. A

work order was written but no other action was innediately. taken. (2.0)

M.5 Administrative Procedure 1001 contains a :'ction that addresses Tamporary,
On-the-Spot Changes (TCN's, 3.6.4). List a.. cases or instances as given
in the procedure that TCN's can be used for. (2.5)

M.6 AP 1002 Discusses the use of tags for isolation of equipment. As the
responsible supervisor, what five stipulations must be met for the
operations department to grant permission to operate or energize
equipment that bears a Blue Tag. (2.5)

M.7 Technical Specification 3.5.4.1 states that minimum incore detectors
for axial imbalance shall be arranged in the following manner.

a. Three detectors in each of three strings shall lie in the same
axial plane with one plane in each axial core half.

#

b. The axial planes in each core half shall be symmetrical about
the core mid-plane,

c. The detectors shall not have radial symmetry.

On the attached drawing, Figure M-7, sketch.the minimum incore nuclear
instrunentation that will satisfy this specification. (2.0)

.
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tr. THEORY OF FLUIDS AND THERMODYNAMICS. |

.-

N.1 Flow elements recently installed on the high pressure injection -

lines are, according to Lesson Plan RM-14, "cavitating venturis."
From a fluid dynamic consideration what is the , difference between a
standard venturi and a cavitating venturi? 6pk (1)

'

WMmN.2 In the natural dirculation cooldown event at St. Lucie last June, a-
reactar tripfwas initiated followed several minutes later by a , trio
of all four 9CP's. This was required due to a loss of Component
Cooling Water ti the PCP's. Although the TMI-1 design differs
considerab'1 .s conceivable that tripping all four RCP's'

following a .1 reactor trip may be required under abnormal
conditions.

and T for the aboveShow on Figure N.2 the expected trace of Ta.
Begin at time of manual trip and a$sume the plant wasevent.

maintained at Hot Shutdown for hours. (2)
0

b. At 2 hours a decision is made to cooldown the plant at 60 F
per hour. Show and explain the trace of T and T for the

H Cnext two hours. (1)

N.3 Figure N.3 is a Temperature entropy diagram showing an idealized
Carnot Cycle a-b-c-d.

a. Identify each'of the processes, that is, what is happening
to the working fluid from a-b, from b-c, etc. This identi-
fication should include an example for each (e.g. isothermal
expansion-firing of cylinder in an engine). (2)

b. Show on the diagram what happens if the temperature of the
heat sink is increased (e.g. cartial loss of vacuum in
condenser. (1)

| N.4 The analysis to support modific ttions to the HPI and MU&P System,
in particular, the addition of V-217, state that the normal'

maximum flow through V-17 is about 75 gpm.

a.. . In actual practice what are the maximum flow rates at 1800 psig"
for one' and two makeup pump operation? (1)

What additional 'cYpacity does the addition of MOV-217 give theb.
operator? :lW7(5)

c. What was the basis of adding MUV-217? (1)

1

(
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.N . 5 a. Usino tne cartial cressure laws and assuming _ ideal gases, '

wnat does the addition of non-comoressible gases sucn as -

hydrogen and nitrogen due to the partial pressure of steam
in the pressurizer?

. (1)

b. Assuming the partial pressures of three gases (;Lara, hydrogen,
and nitrogen) are reproportioned due to (a) above, how would'
total pressure respond to a sudden load reduction? (1)

N.6 In the long term 'following a LOCA when the BWST is emptied, it is
necessary to shift pump suction to the RB sump. Assume initially
when suction is shifted to the sump only one LPSI pump is running.

a. Figure N-6a represents a general head curve for a LPSI
pump. Show and explain on the Figure how the Total Head
and Flow Rate will change if th: ;;;: d i""' - fr-;--Lad. (.75)

M tlLb kywg .

b. The RCS repressurizes so it is necessary to " piggyback" the
pumps; that is discharge of one LPSI feeding suction of one
HPSI pump. Show and explain on Figure N-6b the response of
Head and Flow rate h &T4 z (.75)-

.

.

.
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I.'1~ a. Rx-is ST shutdexn. 3?o.k added, 1/2,way to-critical, count rate-
dcubles and k = .97~ Dg.18 - Count rate doubles, keff 1/2 way

,_
.

to unity.

h
'

b. Pg 14 N = S + SK + Sk2+ ,,,, s
lK

As long as neutron ^ source is present, the numbe of neutrons will
be at a constant level while subcritical.

(( 1 '
; ' 'Q f fm, , . .

-

t
,I.2 0ARP Pg. 30 '

'.. : ,

The coefficient decreases (becomes less negative) with increasing ' ' - ' - '

fuel temperature due to rescnance peaks becoming overlapped. The
total x-sectional area for neutron absorpt(on continues to increase
but at a decreasing rate. (51.( SLl% )

I.3 OARP pg. 38
delayed neutron borts @ lower energy than prompt and is only 98%
as effective as a prompt neutron in power production in the TMI core.

I.4 At 30L, MTC is expected to be slightly positive at operating temperatures
with the operating configuration of control rods. Calculations show that

7525 F The +MTC is acceptable. At lower temos (<525) MTC will be3
less negative or more + than at operating a therefore startuo below
525 is prohibited (basis of non-positive MTC at power is Fw line break).

4I.5 a. T.S. 3.1.7.1 (1) MTC shall not be +>95% power (2) MTCf + 0.5 X 10
Ak/kfF (955 oower.

b. 1.0 X 10-4 Ak "'/ F (200 F) = f X 10
-

= 01 or 1 reactivity. This.

equal to the max Spec on SDM and thereforeg(net) = 0. There1:

is a possibility of restart.

I.6 a. OP 1103-15 pg 2
+ 0.5% Steady Stats Xe
-T 0.8% Transient %e.

2.1% Tech Soec 4.10

b.g(ret)=g+(g(po)w+r/)(rods)+A[(boron)+g(Temp)
fuel

+/(Xe)+ (Sm)e -,

(fuel) - in 40 hrs - decrease slightly but virtually negliq,ib.lec.
(rods) - Assumption ' power change made with boron - no change

(boron) - Xenon will be changing - in order to accomodate (xe),borun
qill have to change

(temp) - No change if back to 100%

(power) - no change if 100%
(Xe) - If accounted for in boron change - no difference
(Sm) - very slight change but negligible

|
;

-.



. -

.
.

it ',v.s /4 -
50 E/d$-= 5(.3E X E'+ .64 X".')/E =-0.132 X-3:=- M :C ~ .,1J.1 a

V
i \ ., s r

..

. , ., na u r s (4:. minutesj | .- ,-g
,

..

o.

J.2 Advanced HP training 412-1(a) ~ ,
e 3 mc "T. W' _f

Airborne - excess of 3-10 u Ci/cc cross p wi' no d present g +o S r- y-* e )a.

b. Loose surface.- 1000 dom /10G cm p-Yor 100 dom /100en2. g [d',/w/4 dvd2
-

. s

J.3 1. Calibration, 2. Battery check, 3. Zero check, 4. source check,
5. ohysical condition.

J.4 -25 rems to whole body, 150 rems to skin 375 rems to extre-eties.

J.5 a. Haz..rd associated with introducing removable contamination
into the body through smoking & eating.

b. Ingesting radioactive caterials dangarcus.
1. leads to concentrate in certain areas or organs.
2. no shielding-to minimize ionization damage.
3. no way to put distance between you and material.

J.6 a. Thermal power change of more than 15". of rated therr.al oower within
a i hour p~eriod (1102-4).

b. Power change could cause leaking fuel, need to sample RCS to verify
below QS levels to assure 10 CFR 100 limits on S/G tube rupture
are nou exceeded.

,m T. E - Otcud e d M<
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I" . e a.wl. Red insettion lir.its-
2. I: balance , '

/,c % J g [ J '3. Power level , cutoff. s

tG A p a<<.v sOAi' L w. ham e tiO L
-

b . 1) . ''as te generatio, n
2. rate of increase limits _

|

K.2 a. li=it stresses on reactor vessel
b. NDTT
c. neutron embrittlement of reactor vessel caterials

K.3' Raising the low level limit will improve the heat removal capabilities of
!

.the OTSG's. This will reault in reaching the. desired T at a higher power
**8

level.

K.4a.DHRflowhjRecorder
DP low flw alarm

-

E emp.(
DHR pump amps abnormal
DHR pump discharge pressure Y
DHR pump high vibration .
(indication of valve closure is incorrect- lir.it' switches for lights are
on the team which did not move)

b. Unisolate OTSG's and return to natural circulation cooldown, eEE-2) use
HPI through PORV .

C

c. 1. has better heat removal

11 1)has less offsite consequencesiii.(1 has better control

K.5 OARP Quiz Q.12 Module 6
Feedwater available to OTSG and
1. 50 F subcooling in RCS or

O 2. RCS pressure stable or In~ creasing and 'A 1600psig gdg 3. RCS pressure *p0TT,G secondary pressure by 600 psi (pump bump) orp2 4. rp.ES pre'ssure scaole for > 1 hour and> 250 psi and OTSG secondary pressure.') 100 psi- .~

,

~)

& TC.C fc,cafg - - - * -

T4 mg.ue_
;

;

|
.

..w. . .. ._ _ , _ , , _ _ , , - . . - _ . . _ - . , - -_ -_ ,
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l. .

I

.

L.T a-.

.-

b. Curve 1 - DN3R .j
Curve 2 - CNBR
Curve 3 - Quality

,
,

-

L.2 a. TS 3.18, RMG 6, 7, 9
2 neutron monitors operable while changing geometry, one while'
not

5,e.
,

e-

M ' ' jp J. 6 ~~b. P. 16 OARP - No

Reactor power will initially dip due to the -f of'the rod, tave h
./{$ (/L.3 ? fuel temo fydue to -MTC and FTC,-p from .'od will compensated by

a.

} the +jo from !T.and FTC, reactor power will return to the initial value.,-
h5L.,.kg[g

j
b. The excore detectors see leakage flux - as the rod radial position

1 approaches the core edge, the detectors will be more affected and
the QPT will be more severe:.

*~g .
,

4 IL " Orifice Rod" position will instruct the telescopic cylinder to

g} .f '173 ' .Q.
q ' a .

retract for enough into the control rod tube to protect the orifice rods
pg ., and permit bridge motion. Since the ApSR's are longer than the

u . f , .' f orifice rods, an APSR could still be partially inserted in a fuel
assembly when bridge motion was allowed.**fi s

pg. 20 b. Never - there are no by-passes.
pg. 18 c. In the " test" position the control component (orifice rod, BPRA)

is still engaged by the grapole.

4 a. " Orifice Rod" position will instruct the telescopic cylinde
+ act far enough into the control rod tube to pr e orifice

pg. 17 rods a . it bridge motion. Since the AP are longer than the
orifice rods, an . ould still b 1 ally inserted in a fuel
assembly when bridge motio lowed.

pg. 2L b. Never - t e no by-passes.
pg. 18 c. I test" position the control c'omponent (orifice ro -

is still engaged by the grapple.
. . . . . ..

.

L.5 a. Primarily 2 reasons - both related to clad integrity
~> ^ N'7/| (1) Since Uo2 thermal expansion is greater and response cuo

) time is shorter than for Zircoloy, need slow increase A.5 c.
| to minimize clad stresses due to creep.

(2) To allow pin hole leaks in the cladding to close. 4 ,4 M ~ 44/ 7 0
fax2%t

O P H 0 2.- yb. 420% power rate is 10%/hr -1
20%> power 7s 40% rate is 30%/hr -3

)@ pow % power rate is 3%/hr0 -4
er @ PLC ji hour hold -4

7pfo i s~s r'c.
& hp C a:.p a ,* & Kl' a7 a ff

|

!

|

|
. - - - . . _ _
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15 1.3 1 Identificatien of Causes

In .the event that a centrol red cannot be moved, localized pcVer peaking
and shutdcun :nar61n ::atst i e considered. If a control red is dropped
into the core while operating, the resulting transient =ust be examined.

Adequate hot shutdevn =argin is assured by requiring a suberiticality of
|

1% ak/k with the centrol red of greatest verth fully withdrawn frem the
The nuclear analysis repcrted in Section L.3. demonstrates that this

| core.
' criterien can be satisfied. This criterien has been analyzed in terms of ~

the minimum tripped rod worth available in the Icss-of-coolant flow, rad-
Inejection, startup, red withdrawal, and steam-line-failure accidents.

all cases the available rod worth is sufficient to provide margins below
~ any damage thresheld. .

,

A dropped centrcl red is defined as a deviation of a centrol red from its'!

This defi-group reference positien by more than an indicated 9 inches.
nition then covers bcth the action of drepping a roi and sticking a red
while =cving a grcup. The ICS is available to inhibit all rod-out motion
and runback the stes: generater lead de=and to 60% cf rated load. The
details of these actions are described in Section 7.7. Even thoug.- ICS
actica is available te prevent or =itigate this accident, the accident
analysis was done withcut ICS acticn..g

15.1.3.2 Analysis er Effects and Censequences
f

! 15 1.3.2.1 Safety Evaluatien Criteria

The safety evaluation criteria for this accident are:i

The core thernal pcVer shall not exceed 112% of rated power.a.

b.. The reactor.ccclant syste: pressure shall not exceed code
pressurs limits.

' ~ ' ~ ~ ''

15.1.3.2.2' Methods ' ef Ahafysis " ~''

Il I has been used to analyze the transient
| A detailed 3EJ digital redel
l respense te a drepped centrol red. This progra= includes fuel pin, point~

kinetics , pressurizer, and lec; models , including the steam generators.
4

The reacter is assumed to be cperating at rated-pcver when the control
red is dropped. To achieve the =cs: adverse respense, the east negative
values of the =cderater and Ocppler coefficients were used along with he
:nax1=um calculated red verth fer rated pcVer cperation. The para =eters|

'

used in this analysis are shcun in Table 15.1.3-1.
,

:
l

i
t -

| 15.1.3-1 !
>

i

( -
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15.1.3.2.3 Besults of Analysis
.-

~he results are presented in Figure 15.1.3-1. The neutren peser decreases -

causing a rapid decrease in both the cere =cderater te=perature and the
fuel temperature. These temperature decreases overcompensate for the
worth of the control rod, and the neutron power rises slightly above the
initial neutren power level. The neutron pcVer then decreases to below
the-initial power level and eventuall 4 vels out'at the-initial power

level. The thermal pcver respense is llar to the neutren power; hov-

ever; the thermal power level never exceeds the initial rated power
value. Both the ecre moderater temperature and pressurizer pressure
decrease during the transient and level out at a value lever than the
initial value. Since the thermal pover never exceeds the initial value
and. the. pressure decreases during the ? transient , the safety evaluati'on-
criteria are met.

Cases have been run for rod drops at beginning-of-life conditions and
lever : .d worths. These transients are not included in this discussion
because they represent less severe cenditiens than the end-of-life con-
ditices and the maxi =um calculated rod verth.

.

O

O
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Moderater Coefficient, (ak/k)/F -3.00 x 10
"1' -

-5
Dcypler Coef ficie:.t. (ak/k)/F -1.37 x 10

Centrol Rod ~4c: th .st Rated Pcver, % ak/k 0.65
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3 1.12 Eleceresstic: Relief Yalver

- Arrliesbility
,

-

Applies tc the set < ings, and cenditiens '.;r isolatten of the electrc=atie -

relief talve. -

'

Cb ieetive_ .

To preven', the posaibility of inadvertently overpressurizing the primary'
loep.

,

l 9:eeifiestien

l 3.1.12.1 The electrc=atic relief valve shall not be.taken out of service,,

nor shall it be isola.ed fr::s the system (except that the
electrc=atic relief valve =ay be isolated to limit leakage to -

vithin the li=its of specificatics 3.1.5. ), unless ene of the
folloving is in effect:

' <.
a. Eigh Pressure Injection Pu. p breakers are racked out or

ICJ-716A/3/C/D acd MU-V217 are closed.
b. Head of the Reacter# essel is removed.V
c. T avg. is above 320 F.

3.1.22.2 Th.e electre atic relief valve settings stell be as follows,.

within the tolers:ces of 125 psi and + .1207:

h Above 275 F - 2450 psis
Belov 275 F - h85 psig

'
3.1.12 3 l' the' reacter vessel head is installed and T avg. is 1275 F.

High Pressure Injecties P=p breakers shall not be rached is
unless:

,
. -

Y

a. MU-V16 A/3/C/D and MU-V217 are cleaed, and
b. Pressurizer level is 1220 inches. - -- -

. . ,

l 3ases,

-
.. . . .. . . . .

I' the electr==atic relief valve is reseved fres service, sufficient measures
are inccrperated to prevent everpressurizatien by either eliminating the high
pressure scurces or flevpaths er usuring that the RCS is open to at=csphere.
In order to prevent exceeding leakage rates specified i: T.S. 3.1.6. the
electr: atte relief valve =ay be isolated.

t

The electr~ atic relief valve setpcists are speciff.ed with tolers=ces asst =edi

in the bases for Tech ical Specificatton 3.1.2.

iiith RCS te=peratres less tha: 275 F and the makeup p=ps :=:ing, the high-
pressre injectics v_17es are closed e.nd -he pressurizer level is =aintained
less tha=1220 inches to prevent everpressuri:stica in the event of any single
frilure.

A:eni ent :10. 56
3-18e(7-28-80)

.. I|

\
-

'.1

1 *
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10 GPr Identified ~ ,
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b. T.S. 3. .12.1 Does not per=it isolating the FORV unless it is necessarf
the leakage spec.pg ) J..s ' /C CJ p'to meet

,

M.2 OARP - RB Ventilation System pg. 23
1. Limited by waste gas release. permit ' authorization-
2. Air. te=perature Jue to relatively high NDTT of contain=ent isolation valves (60 F)

M.3 a. T.S. 1.5.6
A - weighting factor, f
B' ~ Power
C - 15%- -

D - 100%

b. ETP = d Q ,y_ + b- d\ Qegh
E* * ~c. Q= W

M.4 a.1. LER 78-315
Order operator to immediately borate rods out cf "not Allowed" region
- Contact Duty Officer 7 Ops Super - decision tcust be made whether plant shutdowr.

will be necessarf
.

-Initiate procedural change - obtain proper copy of index curve ed
icy . < incorporate int,o procedures

11. T.S.3.5.2.5 - Corrective measures taken b-wdiately to achieve an
acceptable rod position.

b.i. LER 78-020
EP 1202-08 CRD Equipment Failures
ICS runs back to 55% - have operators carry out ,the three immediateh

.

* action steps; Check OP 1102-4 for power redactions.

- - Subsequent action - step 5 - says if more than one rod is inoperable
then shutdown reactor and declare an alert. -

i
-- - . . .

I 11. Inop rod T.S. 4. 7.1.2, also 3.5.2.2.a. Rod Index lid, .3.5.2.5.e,
*~ -

QPT - 3.5.2.4.a
- .. .. . . , .

,

c.i. LER 78-025
"On discover', NRWP correctly selected Jr ES actuation". Others?j

''

~ % .ai : w, . o,,.
i

l ii. T.S.3.3 ?? (We are missing Spec Page) j
,

,

k J I, f T f 4's X .da h (b U d5*aS' ]

|
;

:

.
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K. i d. 1. LER.78-029
Check Tech Specs - if 2 < .ru::ent was required by T.S. Tabic 3.1r-1

'(which it certainly =usc be since it's in a D-C root) imediatt'.y
(since 1 hour is already up, establish a fire watch to inspect the zone -

11. T.S. 3.18 Specif' .ue required operability of fire detectors-

th ,5 *r id LTC h .

M.5 AP1001
1. when time or plant conditions do not permit the use of.PCR's
2. when the change is of a temporary nature and should not result in a

a per=anent revision
3. to direct operations during testing, refueling, maintainance and -

modifications.
4. to provide, in unusual situations, not within scope of normal procedure
5. to ensure orderly and uniform operations for short periods when the

unit, system or component is not performing in a manner not covered by
existing cetailed procedures.

M.61. Permission to operate or energize ES equipment must come from the Shif t
Supervisor / Foreman

2. Per=ission to operate or energize non-ES equipment may be granted by ahy
duty operation's control room personnel

3. A31 permissions must include specific instructions as to the position
the equipment must be .lef t in when requested operations have been c6mplete.
The person in charge of the wack shall work with due regard for the actual
condition existing.

4. Per=ission to energize or operate a blue-tagged cocponent shall be granted
only in situations where energizing or operating the equipment is required
to complete the work item for which the tags were placed. In all other
situations requiring energizing or operating tagged equipment, cleared tags
must be removed in accordance with applicable. sections of the pt v edurr.s. ,,, ,,. ,

,

5. When any ES related equipment or tech spec required equipment are rcturned
to service af ter being tagged for maintainance the swithling order must
include the position the valves must be placed in and the normal operating

.. r . .condition for the device. -
- -. v < Le *. . c . .. ,v ,

- p g y L, 49 .: . # ~

. b & g
%I
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1

FLOW RATE : Q

.

FIGURE 6.3-1 TWO CENTRIFUGAL PUMPS IN PARALLEL
.

. . . .

Centrifucal Pumos in Series
, , , , , , , . _,

By placing two identical centrifugal pumps in series, we "

find that the flow rate remains the same but the total pump
t head doubles. A resultant set of pump curves would look

like Fig. 6.3-2 (i.e., condensate, condensate booster pumps).,

.

.

r
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Cavitating $ venturi' -ca.,bination of* flow rate r& oressure - anorox.N.1
550~ gom &=600 osi fluid reatnes saturated' conditions. in venturi'and
cavitated such that continued floa- of liouid is blocked 5 prevents _

oump runout.
,

N.2 a. On figure.
~

b. On figure.

N.3 OARP - heat transfer fundamental - lesson-notes pg 43-48.

a. a-b Ad abatic Comoression - fluid is compressed without heat loss
as piston strokes closed.
b-c Is thermal expansion - heat is reversibly added at

constant temperature with conseq. increase in S.
c-d Adrabatic expansion - fluid adrabatically and reversibly

expanded. Piston strokes open.
d-a Isothennal compression - fluid cooled at const. temp to initial

'
state - piston strokes closed.

o. Expansion will be less - c-d or line d-a will be at higher
temperature - thus more heat rejected to heat sink - less
efficiency.

,

i

N.4 'a. 1/3/80 GPU letter Module 6
41800 psi - 175 g,om en* oump

205 gpm tw enps
*

b. 275gpm/1 , ump
450gpm/2 ,cumos

c. Following a unit trip it was customary to isolate letdown, start.
another makeup pump and if necessary to maintain pressurizer
level, open an additional injection valve (16 series). This resulted

j in unnecessary thennal shocks on the valves. MUV 217 is intended so
' that opening injection valves & therefore thermal shocks of the HPI

lines a.re no longen necessary.
j

,

N.5 a. Ref: thermodynamics by Van Wylen og. 205
' ' '

i Gbbs - Dalt6n law for a mixtur'e of ideal gases:
I Pt = pstm + PH2 + PN2

must decrease.&PN2, PstmTherefore for a constant P , and increasing PH2T
|

b. Since Pstm is the only compressible gas and PH2 and PN2 are non-compressible'

the resultant increase an pressure will be greater than if it had been
| a pure steam bubble.
|

| N.6 a. On figure - 2 same capacity pumps in parallel - head remains the same -
| flow rate doubles,

i
b. On figure - 2 pumps in parallel - HPI has much larger, head.

|

|

,
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U. S. NUCLEAR REGULATORY COMMISSION .

_

REACTOR OPERATOR LICENSE EXAMINATION

'

Facility: TMI-l

Reactor Type: PWR-8&W

Date Administered: 4/23/81 WED -

Examiner: BWilson/BBocer/JMcMillen
''

- Applicant: VVlh*iTM- B
.. ._

- INSTRUCTIONS TO APPLICANT.:
.

Use separate paper for the answers. Staple questien sheet en top
of the answer sheets. Points for each questice are indicated in
parentheses after the question.

;
'

Category % of Applicant's % of '

CatecorvValue Total Score _ Cat. Value _

13 13
,

Principles of Reactor OperationA.|
.

i 12 12
~

B. Features of Facility Design

13 13
_ _- C. General Operating Characteristics

,

n 13 D. Instruments and Centrols
~

E. Safety and Emergency Systems''

13 13
_

14 14 F. Standard and Emergency. Operating..

Procedures

10 10 G. Radiation Centrol and Safety
,

12 12 H. Principles of Heat Transfer and
Fluid Mechanics,t

| 100 100
.

Final Grade %
,

\ .

\
' \

\
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A. PRINCIPLES OF REACTOR OPERATION (13) '

A.1 a. What two isotopes are primarily responsible for the Dcppler
Coefficient of reactivity? (1.0)

b. What is the origin of each of these isotopes? (1.0)

A.2 The following data is given for TMI-1 Cycle 5 percentage of core
power contribution.

.

| BOL EOL /6
i /

U-235 - 68% U-235 - 53% .0064
U-238 - 7% 0.238 - 7% .0148
Pu-239 - 25% Pu-239 - 40% .0021

a. Calculate the value of for BOL and EOL for cycle 5 (1.0)

b. What effect on reactor control does this difference i
value have? (1.0)

c. The percentages from U-235 + Pu-239 change somewhat over core
life but U-238 doesn't. Why? (1.0)

A.3 For the following two statements answer which one you believe is
true M why. (1.0)

a. When reactor power is leveled off at 10- amps 5 hours after
a trip from equilibrium xenon, since the reactor is critical,
xenon will burn out and not peak as it usually does following
a trip.

b. When reactor power is leveled off at 10-8 amps 5 hours after a .

'tHp from equilibrium xenon, the reactor power will have
virtually no effect on the xenon peak.

| A.4 Which of the following is true for Samarium: (1.0),

a. The production rate is only proportional t~o power ~ and the only
means of removal is by natural decay.

.
., ,,

b. The production rate is only from the decay of Promethium but
the removal of Samarium is only proportional to flux and therefore
power level.

A.5 For the following situation which of the two statements below is true?

From a just critical condition (e.g., 5 X 10~ amps) regulating rods
are withdrawn to place the reactor on a positive startup rate: (1.0)

a. Since delayed neutrons come into effect later than prompt neutrons,
they begin to multiply more and increase the Startup Rate.

b. Since delayed neutrons come into effect later than oromot neutrons,
they lengthen the generation time and decrease the Startuo Rate.

,
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A.6 At Seginning of Life with a high boron concentration'it is
possible to have a slightly positive moderation coefficient.
The standard explanation is that as the moderator heats up,
the boron is displaced out of the core area such that the
positive effect of the reduced boron overcomes the negative
effect of the natural MTC.

a. Does this mean that the boron concentration in the core is -
effectively reduced from say 1000 ppm to something less?
Explain. --

(1.0)
! b. t co *ff - coeCC

ka,; _;;a | ggy
. . . . .

,

|g I.
,

- . _ - -
The above curve is contained in the Nuclear Theory Lesson Plan
(OARP). Which way does the curve shift with increasing boron
concentration? (1.0)

c. How does the Startup Rate and reactor power respond as you
enter the point of adding sensible heat with a positive
moderator coefficient? (1.0)

A.7 Assume you are watching the response of an intemediate range channel
during a trip from full power. ,

a. Approximately how far (in tems of percent power or decades) will
the indicator drop initially? Why? (1.0)

The rate of decrease in fission rate igcontrolled at aboutb... -

. The half-life.of-80 sec or -1/3 DPM by the decay of Be
B 871s about 55 seconds. Whylis tihi rate:of deczy.-on neutron (1.0)7power -80 seconds? -

4

s

6 9 |
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B. FEATURES OF FACILITY DESIGN (12)

B.1 The attached Figure B.1 is a simplified flow diagram of the HPI portion
of the Makeup and Purification System. Also shown in dotted lines are
the modifications that have been made to the original system. For each
of the numbered modificatins (3), give the reasons why the modification
was made. (3.0)

B.2 List the .__i provisions that will' ensure Emergency Feedwater Valves
30A and 30B can be controlled by the operator if necessary due to:

a. Loss of instrument air with off-site power, h (1.0)

b. Loss of instrument air without off-site power. (1.0)

8.3 Explain the following limitations on the NSRW system:

a. Do not attempt to throttle the river water inlet or discharge
valves or control temperatures by opening and closing those
valves. (1.0)

b. The NSRW system will not be used to back up the Secondary
Service River Water System when the reactor is critical. (1.0)

8.4 With respect to the pressurizer:

a. What are the two major purposes of the spray. bypass line? Include
how opening this valve achieves each purpose. (2.0)

i

i b. Under what two conditions is spray valve (RC-VI) use prohibited? (1.0)

B.5 After taking the shift you notice the following lineup in the nuclear |
services closed cooling water system. Explain whether or not the

|

system is properly aligned. (2.0)

Pump Status Power Sucoly 43SS
,a

.

# ~
IP - ldNS-P-IA out of service IP

NS-P-IB nonnal-after stop IS . IS --78 1 G
<

' ' '' NS-P-IC running IS

|

| -

6
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C. GENERAL GPERATING CHARACTERISTICS (13)

C.1 Attache 1 Figure C.1 is found in the Technical Specification.

a. Give two reasons why control rod overlap is desirable? (1.0)

b. What are the thrge reasons for rod position limits? (1.0)

c. What are the lief tations for operating in the " Restricted"
region? (1.0)

C.2 Describe how the turbine bypass valves and decay heat closed cooling
water system valves are manipulated to achieve a smooth transition from
steam generator to decay heat removal system cooling. (2.0)

C.3 Mixed bed demineralizers are used in several systems at TMI-1.

a. Explain how the principle of aciectivity =nnt?as-to ion exchange in 40
a demineralizer. (1.0)j

b. Explain how pure water is obtained from a mixed bed demineralizer, (1.0)

c. Explain why a mixed bed demineralizer can be regenerated. (1.0)

C.4 In June 1980, during a natural circulation cooldown, a steam void
was oroduced in the reactor vessel head at St. Lucie.

a. Is it possible to form such a void at TMI-1 when the saturation
meter indicates a subcooled RCS? Explain. (1.0)

b. Explain pressurizer level response to increasing pressurizer heater
output when a void exists in the vessel head. (1.0)

w@k
C.5 While operating the unit at 70% power with both icop feedwater controllers

in manual a loop 8 RCP trips.

a. List five indications thdt would identify the presence of this-

tripped RCP. Do not include indications that would result from
any automatic actions due to this trip. (1.0)

i

| b. Describe how and why individual loop feedwater flow and total
! feedwater flow must be adjusted by the operator in response to
j this RCP trip. (2.0)
1

i

|

|
,

|

<

. . -
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D. INSTRUMENTS AND CONTROLS (13)
'

O.1 Senscrs to start or initiate emergency, safeguard, or control system
actions ceme from a variety of different sources. List the sensors
that will initiate an automatic action for the following abnonnal
situations (for example, high flux as sensed by the linear power
range detectors causes the RPS to' trip the control rods).

a. Turbine trip that causes the reactor to trip. (0.5)
WM Q

b. Auto fnitiation of EFW due to loss of all four reactor coolant
pumps. (0.5)

c. Isolation of Decay Heat Removal System due to high pressure. (0.5)

d. Kidney (RB Atmos. Cleanup) System fire protection spray pumos. (0.5)

D.2 The source range and intermediate range channels overlap by 2 decades
according to the OARP Manual.

a. At what count rate on the source channels would you expect to see
the Intennediate channels come on scale? (0.5)

,
,

b. Has the reactor achieved criticality by this time? (0.5)

c. From your answer in (a) to when the_ source range channels are
de-energized, prove that there is at'least a two decade overlap. (1.0)

0.3 a. Each section of the nuclear power range channel has one single high
voltage input connection . and two separate output signal connections
What two indications do you obtain from these output signal connec-
tions. Use a simple sketch to explain your answer. (2.0) I

b. The source range channels use'. a discriminator to eliminate gansna
signals while the Intennediatei use compensating voltage. Why is
it g necessary to eliminate the garxta signal in the power range
channels? (1.0),

Figure 0.4 is a partial sketch of the .ICS control . scheme of. the EFW . . .

| Control valves. Complete the sketch showing how the operator can take
I manual control of the EFW valves from the control room and totally

separate from the ICS. (2.0)

0.5 Should the-gen-flow indicators on the HpI injection lines be used to
isolate a break? Explain. (1.0)

0.5 When synchronizing a diesel-generator to a bus or the main generator;

to the grid you must adjust the machine to get proper rotation of the
synchroscope,

a. What two parameters does a synchroscope measure? (1.0)

i b. What is the proper position of the synchroscope to close the
breaker and what is this telling you? (1.0)

t

i
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D. INSTRUMENTS AND CONTROLS continued

D.7 When the ICS, portion of the Feedwater System is in full automatic
(also full power) by what signal (s) are the speeds of both feedwater
pumps controlled? (1.0)

;-

!

1
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E. SAFETY AND EMERGENCY SYSTEMS (In

E.1 How can you identify whether nne of the steam safeties on the emergency
feedwater pump turbine 13 open after a loss of feedwater transient? (1.0)

2.2 After automatic actuation on a 4 psig RB nressure: signal, most ES
ccmponent statur lights on PCR will turn from white to blue, however; a
few remain white. For ecen comp 0aent listed below indicate whether
the status light should be white or blue. If not indicated on the

! status panel so indicate. (2.0)
:

a. IC-V-6 f. EF-V30A
' b. MU-V-20 g. MU-P-18
c. BKR-G11-02 . h. CF Tank A CF-V-1A
d. WDL-V-534 1. rU-V-18
e. RBS Pump A j. NS Deicing NR-V4A

E.3 a. Four reactor trips may be represented graphically on a plot of RCS
Pressure vs. Reactor Outlet Temperature. Sketch this figure, label
each of the trip functions (boundaries) and give the value or
equation of each. Use Figure E-3. (2.0)

b. For each of these trips, give the basis for the trip. (1.0)

E.4 After automatic actuation, of the RB emergency cooling system after
a LOCA, how would the following situations affect system perfomance?
Include potential consequences and backup components.

,

,

| a. RR-V6 fails to open. '1.0)
|

b. Fan AH-E-IA fails to shift to, slow speed. . (1.0)

E.5 With respect to the emergency diesel generators:
|

How do you know from the contro1 room if the local emergency stop (.75).| a.
| pushbutton has not been reset?

, , ,

f b. What is. meant by speed droop? 4,MM (.75)

k.ist the! conditions required to auto start the DC fuel oilc.
pump. (.75)

1
d. List the theee control room alanns that could be initiated by

problems with the starting air system. (.75)

E.6 a. List the main and backup sources available to the penetration
,

pressurization system. (.75)
|

b. How is penetration overpressurization prevented? (.75)
|

c. Describe how the electrical penetration pressurization subsystem
! responds to a containment isolation signal. Include status before
| and after the signal. (.75)

-______ __
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F. Standard and Emergency Doe-ating Procedures (14) ,

F.1 You are the responsible operator at the controls when the unit
experiences a complete loop A main steam line rupture.

a. In this instance, what signal (s) will start the emergency
feedwater pumps? Explain your answer. (1)

b. Describe the interlocks on the emergency feedwater pump
turbine steam supply valves that ensure a steam supply
from the unaffected OTSG. (1)

,

c. If you are unable to tupply feedwater to either OTSG, what
are your actions? Include in your answer any components
that must actuate as a result of your actions. (1)

s hat three conditions may the operator "at the controls"F.2 a. Unde w
leave the area immediately in front of the console? (1.5)

b. While at cold shutdown, an instrument technician wants you
to grant him pemission to withdraw and insert control rods
for a RPI check. May you allow him to perfom this task?
Explain. (1.5)

F.3 a. During the TMI-2 accident, explain why PORY tail pipe
temperature did not reach pressurizer temperatures. (1)

b. According to EP1202-29, " Pressurizer Systems Failure",
what are operator's directions on determining whether
the PORY is or was opened. (1)

c. What design features were installed to aid in the identifi-
cation of an open PORV? (1)

F.4 The following precautions and/or limitations are found in the
TMI-l procedures. Fill in the blanks,

a. The pressurizer must not be filled with water to solid
(440") water conditions at any time except (.5).

b. The boron concentration in the RCS shall not be" reduced
' '

'

unless or (.5).

c. When reactor coolant temperature is less than no

more than 3 RCP's shall be run at one time. (.5)

d .' In case of or , borate immediately to
70 degrees F,1 percent AX/K shutdown concentration. (.5)

[YJ KC f):. A-nf AJ;; 'a:.5
F.5 a. Explain why feedwater is desirable during small break

LOCAs. (1)

.

-
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ib. How can you detemine whether an accident is --

a LOCA or a non-LOCA overcooling event? (1)

i c. tw can heat be removed from the core if both hot -
legs beco"4 steam bound during a small break LOCA? (1)
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G. Rod Control & Safety (10)
.

G.1 Define the following tems (do not use fomulas):

a. Radioactivity (0.5)
b. Gama radiation (0.5)
c. Effective half-life (0.5)

G.2 How are RAD and REM related? (0,5)

G.3 l_ist {i{o a uiue different Igtgons of criteria that you would (1.0)
exDeC in 60

G.4 I-131 is a radioactive material that is often encountered at
a reactor. Give the nuclear process for the formation of this
isotope and why it is considered to be a hazard. (2.0)

G.5 In the use of radiation survey instruments: (1.0)

a. an ion chamber instrument should be used to detemine
dose rate.

b. a GM tube instrument should be used to determine dose rate.

c. an ion chamber instrument should be used to survey for low
level contamination.

d. a GM tube instrumentT*UMd_be used to survey low level
contamination.

e. a and d are correct.

f. b and c are correct.

g. all of the above are correct.

h. none of the above are correct.

G.6 Tritium is produced in large quantities in a PWR. Will the
' containment area monitors alarm if the tritium concentration
in the containment increases? Exlain your answer. (1.0)

'

.
- -

. ...

Fuel assemblies located in a reactor facility can be generallyG.7
classified in three categories; (a) ne,' fuel, (b) recently
removed irradiated elements and (c) irradiated fuel stored
for some time. Which of these classifications of assemblies
would oresenta direct radiation hazard? (1.0)

G.8 A 28-year old operator has accumulated a life time radiation
dose of 49 4 Rem up to the beginning of this most recent
quarter. He has been told to go and open a valve which is
located 8 feet from a source that reads 32r/hr at 2 feet.
If it takes him 15 minutes to open the valves will he exceed
the dose permitted by 10 CFR Part 20? (Show all work). (2)
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H. Princioles of Heat Transfer and Fluid Mechanics (11 - -

H.1 Evaporation and boiling are both themodynamic processes in
which a liquid such as water changes phase to a vapor such
as steam. What is the difference between evaporation and
boiling? (1)

H.2 Define the following tems:

a. BTU (.5)
b. entnalpy {.5)
c. latent heat of vaporization .5)
d. adiabatic .5)

H.3 Figure H.3 is a longitudinal section of an OTSG. At full power,
feedwater enters the OTSGs in a slightly subcooled condition and
exits as superheated steam,

a. Briefly explain the design feature of the OTSG that brings
the feedwater from subcocoled to approximately a saturated
condition. (1)

<g*r4/( b. > Show on the Figure the three regions of heat transfer in the
/ OTSG as the feedwater/ steam mixture rises up the tube bundle.

Indicate the relative location or ana of each. (2)

c. Which of the three regions has the best heat transfer
[

characteristics? 'Also, second best and the worst? (1)

H.1 You are told to determine whether a heat exchanger is
experiencing tube fouling.

| a. How and why does tube fouling affect the heat transfer
| capabilities of a heat exchanger? (1.5)

'-

b. Figure H.4 represents an elevation view of the heat
exchanger. Using the pressure indications on this
figure, is the heat exchanger exceeding the design
limits for differential (inlet to outlet) pressure

,

L of 15 psi? Shc s, ynur work._and explain your answer. (1.5),

H.S Figure H.5 is a cross sectional view of a fuel rod and
coolant channel,

a. On Figure H.5 sketen the temoeratureprofile from point I
to point 5 for operation at 100". power. (.5)

b. Where does the best heat transfer occur? Explain. (.75)

M Where does the worst heat transfer occur? Expla'n. (.75)G 1

g;,gM '

!

. - . . .. - - - . .
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EXAli~d ANSWERS
-

(0ARP pg 29)
A.1 a. U-238, Pu-240

b. U-238 Naturally occurring N 98.5% of fissionable material.
Pu-240)' W-238 +3 W + u * h V ' 2 " - PJH - d - P? *f ap..p W

pg[37
A.2 a. 0ARP

0 = .n058BOL

i EOL / = .On523
- 1 .--.

b. Since I a the period will be shorter for lower value of /0 .

'A~/ /

c. Relatively, U-238 is a hugh mass, U-235 is only 2-3% enriched, Pu-239
comes fron U-238. Pass of U-238 can essentially be considered 00
and fissions by fast on' only.

A.3 b. 10-8 anos is + 6 decades belcw full power, Xe is ( dependent -
.,

virtually no effect on xenon.

A.a (b.h OARP pg 28

A.5 (b.)
A.6 a. No. Boron is in solution in the water in Terms of parts per millien.

0 pom which is a very dilute solution andWeicht of Solute X 10 =

weignt of Solution (water) concentration will not vary unless
solubilitie limits (e.g., freezing temps) are reached.

- . . tbb,V,~:.k u u.wCurve sh'T?t to the right and down with increasing baron.,

oc 2?
concentration. -~ - ~ ~''. ~."

i

c. As coderator heats uo, + 8 will be added however, Tave is controlled'

by steen dumps at 532' while fuel temp must increase to create d7
to increase mod lemp. therefore Do'ppler should overcone + MTC.~ ~~

TR 1 h h 4 hp
-

!
A.7 OARP pg 47

2 d re. Jus- $6-
-

| - ..

i p-
a. Pronpt drop goes to /V .5% reactor power. b[.ur,3 l,-Ju.v..j7,*[

(t-h G'.?T| ., .

s . _a
|

b. Dec.ay constant ,(= , y.._- m
. ./ .

or tean Life - i __

gM f =.8C Sec.,-

JA

i
:
i

w
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- 0 gpp D h-cM-
RM-14 pg. 3 - Following a trip, due to pressurizer shrink 'f. , :;..,a Req \'\

B.1 ,1 . 1 .

/ MUV-17 would open full but was only able to cass*758 GPM.d/r/h T , M99""7j This was usually not safficient to maintain cressurizer < <w <*Jo #
level and it was necessary for the ooerator to open MUV-168. .-A % ra'fc.M
In order to limit the themal shocks on the injection nozzles,f,,9 gg,yy m
the 2b" byoass line including MUV-217 was added to augment ;,,.,j ,gg/f /J
makeun flow. A-

- ,,x ;x,g;- y. fMu
RM-14 pg. 2 - A postulated break between the RCS cold leg and2.
the first isolation check valve would result in both a SBLOCA ~gg ,pgand a HPI line break. Certain failures, couoled with this tyoe,CU"'b fe FW''''of break would prevent the HPI system from performing as f
requi red. Thecross-connectionsensureHPItoallleys.-

M A ,Y || t .5 o j .';-- S* w & i s'7 J~*yif Ru caGt ' % -

RM-14 pg. 2 - Manual throttling of1PI v'alves may be necessa5'',f ~ r _,# 4 #d""-,

3.
requiring an operator to enter a high radiation area (potentially). "W .
In order to eliminate the need for coerator action, cavitating
venturis have been designed to limit the injection flow to less
than that which would cause HPI pump runout without restricting

s the flow to unacceotable levels in other cases.

8R 0B.2 ,SDS 424A pg. 3 gg/.

tation Air Valve 1A-V1 ocens 3 75 to 80 osia.M Na. ,

b. re/> d9 pnAM. fw/ k MWal cfr/%
g'gcr @u C. 80 gal receiver tank sucolied bv 5 Ho,18 SCFM air comoressor =

i suoply line opens 0 70 p'sig.(s# r.A ymW .rpf ,~

'' "- # ' '~~ 4 *' #
~ , ' ' , ',

Saf y/4v .9 f /9 &k-e: [W.'. /~ i :.-
,

O B.3 a. Assures maximum flow during accident situations.

b. SSRW is not safety related and a failure in this system would
prevent proper operation of the NSRW System during an accident.

~~~

Ref: OP 1103-5
B.4 a.l. Maintain temperature in spray line - with constant flow line will

a not stagnate at lower temoerature.
*W 2. Equalize' borbn concentration between RCS and oressurizer with

constant flow dump RCS to orz, causes heaters to stay energized
which causes- outsurge back tu RCS.

~

l . Per 1101-1, limits & Precautions
if4Tbetweenprz& coldb

Uleg is 250 F (1103-5 says i?0 C if N2 bubble exists unlessf .

0/ prz temp. <210 F & H2 pressure 43 osig.

B.5 Not procerly aligned since B pump is aligned to same oower supoly as
'C'. On ES and failure of IS power sucoly no NS oumn would be

koc6 available. 'B' should be lined up to IP.

n\!bM' .

i(p
_
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C.1 a. Constant reactivity addition
minimizes peaking factors

[Mn

@.ed C$a worth T |"g.er hy AQ f y-
-

/b. Shutdown Maro1n

Locas peau ng factors ;,

c. Inadvertant operation for up to 4 hours is allowable without
exceeding LCO

C.2 Initially have cooling via TBV's & DHR system in service. Open
DHCCS bypass around DHR Cool r (DC-V65 A & B) and slowly open

As the DHR cooler becomes effective
B _T DHR cooler inlet (DC-V2A & B .p and starts to cool the RCS, he TSV's may be throttled. ContinueD

process of closing bypass opening inlet and closing TBV's.

C.3 a. Resin beds hold H+ or OH' at collection sites. Due to the order
Ig of selectivity, the impurities are more attracted to the collectorsjtes-theyareselectedtoremainontheresinbedwhilethe

H or OH ion is released.

In a mixed beg demin, the cation resin will collect + imourityO b. '

and release H while the anion resin will collect - impurity
'

(t ) and release OH".
H* and CH combine as pure water.

,
.

Highly concentrated acid or base will reverse the process andc.

cause the resin beads to release impurities and collect H+G'u[~~_(8 and OH ions.
~

gg:u ;( / N..
d c.? :

which mayC.i a. Yes, since the saturation meter looks at the highest Tg
not be indigative of RV head temperature if insufficient head flow
exists. Mid? J,4ff ble Des'7~ NAW A K.?. ail ~ :r

-"y S r; - as ?WesN*ch-- +/sp,:P is d )Mtsie7E ~

V b. Heaters outpu[ increase %ould heat water in p'rz. , which wouTd
increase pressure in prz (it is at saturation) which would tend
to collapse void in head, which would cause prz level to droo.

.

C.5 Expected Transient Resp. Pg. 10
RCP Motor Trio-Alarm #y fl#^0g g rE'

^

^ RCP" Breaker Lights /# Ch
/N f O,, rQ Total RCS F1aw p' Alarm gi o' a ^ ' f(yAT/MRC Total Low Flow I

RC Loco B Flow } fr #j
RC Loco B Flow low alarm W

b. Why? To bringATc into acceptable values and to keep RCS pressure
within acceptable bands.

s How? Increase FW to loon A while RCS pressure >2155 osie and ATs is
,

' t[) positive, decrease FW to loop B while RCS oressure is 42155 and ATc
is positive, this wayATc is being controlled bv individual flows
and RCS pressure via total FW flow.

.
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D.1 a. Low EHC oil pressuCa ,

b. Sys. Desc. 424A=pg. 9 52 X 1 relays from RCP monitors 1 + 2_,

c. GAI DWG 302-640'RC3A 2 for DH-V1 RC3& PST~fo'r -2
All oress transmitters are on hot legs /- cannot identify
from G-3U2-oov.

d. 0ARP RB Vent Sys. pg. 39 - FSP SA/B auto start whenever
two temp switches close.

| D.2 a. 0ARP pg.- 12 , Fig N-2 do not agree IRM!s do not indicate
0until SRM 10' CPS - go off scale @ 10 cos, j,

3
b. Ye , reactor should be critical somewhere around 10 cas , r/EA#8 '#

/
1 cos. ,pa u , ry,

NI-3 & 4 deenerg 1 & 2 @ 10~9 amps. - lowcr range of 3 & 4c.
4is 10 4 amos - therefore must be indicating prior to 10 cos on

SRM.

D.3 a.
,

d .$ add yw AAw'

e
9c fo*\ :( p

A '' 3 :Y f*

,

0jM /i

%
- 'mb 7

__ _ - Q f
. .. .

;

|

b. 0ARP pg. 13 & 14 1% of detectors full autout is due to gama field.
The major of the gamma field is directly oroportional to reactor power'

and the gama response does not introduce any significant error orovided
it is held to a small percentage of the total signal.

| D.4 On figure. .

0.5 Quiz in Volume 3 cf QARP
No - Cavitating ventures make it imoossible to determine which leg
contains a break by reading flow instr.

|

k
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hD.6 7 Phase angle & different in frequency, ,

4

Xf y (n) %:

' ' /

\ <'
'

_

e.g. system @ 60 Hz above represents cycle in 1/60" of sec.

| b. Dotted line indicated slightlyX0 Hz and systems in phase @ circle.
Close breaker @ 5 to 12 to give closing time so phases meet. Op gA/CNT4 Y

0' ## #D.7 OARP Module 3
Fw System lec*.ure y, TNA r Ch /D>

Two signals kW' rom ICS AM g y ''. , - -

1. Total Fw Mew f
2. Lowest Fw Valve AP selected by ICS

,
p/2 f * l '7~

z
~ A r .c .

, -
,

,

.

. . - .
. -

|

[ e .

i

.

I

J
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,,, y 7 //A s s D(/ c A 9

''

Ot% P - % % .VAo % , %0 N% hv ~ TP/t P/PS
. MRt/SV indication panel will be in alam - one of the channels 4./vv5 W#A -
' will be lit (channel 5), EFPT discharge cressure will be low. pc cats /T

GW!-

, g , a ri n 4
N#

ainmengol Lecture pg. : bigt. ND v "
,

Sinlet) f. not indicated (EF feed value)White r_a. -

BlueMakeupoumo) f,Wf 7pfb. White TSeal Inj.) 9
White isol. valve}'- deng c,%c. White (Ceal "ujdS.Cd/ h.
B' ae lS " ' '" } mr., w /, ,v7-

White 013 spray)d J, g([(pq, deb
Blue bit e.u 1. "d.

e.

E.3 RPS Lecture - Fig. 5 OARP

5P,u+1 gd Q*-
9= Tb'to V

d e

3 J
C- er

bY

i* 0,cd 9# -

th h =f / |#

m i .

9[LFri9cc ,

y
v

.

.

O Wb. RPS ler.ture
~v p P =f2'390 hi Press

~ '

.

Limit Tntegrity of RCS oipino & components prevent lifting
~

safeties, trio setting establish _ed by ASME_ Code _Secli n_ IIIA
Article 9 Wi5ter 1968.j, , ,

,

; D" P = -Maintain)DNBR 1.3 for Transients & accidents
T 61. - Prevent ex'cessive core coolant temps in operrange.

'lariable temp / Press - Maintain DNBR 1.3

E.4 This is comon discharge value, system will not remove sufficient
Cp, d.?a .heat. Have MOV-RR5 which can be used by byoass RR-6.

') b . Fan will probably overload when trying to aumo denser atmosobere
(Trip?) the two other fans and containment soray act as a backuo.''

o r --

m
< " '/ s~ f.l.A f.Af IF C IX'4ill have overspeed alam (oc. 8).OtM.P L*' ' -

E.5 a.

b. Ldrop in sceed U change in load) pg6 /* " #' N I# ^*
* / f'' # #/' N-Alleins engine sne >d to vary w/ load

cAv4 caw-
c. EDG start signal, SW in auto, oil oressure 410 psi sensed

downstream of duplex filter.
ftfE0 FOR T8? I

- Low pressure, manual valve closed, Sil not in au
"?j..g d..T* q 1: i,m 4:o ,7 YL a./teo b frf- Qk

.
,

G
.
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,I 'ge.derAec h3a.#saE.6 .a. ESAS Lecture pg. 9 & 10 . M '''', p s
.

'

Main.' Instr. air- @ 60 psig !

i ypfgp ,* /MIT M /$ [# T#Backup,'N2 @ 59 psig
- service air 0 57 psig

i

b. Overpressure ' regulator, relief valve

c. Normally @ 30 osi w/N , after CI signal N2 supply & relieving-2
devices are isolated and the main subsystem supplies the penetration

,

pressurization.

|

|

1

.
. .

;

2

. . . .. ...

.. . . . ,, . ..

.. .

;

.

t

I

r

!

i
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F.1 a. AP 1203-24 ,5 g
g ##35Complete rupture will initiate E5AS since less than b500 psig

all 4 RCP's must be tripoed - this signal starts the EFWPs. ja r f> M.
Loss of both MFWPs would also start EFP but mechanism to cause g fps.
W P trip is unknown. 3)y|Mlnded
MSV-13A opens first of 0TSG 'A' pressure is greater than 100 psig bgb.
MSV-138 opens if 0TSG 'A' is (100 psig and OTSG B is'p100 psig.

,

c. Initiate full HPI e 6cory--n o3G /)( HPI pumas start,16A-+D valves open Sr W - V- S ,t I,
Open PCRV & block valve, @ M 8QSuction from BWST open

F.2 AP 1028

a. 1. Verify receipt of an alam, investigate parameters
relating to suspected abnormal conditions.

2. Initiate corrective action in the event of an emergency.

3. Operate aux. equipment control which are located in the area.

b. No,10 CFR 55 does not allow the manipulation of the " controls" /unless they are in training for a license,(establish cooJ1 ng water
to CRD's). Q. %L mw g - /Wu C,c M.<.# Gv

C f.pp pct.
F.3 a. Isenthalpic Ex;:ansion out of PORY - Enthalpy remains constant -

press & temp decrease. y sp f /NecTR
0 /# ""b. EP 1202-29. Temp 200 F if open for 10 sec. 10 min. pp r-

,

Required to cooldown to 200"F., g y, geof7,,

## # "c. AP indicator and alarm ## " I' #Acoustic monitor alann
~

F.4 a. 1102-1 pg'. 3....
~ '' "

as required for system hydrostatic tests /Su r 4 0# p i ^* h D-
b. 1102=1 pg. 6.... OTM## M

yg. /? 'J Sl

At least one RCP or OHRP is circulating reactor coolant 4- - g 7 -- 5'd

[ g,gg yc. 1102-1 pg. 3 500 F MA0 pa 77

d. 1102-10 pg. 6 Stuck Rod, if 'cooldown is certain

F.5 a. Small Break Operator Guidelines
For

Energy 3 removal is insufficient due to size of break - must have
heat sink mechanism - in this case, OTSG's are only heat
sink so must have FW.

.
--

C
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'
b. EP 1202-6B

'7. Evaluate for a Non-LOCA overcooling event by observing the
following: i

I
/? q

'

! NOTE: During a loss of coolant accident, RCS conditions will !
! approach saturation. Temperature will remain fairly 1 CA VE
! constant and pressure will decrease to saturation !

During a Non-LOCA overcooling event, pressure ! /'_[#{,[,! pressure. .

I and temperature will both decrease rapidly. Some ! e''

! subcooling will be maintained unless pressurizer level !48#pe
! is lost. ! f

fMS
a. RCS pressure, temperature, and saturation margin.

/

b. OTSG pressu're: Decrease for steam line break,

c. OTSG level: >50 percent for overfeeding event, low

level for steam line break.

d. Main and startup feedwater ficw: High flow for
.

, .

overfeeding event, isolated for steam line break.

If non-LOCA overcooling is it.dicated proceed per
.

Attachment-2.
-

. . - -

. .. .. ~.:~

F.5 c. Attachment 3- ICC _yp i j y p, p rfC .4 ve / u ~ ,

| Open RC-RV-2 &
& subsequent steps gjD/ #M

3. yp .c, PEN .
.. - . .. . ..

or Reflux Boiling Mode 8B w s7 P g jpAl

,

t w
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G.1 a. The property of some atoms of emilting alpha, beta, gama '-

or some other particle or wave to establish a more stable nucleus.

b. Short wave. elect-omagnetic radiation very similar to X rays.

c. A weighted half life of a radioactive material which takes
into account the decay characteristics of the material and
thegion of the material within the body.

G.2 RADXQ$= REM

G.3 MPC - lig + gas, restr & non restr. Quarterly, yearly dose limits,
whole, skin, extremity, rep ting requirements, etc.

G.4 I-131 is fission product that can easily escape through a leak in the
primary system. If it gets into a room fi. may become a gas and
can easily travel to the environment. If breathed or taken in with
milk it concentrates in the thyroid gland and can cause a large
dose in this area.

G.5(e)
G.6 No. Tritium decays n&y emission of a very low energy Beta which

cannot be detected by area monitors.

G.7 Irradiated elements both recent and stored for some time. ~

G.8 (5)(n-18) = 5(28-18) = 50 Rem pennitted
: has accumulated 49.4 a'-
| .6 rem still in book

\ g (C js
work will add D'

1N , . 02 = 32 = P2 .W T f g/ ,v -
.

i. .. ..r .

!

! D 32 X 4 = 2.0R/hr
|. 2 = 6T. . -.. ..

only work for 1/4 hr. so 0 = 0.5 rem
,

will not exceed 10 CFR'20 still has 0.1 rem in bank
|

i

!
(

|

|
'

.
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H.1 0ARP pg. 5 -

4-

Evaporation - phase change occurs below boiling point - boiling - liquid
at saturated conditions - temp. of total oressure above free surface.

#
H.2 a. 0ARP pg.14; Heat req to raise libm of water from 59.5 to 60.5 P

b. 0ARP pg. 21; H=U + pV (laternal Energy + Press. X volume)

0ARP pg. 5. heat supplied t La licuid to c b ge it to a vapor'c.
,

| without changing its Tortp.

d. 0ARP pg. 14',0=0 process which there is no heat transfer.

H.3 a. Aspirating ports in SG shroud allow ev10*. steam flow to preheat
FW at the sparger,

b. Nuclet .e boiling - largest area @ full power | film boiling constant
area over power range'superheat - area decreases as power.

c. Best to worst are same as above - film boiling tends to form
insulation of tubes.

H.4 a. Decrease h - heat trans coeff. - creates. Essentially creates
film barrier across tube.

b. Indicated Ap = 20 psi; however, there ioan evaluation difference
of 20 feet. The elevation differene. accounts for 20 X .433 psi /ft

Heat br, ore, heat Manspr AP = 20 psi - 8.66 ~ psi ~=Theref= 8.66 psi.
anspr is not exceeding Ap.11.34 psi.

H.5 O G) S$ @
/

h35
A.-

. . .

'N
N-

-

| -- n

N
N

s

T
\

:

\,
!N

,

'

'.
_ _ ,i

I

b. Best heat transfer occurs across Zircalloy cladding. Conductive
heat transfer through metallic body.

Worst heat transfer is ?. cross helhap - element is pressurized with helium.c.
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3.6 Shift Relief
All shift operations personnel shall be responsible for3.6.1 a.

maintaining their duty station until properly relieved. The

Shift Supervisor, Shift Foreman, Control Roan Operators and

Auxiliary Operators shall be relieved by qualified personnel

only. e.g. those personnel who are properly licensed and

properly informed of the plant status, operations in progress.

! and any special instructions which may be applicable.

b. Prior to relieving the shift the relieving individual will
.

discuss plant status, operations in progress, shift turnover

checklist.

The encoming CRO, SF or SS will each initial the ES Checklist toc.

indicate his understanding.

3.6.2 Prior to assuming the shift, the relieving individual shall review

station logs, records, special instructions, etc., which have been

generated since his last shift. The logs and records to be reviewed

should include:

. 1. Shift Foreman Log (Shift Foreman)

| 2. Control Room Log (Control Roan Operator)
,

3. TCN and SCP Books (Shift Foreman and Control Roan Operator)

4. Operatiens Memo Book (Shift Foreman and Control Roan Operator)

5. Revision Review Book (Shift Foreman and Control Roan Operator)

3.6.3 The Control Roan Operator will a:kncwledge his understanding and

awareness of the changes in the plant status since his own last entry

by signing the Control Room Log prior to assuming the shift duty.
:

l.

I

FOR USE W UNIT I ONLY
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' LESSON NO.:
REVISION NO.: 0
DATE: 8-12-80

?

REACTOR COOLANT LOOP FLOW

FAILURE:

Coal
- .

The learner will understand and be able to explain how a
B & W Nuclear Steam System will react to the transient:
reactor coolant loop flow instrument (pressure transmitter)
failure.

Instructional Obiectives

Given specific initial plant conditions and an overview of
the transient:

A. The learner will be able to explain (write) how, when the'

electrical transmitter output fails, the RC flow indication
will fail.

B. The learner will be able to explain (write), how and why, -.

6when the RC Flow indication fails to 50% (45 x 10 lbm/hr.),
the'ICS 4111 respond." ~

C. The learner will be able to explain (write the plant overall
.

consequences of the RC Flow failure.

D. The learner will be able to draw (sketch) the trend of plant
related parameters during this transient, and explain (write)
the reasons for such paranetric trends.

E. The learner will be able to draw (sketch) the trend of plant
related paraneters for a synthesized transient, similar in

.

'
1

_
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LESS011 NO. :
REVISION NO.: 0
DATE: 8-12-80

.-

nature to the transient discussed (RC Flow Failure);
and explain (write) the reasons for such parametric
trends.

|
,

e

.

Sa
e

|

- - ' '
.., .

|

l

I

|
[

l

|

|
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LESSON:NO.:"

REVISION NO.: 0
_

DATE: q_t? An
.-

. <

I. INITIAL PLANT CONDITIONS

A. Reactor at 100% power, all.ICS stations are in automa-

tic (integrated = ode). The unit is at 870 MW withe

T at 579 F.average

.

II. OVERVII4 0F TRMISIENT

| A. A failure of the differential pressure transmitter for
Ithe Reactor Coolant Loop Flow modifies Unit Load De=and

and 21T Control, causing the plant to runback and
feedwater flow to be raticed. The plant finally stabil-

izes out at approximately 78%.

III. SPECIFIC STEPS OF TRANSIENT
!

A. When the pressure transmitter for the Reactor Coolant Loop
Flow fails, RC Flow in the affected locp goes to =idscale

6
(45 x 10 lbs/hr. ) . Therefore, total flew drops to ap-

'

proximately 81% of 100% de=and, and one RPS Channel trips
|

! on "pewer to flew" but two- RPS Channels are required for i

,

a Reactor Trip.

. . . . . . . . . . ..
.

NOTE: The T,,,, , , Auto / Manual Switch will transfer
i automatically to the loop with createst flow;

assusing one loop flov is greater than 95% and
the other loop flow is less than 95:

?. The decrease in total flew creates a new High Load LL:it

for ICS Control. The ULD will runback to approximately

85% at 20 per minute, based on the RC flow change.

.

3 '
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LESSON NO.:
REVISION NO.: 0
DATE: 8-12-80

.-
.

.

C. 4T Ratio and BTU Limits are also affected with
the immediate change in Loop "A" RC Flow,

aT Ratio Circuit
c

The dT circuitry will detect an inbalante be-

tween Loop RC Flows and ratio loop feedwater demand .

flows accordingly. Therefore, feedwater flow demand

is decreased to "A" Loop and increased to "B" Loop.

3TU Limits
.

Assuming normal values for the BTU Limit variables

( hot, feedwater), a ecrease inpressure,

Loop "A" RC Flow will decrease BTU Limit Feedwater

Demand Flow. Therefore, "A" Loop Feedwater Demand

becomes limited due to the calculated BTU Limit of
6

4.6at 10 lbm/hr. .

(T +Tfdw + POTSG ~ ) "(BTU LIMIT =

D. Since Total Feedwater Flow is reduced i==ediately by BTU

Limit, a feedwater mismatch develops between Feedwater

Demand and Feedwater Flow. This mismatch results in a
. . .

Feedwater Cross-Limit to Reactor De=and. The Feedwater

- - Cross-Limit. drives control rods into the core at 30 in- .

I ches per minute reducing Reactor Power and T,y,,, ,,

E. With ICS response by the 4 T Control Circuit and a plant

runback in progress, feedwater demand is decreased and re-
,

raticed, clearing the Feedvater Cross-Limit. The decrease

in feedwater demand to "A" Loop gradually decreases below
f

| the BTU Limit for "A" Loop and the BTU Limit condition is
!

cleared. However, the re-ratio of feedwater demand to "3"
|
:

!

4

|
|

I
--
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LESSON NO.:'

REVISION NO.: 0
DATE: 8-12-80

?

Loop overcomes the demand decrease such that "3" OTSG

will beccme Ri Level Limited. Approximately 39% of

feedwater demand is directed to "A" Loop and 61% to

"B" Loop.

F. The decrease in feedwater flow to "A" OTSG and the in-
-.

crease in feedwater flow to "3" OTSG results in a-

4T error. However, the o T Control Circuit is

linited for approximately 200 seconds to strictly RC

Flow Differential Response. Once this ti=e delay ex-

pires, the runback has been completed and feedwater

flow is fine tuned on T Ultimately, the llTeold. c

Control balances the feedwater flew and the plant sta-

bilizes at a reduced power level of approxi=ately 78%.

G h*hile the Feedwater Cross-Li=it was in affect the Unit
was in Track. The reduction in total feedwater ficw
resulted in a Turbine Header Pressure decrease. This
decrease closed down on the Governor Valves and generated

megawatts decreased slightly .belcw the High Load Limit,
initially calculated due to the reduction in Total RC Flev. ,

. ,

, e , w y e = 0 e =

f

5
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RC FLOW FAILURE LESSON NO.:
. REVISION NO.:
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DATE: 8-12-8'

FIGURE XII -2
_. _ _ _ _ _ _ . . . _ . .

,
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Revision 1
Page-.1 of 2
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Main Ar.nunciator Panel H
1-7

,

ALARM

Steam Gen. 1B Steam Line Rupture Detection System Actuated
,

SETPOINTS

1600 psig pressure switches - PS-604, PS-605, PS-606 and PS-607

PS-604 and PS-606 are on steam line C } See Logic Diagram on BackPS-605 and PS-607 are on steam line D

CAUSES

Steam 1ine rupture.
Steam line rupture " Defeat" switches (normal and backup) left in the " Auto"
position during plant cooldown.

AUTOMATIC nCTION

Automatic closure of.sf.artup, main and emercency feedwater valves, FW-V168,
FW-V5B, FW-V178 and EF-V30B if pressure switenes PS-604 and PS-605 and/or
PS-606 and PS-607 are actuated.
Automatic closure of P4-V928 is PS-606 and PS-607 are actuated.

OBSERVATIONS (CONTROL ROOM)

Console CC - One or more steam line rupture actuation lights.
FW-Y16B, FW-V17B and EF-V308 indication that va.lves.are
closed.
Turbine throttle pressure recorder (PR-10) indicates
1600 psig on one or more lights.
Low throttle pressure alarm. - -

MANUAL ACTION REQUIRED
1

Verify turbine and reactor trip and feed trolated to affected steam generator.
| Initiate HPI if pressurizer level goes belcw 8S" due to cooldown contraction
'

from the steam break.
Refer to EP 1202-24, Steam Supply System Rupture (abn.)
If actuation occurs during normal cooldown reduce demand to FW-V16B and
FW-V17B using the H/A Station, defeat the Steam Line Break Detection

. System and reopen P4-V928. Reestablish normal feedwater ficw.

COUROC_i] COPY ~
TRAXNG JEP7.

. -
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Main Annunciator Panel H -

1-6 .

ALARM

Steam Generator 1A Steam Line Rupture Detection System Actuated.

SETPOINTS

<600 psig pressures switches PS-600, PS-601, PS-602 and PS-603

PS-600 and PS-602 are on steam line A ) See Logic Diagram on Back
PS-601 and PS-603 are on steam lita B

-
.

CAUSES .

Steam line rupture
Steam line rupture " Defeat" switches (normal and backup) left in the
" Auto" position during plant cooldown.

AUTOMATIC ACTION

Automatic closure of startup, main and emegency feedwater valves FW-V16A. .

FW-V5A, FW-V17A and EF-V30A, if pressure switches PS-600 and PS-601 and/or
PS-602 and PS-603 are actuated. -

:

Automatic closure of FW-V92A if PS-600 and PS-601 are actuated.

OBSERVATIONS (CONTROL ROOM)

Console CC - One or more steam line rupture actuation lights.
FW-V16A, FW-V17A and EF-V30A indication that valves are
closed.

,

Turbine throttle pressure recorder (PR-10) indicates
<600 psig on one or more inputs. - "

.
_

Low throttle pressure alarm.

MANUAL ACTION REQUIRED
'

''
- "'

Verify turbine and reactor trip and feed isolated to affected steam
generator.
Initiate HPI if pressurizer level goes below 8S" due to cooldown
contraction from the steam break.
Refer to EP 1202-24, Steam Supply System Rupture (abn.).
If actuation occurs during normal cooldown, reduce demand to FW-V16A and
FN-V17A using the H/A station. Defeat the steam line break actuation system
and reopen FW-V92A. Reestablish normal feedwater flow.

COURO_2D CO?Y
"RAUG DE3T.

!

._
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t A .* princioles of Reactor Ooeration (13)

A.1 The average lifetime of prompt neutrons is in the order of about ~

10~ 3 seconds while that of delayed neutrons is about 10 seconds.

a. Why, therefore, is the total cverage neutron lifetime about
0.1 second? (1)

b. Since reactor control is dependent upon the average neutron
lifetime, how would you expect:the reactor to behave differently
if the neutron lifetime were only due to prompt or only due to
delayed neutrons? Answer for both cases. (1)

A.2 Startup of a reactor with an artificial source of neutrons is not
required, however it is quicker and safer to rely on an artificial
source.

a. Give two examples (reactions) of intrinsic or natural neutron
,

' sources. (1)

b. Give two advantages that an artificial neutron source will
~

provide during a reactor startup. (1)

A.3 a. List four examo?es of fissionable materials used in a nuclear
reactor. (1)

b. 0f these four fissionable materials , identify which ores are

fissile and which are fertile.
~

(1)
,

A.4 For the following two statements answer one of the choicesja,
through d,, (1)

a. Equilibrium xenon at full power is about twice as much as
equilibrium xenon at 50% power.

,. . .

b. It takes approximately 40 hours to reach a new equilibrium
xenon concentration from a previous equilibrium condition for
most power level changes (does not include trip).

,

c. a and b are both true.
1

-

d. Neither are true.

A.5 Samarium is classified as a neutron poison as is xenon. List two
reasons why samarium is not regarded as much of a proolem as is|

'

(1)xenon.
( 5)A.6 a. Define reactivity.

b. How much reactivity must be inserted into the core to go oremot
( 3)critical ?

Does the amount of reactivity recuired to go promot criticalc.
remain the same over the life of the core? Exclain. (1)
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A.7 Is the point of adding " sensible" (nuclear) heat the same for'any
-

'
given startup during a particular operating cycle? Explain why
or why not. (2) ,

'

A.8 Explain what is meant by a "l% shutdown margin','. (1)
i
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B. Features of Facility Desion (12) '

B.1 The attached Figure B-1 is a simplified flow diagram of the HPI cortion
of the Makeup and Purification System. Show on this diagram by different
colored pencil, pen (not red) dotted line, etc. the modifications,
according to Lesson Plan RM-14 that were made to this system. An
explanation of the reasons for the modifications is not recuired. (2)

8.2 In the use of pressurizer heaters and control rod drive system,
frequent use is made of the acronyn "SCR". What does "SCR"
mean and what general purpose does it serve? (1)

~

B.3 a. Why must the nuclear services closed coeling water system
surge tank be pressurized during power operations? (1)

b. How and why is the Kirk Key interlock used on NS-P-1B? (1)

B.4 Considering_MSIV desian:, explain the difference _ iyMSIV closure
times in response to a' main steam line break (lVupstream and
(2) downstream of the valve. A-::ume ::: st*- cf th; ::::- lin: r a *" ee

desee*> e P a. (2)

B.5 With respect to RCP operations:

a. What is the purpose of the 11 seal bypass line? Include how
opening this line affects the #1 seal. (1)

b. When may the #1 seal bypass valve (Mu-V38) be opened? (1)

c. When must a RCP be tripced due to high vibration?
(Assume 4 pump operation). (.5)

~'. What is the most probable cause of a standpipe high level? -(.5)d

B.6 a. How does the response of the NSRW system differ between a loss
|

of offsite power with and without a LOCA? (1)

b. How does the operator know when a NSRW heat exchanger must be
| backwashed? (1)- ' ' - -

l
1
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C. General Oceratico Characteristics (13)

C.1 Due to the design characteristics of the OTSG'.s, secondary side
fluctuations can produce immediate reactions in the primary system.
For instance, in June of 1973, Oconee Unit I tripped on high flux
due to feedwater flow oscillations. Explain hcw a feedwater
flow oscillation could cause a reactor trip on high flux. (2.0)

C.2 Control of pH is important~to minimize corrosion of primary and
secondary components.

a. Explain how the addition of hydrazine.in the secondary system
can affect pH. (1)

b. Primary pH can vary from 4.6 to 8.5. . Describe the competing
effects that determine primary pH and cause it to vary in
this manner. (2)

C.3 Attached Figure C-1 is found in tile Technical Specifications,

a. Define Axial Power Imbalance. (1)

b. Why does a positive imbalance pose more restrictive limits? (1)

c. If you are operating at full power in ful' ICS automatic
control and an automatic runback to 50% occurs, how and
why will imbalance change? (1)

Compare natural circulatioil obtained with a 50% OTSG levelC.4 a.
using (1), emergency feedwa}er pumo} igd (2) d RCS gedwatera main f

1scuss neat remova cacabi es an ow rates. g)pumos.

b. Compare natural circulation obtained witi manual oceration
of the (1) turbine bypass valves and (2' atmosohgic dumavalves. Discuss heat removal capabili ias and p flow rates. (1)

C.5 While operating the unit at full power with the Diamond Panel
in manual, a group 2 control rod drops. n -

, , ,,

a. List five indications that would identify the presence of this
;
~ dropped rod. (1)

Ccmpare the ' . .-..h response to this dropced rod with a drocced /b.
rod with thebiamond Panel in autcmatic. In:1ude the resconse of
reactor pcwer, feedwater, and turbine. (2)

- . - . - _. .-
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D. Instruments and Controls (13) -

0.1 There are four calibratirg integrals used in the ICS.

a. Identify the location, i .e. portion of the ICS that each is
located. (1)

b. What is the general function of a calibrating integral? (1)
i
' c. When is a calibrating integral blocked and how long will it

remain this way? (1)

0.2 Source range channels NI-l and 2 are designed to orovide neutron
flux indication over a counting range of 0.1 to 10 counts per
second.

a. What are the design features of the source range channels
that are intended to insure you are reading a neutron flux -

signal rather than any other induced signal? Your answer
should include the principle by which- the neutrons are
detected in the chamber. (2)

b. Describe the interlock and logic provided by the source
range instruments. (1)

0.3 The latest heat balance _ for the plant indicates 98% power while
the power range channels indicate 100% power. Is this in the

|
conservative or nor-conservative directicn? Expl ain. (1)

0.4 In the four RPS cabinets are contained Auxiliary Power Supply
Modules (see Figure 0-4 ). Two of the cabinets have one of these
modules in each while the other two cabinets have tw Auxiliary
Power Supply Modules in each. Explain why. (2)

|

| 0.5 Sensors to start or initiate emergency, safeguard, or centrol
| . system action come from a variety of different sources. List

the sensors that will inttiate an automatic action for the
| following abnormal situations (for. example, high flux as. sensed .

| by the linear pcwer range detectors causes the RDS to trio the
control rods). Lw, ef-

| a. Auto initiation of EFW due to main feecwater 'N (.5)
\
| b. Main steam line isolation. (.5)

c. Main transformer fire deluge. (.5)

c. ICS tracking signal . (.5)

0.5 a. Cescribe how RCS ficw is measured. (i)

b. How would a failure, icw signal, frem an RCS flow transmitter
affect the ICS? (1)

1
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E. Safety and Emercency Systems (13) ,

E.1 A. " trip confirm" signal on the ICS Diamond panel indicates which of
the following breakers are ocen? (i)

a. 'A' and 'B'.
b. 'A', 'B', 'C', 'D', 'E', & 'F'.

c. C, D. E & F.
i d. A, C, D.
! e. B, E, F.
! f. Several combinations of the above 5. List them.

E.2 List all of the automatic signals which are designed to isolate letdown
to prevent the inadvertent transfer of radioactive liquids. For each
valve that isolates, include the actuation signal (s) (or instrument)
and how (if at all) the operator could byoass each signal after
actuation. (2)

E.3 With respect to a major steam line break inside the reactor building.

a. Identify the main and backup signals that could cause the reactor
to trip. Include setpoints and coincidences. (1.5)

b. One of the concerns with this incident is the restart of the
reactor. Explain how a restart could occur and how automatic
actions would prevent a restart. (1.5)

E.4 Describe the two methods which are used to detect a leak in the
RB emergency cooling system. (2)

E.5 With respect to the emergency diesel generators:
.

a. Why is scavenging air important? (.75)
|
'

b. What is meant by isochronous? (.75)

c. List the pcwer supplies for the two EDG fuel oil ;umos. (.75)

d. List the two conditions -that will cause a start failure alarme ( . 75 )-. . .

E.6 a. How does the fluid block system operate to perform its intended
function? (1)

b. Describe the system design that prevents non-emergency actuation. (1)

f

I

;

1

I o
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F. Standard and Emercency Ooerating Procedures (14)
.

F.1 You are the responsible operator at the contitis when the unit
experiences a steam generator tube rupture.

a. Under what two conditions must the operator immediately reduce
load? (1)

b. Assume the leak is large enough to cause an automati ~ reactor
trip. List three methods to determine the affected OTSG. (1)

c. When~and why may you steam the affected OTSG7 (1)

F.2, a. List the six logs and/or records that must be reviewed by the
oncoming CRO. (1.8)

b. When may the responsible (on watch) CR0 enter the shift
supervisors office for consultation? (1.2)

F.3 a. During the TMI-2 accident, explain why pressurizer level
increased while RCS pressure decreased. (1.5)

b. TMI-l procedures state that "... pressurizer level may not be
a reliable indication of inventory conditions 1.; the RCS".
Give four situations when you would not consider pressurizer
level indication to be reliable. (1)

c. Without' pressurizer level, how could you tell if the core
is covered? (.5)

F.4 The following precautions and/or limitations are found in
the TMI-l procedures. Fill in the blanks.

,,,

a. RC drain tank rupture disc is rated for psig and the relief
valve is set for psig. (.5)

. .

b. The maximum allowable heatup and cooldown rate for tr.?
pressurizer is per hour. (.5)

, , ,

c. Prior to submerging the main feedwater nozzles, the RCS must be
borated to percent AX/K subcritical at 5320F. (.5)

d. Axial power shaping rods should not be used for any ourpose except
(.5).

F.5 a. Why are _the RCP's tripped during a small break LOCA? (1)

b. Why is feedwater unnecessary during a large break LOCA? (1)

c. Under what conditions may HPI be throttled after ESAS initiation
during a LOCA? (1)

--_____-
0 .
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G. Rod Control & Safety (10)

G.1 Define the following terms (do not use formulas):

a. Radiation (0.5)
b. Beta particle (0.5)
c. Half life (0.5)

G.2 What is the difference between RAD and REM? (0.5)

G.3 Briefly explain what you would expect to find in 10 CFR Part 19. (1.0)

G.4 CO-60 is a radioactive material that is often encountered at a
reactor. Give the nuclear process for the formation of this
isotope and why it is considered to be a hazard. (2.0)

G.5 The plastic shield that surrounds the detector for a neutron survey
instrument: Which of the following statements is correct? (1.0)

a. is to moderate neutrons so the detector can count them.
b. is to absorb the thermal neutrons so that only the fast

neutrons will be counted.
c. is used for counting geometry.
d. is so the detector will float if drooped in water.

G.6 Tritium is produced in large quantities in a PWR. What are two
significant sources of this isotope? (1.0)

;
'

G.; Fuel assemblies located in a reactor facility can be generally
classified in three categories; a) new fuel, b) recently removed
irradiated fuel elements, and c) f rradiated fuel stored for
some time. Which of these three classifications'would present'
a contamination hazard? (1.0)

! G.8 Portable radiation monitors record a dose rate of 45mr/hr at a ,

| distance 10 feet from radioactive point source. An operator is
! required to work on a valve located 3 feet from the source. How

j -- -- long can the operator work without exceeding his weekly exposure limit? -

(Show all work). (2.0)i
|

.

0

.

.
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H. Princioles of Meat Transfer and Fluid Mechanics (12)
. . .

H.l Heat added to a saturated vaoor such as steam will increase its
temperature whereas heat added to a saturated liquid will not
change its tempe.ature. Why? (1)

H.2 Quality and void fraction are both terms used to exoress the relativer
amounts of a liquid and a vapor in a closed space.
What is the difference between quality and void fraction? (1)

6H.3 Assume feedwater as a saturated liquid is flowing at 101bm/hr
at 4000F. If water is an incompressible fluid then when this
flow rate is converted to gal / min,it should be the same for
saturated feedwater flowing a' 100lbm/hr at 1500F. Use the
conversion factor 7.48 gal /f and the steam tables to show that
water is or is not a compressible fluid. Show all calculations. (2)

H.4 a. Why does nucleate boiling heat transfer remove more heat
than non-boiling heat transfer? (1.5)

b. Why does film boiling remove less heat than nucleate boiling? (1.5)

H.S a. What happens to NPSH requirements as pump speed increases? (.5)

b. What happens to the flow rate delivered by a pump as speed is
doubled? (.5)

c. It is desired to increase I!he discharge head of a pump from 1200'

psi to 1800 psi. How much does the speed of the pump have to
increase? (.5)

' ~

d. Inordertogetthe'idcreaseddischargeheadin(c)above,how
much more power (Xw) is required by the pump? (.5)

H.6 Assume the RCS has just been filled. RCS temperature-is 1100F, .

pressurizer level is 200", and a nitrogen bubble exists in the
pressurizer. ,

, , , ,

a. Procedure 1103-2, " Fill and Vent of the RCS", states that a
minimum of 30 psi on the wide range channel must be maintained
to assure a full RCS. Mcw can a pressure be used to assure a
full RCS? State any assumptions that are necessary. (1.5)

5. After a RCP is started, pressurizer level drops. What
is the most likely cause for level to drep? (.75)

c. After a RCP is started, pressurizer level rises. What is
tne most likely cause for level to rise? (.75)

~

i

, - - _. - .. _ _ _ _ ______._____________._.__.______._______1
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EXAM A ANSWERS

A.1 a. Given value of .007

Io.g=(b /h)k +jG(+)t-

.Yt s) t o * + .co t ( m )
-

=

2 c .t s e.c- ,y

b. Since TA for = 200 X 10-5go _co w,

or TM .002 see
For delayed neutrons

j,y# 2000 sec.TA = =

A.2 a. 0ARP Module 1 Rx theory Pg. 5.

- a. " u .,. g"
,W 4y W + gn '.M'y+ i H ' ~=P i

+gO* * tome". +o%'z oc.

S ye.nTo- % s Rss.h
b. Pg. 6

1. Increase background count rate so that source range instr. will ,

indicate at least 2 Cps indicating operability of instru.
,

2. Provides a controlled approach to criticality - when reactivity
is added the core will yield a much more noticeable count rate
increase _than it would be without the sources.*

A.3 OARP pg. 8 .

a. Th-232, U-233, U-235, U-238, Pu-239 , F 24 l,
~

8

(Also ntha m - Pa. 9)
" ' - ~ " "--

b. Fissie U-233, U-235, Pu-239 , 's- 148

,

Fertile Th-232, U-238 42eo
t ,

f
A.4 p.

-

~ '
. . ,

A.5 a. CT'a. much lower ~4.08 X 10'' barns, Xe is 2.7' X 106 barns
Lower production rate.
Not dependent (only thru removal-varies from .6 to 1.0%)
_ su :; <. . . ,: n . p

A.6 a. Departure from criticality a g:
b. f=f n . con (. cog *L eoQ m (

239 .0058 to .00523 for Cycle 5.cg9 c. No, decreases due to Pu from *
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A.7 OARP pg. 90. Exact point of adding sensible heat production is variable
since fission heat is added to the background heat production - decay heat.
Because of this higher rates of heat production will raise the reactor
power where sensible heat production begins.

i A.8 The amount of reactivity that could make the reactor subcritical by 1% or a
keff of c'.99.

.

.

.

. . . . . . .
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EXAM B ANSWERS

B.1 On Figure R.1

B.2 Power System Operation, R.H. Miller
pg. 131
Silicone Controlled Rectifier - fires on certain arc of A-C transmission
to convert AC-to-DC. _

g R5 *
R.3 a. To ensure minimum pressure in system is always 7RB pressure during a

g9 LOCA. Ensures no out leakage from R~a .

Qd b. It is used to prevent paralleling IP & IS 480 volt ES buses through
NS-P-1B breaker. Must use key to allow removal - same key to pemit
insertion.

B.4 Upstream - almost instantaneous closure since this break causes low pressure
upstream of valve & backpressure at turbine, MSIV will be forced down into

1 its seat and seal - valve nomally hgoc t of flow path by upstream pressure,ou

(6"~'N will fall by gravity or reverse 6p. N"

"9,ff' Downstream - requires 4 two minutes to drive the valve shut ad9pme4WEM. clu.4
w '" ** n ; W Ac r4 My u

_

te m s svn n he
B.5 a. Lowers the pressure in the #1 seal area, offers lower head resistance ,

1verted up
to pump injection water, allows more injection flow J,o b,e,d,6' 5' '*g4shaft ''-- T t': -- ' god past radial bearing [% ?r^

la W r-t : ' ' - ' '- n .

pU'V b. If RCP seal radial bearing temperature and or #1 seal leak off temp-g eratures are appraaching alam (225"F) and if 41 seal leakoff is
yf di GPM and RCS pressure is between 100 and 1000 psig.

c .' 20 mils - 4 pump ops ) Bently
'

30 mils % single [ ump ops-) Nevada sysert 1 4 u. ~ 2 - to
d. Problem in #2 seal.,

Tf t&y %c.. Gcc. A.- SML PW STG
NSRW pumy@n't auto start unless there'is a LOCA (ES) signal inB.6 a. , ,

whichgsetgyargbgogo 7 gg
,

d b. High outlet temperature (95'F) on NSCCWQr ICCW heat exchanger

6 w& .4 ( pSu u fa [AmD' ;

'y QG

b-%ey9 r,Q & L a? FCCD M'
"

y 1a.a
|3 . L c. . Lee P dt.ceA

';L E5 Sde.5L( p.mp .&t- (St% w'T ud hE5 lo[MoGt)
LocP w/c tecA

Sh% y MC5
-- - -- ----
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EXAM C ANSWERS

C.1 See attached Oconee trip report.

C.2 a. Chem Lecture pg. 4

h* pus # Hydrazine, if added in excess, (beyond that needed for pH control)
will react to fom ammonia, which is alkaline and will cause pH to

s Ji (#"g d
'-

'increase. ^

f
,

b. (pg. 5,7) Boric acid and lithium hydroxide concentrations compete.
o control. BA causes pH to be #+' BA conc. varies over core life forjen

y lowered. L10H is alkaline and causes pH to be increased. Decrease I
in BA over core life is dominant factor. Ed 3g

'
pM C.3 a. T.S. 1.6.2 -

,

Power in top half minus power in bottom half of core expressed as %
% of rated power.

,

b. Upper half of core is closer to DNB - lower pressure and higher temp
coolant, High relative power in the top decreases DNB margin.

c. Inbalance will becone more negative due to insertimof control rods
in the top half of the core which will decrease flux in the top
hal f. -

,

C.4 a. Natural circulation using EFW pumps is greater since the EFW admission
point in the OTSG is higher and will cool the RCS higher in the OTSG
and create a larger (higher) thermal driving head.

b#,aNe ' Natural circulation using either will be the same. If in manual theb.
operator is controlling OTSG pressure which governs heat removal from

q# OTSG. It doesn't matter whether TBV.'s or dump valves are used to
3 j detennine the pressure.

C'T ,' 4"' C. 5 a. Indic. Rod In Light
#ycI Abs. RPI @ 0% - - -

Group In Limit Light
One or more 7" fault lights on PI panel

,

Group avg Indicator * low
9" Asy. rod f uit indicator light 4 alann,

b. (ALoo % d.
M. - Q $ <U ) ,!

In automatic FW, Rx + Turbine would runback together u 30% in to
55% power.) With rods in manual, unit will be in track, rat er than
using ICS runback, drop in Mwg will gause plant power reduction, rod h
Tavg } , Stm press f , Turbine t , Mwg h , FW will react as
necessary to control RCS Tavg. .

_ - - - . - _ - - - _ _ - - _ _ - _ _ _ _ _ _ _ _ - _ _ _
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. b.q . DURE POWER CO::PANY
.

'
- CCOMEE UUCLEAR STATION

~

-..
REACTOR TRI? 019

..

June 2?, 1973 (1500 hours)
Time of cecurrenec:

Reactor Pouer Level: 75%"
,

-

.

Ultinate Cause: High neutron flux trip
_

Secuence of Events:
, .

The reactor uss operating at 75% power level and the turbine-generater .vas

71cw occillatienc were occurring in the condensate'

producing 665 !"..c.

The alarm log indicated that chnormal fluctuations were
feedvater system.

The first stage
cecurring in various parts of the heater drain system.

*.
.

reheater drain pump roeirculation and condenser dump valves were cyclingf

.
.

-

i
(After this trip, the steam supply valves to the reheaterc! ?

about once a cinute.
The oscilla-,.

The "D" heater drain flow was also osciUnting..s-
f were adjusted).
.

V,
tions,in feedvater flew to both stca= generaters c:: tended all the way into

,

d
the pri=ary syste= as shetm in Figure 1, a conposite display of primary an

secondary syste= p'ars=eters. ,

The sequence of events associated with"this re ctor trip is presented below:
. .-

I
1

At spproxt=stely 1450 hours thc."A" and "B" feedwater flourates increasedI

20 to 30'; of the initial value s.t.ile the startup f eedwater ficwrate decreased
j

The increasing main feedvater flows are shotm in rigures 2a like amount.

and 3 and the decreasing startup flees are displayed in Figures 4 and 5.
A

logical c::planatien is that the main feedvater valves opened. .

'

*
|

At apprenit:toly the sat:c ti:c, the alarm log indicated "ICS on Fcedeateri

'[ d
which in a der:nd for increased feedenter floerate at a rate c):.:ec ing.

1.6 t t "

Frei nbla catn en .for th. f u .. . . . .
.

the 55 LTU 11::.it for the system.
i
! signal to inercase are discucced later.'

,
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RIMCTCR TRIP #19

Doth feedwater pump speeds increased during the flow transient prior to the

reactor trip and the two epcods are shown in Figurc 6.
Apparently there

vere two surges in feedwater flow denand - the first at about 1450, and,the ,

second about four minutes later.
.

the "A" loop feedwater flow
For at least 30 minutes before the transient,

and P.,enerator startup level had been slightly higher than the values for.

ITnen the fccduater flow increased, the "B" loop feeducter
,

the "B" loop.

The proportional part of the ATc controller
flow er.cceded the "A" loop fleu.

This

probably biaced the "3" flow higher than the "A" feedvater flow. .

condition lasted about 1 minute and during this period, the integral portien
. . .

,

.

of the ATc controller de=anded that the "A"
loo;- control valve open wider

,,
'

P

M'

- than "3". .

. .

After the feedvater system had increased flow to the steam generators, the
-

3

. larger flovrates into each generator started cooling the told Icg ecmperatures
~

.
.. for the

Reactor pcuer increased which was a no'r=al actic.t
. ,

and reduced Tave.
.

Thus, M.'c started to increase
ICS, and steam header pressure also increased.

'

Refer to Figurc 7.
but at a rate greater than 2" per minute.

j -

i

Uith the reactor operating in a turbine follouing ecde, the Ice generated.!

!
to the ICS and, fcr a lead chan:;c great.7:

{
' signal becomes the power dc=and input

dec.
than 2" per minute, the integral portion of the iTc centro 11cr is.g cun: i

! demand to the "A"
Thic situation centinuad to cause core than normal flot,I

j

loop fecdrarer en,ntrol valvo and the "A" Icop'fler rc=sined greater then "'i"

a
for approni: t:.ely .: =in.:t . c . In ' .. ua t.h. . . . . .i

Due to incerple'.c mininr, of.

"A" to be cooled =are than prir=try loop "B".i
!
- .

w , ,.-..y - , g -
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REACTOR TRIP fl9.

- -

t_ - +
5

A_

flows in the reactor core and the slightly positive codcrator coefficient,
.

"B"
power in the "A" loop portion of the core decreased below that in the

..

.

loop side..
.

Unfortuitously, the ICS was attached to a reactor power detector located
Its error sign:1 de=anded more reactor power and,

on the "A" loop side.

as reactor pouer increased, the higher neutron flux of the
"B" side caused

The high flux trip for each
the detector on that side to trip the reactor.

The time for the
of the four neutren flux detectors was set at 85% power.

- .

entire transient to occur was'approximately 6 1/2 minutes.
.

'.. .
'

/*
The enuce of the initini incrcace in feedwater demand (uith a.second pulse

The second pulse was larger than( about four =inutes later) is not obvious.~_- td
the first but the effect of an " external" inp,ut decand cannot be separa e

. fron the positive'fcedback offcet of ~the fdrce pulse as the cyste=. changed -'
-i

The positive feedbach was enhanded by the. turbine
4

*

its operating condition.i

f^
- - .

' ~ belug operated in the =anual mode with s son optimized integrated control
,

..
l

,, ^ r
,

|

I systc=.
t

Several possible sources for initiating the feedwater system upset are:! i
i

e The fluctuating conditions in the secam supply and drain flcw of thei

I (1)
such thati the high'prescure "A" hestet

4

i rehesters could have upset

feedwater tenperature increased which in turn wculd cause a direct
;

i
i'
t

gain change in the feedcater decend sicual.
In the unu.mtal

c-erfeus e n:1 influenced the ICS feedwater derend.(2)
-

t-a - ve ~ r

environr:nt J.c ri u c. 1.' i - .1 v'..; cts:rtup. . c end.

connected to non-buffered circuit.
*

.

;
. .
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REACTOR TRIP #19 .-

t
I'

'.

A loose connection or intermittent.c3cceronic fault existed in the(3)
The random and infrequent cecurrenec of this upset in the feed-

~

ICS.

water flow seaten will nahe,the task of locating this loose connection
).

k very difficult.
p

Stens to Prevent Future Recurrence

liinimize floarate fluctuat; ns in the heater drain system by verifying
(1).

,I that all valves are uorking properly. Improve valve operation by
-

,

Verify that
readjusting liquid icvel set points and gains on valve.I

~

f
valves,. pumps and controllers are cuitabic for the duty.I

Establish' closer coordina. tion of all activitics of operating, =aintenance;
,

!

f (1)
. support and service personnel.

.

'
.

V Minimize the use of ' turbine manual node. .? (3)
,

.

(4) Optimize ICS adjustaants, .

Evaluate th.c desirability of canual ovceride of feeduater'denand centrol -
,

(5) ,

.

-

including the ratio control.

-
" (6) ' Evaluate the feasibility of changing the codes and optiens of tran -.

nitting the reactor power level signal to the ICS.

;

i

In relating this trip to the standard categories for lifetime designi !
A

; Il
cycle acccunting, the assignment has been made to Transient No.

i

i
i

; i.
.

I

: / cob
.

4

.

'

1 .

,

i ..

j .

1 *
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EXAM D ANSWERS

D.1 OARP ICS Less Plan pg. 8

a. N Error
AT'c
Tavg error demand to reactor
Tavg error demand to FW'

b. Used for steady state calibrations

Blocked if(ifLD is cYanging > 2%/ min, sustained for at least 10 sec. -N
I c.

blocked for 2 min after ULD is no longer changing at 2%/ min.
7

D.2 a. BF Proportional counters - B N d.) Li reaction <X + Li tonize gas,
+ $nd - charges attracted to electrodes. Y signal also ionizes gas

ON' p however C4 + Li produced pulses are larger in magnitude andgremoved
pg1 by a pulse height descriminator. %

b. 0ARP pg 7 - Control rod withdraw .d ..r. on high SUR from either
channel 0 2 DPM - pg 11.

D.3 Conservative - NI's are always calib against a heat balance and should
read 2 heat balance for reactor protection.

/m
f [D.4 Aux Power supply . nodules in two cabinets are for compensated voltage
g V power supplies. Each cabinet has Aux. Power Supply module for RCP

monitors. g7

f:f Jf.f ", sw v,,
'

-

0.5 a. 2^^ e. M L T : ,, , ^ , W ~ ' "
- ,

[00 ps1 --- M * M Q n yy4 % Qb.

-, %.,.%k ''c. TM %>'L"# in. - ,
.

Mwgen - CTh PTS bvn M Gm .p6es. - Nw$wa+HEd.

'|'D.6
'

a. Gentilty - Reverss aciling' Pilot Tubes
~

b. ICS FEMA - 1-18-Runback to 15% 9 20%/ min. y ,J 1 . J* {

| Y
| .\. ATc. A

2 sTu Lua
3 IcS LQ

i

'

?, QQqQ v m~AL - s ~ X U M ~
w . a .n

& R n u,ftN%9 dM ESMM1
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EXAM'E ANSWERS *.

E.1 & - 0. , Lo + c.
'

~[ g y 4
k

_

c,o gr am
E F

E.2 Mid-V3- 1) 4 psig RB pressure - can't bypass, must wait for actuation .>
7 signal to Mset, then reset B/S then reset channel. '-

'Mp' d,- o
2) Rx trip - Eypass with control. switch.- % 4 p q L y al p . 9b yi (to sect 4

a

g MS-V2A -1) E trip Sy;;ss ; Ui wni,, ui ;witd. -|4co pi- RRC
af and 2) 4 psig RB pressure - same as above.

\Y MS-V2B 3) High Rad RML 1 - Bypass,with defeat switch at RML 1

E.3 a.bNI. Hign Flux 9 '3q,)rs WC5 Mgqoo psi

,., -1 ( 0) 0.
2. Low Press 9 ~ - Mu.Jt- M h b'l;. .-i d i ; ' n F . m a a -

(. Q d. 'RC R 6 b 2.4 a 4 _ y fs,r
' (,b' g Coincidence - any two of these signals $n different channels will cause a
,

Rx trip - including same signal on two channels or different signal on 2
channels

b. Cao d D4- n with a negative MTC - Automatic

actions 1-nclude Rxg rods insert -p ,dh G Ge gdES actuation -f
from

-

'

boron. tve' # M FW tGi.

,
E.4 a. While system is shutdown, a rotometer located on the supply line' is

|
monitored locally.

N(^ b. While operating, a differential between inlet flow and outlet flow
(temperature compensated) will alam in the control room.

p ese feu A1AeM - c.'5 GPart

air.@ pep out remaining exhaust gases & refill cyli.ider with fresh-
i E.5 - a. To sw

4DM.P)
b. Maintains same engine spee'fregardless of engine load. ($ 6)

_

I c. 1. Engine Driver
2. DC Distribution panel IP (10) b"'

within 7 seconds d u.M Qd. Speed 4 250 RPM
Oil press 4 6 psi afterstartsignal{ID

| E.6 (Ref: pg 8, 9 of ESAS lecture)
a. The fluid block system supplies pressurized water to all CIV bodies

outside the reactor building. The pressure is greater than LOCA
RB pressure. This assures leakage is into the RB, not out.

b. Two series valves hold fluid block valves closed. One is operated

by 4 psig RB signal and the other is operated by CIV closed signal.
Need *o open both valves to actuate the system.

2 y

* '"

w.a ,
-

r. - r, ,,"''
'%D > s (pesQ
,J .
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EXAM F ANSWERS

F.1 (OP-1202-5)
a. 1. Make up Tk reducing > 10 gpm (1" per 3 min)

2. RM-A-5 and/or steam line rad detectors have confdrened alams
and PRZ level can not be maintained at 220" by MU-V-17.

b. 1. Sampling OTSG
2. Surveying steamline

Observation of OTSG levels & feed rates (see notebped3.

c. The effected OTSG must be steamed only as necessary to maintain level
< 95% on operate rante & OTSG pressure <.1000 psig.
W u kmmt,.4T % W *=w p am p h

F.2 a. ' H urly log ( A p to o. g, gy b
Sw anbic6 2. TC.O + 50 P'

3 S oreman log
4. C k * ts STW ; S. O h

'
3* gA 9, QA L'5. ecorder rts

6. Computer printouts .

y rW4xT$
g pao M b. After obtaining a properly qualified operator at the controls C.( e.

7'dr.$wblF.3 a. Low pressure in the pressurizer s. team. space, expar.sion of cool nt.

ue to temqerature fagrease, bubble faming in Reactor Vessel Head, HPl.#- Le<A % WB A 7
* '

b. 1. PORV open
,, , 7 2. Safety open
(- o 3. RCS saturated pressure when recovered

/ 4 Bubble in loops or head
,

Svs oA of ob '

grgxit Tcs aregcygheg. -c. If t
,

F. 4 a. 55, 45 (1103-5 p. 12)
b. 100*F 1103-5 p. 4)

- c. 2: 5 1102-1p'.4) '

d. axial power control 1102 4 p.5)

F.5 a. SBLOCA analysis - maintain PCT 4 2200*F. Required by procedure '
- evaluate answer.

|
|,
'

b. The heat sink is the energy release through the break and the refill'

by HPI and LPI.
|

c. See EP 1202-6B pg. 8.0 kg, 7, o
Caution statement g

I

LtT % 4% e wcco GPM p lo m1, svs A ka,-r 4 uua ,u W 61h~P2,

% sg uL- %L '

SE pAuno %'fe W T N GP* b f
y a si . % ( L 6 . w l P A M * M4 , Tc,

- . - - - -. . _ . - - - - .--
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EXAM G ANSWERS

G.1 a. Energy Emission and propagation through space or a medium material in
the fom of waves,

b. A negatively charged particle having the mass and charge of an electron.

c. Time required for the activity of a radioactive isotope to be reduced
by one half due to decay.

G.2 RAD is measure of energy absorbed / unit weight. REM gives the biological
effectiveness of an absorbed dose.

G.3 Part 19 deals primarily with instructions to workers concerning radiation
hazards and methods to limit same.

G.4 Co60 primarily from CoS9 +.N where CoS9 is found in the steel and other

azard is that it has a 5 y(r hglf life thus
materials in the system. The

e6U %k Y% >)takes a long time to decay

G.5 O.

G.6 Tertiary fission, and neutron rea'ctions with Boron & Lithium

,
, G.7 All three could but primarily irradiated, both recent and stored.

Dose at valve = (45) X (tof = 45 X q-
10 0

500 mr/hr.G.8 =

3 .6 hr or 36 minutesWeekly limit = 300 ' =
,

.._ .
._

*
e s

O
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EXAM H ANSWERS

H.1 Saturated liquid must absorb latent heat of vaporization to change phase.

H.2 (Ref: OARP pg. 6) yw g>

! Cuality is expressed in tems of Mass X = y
Yr

Void fraction _is expressed in tems of Volume f =- q
6 3

H.3 10 lbm/hr 9 400*F, V = .01864 ft /lbm @ (.om4(7.e),f, - 2.no c.em
f

Id' liom/wr4 I% F, Yg. =. ,o t6w Cr'/lM (d, (. o t t, v+ Y7. "/4 o = 2o n c f wt#
,

Therefore - more volume (gallons) is pumped at higher temperature since
water is slightly compressible.

H.4 a. Nucleate boiling a essentially turbulent flow - promotes more mixing -
coolant picks up latent heat of vaporization - carries it to cooler

|

|
part of channel,

b. In film boiling, a film of steam coats the clad surface and essentially
form an insulating layer, ATf substantially, because g .

H.5 a. (Ref: 0ARP pg 85) The faster a pump rotates, the greater its
,

required NPSH.
;

b. Flow rate is doubled.'

[. 2, 2. n E dof t-s
c. Discharge head d'n S Jmua44rA -

2Need 4 timesthe speed to double the head g , ( . 6 = Speed of pump x 4 05

d. PoweroLY
l' p* c 2,275 (t.71)4fply the head X 1.5
Spe quired to mu

* = . (, M,

H.6 a. Assuming the RCS has been properly filled and vented, a manometer effect
exists in the RCS. The lower PRZ level tap is less than 50 ft. below

'the top of the hot leg . , 50ft X .433 psi /ft = 22 psi is req'd
to hold up the water in the hot leg. We have 30 psi & 200" in PRZ -

- This is sufficient to support the hot leg. .
'>'

b. Voids existed, they were swept into the PRZ. Void volume was taken up
| by water from the PRZ.

c. This wold occur in a fully vented system where the S/G was warmer than
the RCS. The RCS would heat up somewhat, density y , PRZ level p .
( p++L- n % :)

6u.d5 = . w
!

(

,

!

\
- . .. . _ _ _ _ _ - - _ _ . .
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.
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STAFF 11/16/81

,

UNITED STATES OF AMERICA
-

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )

METROPOLITAN EDISON COMPANY, ET'AL. Docket No. 50-289
) (Restart)

(Three Mile Island, Unit 1) )

NRC STAFF RESPONSES TO AAMODT SUPPLEMEdTAL
DISCOVERY REQUESTS

Attached hereto and pursuant to the direction of the Special Master

are the Staff's responses to the Aamodt's supplemental discovery

requests related to the administration of the TMI-1 operators

exar.inations in October 1981.

Affidavits and the professional qualifications of the person or

persons who prepared these responses are also attached.

Respectfully submitted,
/'

-

') , G _a-. . .- . .

f (.'. C * . , jo. s [ ( - (4f,(-C(./gN[.L
Lucinda Low Swartz J
Counsel for NRC Staff
"'

Dated at Bethesda,' Maryland'*

this 16th day of November, 1981

m
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STAFF REPONSES'TO AAMODT
SUPPLEMENTAL DISCOVERY RE00ESTS ,

_

l. Provide copies of all forms of NRC R0 and SR0 licensing exaninations
used in October 1981 examination of TMI-l operators.

Answer

Copies of the exaninations have been provided.

2. Provide names and relevant experience of proctors used in above named -
examination.

Answer

Professor William Aungst
Professor Joseph Douglas
Professor Wesley Houser.
Professor William Welsh

All of Pennsylvania State University Capital Campus, Middletown, Pa.

We do not have information regarding the relevant experience of the
proctors, however, they were selected from the faculty at Pennsylvania
State University since we felt a college professor would have consider-
able experience in the proctoring of exams.

3. Provide written and verbal instructions given to proctors for above
named examination.

Answer

The following written instructions were given to the proctors:

All written examinations shall be adequately proctored to
| assure the integrity of the exaninations. Two individuals

shall be available for-proctoring. One procter shall be in - -

the examination room at all times giving his/her full atten-
. tion to the, candidates taking the ex, amination. The proctor . ,

shall not read 'facili:ty procedures or other material or grade
examinations or engage in other activities that diverts his/
her attention from the candidates. The sole exception is to
answer a candidate's question on the examination.

Verbal instructions were given to the proctors by P. F. Collins on
September 24, 1981. The contents of these instructions were not
recorded; however, they dealt primarily with the requirements to
proctor the NRC examinations 100% of the time. Just prior to the
examinations the proctors were present when the candidates were
read the 3dmonitions regarding cheating. In addition, the proctors
were advised of the location of the NRC examiners during the examina-
tion and were instructed to contact one of these examiners if any of
the candidates had questions regarding the examination.



a
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4 Provide seating charts, including size of roon, position of proctors,
-placement of operators and other candidates, indicating individuals

by name or letters.

Answer

Seating charts and a reference drawing of the testing room are enclosed.
Proctor position is not indicated since the proctors randomly moved
throughout the testing room.

5. How many proctors were in the testing room at all times? Were there
any times when no proctor was in the room. Provide these times, if
any.

Answer

At least one proctor was in the testing room at all times.

6. Did the proctors keep a list of who left the room, the time an indi-
vidual left and the time he returned? Provide such a list if it
exists.

Answer

The times that individuals were absent from the testing room are
indicated on the enclosed seating charts.

7. Did the proctors admonish the candidates regarding cheating? If

so, provide what the proctors said.

Answer

Admonitions regard' . eating were made by Bruce Boger (for
the R0 examinations, - Oruce Wilson (for the SR0 examinations).
The candidates were i .. that:

; a. Cheating on the minations means an automatic denial of
| their applicat and cou.ld result in more severe penalties. , , ,.,,, ..

b. They should sigi. the statement on the facing sheet that
indicates that the work is their own, and that they have
received or given no assistance in completing the examina-
tion,

c. Restroom trips are to be limited and only one candidate at
a time may leave.

d. When an individual completes the examination, he shall:

1. Turn in all scrap paper and the balance of the paper
pad used for answering the questions, along with the
examination.
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2. Leave the general area, as defined by the exaniner.
If he is found in this area while the exam is still -

in progress, his application may be denied.

S. Were the candidates asked to sign a pledge on their exanination to
indicate that the responses on their examinations were solely their
own work? If not, why not?

Answer

Yes, each candidate was asked to sign a statement to'that effect on
the front page of the examination.

9. Did the operators bring their own lunches into the testing room?
If so, were the lenches inspected? By whom?

Answer

No. Box lunches were provided by the facility.

10. Was there a designated time for eating lunches? If so, when was
that time? Was conversation allowed among the candidates at lunch
time or at any other time?

Answer

Lunches were supplied by facility management. They were delivered
to the exanination room about 11:15 a.m. each day.

About noon each day the proctors served a lunch to each candidate
at his table. Conversation between and among candidates was not
allowed at any time during the exanination, including lunch.

11. Were candidates allowed to leave the room more than one time?
How many times? Was there any limitation on the amount of time
an individual could rema.in out of the room?

Answer
, , , , , , , .

Candidates were not limited in the number of times they were
;

| permitted to leave the room or in the amount of time they could
be out of the room.

12. Did the proctors report any irregularities observed during the
examination? If so, what were they? Did anyone interview the
proctors following the examinations?

Answer

The proctors reported that one candidate requested that he be
allowed to take a piece of paper with his anticipated scores ,

from the testing room upon completion of his examination. This
request was denied. The same individual initialed (rather than
signed by signature) the pledge noted in question 8.

_ _ _ . _ _ .. _
-
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Although no formal interviews were conducted with the proctors,
~

NRC examiners were present during and after the examinations.
General discussions with the proctors after the completion of
the examinations revealed only the irregularities noted above.

13. Where were the proctors' positions within the testing room? When
'an operator had a question, did the proctor attend to it at the
operator's table? Did the proctors keep a list of questions?
If so, provide' this list and name of questioner, if known, and
time of questioning.

Answer

The proctors circulated through the . room during the examinations.
When a candidate had a question, the proctor or an NRC examiner
would attend to it at the candidate's table. No list of questions

was maintained.

14. Wnat Licensee personnel were present in the testing room at any
. time during the administration of the licensing examinations?.
Describe the purpose of each such person's presence, the times
present and any conversations engaged in.

Answer

Licensee personnel, other than those taking the examination,'were
present in the testing room when the examinations were handed out
and during the examiner's explanation of the examination rules.
Their presence was pemitted to allow observation of the discussion
of the examination rules. It is estimated that the time these
persons were present in the. testing room was 15 ninutes, during
which no conversations took place. No list of extra licensee
personnel present was maintained.

15. Provide the name of each proctor during the licensing examination
- on each day of the examination, indicating the times each individual

w&s in the testing room and the reason and times of any absences from
_

the testing room. . . , . .. .. .

Answer

There were four individuals who proctored the examinations, as
listed below. There was one proctor in the examination room at
all times. The proctors left the room for personal comfort reasons
or to phone one of the examiners regarding clarification of questions.
The proctors did not keep a record of the times they were not in the
room.

Professor William Aungst October 22 & 24 - all day

Professor Joseph Douglas October 21 & 28 - all day
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Professor Wesley Houser October 21 & 28 - all day
-October 22 & 29 - afternoon

Professor William Welsh October 22 A 29 - morning

16. Provide the time each day of examination began and the time
scheduled to complete the examination. Provide a list of tines
when each candidate turned in his examination responses for each
day of the examination.

Answer

The examir.ations started between 8:00 a.m. and 8:30 a.m. on each
day. Candidates were allowed 9 hours to complete the R0 examina-
tion and 7 hours to complete the SR0 examination. Actual completion
times are noted on the seating charts. Completien time; on October 21, ,

1981 were not recorded.

17. List any and all materials provided to the candidates.

Answer

The NRC provided examinations and answer pads to each candidnte.
The licensee provided each candidate with pencils, pens, erasers,
and calculators. No other materials, apart from aspirins and the
box lunches, which were provided by the Licensee, were given to the
candidates.

18. List any and all materials carried into the testing room by the
candidates.

Answer

Candidates carried some or all of the following into the testing
room: pencils, pens, erasers, calculators, and coffee cups.

,

19. Were there any materials, other than those included in questions
,17 and,18, that were available, to th,e operators within or outside ,

the testing room?

Answer

No other materials were available to the candidates within the
testing room or outside the testing room in the examination
area (between the testing room and the rest room).

20. Describe the testing room. What is Licensee's normal use of
this room? Did Staff inspect it prior to the exanination?
If so, when?

Answer

The testing room was approximately 25 feet by 40 feet and is
normally used as a classroom. The testing room was inspected
by the Staff (P. F. Collins and proctors) on September 24, 1981.
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21. What individual had possession of the examinations prior to the ~

commencement DE the testing? Were any Licensee personnel allowed
to view any form of the examinations prior to its use? If so,
indicate who and when and what forms.

Answer

After the examinations had been reproduced, Bruce Boger had
possession of the R0 examinations and Bruce Wilson had
possession of the SR0 examinations. No Licensee personnel
were allowed to review any form of the examinations prior to
their use.

22. What individual collected the examinations' after each testing day?
If more than one individual, indicate by name and day.

Answer

The examinations were collected either by the proctors present
(see answer to question 15) or Bruce Boger on October 21 and 22
cr Bruce Wilson on October 28 and 29.

23. Provide names of persons who will grade the examinations, indicating
relevant experience and categories to be graded. When is the grading
expected to be completed?

Answer

R0 examination: Bryan Gore - categories A, B, and C; James Huenefeld -
categories D, E, and F; Walter Apley - categories G and H.

SR0 examination: Bruce Wilson - categories - all (SR0 A); Joseph Buzy -
categories L, M, and N (SR0 B); Robert Campbell - categories I, J, and
K (SR0 B).

The graders' relevant experience is as follows:

Byran Go'rd - Technical training in B&W reactor' systems, '
" '~

four years of class room experience as an
Assistant Professor of Physics at the University
of Idaho.

Walter Apley - Technical training in B&W reactor systems, offic re
in the U.S. Navy Nuclear Power Program.t

James Huenefeld - Technical training in B&W reactor systems,
officer in the U.S. Navy Nuclear Power<

Program.

Bruce Wilson - member Operator Licensing Branch since 1973.

!

_ _ _ . . . - -- . ..



.

. .

|

I
-7 -

.-

Joseph Buzy - member Operator Licensing Branch since 1963.
,

Robert Campbell - member Operator Licensing Branch since 1967.

-Grading is expected to be completed by Novenber 30, 1981.

24. Provide the grading key for each form of the licensing examination.
How was each grading key developed? Did Licensee personnel have
any input regarding grading? Did EE? If yes to either, indicate
what tbse inputs were.

Answer

A grading key for each examination will be provided after the grading ,

'

is completed. The key was developed by the examiner writing the question.
Licensee personnel have no input regarding grading; however, the licensee
(including EE) reviewed the grading key after the start of the examination
so that any inappropriate questions could be discussed and all answers in
the key could be verified as currently valid.

25. What NRC licensing examinations, if any, were made available to
Licensee since the April 1981 licensing examination? Indicate
facility where used and date.

Answer

The only NRC examinations provided to the Licensee by the NRC were
provided as a result of these proceedings. The April 1981 licensing
examinations have been provided.

26. Indicate where Staff's administration of the October 1981 licensing'

examinations differed from the standards of ES-201 of 2/15/69.
Provide the same comparison, including Revision 3 to ES-201.

Answer

Revision 3 to ES-201 was complied with during the October 1981
examinations. Since this revision meets or exceeds the previous

! requirem nts in ES-201, compliance with ES-20f'of 2/15' 69 was
'' /

attained. For instance, revision 3 to ES-201 requires 100% proctor-
,

| ing while the previous requirement was to "make use of available
facilities, in the manner he (the examiner) considers most satis-
factory, to insure the integrity of the examination". Hence, the
hiring of proctors to achieve 100% proctoring daring the October
1981 examinations meets the requirements of ES-201, Revision 3,
and exceeds the guidance provided in ES-201 of 2/15/69.

27. Were rest rooms proctored?

Answer

No. However, only one candidate was allowed out of the examination
room at a time. The proctors performed a hall watch for the first
few candidates until they had a time frane for absence from the
room. After the time frame was established, absences were
recorded and random hall watches were made.

4
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28. Were measures taken to prevent use of phones as a means of -

eliciting information? If so, what were those measures? .

Answers

Yes. There were no phones in the testing room. The proctors
monitored restroom leaves and occasionally monitored the hallway
between the restroom and the testing room. Candidstes were
notified prior to the examination that leaving the testing
area would be grounds for denial of his application.

29. Were chance meeting places, like coffee stands, proctored?

Answer

Yes. The coffee pot was in the front of the testing room and was
clearly visible to the proctors.

30. Were materials that examinees carried into the testing room, such
as slide rules, calculators or steam tables, inspected?

Answer

No paper, including steam tables, was allowed into the testing
roon. Other materials carried by the examinees were not inspected.

31. Who wrote the licensing examination? Was that person assisted
in any way by anyone else? If so, who? What was the nature
of that help?

Answer

The R0 examinations were written by Bryan Gore, James Huenefeld, -

and Walter Apley. Bruce Wilson reviewed these examinations for
i technical content, applicability and clarity. The SR0 examina-

tions were written by Bruce Wilson.
_ .,

32. Will the grading process include any effort to screen examinations
,

for cheating?. If so,. describe those efforts.'

Answer

| The examinations will be screened for indications of cheating
by reviewing the answers for at least one question in 50% of
the categories for 50% of the applicants.

33. Were there assigned seats for examinees?

|! Answer

No, seats were not assigned.

( 34. Were examinees required to leave the building if they finished
before the time limit of the test had run?

|

|

|

t -
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Yes. . Candidates were notifled. prior-to the examination that ;
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- to be-in the testing area while the exam was still in progress i

. ' _- -was grounds for denial of his appifcation.
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VilITED . STATES ' 0F- AMERICA -
NUCLEAR REGULATORY C0ffilSSIO!!

"

BEFORE THE ATOMIC SAFETY AllD LICENSIiG BOARD
_

' In the fiatter of )
) Docket flo. 50-2B9

METROPOLITAN EDISON COMPANY, ET. AL. ) (Restart)
)

'(Three Mile Island, Unit 1) )

AFFIDAVIT OF Bruce A. Booer

I, Bruce A. Boger , being duly sworn, do depose and state:

1. I am employed by the Ooerator Licensina Branch, Office of Nuclear Rea-

ctor Regulation of the United States luclear Regulatory Comission .

In th s position, I am responsible for administerino licensina

examinations .

A copy of my professional qualifications statement is attached.
~

2. I prepared or heloed to prepare responses to the following intterogatories

which were filed in the TMI-l restart reopened croceeding on management

issues on October 2, 1981: Aamodt sucolemental discovery reauests:

Questions 1-9, 11-14, 16-26, and 28-34 .

3. I certify that the answers given to the interrogatories listed above

are true and correct to the,best of my knowledge.

' NG . f-
v

Bruce A. Boger

S*orn befcre me this [[f day -

of November 1981.

MTuick Ai
' ~( Notaryeublyc

/./fh hMy Comission expires:
/ f'

_
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PROFESSIONAL QUALIFICATIONS LIST .-

~

ERUCE A. BC O
.

Education

June 1971 Received BSNE - University of Virginia
June 1972 Received MS'E - University of Virginia

k'ork Ecerience

June 1972 to Virginia Electric and Pcwer.Conpany
June 1977 Surry Ibclear Powr Station

Assistant Fagineer - Performed startup testig on Unit
No. 2.

Engineer - Assisted the Supervisor-Engineering Services;
trained for and received a Senior Reactor Operator License.

Supervisor - Engineering Services - Directed the activities
of the onsita engineering staff.

June 1977t$ Virginia Electric and Pcwer Company
Septeser 1977 Richnend, Virginia

Supervisor - Ibclear Engineering Services - Directed the
activities of the offsite engineering staff in support of
Surry Powr Station.

~ October 1977 to U. S. Ibclear Regul' tory Cocnissiona
Present Bethesda, Maryland

Reactor Engineer in the Operator Licensing Branch - Adc:.in- ,

ister licensing examinations to nuclear powr plant and
research reactor personnel.

. .

Professional Affiliations

Registered Professional Engineer - State of Virginia

Me6 er - A erican Ibclear Society

.

a
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UNITED' STATES OF' AMERICA'-
NUCLEAR REGULATORY C0ffilSSIO.*l-

BEFORE THE ATOMIC SAFETY Atl0 LICENSIi!G' BOARD ,

'In the Matter of )
) Docket flo. 50-289

METROPOLITA;; EDISON COMPANY, ET. AL. ) (Restart)
)

(Three Mile Island, Unit 1) ).

AFFIDAVIT OF Paul F. Collins

I, Paul F. Collins , being duly sworn, do depose and state:

1. I am employed by the Office of Nuclear Reactor Reculation of the

United States Huclear Regulatory Commission .

In this position, I am responsible for the Ooerator Licensina Branch

.

'
'

A copy of my professional qualifications statement is attached.''

2. I prepared or heloed to prepare responses to the following intterogatories

which were filed in the TMI-1 restart reopened croceeding on management
>

issues on October 2,1981: Aamodt sucolemental discovery rannacte-

Questions 10,15, and 27 .

3. I certify that the answers given to the interrogatories listed above-. -

|
are true.and correct to the best of my knowledge.

Paul F. Collins
!

Sworn before me this day
.

of liovember 1981.I

[
Notary Puolic

[

My Commission expires:

l'
,

-. . ,. , . , - _ _ _ - _ . - - - _ _ . - .



.

. .

FAUL F. COLLINS,_ CHIEF j"

OPERATOR. LICENSING BRANCH - -

OFFICE OF NUCLEAR REACTOR REGULATION
-

Graduated Rensselear Polytechnic Institute, BSME
1952

1952-1953 U. S. Army .

EI DuPont de Nemours and Company Reactor Departnent1953-1965

Supervisor at the Savannah River Plant

Held the following jobs:

Quality Control Division -
*

Responsible,for the receipt and inspection of al's

reactor components.

Centrol Room Supervisor -

.

. Responsible for the day to day operation of a production
m

reactor.
i

Instructor - Reactor _ Department, Operator. Training Div. ,l

|-
,

- -

Examiner, Operator Licensing Branch, AEC1965-1967 ,

P'4R Group Leader, Operator Licensing Branch, AEC1968-1969
.

1969-Present Chief, Operator Licensing Branch, NRC

!

l
-. .

.-

( _J
. - . . . - -
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MLb I ! (,$ , ' -UNITED STATES OF AMERICA -

.

9 gNUCLEAR REGULATORY COMMISSION g.

NOV181981 .BEFORE THE AT0;;IC SAFETY AND LICENSING BOAR
'

v4 gyrou%

In the Matter of ) y
'

)
METROPOLITAN EDISON COMPANY, ET AL. ) Docket No. 50-289 8 *

) (Restart)._
(Three Mile Island, Unit 1) )

CERTIFICATE OF SERVICE
I hereby certify that copies of "NRC STAFF TESTIMONY OF PAUL F. COLLINS REGARDING
THE ADEQUACY OF THE STAFF'S ADi11NISTRATION OF ITS EXAMINATIONS," " STAFF RESPONSES
TO AAMODT SUPPLE!! ENTAL DISCOVERY REQUESTS," and "NRC STAFF RESPONSE TO MEMORANDU|1
AND ORDER ON RESULTS OF SR0 AND R0 WRITTEN AND OPERATING UALK-THROUGH EXAf11 NATIONS"
have been served on the following by deposit in the United States mail, or in the
Nuclear Regulatory Commission's internal mail system, or as indicated by an asterisk
by hand-delivery this 17th day of November,1981 in the above-captioned proceeding.
Ivan W. Smith was served by hand-delivery on November 16, 1981 in the above-
captioned proceeding.
Gary J. Edles, Chairtlan Dr. Linda W. Little
Atomic Safet & Licensing Appeal Administrative Judge

Board Panel 5000 Hermitage Drive
U.S. Nuclear Regulatory Commission . Raleigh, North Carolina 27612
Washington, D. C. 20555

* George F. Trowbridge, Esq.
Christine N. Kohl Shaw, Pittman, Potts and .

Atomic Safety & Licensing Appeal Trowbridge
Board Panel 1800 M Street, N.W.

U.S. Nuclear Regulatory Commission Washington, D. C. 20006
Washington, D.C. 20555

* Robert Adier, Esq.

Dr. John H. Buck 505 Executive House
Atomic Safety & Licensing Appeal P. O. Box 2357

Board Panel Harrisburg, Pennsylvania 17120
U.S'. Nuclear Regulatory Commission

" '

Washington, D. C. 20555 Honorable Mark Cohen
512 D-3 Main Capital Bldg.. .

* Ivan W. Smith Harrisburg, Pennsylvania 17120
Administrative Judge
Atomic Safety & Licensing Board Panel * Ms. Marjorie Aamodt
U.S. Nuclear Regulatory Commission R.D. f5
Washington, D. C. 20555 Coatesville, Pennsylvania 19320

Dr. Walter H. Jordan Mr. Thomas Gerusky
Administrative Judge Bureau of Radiation Protection
881 W. Outer Drive Dept. of Environmental Resourges
Oak Ridge, Tennessee 37830 P. O. Box 2063

Harrisburg, Pennsylvania 17120
* Gary L. Milhollin, Esq. h1815 Jefferson Street

' g* ,[/Madison, Wisconsin 53711
DESIGNATED ORIGINAL

/
Certified By H [ML U %

. .

J
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Mr. Harvin I. Lewis
6504 Bradford Terrace Atomic Safety and Licensing Appeal Board
Philadelphia, PA 19149 U.S. Nuclear Regulatory Commission

Washington, DC 20555
Metropolitari' Edison Company
ATTN: J. G. Herbein, Vice President Atomic Safety and Licensing Board Panel'
P. O. Box 542 U.S. Nuclear Regulatory Commission
Reading, PA 19603 Washington, DC 20555

Hs. Jane Lee Secretary
R.D. 3; Box 3521 U.S. Nuclear Regulatory Commission
Etters, PA 17319 ATTN: Chief Docketing & Service Br.

Washington, DC 20555
Walter W. Cohen, Consumer Advocate
Department of Justice William S. Jordan, III, Esq.

Strawberry Square,14th Floor Harmon & Weiss
Harrisburg, PA 17127 1725 I Street, N.W.

) Suite 506
Thomas J. Germine Washington, DC 20006
Deputy Attorney General
Division of Law - Room 316 John Levin Esq. .

1100 Raymond Boulevard Pennsylvania Public Utilities Comm.
Newark, New Jersey 07102 Box 3265

Harrisburg, PA 17120-

Allen R. Carter, Chairman
Joint Legislative Conaittee on Energy Jordan D. Cunningham, Esq.
Post Office Box 142 Fox, Farr and Cunningham
Suite 513 2320 North 2nd Street
Senate Gressette Building Harrisburg, PA 17110
Columbia, South Carolina 29202

Robert Q. Pollard
~ * Louise Bradford^ '''' Three Mile Island Alert

609 Montpelier Street 1011 Green Street
Baltimore, Maryland 21218 Harrisburg, PA 17102

. . . .

Chauncey Kepford Ms. Ellyn R. Weiss
Judith Johnsrud Harmon & Weiss
Environmental Coalition on Huclear Power 1725 I Street, N.W.-
433 Orlando Avenue Suite 506
State College, PA 16801 Washington, DC 20006

.
Ms. Frieda Berryhill, Chairman Mr. Steven C. Sholly
Coalition for Nuclear Power Plant Union of Concerned Scientists'

1,725 I_ Street, N.W.Postponement
~

-

2610 Grendon Drive' Suite 601
Wilmington, Delaware 19808 Washington, DC 20006 ,

Gail Phelps g
4 . Philadelphia Street 7d6/ k, M/

York, Pennsylvania 17401 /$sep R. Gray
I ouns 1 for NRC S aff

!
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