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A.3 The purpose of my testimony is to address and describe the actual
administratior of the October 1981 TMI-1 cuperator examinations,
including proctoring, grading, safeguarding of the examination,
licensee's review, and extent td which questions used in these

examinations were the same as those used on previous examinations.

0.4 What procedure was used for proctoring the October examinations?

A.4 We made arrangements with four professor: from Pennsylvania State
University, Capital Campus, Middletown, Pa., to proctor examinations.
P. Collins met with them at the TMI training center on Septembesr 24,
1981 to discuss the proctoring and to permit them to see the examina-
tion room and to acquaint them with facility management. The items

they proctored are indicated below.

Cates
Professor William Aungst October 22 & 29, 1981 - all day
Pennsylvania State University
Capital Campus
Middletown, Pa 17047
Professor William Welsh October 22 & 29, 1981 - half day
Pennsylvania State University (morning)

Capital Campus

Middletown, Pa 17057



Q.5

A.S

Professor lWesley Houser
Perinsyl/ania State University
Capital Campus

Middletown, Pa 17057

Professor Joseph Douglas
Pennsylvania State University
Capital Campus

Middletown, Pa 17057

October 21 & 28, 1981 - full day
October 22 & 29, 1981 - half day

(afternoon)

October 21 & 25, 1981 - full day

The proctors were present in the room when the examiner passed out

the examination to the candidates and listened to the instructions

given, including admonitions regarding cheating. There was at least

one proctor present in the examination room at all times during

administration of the examinations,

cduties to that of proctoring.

They had no cther concurrent

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,

How is the grading being conducted?

The reactor operator examinations are being graded by the individuals

who wrote the examinations at Battelle Pacific Northwest Laboratory.



The individuals indicated that one question or one section is being
graded at a time for each candidate before proceedina onto the next
question or secticn. 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 examinations are being graded by NRC examiners

in the Bethesda offices. The same question is being graded for all
applicants prior to grading a subseguent question, 0One 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,

A11 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 E£S-109, that includes a review for cheating,

1.6 How were the examinations safequarded?



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 ™I training center in
tre possession of an NRC examiner. The examinations were passed

out at the facility on the day they were administered.

The opera*or 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 NR. Betnesda offices, where they were reviewed, edited,
and copies reproduced. The examinations were transportad 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 MWere the examinations reviewed by the Licensee?

A.7 VYes.

0.2 How was the review conducted?

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

examiner met #ith licensee representatives outside the examination




0.9
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0.10

AN

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

the review, the exaniner returned to the examination room and

explained changes, as necessary, to the candidates.

Have you reviewed the Octobir examinations to determine if questions

were similar to those asked on other examinations?

Yes. We compared the TMI-1 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; Navis-Besse Nuclear Plant; and Rancho Seco Nuclear Plant,

What were the results of tha* review?

Less than 4% of the questions on the twc RO/SR0O examinations

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

at the other B&W-designed facilities.

Do you have the Master Copies and answer keys of the examinations

administered at TMI-1 in April 19817

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

senior operator examination.




Q.12

A.12

0.13

A.13

Do you have copies of the answer key as originally prepared?

No. The answer keys contain many hand written notations.

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

they were made, and why they were made?

We can distinguish who made the notations. However, we cannot
determine when they were made, nor can we determine why they

were made.

Can you determine who prompted the notation?

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:

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

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

or augmented.
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Facility: TMI-1

Reactor Type: B&

Date Administered:' LA El=- wWaEd,

Examiner: Wilson/Booer/McMillen

Applicant: MASTER - 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 i Applicant's % of
Value Total Score . Cat. Value Cateaory
15 17.4 I. Reactor Theory
12 14.0 J. Radioactive Materials
Handling, Disposal and
Hazards
_12_ 15.1 — —_— K. Specific Operating . ..
Characteristics
r 13 15.1 L. Fuel Handling and Core
= Parameters - ;
20 23.3 M. Administrative Procedures,
Conditions and Limitations
13 15.] N. Theory of Fluids and Thermo-
dynamics
26 100.0 Totals

a®

Final Grade



“uclear Theory '135)

\

1.3

1.4

ollowing an increment of reactivity addition, while subcritical, there
are two factors involved in the determination of how long i1t will take
to reach an equilibrium count rate. What are these two factors? (2)

Ar increase in moderator temperature will influence the total non-

Jeakage probability and 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)

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 Spnec? (1)

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

c. Assume for any time in core 1ife, the reactor is at hot shutdown,
Tave 532°F, and flooded nozzles in the 0TS&'s (97-99% cn operate range).
Would the conseguences be less or worse than if the OTSG's had
been low level limited? Why? (2)

Each of the three following reactivity narameters changes over core
life (according to OARP Nuclear Theory lesson plan): Equilibrium
Xenon, moderator coefficient, power deficit. Below are the
numerical values given in the lesson plan. For each reactivity
parameter, briefly explain why it changes and how it would

affect shutdown margin (larger or smaller) immediatelv following

a trio from full power.

Parameter BOL EOL
3. Equilibrium Xenon -2.64% &k/k - -2.73% Ak/k
i. Reason for change:
ii. Effect on SDM (2)
b. Moderator Coefficient =77 x 107%K/Kk/°F  -2.63 X 10°% Ak/k/OF
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 SOM (2)
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K.2

K.3

K.4

K.5

SPECIFIC JPERATING CHARACTERISTICS (13)

Assume the unit is operating at full power with an imbaiance
of -6, when a spurious runback reduces power to S0° and shifts
imbalance to -14.

a. Assuming no operator action, how will imbalance change
over the next 4 hsurs? Explain.

b. Consuiting Figure K.1, outline two methods of returning
the unit to an allowable imbalance. For each, describe
how the method will cause imbalance to chanae.

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

a. Hew do you verify that the RCS is solid?
b. Give five ways to reduce RCS pressure when solid.
¢. Outline a procedure to recover a oressurizer steam bubble.

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.

while operating at faoll 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 nbserve that hot leg temperature is rising at

a rate of almost 5°F per minute.

a. What is the most probahle cause of this temperature increase?
Explain.

b. Should you restart one or more RCP's in respenze to this
temperature increase? Explain why or why not.

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 hi:® reactor building
pressure, should you trip the RCP's? Explain why or why not.

b. If, due to unavoidable circumstances, the RCP's are not
immediately tripped per EP 1202-6B, should you trip them

several minutes after the reactor trip? Explain why or why not.

(1)

(2)

(1)
(1)
(1)

(2)

(1.5)

(1.5)

(1)

(1)
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M. ADMINISTRATIVE PROCEDURES, CONDITIONS, AND LIMITATIONS (20)

M.1 Wnen a heat balance calibration is performed to adjust the power
range NI's to agree with the core thermal power, the Tech Specs
(1.5.6) define a weighting factor, &, that is used in the core
thermai power egquation.

a. Define the weighting factor & (1)

b. Show the equation that is used when power isD15% but
£ 50%. (1)

M.2 Administrative procedure 1001 addresses the situation of
encountering a "Temporary,On-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 “rom TMI-1 were reported to the NRC during
the two year pericd 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 fo take.

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

a. At 1452 hours on July 23, 1978 it was discovered that 2ir valve on
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 '8' Core Flood Tank. (2)

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 d‘d not require verification of
safety related valve positions. (2)

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

i ¥
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captured in a lock for more than one shift. Include-wno nas
responsibility for the kev on the next shift.

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 haif. 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 guarter core radial
symmetry.

On the attached Figure M-5, sketch the minimum incore nuclear
instrumentation that will satisfy this specification.

M.6 Under what conditions a»e 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 1ifted leads.

b. Spcal pieces or blank flanges.

M.7 a. wWhen may a "DO NOT OPERATE" tag be used instead of a "CAUTION"
tag? i

b. When may “"CAUTION" tags be used instead of an "Instrument Out
of Service" sticker?

¢. What operations personnel may decide whether a "CAUTION" tag
or "DO NOT QPERATE" tag needs to be used?

£33
-\'

(2)

(1)
(1)

(.5)

(.5)



THENRY OF FLUIDS AND THER-ODYNAMICS

{12)
&%

b.

c.

a'

a.

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

N.? Reynolds number is used to determine the characteristics of fluid
flow, 1.e., whether the flow fs turbulent or laminar.

Name three general parameters that are used to determine Reynolds
numter, (Taere are actually 5 parameters, the equation is not
necessary), (1.5)

Generally, what number or range of Rewnolds Numbers is used to
distinquish laminar from turbulent 1iow? (n.5)

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 mcre approximates a Rankine
cycle which include inefficiencies and superheat.

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 Yine d-a' show: the condensation of the steam. As
superheat, include only the superheated steam leaving the

0TSG. (2.0)

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

i) A slight armcunt of condensate depression,
ii) Adcditional superheat from the Moisture-Separators-Reheaters,

N.4 Operating procedure OP 1102-16 "RCS Natural Circulation Coolirn " addresses
the expected plant response to initiation and cooldown by natura!
circulation. B

. L
e PANE S

Mne statement says "Pri ~'iguring the reactor coolant pumps,
establish cond1t1on(:zn the ch favorable to the initiation of
natural circulatici. wo of these conditions and explain

why they are ficvorable for the initiation of natural circulation.(2.0)

The reactor has been tripped, the 4 RCP's tripped, natural circulation
established and header pressure biased controlled @ 101C psig.

Sketch and explain on Figure N.4 the expected behavior of Pressurizer
level, T, and T_1f the 125 psig header pressure bias is suddenly
removed Vfor eximple by resetting the reactor trip). (1.5)

List the design flow capacity of the HPI pumps. (0.5)
If a LOCA occurred, what approximate flow indication would you

expect to read on each of the flow indicators for the HPI lines
i RCS pressure is about 1100 psi? Explain. (1.5)
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1.2

[.3

1. The magnitude of the change in keff.

2. Actuallvalue of keff after the reactivity change is made.

d e

-

0ARP pg. 27

Lt (non-leakage) probabilities decrease slightly since the moderator
temperature increase decreases the moderator and boron densities.
More dramatic than tﬂe reactivity effect is the response seen by

the out-of-core detectors.

TS a. pg 3-7 No possibility of an accidental criticality as a result §d¢cre¢.s¢,

_—"1in RCS pressure.

I.4

b. EOL, MTC is most negative & positive addition. Since boron
concentration is very low the amount of reactivity added will
be a maximum depending on the beil off in the OTSG's., If
feedwater is immed. secured consequences will be minimal.

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

O

1
a. 1. P?.Bg gu-239 {explan. is for Sm149 but true for Xe 35) »
sTightly .nigher fission yield curve. .

ii. Effect on SOM - immed. following trio - none ate—— .57 2<% O
equilibrium but soon there after starts building in tc
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
peaks.

ii. Effect on SOM - reduces SOM since coeff becomes more
neqative - cooldown to 555°F (?) (have seen 545°F elsewhere)

adds more +
c. Pg 25-31
i. Comprised of MTC + FTC, MTC explained above, FTC 4
slightly due to Pu 240.

ii. 5SDM - Substantial increase in power deficit directly
reduces SDOM. For same total rod worth, difference in
P.D. is 0.72% which is amount SDM is reducad.
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b, Yes. Tech Specs allow un to 10 curies to be rejsased, see

o
apnendix 3 tech spec.

J.2 Advanced HP training part 412 - 1C.

-
.

The person conducting the survey shall review the last survey performed
4 /4 in the area as guidelines for choosinq the appropriate protective clothing
SR and respiratory orotection equipment, unless there is an indication
Y x "as that significant changes in the radioiogical conditions has occured

. in which case more restrictive orotective clothing and respirators 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.

R0O2 - ES20 PIC 6 - telelector

o
LS
W

b. Pac 4
c. PNR 4 or PAC 4
J.4 5 rems to whole body, 30 rems to skin, 75 rems to extremeties. <ac ©) 72

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

.6 a.1.7S 3.1.6 - primary leakage - 1 gpm total both 0TS6
2.TS-7 secondary a.tivity = .Q/M//:;” T
2.103
4 b.1.Indicates a weakness in RCS boundary, small leaks - big leaks - also
=% secondary activity buildup.

3?5%eiﬂ-llnB-hIﬂl&-*O'eF*'+ﬁ9'*¢O§GE?
Z.—M/ Luﬂh rﬂlm ’0‘67 fnﬂb\’ g-w- SJA_ o L"(wv:

‘%ﬂ % vn, 12 3-58

C.

S

i

|



z. I=nzlance wil) continue to shift more nenative: Yenon will buildup -
in the top of the core and burn out in the bottom
v < 2.,

5. 1. reduce power by boration { ~¢ .

2. adjust APSR's and explain gcore power - higher ‘mbalance)

K.2 DARP Scioed Ops. Module 4

a. Increase RCS inventory, a sharp increase in RCS pressure will be
experienced (1103-5, 8.6)

b. 0pg.2 1. reduce charging
2. increase letdown
3( apen PORY
. 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 pres.ure will be maintained at 1035 psig
rather than 1010psig. This will result in a higher RES temp. after a reactor
trip and bigher prz level. (0TSG pressure will govern R(S temn. at sat.)
Less shrinkage in prz. per Figure K.?; before about 548" 7; after abcut 550%F

QP 1102-16
€.1 a. RCS flow his been .educed due to the loss of the RCP's; less heat is removed

by 0TSG's, temperature will increase.
b. No: this is normal 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 vou don't

nave an inventory orollemw ik coudd feas Fo Ay‘ e rhtre T

b. No, sufficient void fraction may exist such that core uncovery may occur.
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L.3

TS oo 2-1

-

‘EU:F"‘” o0wer
RCS flow
Terp.

Pressure

T.S. pg. Z-2
Limits have been placed on the basis of the reactor power imbalance
preduced by the power teaking

R
Yes, the TS only, address penetrations providing direct access
from the containment atmosphere to the outside atrosphere. TS 3.8.7

Verify that those that should be closed are 1) closed and
2) conspicuously marked TS 3.6.5

Yes, per TS 4.7.1.2, because it is greater than 9" unaligned
{rom the rest of the group which must be fully w/d while critical
75 3,1.3.8).

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

Yes, operations are precludec per T.S. 3.5.2.2.f since it requires
the other rods in the group to be positioned such that the
inoperable rod is maintained within 9" of the group avg. Group 5
insertion to 9" is not allowed per T.S. rod insertion limits.

Target on south trolley rail - letter & black line,

sight on trolley - metal plate w/ square cut out & cross -
properly aligned when letter is visible & vertical pertion
of the cross matches the line. y %

The selsyn units will lose their ca11brataon

No mechanical, but bridge & trolley can't move unless the hoists are up.
£ ety »

PLCO hold point assures that acceptable oeak1ng factors are

maintained through xenon transients. PLCO hold assures a minimum xenon

transient since Xe builds to equilibrium.

After load decrease, xenon could be beyond its peak in the upoer

nalf 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 cower
increase in the top of the core which could result in high local

pe3k powers.



= weightez orimary and secondary heat oalance considering
eat losses.
5. Core Therma)l Power = N + f B
Lore ihema Oowe sec ( ) Svin
2 gPower - 15
A ower - 15
=85

M.2 a. AP 1001: Temporary changes to procedure valve checklists do not
require a TCN.

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

! .
M.3 a. i. Immediately test operability of '8' diesel-generator; also clear tag%auf,;«#.
report to duty off/Ops Super. '

LER 78-022

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

o. 1. LER 78-023; Nothing had to be done since TecH Specs require power
to be reduced to below power level cutoff which it alreadsg
was.

¢ 1i. T.5. 3.5.2.4.a8d  Xenon burnout and rod withdraw! associated

Ru asnsd & , with returning to power returned the NPT to within limits.

,",_,- Al s

c. i. LER 78-027; LER says borated water was added to core floo€ tank
to bring it back within T.S. limits. [s there a procedure for
do1ng th1s’ van it be done within time 1imits? — My— vt

<7 kTS
i1, T.5. 3.3.1.2.a. 1040~ 30 £t = 12.55 ft. minimum
LER 78- diatelv oren valve, clear tans, che~k Ings, initiate
"gff:s to insure valves are ocpened. .5 .+ - u”
ii. T.S. 3.4.2 Turbine driven EFW cump must be operable. Car it be
declared operable on zuxiliary steam? e

M.4 a. AP1011 Shift Foreman

b. Shift Frre=an ( myy deleg@te key issuance to CRO - SS may function as
n?'. Shift Foreman)

v

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



M.5 On Figure.

nust meet Iive criteris (ncot neressarv to specify each criteria)

. Thcse that are a design part of the system and are instailed or removed

oy operating, maintagnance, Or surveillance procedures.

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

b. They cannot - Instrument Cut-0Of-Service stickers are covered by a separate
procedure.

|
|
Mi6 a. AP 1013; Positively identified in approved procedures. Other procedures ‘
\

c. pgs 3.0; S8,8F, or CRD.
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INCORE INSTRUMENTATION SPECIFICATION
RADIAL FLUX INDICATION

THREE MILE ISLAND NUCLEAR STATION UNIT |

FIGURE 1.5.2



%.1 Functions to reduce thermal stregses 2t the connectine noint of ‘ol and
ioing. [t does this by surrcunding the cold pipe at the junction ncint

~ith a sleeve. One end of the sieeve connests to the not pipe wnile the

other connects to the cold pipe. The sleeve acts as a transition piece to

reduce the AT. -
"—. 5 / ’ p . " -
- -  —
N.2 a. DARP pg. 63 wr o
1. average velocity’ Vav 3 o —
2. pipe diameter; D Ree Vay il
3. kinematic riscosity {*) -, »
4. density (/ ) = R T PR
5. dynmamic viscosity £;~\ . Var VAR ] -
~ —
~ . 1.2 P TN
b. OARP pg. 64 3 '
Laminar; Re<2000 i NoAmaite

2000 &Re transition > 3S0O -y
Turbulent > 300
c. DARP pg.63

Amount of mixing-- two different velocity profiles, turbulent flow
promotes heat transfer to more mass of heat absorbine medium.

N.3 On Figures; ref: OARP pg 52 - 54
N.4 OP 1102-15 p3 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. 0TSG leve! raised to 50% on operate range - provide large heat
sink for RCS

b. See Figure

- & B &

N.5 a. Module 6 GPU Letter dated 1/3/80 S P
F u‘)"(,

S

300 GPM @ 1800 psig
b. Table 4; about 200GPM per injection line; or

Pump head curve for 1100 psi x 3 pumps divided by 4 “njection lines
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1630
Reyision 11
07/284/80

The Operations Department will insure that Reactor Building Access

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

MERGENCY ENTRANCE TO REACTOR BUILDING

6.1 Emergency entrance may be made without RWP, 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 gamma
dosimetry anc carry neutron and gamma dose rate meters.

6.4 The Shift Supervisor shall submit a "Reactor Building Emergency
Entrance Report" (Form 1630-2) to the Manager Unit 1 with a copy to

the Manager, Radiological Controls after each such entry.

5.0

FOR USE IN UNIT | ONLY
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U.S. NUCLEAR-REGULATCRY COMMISSION

't Thda by - - - a- Y g » -
SENIOR REACTOR OPERATOR LICENSEZ EXAINATICN

Facility: TMI-1 =

Reactor Type: B&W

Date Administered: 4/24/8]

Examiner. Wilson/Boger/McMillen

Applicant: mmg- B

INSTRUCTIONS TO APPLICANT:

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

% of ‘ Applicant's % of
Totz] Score Cat. Value Category
17.4 y 1. Reactor Theory
14.0 J. Radipcactive Materials
Handling, Disposal and
X Hazards
8.4 — — K. Specific Operating
Characteristics
15.1 L. Fuel Handiing an¢ Core
Parameters
20 23.3 M. Administrative Procedures,
Conditions and Limitations
13 15.] N. Theory of Fluids and Thermo-
dynamics
86 100.0 Totals

r®

Final Grade




iuclear Thegry (15}

v -

o
.

w

wn

e : . : ee . (n*1) gen s
ne J2RP Section on nuclear theorv defines RETY & e © Jr the
ratio of nautrons in each succeeging _eneration, g
Assuming 3 stable count rate of 20 ¢2s and a keff of O.;ﬁﬂcon:re?

rods worth 3% gk/k are withdrawn from the core.

a. "By rule of thumb”, what should happen to the count rate_and

keff several minutes following rod withdrawl? (1)

b. After this rod withdraw! 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 why? (1)

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)

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

Tech Spec 3. 1.3.1 states that a Minimum Condition for Criticality
is that the RCS Temperature must be above 5259F. What is the Tech
Spec basis for this Frimit? (2)

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

a. What are the two specifications th~t apply to the MIC with
regard to power level? (1)

or

Although there is no soecification regarding the maximum ne ativ

MTC what would be the consegquences of having an MTC of -1. A K
and a main steam line break with a 200°F cooldown from 5320‘ Woule

you expect a reactor restart to occur? Show all calculations and
assumptions. (2)

0P 1103-15, Reactivity Balance Procedure gives guidance for 'ou
to periodically use the reactivity equation while the reactor
is at power to check for any anomalies.

a. What three conditions constitute a reactivity anomdly and/or

discrepancy according to the procedure and Tech Specs? (1.5)

b. What factors are considerrd in the reactivity balance

equation? (1.5)

C. As a prerequisite, reactor power must have been constant
+2% for the last 40 hours prior to performing the
reactivity balance.. In the past 40 hours, power was
decreased from 100% to perform turbine stop valye testing,
then returned to 100%. ff

betence-enuzt O WOU T Tvatidate-the calculation?
&xptadn. Include assumptions. Vuwu"v'u i&;;te_\ (2)
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~~JIOACTIVE “ATERIRLS HANDLING, DISPOSAL AMD MAZARDS (12)

C.

L

L

Co

o
w

rodine 131 khas 2 half 1ife of 8 dave and emity 3 0.6 Moy

2 0.36 MEV gamma 80% of the time and a 0.64 MEV gamma 10% o he
time For tnree curies of this material, (Show all calculations

.
¢

v
o e

a. What would be the dose rate at a distance of 8 feet?

5. How long could a person work in this radiation field before
exceeding the weekly limit?

.2 State the radiological conditions concerning airborne activity

and loose surface contamination which requires a properiy completed
and approved radiation work permmit.

.3 List 4 "pre-operational” checks that should be completed before

utilizing a portable radiation protection instrument.

& What are the 10 CFR Part 20 requirements for immedizte notification

cf an overexposure of personnel to radiation.

No eating or smoking is allowed in radiation areas. If the
radiation level is Tow enough to allow entry into the area,
why are the above prohibitions izposed?

Discuss the hazards of violating the above prohibitions.

oy

o

2. Under what conditions must the primary coolant system be
sampled and analyzed for dose egquivalent [-131?

5. wWhat is the basis of this action?

(2.0)

(1.0)

(2.0)

(2.0)



K.2

K.3

K.4

K.5

SECIFIC OPERATING CHARACTERISTICS 13)

During the midnight shift, while at rated pcower near the and
of core life, vou are instructed to reduce load to 70 for &
hours and then return to rated oower to meet the morning
demand.

a. Describe three factors to be considered if the evolution
is performed solely with control rods.

b. Describe two disadvantages of performing this evolution
solely with soluable poison contrel.

Operating 1imits are imposed on RCS heatup and cooldown rates
and RCS temperature/pressure relationships.

a. Explain why heatup ind cooldown rates must be limited.

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

¢. Explain why the temperature/pressure limit will shift with core

age.

Explain how changing the OTSG Tow level limit from 30 incles to 35

inches would.affect facility operations.

You are the responsible SRO on shift during a u~it cooldown
due to a primary to $econdary leak that exceeded Technical
Specification 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

* the RCP's. Both OTSG's have now been isolated since RCS
temperature is 280°F and the DHR system is in operation. Assume

the valve disc on DH-V2 separates from the valve stem and drops

int) the valve body.

a. List five control room indications that would result due to
this situation.

b. Outline two alternate methods of RCS heat removal after this
incident.

¢c. Compare the two methods in terms of:

i. heat removal capabilities
ii. offsite radiological consequences
iii. ability to control cooldown rate

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.

(1.5)

(1.5)

(1)

(1)

(1)

(2)

(1)

(1)

(2)



A
L. FBEE

HANDLING AND CORE PARAMETERS (13)

igures L.1 ang L.? are taken from the Tech Spec Safetvy Limits

Identify the portions of the curves of Figure L.! that are
based on DNBR 1imit and the portions that ar¢  -ed on
Kw/ft. limits.

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

List the nuclear and radiation monitoring systems that must
be operable during refueling.

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

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

Assuming no operator action, describe and explain the
response of reactor power.

Explain how the radial position of this droooed rod will
affect guadrant power tilt as seen by tha excore nuclear
instrumentation.

Discuss the hazards associated with APSR handling if the
“Orifice Rod By-Pass Control" selector switch is positioned
“Orifice Rod".

Under what conditions may the control rod granple electrical
interlocks be by-passed?

What 's the difference between a "control rod test" light
indication and “control rod disengaged" indication.

Why is it necessary to have Mechnical Maneuvering Recomsendations
for power escalations?

What 1imits will exist during the initial power escalation
at cycle startup?

(1.5)

(1.5)

(1.5)

(.5)

(1.5)

(1.5)

(1)

(.5)

(2)

(1)
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w.  ANMINISTRATIVE™ POOCENURES, CONDITIONS, 2%0 LIMITATIONS (20)

M.1 Through various observations it is determined that the pressurizer
electromatic operated relief valve is leaking while the unit is at |
full power but the leakage is within acceptable limits. i

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

b. Is 1t permissible by Tech Specs to close the block valve to fsolate
the leak? Fxplain, (1.0)

M,2 According to 0P 1104. 14 (or the OARP) the purge of the Reactor Building
may be limited by either of two considerations. What are they? (1.0)

M.3 hen a heat balance calibration is performea to adjust the power
range channel NI's to agree with the core thermal power, the Tech
Specs (1.5.5) contain the following curve:

||o—
-
"= [3 b
a. Provide the labels and/or number!;for A,B,C and D on the curve. (1.0)
b. Complete the followir ; equation:
Core thermal Power = 3( — ) Qsec ¥ ( o —)Qmm (O‘;\
¢. When power is »15% and less than ,00% what is the (blank) in
part (b) equal to? (0.5)

M.4 The following LFR's from TMI-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;

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

a. In May, 1978 during initial cycle 4 startup, it was discr.ered
that the contro! rods had been in the "not allowed" region of the
Tech Spec curve requirements 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.5

M.6

M.7

¢. From 0440 hours on August 18, 1978 to 1400 hours on August 19, 1978,
it was discovered that neither of the *wo 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 temperiture sensor
for the 'A' Diesel Generator Room was found to be inoperable., A
work order was written but no other action was immediately taken. (2.0)

Administrative Procedure 1001 contains a . *ction that addresses T mporary,
On-the-Spot Changes (TCN's, 3.6.4), List ... cases or instances as given
in the procedure that T N's can be used for, (2.5)

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)

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.

¢. The detectors shall not have radial symmetry.

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



N.2

N.3

N.4

THEQRY OF FLUIDS AND. TRERMODYNAMICS {I'B}

Flow elements recently installed on the high dressure 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? Sx

G poath
In the matural/Circulation cooldown event at St. Lucie last June, a
reacty tripgwas initiated followed several minutes later by a trio
of all four BCP's. This was required due to a loss of Component
Cooling Water t~ the PCP's., Although the TMI-1 design differs

considerab.. * s conceivable that tripning all four RCP's
following a . .1 reactor trip may be required under abnormal
conditions. GL

ew

a. Show on Figure N.2 the expected/trace of T, and T. for the above
event. Begin at time of manualAtrip and agsume tﬁe nlant was
maintained at Hot Shutdown for Z hours.

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
- C
next two hours.

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

a. ldentify 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).

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

The analysis to suoport modificitions 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?

b. What additional égbacity does the addition of MUV-217 give the
operator?

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

(1)

(2)

(1)



N.3 a. Using the partial pressure laws and assuming ideal nases.
what does the addition of non-comoressible gases such as
hydrogen and nitrogen due to the partial pressure of steam
ih the pressurizer? (1)

b. Assuming the partial pressures of three gases (.i%2n, 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 R8 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 themsecond—iSi_oump dseslarsdd. (.75)
e RLS k““‘&““"“““l“ )
b. The RCS repressurizes so it is necessary to "piggyback” the
pumps; that is discharge of one LPS] feeding suction of one
HPSI pump. Show and exolain on Figure N-6b the response of
Head and Flow ratedgﬂu. a A& omal g (.75)
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By 15 87 shutdewn, 3TAk added, )/2 way to critical, count rate

doudbles and k = .537. Pg. 1€ - Count rate doubles, keff 1/2 way

2 3
b. pg ]:‘its#s:\'sts.‘.." ,.I:K

As long as neutron source is present, the numbe~ of neutrons will

be at a constant level while subcritical. tod ' v 8 ' -
P bo{;' = "._‘ . 2 JM i
0ARP Pg. 30 b .
The coefficient decreases (becomes less ncgative) with increasing ’ -

fuel temperature due to rescnance peaks becoming overlasped. The
total x-sectional area for neutron gbsorpttsn continues to increase
but at 2 decreasing rate. {e;z{; Sdlaa )

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

Al 30L, MTC is expected to be slightly positive at operating temperatures
with *ne operating configuration of control rods. Calculatiuns show that
7525°F, The +MTC is acceptable. At lower temps (€525) MTC will be

Tess négative or more + than at operating & therefore startun below

525 is prohibited (basis of non-cositive MTC at power is Fw line break).

a. T.S. 3.1.7.1 (1) MTC shall not be +795% power (2) MTC L + 0.5 X 10*7
Ak/k/UF € 35% power. L

b. 1.0 X 19"‘&"'/0!»' (200°F) = 1 x 1072 = .01 or 1% reactivity. This
12 equal to the max Spec on SDM and therefore o(net) = 0. There
is a possibility of restart.

a. 0P 1103-15 pg 2
+ 0.5% Steady State Xe
+ 0.8% Transient Xe
2 1% Tech Spec 4.10

or

. O(ret) =0 (fuel) + Arods) +2(boron) +/2(Temp)
P p*ﬁ(power{)qwo(xte)e/d(sm '

¢. (fuel) - in 40 hrs - decrease slightly but virtually negligible
(rods) - Assumption - power change made with boron - no change

(boron) - Xenon will be changing - in order to accommodate (xe), barun
gill have to chunge
(temp) - No change if back to 100%

- If accounted for in boron change - no difference

?er) - no change if 100%
) - very slight change but negligible
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Advanced HP training 412-1{4) 4
| .0 A 3vie Tmea
a. Airporne - excess of 3 u Ci/ce ﬂrossP wi

o

. Calibration, 2. Battery check, 3. zerp check, 4. source check,
. ohysical condition.

N =~

-25 rems to whole body. 150 rems to skin 375 rems to extrereties.

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

. Ingesting radioactive materials dangarous.
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.

a. Thermal power change of more than 15% of rated tnermal power within
a 1 hour period (1102-4).

b. Power change could cause leaking fuel, need to sample RCS tc verify
below /7S /levels to assure 10 CFR 100 limits on S/G tube rupture

are not/exceeded.

\,>, 9::-

. " )
e Lir wd wAsy s X

Loose surface - 1000 dom/100 cn® f-¥or 100 dom/100872- R € [ 7ee

/ , i
. no gl present _ »o Or pecven )
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sl &@.:1. Rod ingeition  licdcs
<. Imbalance -
3. rPower level cuteil "o Palthey T i
\4..;\-& —td A PL R G WA LWl @ £ O
b. 1) Waste generation
2. rate of increase limits

%.2 a. limit stresses on reactor vessel

b. NDIT
c. neutron embrittlement of reactor vessel materials

K.3 Raising the low level limic will improve the heat removal capabilities of
the OTSG's. This will re=< 1t in reaching the desired Tnvg at a bhigher power
level.

K.4 a. DHR flow " Recorder
DHR low flw alarm
B emp. A
DHR pump amps abnormal
DHR pump discharge pressure v
DHR pump high vibration
(indication of valve closure is incorrect- limit switches for lights are
on the s*em which did not move)

b. Unisolate OTSG's and return to natural circulation cooldown, -35-2) use
HPI through PORV

c. i. (1 has better heat removal
ii. (2 has less offsite consequences
iii [l has better control

K.5 OARP Quiz Q.12 Module 6
Feeﬁgtet available to OTSG and
e 1. 50°F subcooling in RCS or
J 2 2. RCS prassure stable or increasing ani > 1600psig or

ua;'b 3. RCS pressure $OT G secondary pressure by 600 psi -(;u-p bump)_or
- 4, 'RLS pressure scaole for > 1 hour and » 250 psi and OTSG secondary pressure > 100 psi
:: 7

A% ICC, ccadiun 3
QTaJLi AufZﬂh*Q:T&E-



1 Gy

wv n

Ke
D) Bt

) FE

WV fl’ f

e b

Hllf.

&4 “«w»r*‘mﬁ. m

Frdsaimg A0ID BS ACTuA TN
1oumphshe d .s.r:s -J. Tse \S.a...rvh.

LY Fouetaras ABTO EBS AcTuaTIN

- —

»
Lheee |, RCS v:.DOQ\ o >25c and s0° sube/d

it e oo cpevable OTSG, /b,

_v w?. {

) i

LARLE il Res VPOOQ Above OTSE ress

D AL @rv% o Guad QTG \Lf‘s Q‘QU S mMmins

s N \?l:\v of 0.?0\“.0’0 @ dime

?...' Mh’f Qne Q.
;,

wif, OTSG Ress «s wih Q05 2250

.:...ﬂ L) ha‘ﬂ’) moL bg

A

n.
.

o s later stad fhe allonnte goon Gud 9736

;..,.. ﬁﬂwn po..:aw 06.&6—!5%
ot stad 1/ lesp

c1500° “*O.L, all 4 .«:ﬂﬁuu.rk.

/

a.on BS G.th-& shact Qg

CluntcopinG m..nz.,..

-y

.., .\ | n~ N
.

P, %W&.!:J: ..nhf.n»u .»r.._....&.r.:.L..

-

At S Sl Ly

o N L. "
:...-?:.., ._... ‘.

Small Breax leen Sue NS Time

" Qvﬂ'\t.' ?«N.n 'ron FC-P T“"P

e

st L) il - ' . i
'a.w“ Sl e

S
.:.‘..

s
1000




b. Curve 1 - DNBR
Curve 2 - DNBR
Curve 3 - Quality
AT Canm—ia
L.2 a. TS3.18, RMG6,7,9 "7 v e
2 neutron monitors operable while changing geometry, one while
not [ cue
' R TLs - :—
5. P. 16 CGARP - No g R 1L
#L.3 a. Reactor power will initially dip due to the -/Oof the rod, tave ¥
,4(_‘§ \ 4 fuel temp §4sdue to -MTC and FTC,-2 from ,od will compensated by
; ,ﬁ’%{’ the&,o from M and FTC, reactor power will return to the initial value.
6.
K?£1119 ' b. The excore detectors see leakage flux - as the rod radial position
A L - approaches the ccre edge, the detectors will be more affected and
ot ’ the OPT will be more severc.
e p
A L;Q-’a. "Orifice Rod" position will instruct the telescopic cylinder to
et retract for enough into the control rod tube to protect the orifice rods
V5V pg, 17  and permit bridge motion. Since the APSR's are longer than the
'’ ’ orifice rods, an APSR could still be partially inserted in a fuel
<y assembly when bridge motion was allowed.
pg. 20 b. Never - there are no by-passes.
pg. 18 c. In the "test" position the contral component (orifice rod, BPRA)
is still engaged by the grapole.
a. 'Orifice Rod" position will instruct the telescopic cylind
s5a. 7 act far enough into the control rod tube to pr e orifice
g- rods 2 it bridge motion. Since the are longer than the
orifice rods, a uld still ially inserted in a fuel
assembly when bridge mot Towed.
pg. 2L b. Never - t e no by-passes.
pg. 18 c. test" position the control componeni (or:;;;;~F687~3&2A1_:::=__
is stil] engaged by the grapple.
L.5 a. Primarily 2 reasons - both related to clad integrity o v
(1) Since Uop thermal expansion is greater and response cepo =g
time is shorter than for Zircoloy, need slow increase_)g ALS o
to minimize clad stresses due to creep. =
(2) To allow pin hole leaks in the cladding to close. < w# =~ 4417;?’:7
STepw /—/alc
b. <20% power rate is 10%/hr =  pp t02-4
20% > power™> 40% rate is 30%/hr -3
»(4A0% power rate is 3%/hr -4

power @ PLCO 5 hour hold -4

> 75Ty S0 TS

Zhor /ot 237, cobow rel g TorF



1%.1.3.1 Identification cf Causes

-l -

In the event that a contrel rod cannot be moved, localized power peaking
and shutdown margin must e considered. “f & control rod is dropped
inte the core while operating, the resulting transient must be examined.

Adegquate hot shutdown margin {s assured by reguiring a subecriticality of

1% Ak/k with the control rod of greatest worth fully withdrawn from the
scre. The nuclear analysis repcrted in Seciicn «.3. demcnstrates that this
eriterion can be satisfied. This criterion has been analyzed in terms of
the minimum tripped rod worth available in the lcis=0f-coclant flow, rod
ejection, startup, rod witrdraval, and steam-line-failure accidents. In
all cases the available rod worth is sufficient to provide margins below
any damage threshocld. -

controcl rod from its

A dropped contrel red is defined as a deviation cf
e inches. This defi-

-

trol 3

goup reference pesiticn by more than an irndicated §

nition then covers %cth the acticn of dreoppirng & rod end sticking a rod
rit all rod-out motion
c

vhile moving a gr Tre -CS is available to inhibi
¢ rated load. The
d

and runback the stean generstor load demand to 60%
details of these actions are described in Secticn T.
action is available tc prevent or mitigate this accl
analysis was done without ICS acticn

+ O
3
o

. Even thougr ICS
ent, the accident

O

-~
e A - - ha

15.1:3:2 Aralysis of Effec:s and Conseguences
15.1.3.2.1 Safety Evaluation Criteria

The safety evaluation criteria for this accident are:

a. The ccre thermal power shall not exceed 112% of rated pover.
Be The reactor coclant systex pressure shall nct exceed code

< b |
pressur: limits.

153 3.2:2 Methods of Analysis
detailed B4W digite. =:z3el'~"’ nas been used to analyze the transient

‘-°-~ —— - -
] I - Twis program iancludes fuel pin, point
~1
-

ocrse t2 a drcpred 2onTl0L TLG. snadS P
r r

-

s

netics, pressurizer, =2 .csp models, including the steam generators.

.-

"
IS | ]
0
i

The reactor is assumed to be cperating at rated power when the contrecl
rod is dropped. To achleve the most adverse respense, the uost negative
values of the mcderatcr and Ioppler ~neffisients were used along with the
maxizum calculated roé worth for rated powver cperaticn., The paramelers
used in this analysis are shown in Table 15.1.3=1.

;5-1-3-1
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The results are presented in Figure 15.1.3-1. The neutron pcver decreases
causing & rapid decrease in both the core moderator temperature and the
fuel temperature. These temperature decreases overcompensate for the
worth of the control rod, and the neutron pover rises slightly abcve the
initial peutrcn pover level. The neutron power then decreases to below
che initial powver level and eventuall vels cut at the initial pover
level. The thermal pover response is dlar to the neutrcn power; hove
ever the thermal pover level never exceeds the initial rated power
value. Both the core moderatcr temperature and pressurizer presswre
decrease during the transient and level out at a value lower than the
init.al value. Since the thermal pover never exceeds the initial value
and the pressure decreases during the transient, the safety evaluation
criteria are met.

Cases have been run for rod drops at beginning-of-life conditions and
lover : i worths. These transients are not included in this discussicn

tecause they represent less severe conditions than the end-of-life cone-
ditions and the maximum calculated rod worth.

(o)
n
.
’.J
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|
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DRCPPED RC. ACCIDENT PARAMETERS

Moderator Coefficient, (ak/k)/F
Doppler Coefficient, (ak/k)/F

Control Rod Woth it Reted Power, ¥ 4k/x

-3.00 x 107
«1.37 x 107

0.65

L

b



120
|
1AM ‘
Neutron 80
Poser. % ‘
60 %
‘0 i 1 - 1 = 3 1 J
120 \
100 =
Tnermal /
Power % dv
80 i i L _ L
0
Ayerage Core 8
Nogerator ' ;
Temperature 10 —
Change, F \
15 ‘
: \(; l
25 l | 1 1
2200
Reactor 2100 p—
System
Pressure 2000
psia \
1800 L . e i
0 10 20 30 40 50 80
Time, sec

0.65% Ak/x ROD DROP FROM RATED POWER AT EOL CONDITIONS
THREE MILE ISLAND NUCLEAR STATION UNIT 2

FIGURE 15.1.3~1




3.1.12 e .re2atic Relief Valve

AZplicrs tC the set” ings, and conditicns “.>r isolaticn of the electramacis

relief valve.

Chlentive
——— e

To preven’. the pos-idility of izadvertently overpressuriziag the primary

loop.

Seanifisntian
————

3.2,12.1 The elecircmatis relief velve shall not be taken out of service,

aor shall it de isolated from the system (except that the
electrematic relief valve =ay be isolated %o lizit leakage to
vithin the limits of specificaticu 3.1.5.), unless cne of the
following is in effecs:

a.

®.
<.

Eigh Pressure Injection Pu=p breeskers are racked out or
MU=V1ISA/3/C/D aad MU-V217 are closed.

Eead of the Reactor Vessel is resoved.

T avg. is above 320°F.

3.1.12.2 The elz2ceiromatic relief valve sestings shell be as follows,
vithin the tolerences of + 25 psi and + 12°F:

Avove 275°F - 2450 peig
Below 275°F - L35 psig

3.1.12.3 1if the reactor vessel head is installed and T avg. is 5?75°?.

Aigh

Pressure Injectica Puxp dreskers shell not be racked in

unless:

8.
.

3ases

I the electromatic
are iacorserated to
Pressure sources or
In order tc preveat
electromatic relief

MU-V16 A/3/C/T and MU-V217 ace closed, and
Pressurizer level is < 220 iaches. -

relief valve is remcved ’rom service, sufficient measures
Frevent cverpresaurizaticn by either eliminating the high
flovpaths or assuring that the ACS is cpea to ai=osphere,
exceeding leakage rates specified iz T.S., 3.1.6. the
valve zay be isclated.

The electromatic relief valve setpcints ere specified with tcleraaces assuzed
{2 the tases for Techzical Specificazion 3.1.2.

With RCS temperstures less thar 275°7 and ihe zskeus pu=ps rumning, the high.
pressure injecticn velves are closed and ~he pressurizer level is =ainteined
less taex 229 iiches to prevent cverpressurizasion 4a the event of any singls

fedilure.

Az:r lzent No. 56
(7-28-80)




w1T.50 X1.6
10 CP™ Identified

..«12.1 Does not permit isolating the PORV unless it is necessary
to meet the leakage spec.s2 3 Jov 7= L&
4

M.2 OARP - RB Ventilation System pg. 23
1. Limited b waste gas release permit authorization
7. Air temperature ‘ue to relatively high NDIT of containment isolation valves(60°F)

M3 2 T5. 1.5:6
A - weighting factor, f
B - Power
c - 152
D - 100%

b. €TP = A Q‘&‘ ("‘\Ofﬁ.\m

c. A= ;h:uaqun- \gi)

M.4 a. 1. LER 78015
Order operator to immediately borate rods ov* - "not Allowed" region
- Contact Duty Officer] Ops Super - decisior «ust be made whether plant shutdowr
will be necessary
-Initiate procedural change - obtain proper copy of index curve a~d
Mt incorporate into procedures

ii. T.5.3.5.2.5 - Corrective measures taken immediately 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 immediate

action steps; Check OP 1102-4 for power redictions

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

1. Inop rod T.S. 4.7.1.2, also 3.5.2.2.s, Rod Index Limits, 3:3:2.3.8,

QPT - 3.5.2.4.a

c.i. LER 78-025
"On discover,, NRWP correctly selected >r ES actuation". Others?

S

“ -

. . ' o'’

-

ii. T.5.3.3 ?? (We are missing Spec Page) ’
A PL Y e

.:‘J Ly T e A AW 4 s Fawl Y Faw et :
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M.b

-
-

i+ LER-78-029
Check Tech Specs = if ? < ruent was required by T.S. Table 3.10-1
(which it certainly musc be since it's in a D= roos) immediatcly

(since 1 hour is already up, establish a fire watch to inspect the zone

11. T.S. 3.18 Specif”’ «e required operability of fire detectors
Wo Frar waTeH

AP1001

-

when time or plant conditions do not permit the use of PCR's

. when the change is of a temporary nature and should not result in a

a permanent revision

to direct operations during testing, refueling, maintainance and
modifications

to provide, in unusual situations, not within scope of normal procedure
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. )

. Permission to operate or enmergize ES equipment must come from the Shift

Supervisor/Foreman

. Permission to operate or energize non-ES equipment may be granted by ahy

duty operations control room personnel

. AJl permissions must include specific instructions as to the position

the equipment must be .left in when requested operaticns heve been complete.
The person in charge of the weok shall work with due regard for the actual
condition existing.

. Permission to energize or operate a2 blue-tagged component shall be granted

5.

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 pi. ~edurfs.
When any ES related equipment or tech spec required equipment are - _.curned
to service after being tagged for maintainance the switbhing order must
include the position the valves must be placed in and the normal operating
condition for the device. - -

Diwlis VAEH V&l 0r Prvu
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AT TA

REMARKS LESSON NOTE (CONTINUATION SHEET - EVEN)

=i

£ e

N.L Ba.

TOTAL HEAD = E

FLCOW RATE = Q

FIGURE §.3-1 TWO CENTRIFUGAL PUMPS IN PARALLEL

Centrifugal Pumps in Series

8y placing two identical centrifugal pumps in series, we
find that the flow rate remains the same but the total pump
head doubles. A resultant set of pump curves would lcok
like Fig. 6.3-2 (i.e., condensate, condensate booster pumps).



N

N.4

N.5

N.6

Cavitating venturi - combination of flow rate 4 pressure - anorox.
550 gom & 600 pst fluid reaches saturated conditions in venturi ang
cavitated such that continued “low of 1iquid is blocked & nsrevents
oump rynout.

a. On figure.
b. On figure.
0ARP - heat transfer fundimental - lesson notes pg 43-48.

) .
a. a-b Adeabatic Compression - fluid is compressed without heat loss
as piston strokes closed.

b-c Is thermal expansion - heat is reversibly added at
constant temperature with conseq. in.rease in S.

c-d Adrabatic expansion - fluid adrabatically and reversibly
expanded. Piston strokes open.

d-a Isothermal compression - fluid cooled at const. temp to initial
state - piston strokes clnsed.

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

a. 1/3/80 GPU letter Module 6
1800 psi - 175 gom cne pump
205 gpm tw - .umpS

b. 275gpm/1 >ump
450gpm/2 ,umos

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
in unnecessary thermal shocks on the valves. MUV 217 is intended so
that ooening injection valves & therefore thermal shocks of the HPI
lines are no longer necessary.

a. Ref: thermodynamics by Van Wylen ng. 205
Gbbs - Dalton law for a mixture of ideal 2ases:

Therefore for a constant Py, and increasing Pys & Py,, P, must decrease.

b. Since Pstm is the only rompressible gas and Pyp and Py, are nen-compressible
the resultant increase in pressure will be greater than if it had been
a pure steam bubble.

a. On figure - 2 same capacity pumps in parallel - head remains the same -
fiow rate doubles.

b. On figure - 2 pumps in .arallel - HPI has much larger head.



U. S. NUCLEAR REGULATORY COMMISSION
REACTOR OPERATOR LICENSE EXAMINATION

Facility:  TMI-1

Reactor Type: PWR-B&W
Date Administered: 4/23/81 WED
Examiner: BWilson/BBoger/JMcMillen
Applicant: MASTER- B

INSTRUCTIONS TO APPLICANT:

Use separate paper for the answers. Staple gquestion sheet on top
of the answer sheets. Points for each questiog are indicated in
parentheses after the guestion.

Category % of Applicant's % of '
Value Total _Score _Cat. Value __Category
13 13 Lo T A. Principles of Reactor Operation
12 12 RIS o 8. Features of Facility Design
13 13 e - C. General Operating Characteristics
12 13 jad P D. Instruments and Controls
b i . T et E. Safety and Emergency Systems
14 14 pE e e F. Standard and Emergency Operating
Procedures
10 10 Jaleek L P G. Radiation Control and Safety
12 12 i el e =5 4. Principles of Heat Transfer and
‘e Fluid Mechanics
100 100

ak

Final Grade



A, PRINCIPLES OF REACTOR OPERATION (13)
A.1 a. What two fsotopes are primarily responsible for the Dcopler
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 gg

U-235 - 68% U-235 - 53% .0064

U-238 - 7% v.238 - 7% .0148

Py-239 - 25% Pu-239 - 40% .0021

a. Calculate the value ot/ﬁqgfor BOL and EOL for cycle 5. (1.0)

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

¢c. The percentages from U-225 + Py-239 chanée Somewhat over core
Tife but U-238 doesn't., Why? (1.0)

A.3 For the following two statements answer which one you believe is

true anc why, (1.0)

a, When reactor power is leveled off at 10'8 amps 5 hours after
a trip from equilibrium xenon, since the reactor is critical,
xenon will burn out and not peak as 1t usually does following
a trip.

b. When reactor power is leveled off at 10-8 amps 5 hours after a
trip 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 fs only proportional ts pewer 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.q., 5 X 10'8 amps) requlating 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,

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



A8

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

a. QP s this mean that the boron concentration in the core is
B ct1ve}v reduced from say 1000 ppm to something less?

Explain. (1.0)
b. i +coell ; — coell
| ",——‘""_-_-T---'"7‘-\\\
Kl | ooiios | Svomees
N |
,76’ | P

MODERATCOR TENMPERATLAL
The above curve is contained in the Nuclear Theory Lesson Plan
(0ARP), 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)

Assume you are watching the response of an intermediate range channe!l
during a trip from full power,

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

b. The rate of decrease in fissfon rate 1§7contro11ed at about
-80 sec or -1/3 DPM by the decay of 3, The half-1ife of
5 27is about 55 seconds. Why is the rate of decay on neutron  (1.0)
power -30 seconds?
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B, FEATURES OF FACILITY DESIGN (12)

B.1 The attached Figure B.l 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 - provisions that will ensure Emergency Fecdwater Valves
INA and 308 can be controlied by the operator if necessary due to:

a. Loss of instrument air with off-site power, CHE‘K (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 attemnt 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)

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

8.5 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)
Pum Status Power Supply 435S
= g . _— e
NS-P-TA out of service R p — JA
NS-P-1B normal-after stop IS IS=""72 | &8

NS-P-IC running IS



e
B
.-_4 Bh7 A via A A% N 99
BB
A’\ v U/
A ”
M) S d c_M_y
| an-n # =
gy AT . L SRR - . /
<3 L9534 w:—../w W-ﬁu
\ i na)(
— } — 2N -p Y- ’ L N Sl -A wiL-A
o pouing = e
99% 24 NN i
g I ; “ba
/| | IOE A e e e
I
T\— A (AR A
$ D 1 e |
1 .\ |
.... _ | | o D :
9N A a
PR L PR LY PRI SRR SR A _
R LRS- s et — s
A i\utﬂﬁ. —ld._ gLovh ﬁ I
\ _ ” g 0
“\ = .«s.# = -
A.W.Q);\ﬂ;l;lrl_/h - - -
PRE 3 LT RN
i' 7@& 'JJ lﬁom» - 3A44Dm. Jgﬁﬂc Pd‘ueloard . pm;”—



C, GENExAL (PERATING CHARACTERISTICS (13)
C.1 Attached 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 thrae reasons for rod position 1imits? (1.0)
¢. What are the limitations 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 achfeve 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 ™™I-1,
3. Explain how the principle of seleetivity apnlies $o fon exchange in
a demineralizer, (1.0)
b. Explain how pure water is chtained from a mixed bed demineralizer. (1.0)
c. Explain why a mixed hed 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 1t possible to form such a void at TMI-1 when the saturatfion
meter indicates a subcooled RTS? Explain, (1.0)
b. Explain pressurizer level response to incieasing pressurizer heater
output when a void exists in the vessel head, (1.0)
ask =&
C.5 wWhile operating the unit at 70% power with both loop feedwater controllers
in manual a Toop B RCP trips.
a. List five indications thdat would ident1fy the presence of this
tripped RC?, Do not include indications that would result from
any automatic actions due to this trip, (1.0)
b. Describe how and why individual loop feedwater flow and total

feedwater flow must be adjusted by the operator in response to
this RCP trip. (2.0)
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D, INSTRUMENTS AND CONTROLS (13)

D.1 2enscrs to start or initiate emergency, safeguard, or control system
actions ccme from a variety of different sources. List the sensors
that will initiate an automatic action for the following abnormal
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)
S e F
b. Auto fnitiation of EFW d:; to loss of all four reactor coolant
pumps . (0.5)
¢. Isolation o' Decay Heat Removal System due to high pressure, (0.5)

d. Kidnev (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 Intermediate 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 connectfor and two separate output signal connections
What two indications do you obtain from these output signal connec-
tions, Use a simple <ketch to explain your answer, (2.0)

b. The source range channels use . a discriminator to eliminate gamma
signals while the Intermedfate use compensating voltage. Yhy fis
it not necessary to eliminate the gamma signal in the power range
channels? (1.0)

Figure D.4 1s a partial sketch of the [CS control scheme of the EFW
Control valves, Complete the sketch showing how the operator can take
manual control of the EFW valves from the control room and totally
separate from the ICS. (2.0)

D.5 Should the-new=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 gnt proper rotation of the
synchroscope.
a. What two parameters does a synchroscope measure? (1.0)

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



F, SAFETY AND EMERGENCY SYSTEMS (13)
E.1 /How can you identify whet“: - nne of the steam safeties on the emergency
o & feedwater pump turbine i o after a loss of feedwater transient? (1.0)
.2 After automatic actuatics onm a 4 psig R® nressure signal, most ES
compunen* statuc {ights 2~ PCR will tur% from white to biue, however; a
few remain white, For easn comounent listed below indicate whether
the status light should be white or blue. If not indicated on the
status panel s¢ indicate. (2.0)
‘a, IC-V-6 f. EF-V20A
bo W*V°20 g- m-p-ls
¢. BKR-G11-02 h. CF Tank A CF-V-1A
d. WDL-V-534 f. Hu-v-18
e, RET Pump A j. NS Defcing NR-V4A
£.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 Tigure E-3. (2.0)
b. For each of these trips, give the basis for the trip. (1.0)
.4 After automatic actuation, of the RB emergency cooling system after
a LOCA, how would the following situations affect system performance?
Include potential consequences and backup components.
a. RR-V6 fails to cpen. 1.0)
b. Fan AH-E-IA fafls to shift to slow speed. . (1.0)
£.5 With respect to the emergency dissel generators:
a. ‘How do you know from the controlroom if the local emergency stop
pushbutton has not been reset? (.75)
h. What is meant by speed droop? [ A4E< (.75)
c. List thezconditions required to auto start the DC fuel of!
pump. (.75)
Z
d. List the shmee control room alarms that could be initiated by
problems with the starting air system, (.75)
£.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 alectrical 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 Ope-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 0TSG. (1)

|
\
|
¢. If you are unable to cupply feedwater to either OTSG, what i
are your actfons? Include in your answer any components |
that must actuate as a result of your actions. (1) ‘

|

\

F.2 a. Under what three conditions may the operator "at the controls”
leave the area immediately in front of the console? (1.5)

b, While at cold shutdown, an instrument technicifan wants you
to grant him permission to withdraw and insert control rods
for a RPI check. May you allow him to perform this task?
gxplain, (1.5)

F.3 a. During the TMI-2 accident, explain why PORV 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 PORY? (1) |
:
|
|

F.4 The following precautions and/or limitations are found in the
T™I-1 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 2 RCP's shall be run at one time, (.5)
d. In case of ar , borate immediately to

70 degrees F, | percent AK/X shutdown concentration. (.5)

T0 §.L 1z S AALTLS
F.5 a. Explain why feedwater is desirable during small bdreak
LOCAs. (1)



b.

c.

How can you determine whether an accident is
a LOCA or a non=L0OCA overcooling event?

{ow can heat be removed from tne core if both hot
iegs becor.e steam bound during a small break LOCA?

(1)
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Rod Contrnl & Safety (10)

8.1

6.2
6.3
6.4

6.5

G.6

G.8

Define the following terms (do not use formulas):

a. Radioactivity
b, Gamma radiaticn
¢, Effective half-life

How are RAD and REM related?

i i ff 11 i cri
E;3§c€1¥g 34‘ m:'en;.3 %Pataa;ons or criteria that you would

1-131 1s a radioactive materiil that is often encountered at
a reactor. Give the nuclear process for the formation of this
isotope anc why it s considered to be a hazard.

In the use of radiaticn survey instruments:

a. an ion chamber instrument should be usad to determine
dose rate.

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

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

d. a GM tube instrument T™Oudd 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,

Tritium is produced in large quantities in a PWR. Will the
containment area monitors alarmm {f the tritium concentration
in the containment increases? Exlain your answer,

Fuel assemblies located in a reactor facility can be generally
classified in three categories; (a) nec fuel, (b) recently
removed irradiated elements and (c) irradiated fuel stored

for some .ime. wWhich of these classifications of assemblies
would oresenta direct radfation hazard?

A 28-year old operator has accumulated a life time radfation
dose of 49 i Rem up to the beginning of this most recent
quarter, He has been told to go and open a valve which fis
located 8 feet from a source that reads 32r/hr at 2 feet,

[€ it takes him 15 minutes to open the valves will he exceed
the dose permitted by 10 CFR Part 207 (Show 2all work).

o~ o~
(& N - ]
nmeyn
S St St

(0.5)
(1.0)

(2.0)
(1.0)

(1.0)

(1.0)

(2)




H,

Principles of Heat Transfer and Fluid Mechanics (12)

H.1

H.2

H.3

LAE

H. Y

H.S

Evaporation and boiling are Both thermodynamic processes in

which a Tiquid such as water changes phase to a vapor such

as steam, What is the difference between evaporation and

boiling? (1)

Define the following terms:

a. 87U (
b. entnalpy (
c. latent heat of vaporization (
d. adfabatic (

Figure H.3 is a Tongftudinal section of an OTSG. At full power,
feedwater enters the 0TSGs in a slightly subcooled condition and
exits as superheated steam,

a. BAriefly explain the design feature of the 0TSG that brings
the feedwater from subcosoled to approximately a saturated
condition, (1)

oy

5. Show on the Figure the three regions of heat transfer in the
0TSG as the feedwa‘er/steam mixture rises up the tube bundle.
Indicate the relative location or a‘ea of each. (2)

c. Which of the three regfons has the best heat transfer
characteristics? Also, second best and the worst? (1)

You are told to determine whether a heat exchanger fis
experiencing tube fouling.

a. MHow 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
of 15 psi? Shcs your work and explain your answer, (1.5)

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

a. On Figure H.S sketch the temperatureprofile from point |
to point 5 for operation at 100% power. (.5)

Where does the best hea® transfer occur? Explain, (.75

o &

| o

Where does the worst heat transfer occur? Expla’n, (.75
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b.

EXAM B ANSWERS

(0ARP pg 29)
J=238, Py-240

l-238 Maturally occurring -~ 98,5% of fissionable material,

PU'ZAO’“’Z38 *~t" - ,..\“ -;—D \)f LB —;- D.JU"' - o) - \)AI‘Q

0ARP pg 37

BOL /5 = N0S8

oL /3 = 00523

Since | CK"%?“" the period will be shorter for lower value of
Sa=ro )

Relatively, U-238 is a hugh mass, U-235 is only 2-3% enriched, Pu-239

comes from UJ-238, Mass of U-°38 can essentially be COnsider-d 00,
and fissions by fast on' only.

10'8 amps is A 6 decades below full power, Xe is =€ dependent -
virtually no effect on xenon.

NARP pg 28

No. B8oron is in solution in the water in Terms of parts per million.

Aeight of Solute X ’06 = ppm which is a very 4ilute solution and

Weight nf Solution (water) concentration will not vary unless
solub11ft e limits (e g., freezing temps) are reached,

-4

gc ’0 Firve sﬁfft to The right and down with increasing boron

concentration. e

is moderator heats up, +/< will de added however, Tave is controlled
by stesrm dumps at 532° while fuel temp must 1nc*ease to create AT
to increase mod temp. therefore Doppler should overcome + 7C,
5-‘43 b AALI §0(Plﬂ/\,

pg e. 2 d« (d‘ld‘.Ko‘ —
Prompt drop goes to AL 5% reactor power, Ak.uyupu;nﬂ J_

3 : /-A\ <

-
— = - -
—

f'-*“ i
.

Decay constant

U

—
— e -
— —— oy - < P

= g *1 - -
- N L e—

or 'ean Life
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B.1 1. RM-14 pg. 3 - Following 2 trip, due to nressurizer shrink ’.ﬂ’,» _,' -, i
MUV-17 would open full but was only able to nassme758 PM Cr/#e. J .
il This was usually not s'fficient to maintain oressurizer iy MeSo SV
level and it was necessary for the ovcerator to open MUV-16B. . << . /Zphckes
In order to Timit the thermal shocks on the injection nozzles,, ,.ocs.7y == ‘
the 23" bynass line including MUV-217 was added to augment . ., /hu‘/féd |
makeun f'!ow. ".—".J-; I, A |
e 4 (S P
2. RM-14 pg. 2 - A postulated break between the RCS cold leg and (/"'M g
the first isolation check valve would result in both a SBLOCA ~/ 2 :

and a HPI line break. Certain failures, counled with this tyoe C"",é i
7ur¢’7

i S

of break would prevent the HPI system from performing as "N
required. The cross-connections ensure HPI to all legs. . e
/7 b :,’/—' Some Tt J‘)’f‘v, e Clull .;'_:-;, - —
3. RM-14 pg. 2 - Manual throttling of ‘Pl valves may be necessary ~ —<¢ # R s
requiring an ogperator to enter a high radiation area (potentially).
In order tc eliminate the need for operator action, cavitating
venturis have been designed to 1imit the injection flow to less
than that which would cause HPI pump runout without restricting

/*&\\ the flow to unacceotable levels in other cases.

e

Rfﬂa

8.2 SDS 424A pg. 3 3/;/_.-5%,%/1
‘ /a. Station Air ValveJA-V1 opens @ 75 to 80 psia.&” 7’/Pp"\/,
\.—'./ B. vorr ® yalre g0 for rFectral cyeleo
daﬂf" €. 80 gal receiver tank suoplied bv 5 Hp, 18 SCFM air compressor =
'@u‘ supply line opens @ 70 nsiq. (84 I.A. Conyy Aevor7) A N B
h$4,‘7 . M‘.’, 3(( ﬂ,:/_)u‘e; ‘f/‘/;"n’ b A A o A G # -
ar 8.3 a. Assures maximum flow during accident situations.

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

Ref: 0P 1103-5
8.4 a.l.Maintain temperature in soray line - with constant flow line will
-\ not stagnate at Tower temnerature.

-~
-

~—

2.2qualize boron concentration between RCS and oressurizer with
constant flow dump RCS to orz, causes heaters to stay energized

which causes outsurge back tu RCS3. T&"‘

b. Per 1101-1, Limits & Precautfonsﬁ- if AT between prz & cold
;¢ leg is 2500F [1103-5 sayg 42Q0F.(Z/ if No bubble exists unless
- orz temp. <210F & M2 pressure £3 0sig.

8.5 Not properly aligned since 8 pump ic aligned to same oower supply as

C'. On ES and failure of IS power suopiy no NS oump would be
ol available. '8' should be lined up to 1P,
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a. Constant reactivity addition
minimizes peaking factors

b. Shut Margi o 3
. u : 1St se F 4
EJected (R4 worth 3™ el ,4,«07« 7
Lo g factors o a

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

Initially have cooling via TBV's & DHR system in service. Open
DHCCS bypass around DHR Coolgr (DC-¥65 A & B) and slowly open

DHR cocler inlet (DC-V2A & é§. As the DHR cooler becomes effective
and starts to cool the RCS, the TBV's may be throttled. Continue
process of closing bypass opening inlet and closing TBV's.

a_ Resin beds hold H* or OH™ at collection sites. ODue to the order
D) of selectivity, the impurities are more attracted to the collector
sjtes - they are selected to remain on the resin bed while the

H™ or OH" ion is released.

b. In a mixed beg demin, the cation resin will collect + impurity
and release H whi1g the anion resin will collect - impurity
2 and release OH". H' and CH combine as pure water.

c. Highly concentrated acid or base will reverse the process and
cause the resin beads to release impurities and collect

;’) X I‘_‘" -
(J/ and OH" ions. A swgels €

e -
4

a. Yes, since the saturation meter looks at the highest T, which may
not be indicative of RY hear temperature if insufficient head flow
exists. W SHXs L/e Oow7 “vos & A air

F W df 2 S O(Zu,cfz — ey S LTV

b. Heaters outpuf increase ould heat water in grz., 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.

Expected Transient Resp. Pg. 10

RCP Motor Trip Alarm iy L8 Y% o
RCP Breaker Lights I F PO, & cnk® ik
Total RCS Flow ¢ / AnseE

RC Total Low Flow Alarm Y et yAﬂM'.'W"S

RC Looo 8 Flow v '\ garF

RC Loop B Flow low alarm e

b. Why? To bringATc into acceptable values and to keep RCS pressurs
within acceptable bands.
How? Increase FW to loon A while RCS pressure »2155 nsiq and ATe@ 15
sositive, decrease “W to loop 3 while RCS oressure is £2133 andATc
is positive, this wayATc is being controlled bv individual flows
and RCS pressure via total FW flow.

AEPY S



0.1 a. Low EHC oil pressurs

b. Sys. Desc. 428A=pg. 9 52 X 1 relays from RCP monitors 1 +
e e O
c. GAI DWG 302-640 RCIAED 2 for DH-V] RCIA-PST for OH-V-2

All press transmitters are on hot 1935/’ cannot identify
From C-302-5%

d. OARP R8 Vent Sys. pg. 39 - FSP 5A/B auto start whenever
two temp switches close.

———

D.2 a. OARP pg. 12 -,Fig N-2 do not agree [RM's do not indicate
until SRM 10" CPS - go off scale @ 10° cos. =
gu/lfTV’

b. ng reactor should be critical somewhere around 10° cos - ,f’ ”54 epR Te
- e irrehnTY.

NI-3 & 4 deenerq. 1 420 10’9 amps. - lower range of 3 & 4

;§M10°4 amps - tnerefore must be indicating orior to 107 €Os ON

(2}

0.3 a.

1
e

u ,—l‘*.‘k: F‘L.M‘. \V'-Q«IQQ.&LQ_
g A

— % PouiA 24 S

n’,-’” T ;//

| :
Ll '//"} /ﬁj /I‘
\f/o

IL::jn
r_.__—- ‘ <3

b. OARP pg. 13 & 14 1% of detectors full outout is due to gamma field.
The major of the gamma field is directly oroportional to reactor power
and ,he gamma response does not introduce any s1gn1‘1cant error provided
it is held to a small percentage of the total signal.

0.4 On figure.
0.5 Quiz in Volume 3 ¢f QARP

No - Cavitating ventures make it impossible tn determine which leg
contains a break by reading flow instr,
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/A
D.6 °. Phase angle & differen* in freauency. . '

v

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

b. Dotted line indicated slightly™>60 Hz and systems in phase @ circle.
Close breaker @ 5 to 12 to give closing time so phases meet. o2 5',/5,47”/

o GRI
0.7 OARP Module 3 Bawind GRD
Fw System lecture Jo THAT GR/D
Two signals 4, g
1. Total Fw ﬁ::‘?rom ICS OPAGS | e
2. Lowest Fw ‘Ia%veAPAse’iected by ICS _ VP 7® .

enas AT / *
—




SUANY SAY &
N rpu:wd
o NP 5E
. ORRP - SVS. MoDs, Qmmou&"iuw N TAIe PIPR
E.1 fo8/SY indication panel will be in alarm - one of the channels g4v7#&7 AuiP/M -
will be 1it (channel 5), EFPT discharge oressure will be Tow. SME CRED/T

& INOIEhTING “GATS

E.z ’\ARP - ;- y ,‘lﬂ '.‘ﬂ -
: ~301 Lecture pg. :—-M WAL T An-Qn.« '?-/’“"- vape peste

Containmen

a. White in;et) f. not indicated (E!; feed value)

b. White [Seal Inj. g. Blue(Makeup oumo | o ’
c. wWhite (See+tmi— 0.6 h. Whitefisol. valved = Yo} < “"’wﬁ’rﬂ
d. 319e C-nts*up\ U Blde(\ - e u¥, wleT

e. White (R8 spray) 4« Blue (NQ. Aemee\\

E.3 RPS Lecture - Fig. 5 OARP

3.

RC% {haeu PSIG

: '
b. RPS lecture <n Outat W
.42 P =.2390 hi Press
<" Limit Tntegrity of RCS nipina & components orevent liftina
Tr

safeties, trip setting established by ASME Code Section Il
Article 9, Wintér T988.

S

— e —— i

7P = @4- Maintain)ONBR 1.3 for Transients & accidents
T 61% . Prevent excessive core coolant temps in operrange.

Jariable temp/Press - Maintain DNBR 1.3

£.4 0a. This is common discharge value, system will not remove sufficient
PR neat. Have MOV-RRS which can be used by bypass RR-8.

“ b. Fan will probably overload when trying to nump denser Ztmosnhere
) {Trin?) the two other fans and containment spray act as a backun.
P —

~ » e
/:-~‘L~' M“:ﬁ i i

Lacall

—

R £ : \
5 a, Will have oversneed alarm (oq. 3).0RARP
5. %.drgp in soeed (% change in load) paB@ A2 ofsed At
1Tows engine sne d to varv w/ load ar il T CRII SAED
CAVE SREOIT
EDG start signal, SW in auto, ofl oressure &10 psi sensed
downstream of duplex filter.

O

ciED) FoR TNZ
.# 4 d. Low pressure, manual valve closed, SiW not in au‘s. ’4'.7
: {

- P, g
T e uts a3l [ Blaciten &
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ESAS Lecture pg. 9 & 10

Main'Instr. air @ 60 psig

Backup; N, @ 39 psig LAc kP!
- service air @ 57 psig

S
ELaeTRICA
MALN /y,_Q 30 P,z

. P o ey
JAST AlR ('/:/‘7 /€

Overpressure regulator relief valve

Normally @ 30 osi w/Nz, after CI signal N, supply & relieving
devices are isolated and the main subsystém supplies the penetration
pressurizai’on.
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fwlﬂf
- AN ¢aT?
120 /ﬂ“ P
F.1 a. AP 1203-24 ~ ¢ 50%4
Complete rupture will initiate E3AS since less than 1500 psig ,‘4.0'95 .
all 4 RCP's must be tripped - this signal starts the EFWPs. MmEFs 5B
Loss of both MFWPs would also start EFP but mechanism to cause E”"’-
FP trip is unknown. .
m -ﬂ‘l\‘u“‘
b. MSV-13A opens first of OTSG 'A' pressure is greater than 100 psig £J
MSV-138 opens if OTSG 'A' is €100 psig and OTSG B is »100 psig. dele
¢. Initiate full HPI @ bcOpra= M OGN
HPI pumps start, 16A-»D valves open STwm lime = V-l \T,
Open PCRV & block valve, gq.,_ 20 s\ux

F.2 AP 1028

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

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

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

5. No, 10 CFR 55 does not allow the manipulation of the "controls” /
unless they are in training for a license (establish cooljng water
to CRD's). 5<. Al wniwm Azase n M5 Ton OFete” o
w} t‘b‘xr PGT
F.3 a. Isenthalpic Excansion out of PORV - Enthalpy remains constant -
press & temp decrease. ///:u-‘ﬂf J NOLATR
b. EP 1202-29. Temp 200°F if open for 10 sec. 10 min. P pr SENS
Required to cooldown to 20 cAve CcRED!T

DirwT Mokl

c. AP indicator and alarm shEm To EP

|

|

\

|

|
Suction from BWST open
Acoustic monitor alarm

1

\

€.4 a. 1102-1 pg. 3....

as required for system hydrostatic tests /é&- ~#c5¢ d—»*ﬁ”v RIIREE. My &F2

\
5. 1102+ pq. 6.... pTARN ARS \
JFoer? g 1
At least one RCP or DHRP is circulating reactor coolant &— , , r . 59 ) e
c. 1102-1 pg. 3  500°F MARSE | pgoiT

cave
d. 1102-10 pg. 6 Stuck Rod, if cooldown is certain

Small Break Operator Guidelines
T
Energy, 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.

n
wn
58



b.

Ts

EP 1202-6B

Evaluate for a Non-LOCA overcooling event by observing the
following:

NOTE:

During a loss of coolant accident, RCS conditions will
approach saturation. Temperature will remain fairly
constant and pressure will decrease to saturation
pressure. During a Non-LOCA overcooling event, pressure
and temperature will both decrease rapidly. Some
subcooling will be maintained unless pressurizer leve!
is lost.

L T I I -
\\
x :
e
L 4

3. 2.

a. RCS pressure, temperature, 2nd saturation margin.

b. OTSG pressure: Oecrease for steam line break.

¢c. OTSG level: »>50 percent for overfeeding event, low
level fur steam line break.

d. Main and startup feedwater flow: High flow for
overfeediné event, isolated for steam line break.

if non-LOCA overcooling is ingicated proceed per

Attachment-2.

Attachment 3- ICC SAME AS  pe DPTSE AVAIESN T
Open RC-RV-2 &—

< »
& subseguent steps HP! 2 Pevete -OPEA

or Reflux Boiling Mode ;.&.‘7-/@/\..
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The property of some atoms of emilting alpha, beta, camma
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 radiocactive material which takes
into account the decay characteristics of the material and
thenagzxion of the material within the body.

5.2 RAD X QFS= REM

MPC - 1ig + gas, restr & non restr. Quarterly, vearly dose limits,
whole, skin, extremity, reedfing requirements, atc.

w
(o8]

G.4 [-131 is fission product that can easily escape through a leak in the
primary system. [f it gets into a room iL 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.

5.5 (e)

5.6 No. Tritium decays why 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 permitted
has accumulated 49.4 T
.5 rem stiil in book “) vy (¢ 4
work will add Oy _ p, S s et
w e ¥ "3 '

0, =32 X4 =2.0R/hr
84

only work for 1/4 hr. so 0 = 0.5 rem

will not exceed 10 CFR 20 still has 0.1 rem in bank
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OARP pg. 5

Evaporation - phase change occurs below hoiling point - boiling - liquid
at saturated conditions - temp. of total oressure above free surface.

a.

b.

b.

c.

OARP pg. 14,Heat req to raise 1lbm of water from 53.5°t0 60.5°F
DARP pg. 21;H=U + pV (lmternal Energy + Press. X volume)

OARP pa. 5'heat supplies ta a liouid to chlinge it to a vapor
without changing its

0ARP pg. 14'0=0 process which there is no heat transfer.

Aspirating ports in SG shroud allow ~#10% steam flow to preheat
FW at the sparger.

Nuclei .e boiling - largest area @ full power; film boiling constant
area over power range,superheat - area decreases as power.

Best to worst are same as above - film boiling tends to form
insulation of tubes.

Decrease h - heat trans coeff. - creates. Essentially creates
film barrier across tube.

Indicated Ap = 20 psi; however, there is an evaluation difference
of 20 feet. The elevation differeng accounts for 20 X .433 psi/ft
= 8.66 psi. Therefore, heat Rans;erAP = 20 psi - B.66 psi =

11.34 psi. Heat %ansjer is not eXceeding Ap.
@ @& ® ®
S
H.S !
a- |
T |
b
\\ I
\ |
\
\
\
‘\
~
ﬂh\
| ot i
1 -
|

Best heat transfer occurs across Zircalloy cladding. Conductive
heat transfer through metallic body.

Worst heat transfer is 2cCross helimﬁap - element is pressurized with helium.
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AP 1M 2
Revision 14

3.6 Shift Relief

3.6.1

3.6.2

3.6.3

a. All shift operations personnel shall be responsible for
maintaining their duty station until properly relieved. The
Shift Supervisor, Shift Foreman, Control Room 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 oncoming CRO, SF or SS will each initial the ES Checklist to
indicate his understanding.

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 Room Cperator)

3. TCN and SOP Books (Shift Foreman 'and Control Room Operator)

4. Operations Memo Book (Shift Forzman and Control Room Operator)

5. Revision Review Book (Shift Foreman and Control Room Qperator)

The Control Room Operator will azknowledge 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.

FOR USE ¢ UNIT | ONLY
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REACTOR COOLANT LOOP FLOW

INSTRUMENT FAILURE
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LESSON NO.:
REVISION NO.:

DATE: 8-12-80

REACTOR COOLANT LOCP FLOW

FAILURE

The learmer will understand and be able to explain how a
8 & W Nuclear Steam System will react to the transient:
reactor coolant loop flow instrument (pressure transmitter)

failure.
Instructional Objectives

Given specific ianitial plant conditions and an overview of

the transient:

A. The learnmer 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,
when the RC Flow indication fails to 50% (43 x 106 lbm/hr.),
the ICS will respond.

Ce The learner will be able to explain (write the plant overall

consequences of the RC Flow failure,

D. The learmer will be able to draw (sketch) th: tremd of plant
related parameters during this transient, and explain {(write)

the reasons for such parametric trends.

E. The learner will be able to draw (sketch) the trend of plant

related parameters for a synthesized transient, similar in



LESSQU NO.:

REVISION NO.: Q
DATE: 8-12-30

nature to the transieant discussed (RC Flow Failure);
and explain (write) the reasoms for such parametric

trends.



LESSON NO.:
REVISION NOL:___ 0 ‘

DATE: 2-12-20

INITIAL PLANT CONDITIONS

A.

Reactor at 100% power, all ICS stations are in automa-
tic (integrated mode). The unit is at 870 HH. with

)
Taver“c at 579°F.

OVERVIEW OF TRANSIENT

A failure of the differential pressure transmitter for
the Reactor Coolant Loop Flow modifies Unit Load Demand
and litc Control, causing the plant to rumback and
feedwater flow to be ratioced. The plant finally stabil-

-

izes out at approximately 78X.

SPECIFIC STEPS OF TRANSIENT

A.

LA
.

Flow fails, RC Flow in the affacted locp goes to midscale

—

(45 x 106 ibm/hr.). Therefore, total flow drops to ap-
proximately 81% of 100% demand, and one RPS Channel trips
on "power to flow" but twoe RPS Channels are required for

a.Reactor Trip.

NOTE: The T Auto/Manual Switch will transfer
average

automatically to the loop with rreatest flow;

|
|
I
When the pressure transmitter for the Reactor Coolant Loop
|
|
|
|
assuming one loop flow is greater than 35% and

the other loop flow is less than 95%

The decrease in total flow creates a new High Load Limic

LR
O
"

1CS Control. The ULD will runback to approximately
N
W

85%

at 20% per ainute, based on the RC flow change.
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LESSON NO.:

REVISION NO.: 0
DATE: 3-12-30

4 Tc Ratioc and BTU Limits are also affected with
the immediate change in Loop "A" RC Flow,

& T Ratio Circuit

——

The ‘arc circuitry will detect an inbalan:e 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.

BTU Limits s
Assuming normal values for the BTU Limit variables
kThOC, OTscpressure. Tieaduater’® ® d8cresse in

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
4.6 x 10° 1vm/nr.

= T -l
(BTU LIMIT (Lhot - dew + POTSG 200) Z RC Flow)

Since Total Feedwater Flow is reduced immediately by BTU
Limit, a feedwater mismatch develops between Feedwater
Demand aud Feedwater Flow. This mismatch results in a
Feedwater Cross-Limit to Reactor Demand. The Feedwater
Cross-Limit.  drives control rods into the core at 30 in-

ches per minute reducing Reactor Power and T
average.

With ICS response by the A‘:c Control Circuit and a plant
runback in progress, feedwater demand is decreased and re-
raticed, clearing the Feedwater Cross-Limit, The decrease
in feedwater demand to "A" Loop gradually decreases below

the BTU Limit for "A" Loop and the 3TU Limit condition is

cleared. However, the re-ratio of feedwater demand to "3B"




LESSON NO.:
REVISION NO.: 0
DATE: 8-12-80

Loop overcomes the demand decrease such that '"3" OTSG
will become Hi Level Limited. Approximately 39% of
feedwater demand is directed to "A" Locp and 61X to
"8" Loop.

The decrease in feedwater flow to "A" OTSG and the in~
crease in feedwater flow to "B" OTSG results in a
a Tc error. However, the dl'c Control Circuit 1s

limited for approximately 200 seconds to strictly RC
Flow Differential Response. Once this time delay ex-
pires, the runback has been completed and Zfeedwater

flow is fine tuned on rcold. Ultimately, the A}Ic

Control balances the feedwater flow and the plant sta-

bilizes at a reduced power level of approximately 78%.

While the Feedwater Cross-Limit was in affect the Unic

was in Track. The reduction in total feedwater fluw
resulted in a Turbine Header Pressure decrcase. This
decrease closed down on the Governor Valves and gemerated
megawatts decreased slightly below the High Load Limit,
initially calculated due to the reduction in Total RC Flow.
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s SR RC FLOW FAILURE
e e e ... __ _ FIGURE XIT =2

LESSON NO.:

IRPURIUR—— | 4 p ¢3¢+ B [+ JOE)

DATE: 8-12-8
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H-1-7

g:vis{on 1
e ]| of 2
07’02/79
Main Arnunciator Panel H

1-7

ALARM

Steam Gen. 1B Steam Line Rupture Detection System Actuated
SETPOINTS
<600 psig pressure switches - PS-604, PS-605, 'S-606 and PS-607

PS-604 and PS-€606 are on steam line C
PS-605 and PS-607 are on steam line D } See Logic Diagram on Back

CAUSES
Steam line rupture.

Steam line rupture "Defeat" switches (normal and backup) left in the "Auto"
position during plant cooldown.

AUTOMATIC ~CTION

Automatic closure of siartup, pain and emergency feedwater valves, FW-V168,
FW-VY58, FW-V178 and EF-V30B if pressure sw{%cﬁes PS-604 and PS-605 and/or
PS-806 and PS-607 are actuated.

Automatic closure of FW-V928 is PS-60C6 and PS-607 are actuated.

OBSERVATIONS (CONTROL ROOM)

Console CC - One or more steam line rupture actuation lights.
FW-V16B, FW-VY178B and EF-V30B indication that valves.are
closed.

Turbine throttle pressure recorder (PR-10) indicates
<600 psig on one or more lights.
Low throttle pressure alarm.

MANUAL ACTION REQUIRED

Verify turbine and reactor trip and feed i-olated to affected steam generator.
Initiate HPI if pressurizer level goes below 85" 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-V168 and
FW-V178 using the H/A Station, defeat the Steam Line Break Detection

System and reopen FW-V92B. Reestablish normal feedwater flow.

CONTROLLED CopY -
TRAINING DEPT
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Revision 1
Pace 1 of 2
07/02/79

Main Annunciator Pana! 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
PS-601 and PS-603 are on steam 14,2 8 1 See Logic Diagram on Back

CAUSES

Steam line rupture

Steam line rupture "Defeat" switches (normal and backup) left in the
"Auto" position during plant ccoldown.

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 3team 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 HP! if pressurizer level goes below 85" 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
FW-V17A using the H/A station. DNefeat the steam line break actuation system
and recpen FW-Y32A. Reestablish normal feedwater flow.

CONTROLLED COPY
TRAINING DEPT.
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ITEM (! YLHANGE" PARAGRA ' ECANTINUED SEROM SHEET {oF -

TRANSMITTED WITH THIS ARE S-FCM-C7,,REV.0,1 8 2
PALICAGES. THE DTETAILS SN CGEACH REVISION FoLLoWS !

* $-BeM-0%6, REY. © = IT WAS RETURNED TO GAI IN CRIER
™ BE REWORKED PER GPUSLE LTR#TMI-1/E714, FreM
T.G.-SLEAR TO RM RO&GERS, DATED APRy

19 g0 (A oPY
AF THIS LETTER WITH ATTACKHMENTS s@)&»‘.—ossb AS

_ENCLOSURE { W/sEeM-CHEAT THE TME |, THE ACICAGE HAD
ALL SIGNATURES EXCEPT THAT &F (qrPyuse) QA
GROUVP &N THE QOVER SHEET. A TIME, THE QA

ADDRESSED (N REV.0
(PER ABOVE TIONCD GP&%}ET’F&'Q # TMI-{/E714)
WERE ALS LIeARLE REV.{. AS A RESULT, REV. 1
WAS ALsa =RORNED T . AT THIS TAME GrUsSA GA
<

- A S(Q <& ECM SHEET.
o S-TEM-OFLNREY. 2 = ER SHEET 15 STAMPPED “"NUCLEAR

SAFETY RELATED". ™™ NULLEAR SAFCTY{ENVIRONMENTAL

CrROUP HAS Sl%ME“b THE uwzg cET.
.s'sw-o%,zev% E COMMENT

IMPALT EVALUATION T DAOFIRE thhzm\/»\wms"mzn«s
ARE INCLUDED £ SIGNED-0FF AS T OF REV.0 PACKAGE.
THESE FORMS AR APPLIGARL V.2, TI<E GPUSL
COMMENTS PER T™I-{/C F REsoLVED BY &AT
PER LETTER & MI-1¢5/3287, RM RoGEZS TD DG.SLEAR,
DATED MAY . A eory 'S/ LETTER 1S ENCLOSED

AS ENELOS WITH sc—'cwa‘n,gsv.z. THE GATL RESPONSE
pE=Z LE AZ/TMI-1CS/3283 IS AREPTABLE WITH THE
FoLLowIt N LEPTIONS

{. TTEM T = DTID NIT \TRIFY WHETHER OR N2BT THE cireU™
WiLL MEET THE SECPARATION CRITERIA PER IEEF-I¥4-
4834 FOR ASSOCIATED QIRCUITS, MAINLY THE ALARM
LlR2euITS,

2. ITEM 40 - INDICATES THAT "NITE ¢ (eN DWGE. = -388-624,
ReEY. ZTA-l ) HAS RBREEN REVISED To INDICATE sSEismie
CALASS T (FOR TUARING). HCWEUER THE Dwa. F-30%-4Led
THAT QAME WWHITH S EAAUO0T6,REV.2 DIDALT 1IN R PIRATE
SUCH ADBTE, TH!S PREBLEM HAS RBEAU RESSLUED PFR
RESALVTION (1) IN GAT LETTCRAGAZ/TMI-{LS/355T ,From
RM RAGERS ™ D4 - SLTAR DATED AUG.!5,/1A80. A &Py
F THIS LETTER 1S ENCQLSITD AS CNALOSURE 3 Wity
S-ECM-0F6, REV-2 .

INSTALLATION &F SOMPENENTS, LOGIC € APPURTEN ANAES CERTAINING

TO MS./EW AP LaNDITION THAT WRAs EXPECTED TC INITIATE EF WL SY(™w

ON FW LINE BREAR HAS BEEN PLACED ©N HOLD, THIS HOLD IS

\NDICATED SN Tig. SS- 204 785, RFV. Le-2 i $2-209-75%,REV.IC-2. IN
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SHEET 3 oF 4

ADDITICN, [T |S ALSL LICARLE TO ALL ATHER DRAWINGS
PERTAING TO Ms/Ft * SWITANES , THEIR INSTALLATION,
ROUTING 0F INSTRIM T TURIVUG, SARLE RLOUTING,
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U. S. NUCLEAR REGULATCRY COMMISSICN

REACTOR CPERATOR LICENSE EXAMINATICN

Facility:

™I-1

Reactor Type: PWR-B4W

Date Administered: 4/ /8]

Examiner: BWilson/BBager/JMcMillen )
Applicant: MASTER~ A

INSTRUCTIONS TO APPLICANT:

Usa separate paper for the answers, Staple gquestion sheet on top
of the answer sheets. Points for each questios are indicated in

parentheses afier the gquestien.

Category s of Applicant's ~of

Value Total Score Cat. Value . tatecery

- Dyes -

1 13 A. Principles of Reactor QOperaticn

12 12 » 8. Features of Facility Cesign

13 13 C. General QOperating Characteristic

13 13 D. Instruments and Controls

13 13 €. Safety and Emergency Systems

4 14 F. Standard and Emergency Cperating
FTREE e N Procedyres

10 11 8. ridiation Control and Safety

12 12 H. frﬁrgc':o}es of Heat Transfer and
Er— o i Flyid Mechanics
i | —— m—



A Principles of Reactor Operation §132

A.1 The.average lifetime of prompt neutrons is in the order of about
107 seconds while that of delayed neutrons is about 10 seconds.

a. Why, therefore, is the total 2verage 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 neutren source will
provide during a reictor startup. (1)

A.3 a. List four examp'es of fissionable materials used in a nuclear
reactor. (1)

b. Of 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 choices a
through d. (1)

a. Eaquilibrium xenon at full power is about twice as much as
equilibrium xenon at 50% power.

5. 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).

¢. & and b are both true.
d. Neither are true.

A.5 Samarium is classified as a neutron poison as is xenon. List two
reasons wny samarium is not regarded as much of a problem as is
xenon, | )

A.6 a. Define reactivity. (.

5. How much reactivity must be insertad into the core %0 30 prompt
critical?

Ooces the amount of reactivity required to Jo oromot critical o
remain the same over tne 1ife of the core? Zxolain. (1)

O




A7

A.8

Is the point of adding "sensible" (nuclear) heat the same for any
given startup during a particular operating cyclie? Explain why

or why not.
Evxplain wnat is meant by a "“1% shutdown margin’.




8.

Features of Facility Design (12)

8.1

8.2

8.3

8.4

8.6

The attached Figure 8-1 is a simplified flow diagram of the HPI oortion

of the Makeup and Purification System. Show on this diagram by different
colored pencil, pen (not red) dotted line, etc. the modifications,

according %o Lesson Plan RM-14 that were made to this system. An
explanation of the reasons for the modifications is not regquired. (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)
a. Why must the nuclear services closed corling water system
surge tank be pressurized during power operations? (1)
b. How and why is the Kirk Key interlock used on NS-P-18? (1)
A~ N

Considering MSIV design, explain the difference ip-MSIV closure

times in response to a main steam line break (1) upstream and

(2) downstream of the valve. i

Getentisn Syssar. (2)

With respect to RCP operations:

3. What is the purpose of the 41 seal bypass line? Incluce how

opening this line affects the #1 seal. (1)
b. When may the #1 seal bypass valve (Mu-V38) be opened? (1)
¢. When must a RCP be tripced due to high vibration?

(Assume 4 pump operation). (.5)
d. What is the most probable cause of a standpipe high level? (.5)

a. How does the response of the NSRW system differ between a loss
of offsive power with and without a LOCA? (1)

b. How does the operator know when a NSRW heat exchanger must De
backwasned?
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Jue to the design characteristics of the 0TSG':, secondary side
fluctuations can produce immediate reactions in the primary system.
For instance, in June of 1973, Oconee Unit 1 tripped on high flux

Control of pH is important to minimize corrosion of primary and
a. Explain how the addition of hydrazine in the secondary system

5. Primary pH can vary from 4.6 to 8.5. Describe the competing
effects that determine primary pH and cause it to vary in

Attached Figure C-1 is fournd in the Technical Specifications,

5. Why does a positive imbalance nose more restrictive 1imits?

If you are operating at full power in ful® ICS automatic
control and an automatic runback to 60% oc:curs, how and

a. Compare natural circulation obtained with a2 50% OTSG level

using (1) emergency feedwater oumoﬁiand (2) main ﬁﬁedwater

ties and RCS flow rates.

5. Compare natural circulation obtained wi“n manual operation

of the (1) turbine bypass valves and (2 acnosqﬂﬁfjgldumo X
ow rates.

C. General Operatirg Characteristics(13)
C.1
due to feedwater flow oscillations. Explain hcw a feedwater
flow oscillation could cause a reactor trip on high flux.
c.2
secondary components.
can affect pH.
this manner.
c.3
a. Define Axial Power Imbalance.
wvhy will imbalance change?
c.4
pumps. Discuss neat removal cacabi
valves. Uiscuss heat removal capabilitias and
C.5

while operating the unit at full power with the Diamona Panel
in manual, a group 2 control rod drops.

a. List five indications that would identify the presence of this
dropoed ~od.

5. Compare tne12:!!n-!¢£lresaonse to this dropoed rod with a dropoed
rad with the Diamond Panel in automatic. ~:lude the respeonse oF
reactor power, ‘aedwater, and turdine,

(2.0)

L]
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There are four calibratirg integrals used in the [CS.

a. ldentify the location, i.e. portion of the ICS that each is
Y

b. What is the general function of 2 calibrating integral?
c. When is a caiibrating integral blocked and how long will it

Source range channels NI-1 and 2 are designed to provide neutron
flux indication over a counting range of 0.1 to 10° counts per

3. 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

b. Describe the interlock and logic provided by the source

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 direction? Explain.

In the four RPS cabinets are contained Auxiliary Power Supply

Modules (see Figure N-4 ), Two of the cabinets have one of these

modules in each while the other two cabirets have tw Auxiliary

0. Instruments and Controls (13)
0.1
located.
remain this way?
0.2
second.
detected in the chamber.
range instruments.
0.4
Power Supply Modules in each. Explain why
0.5

L]

8 Y

Sensors 0 start or initiate emergency, safeguard, or control
system action come from a variety of different sources. List

the sansors that will inttiate an automatic action for the
following abnormal situations (for example, high flux as sensed
Sy the linear power range detectors causes the RPS to trio the

control rods).
Loss o
a. Auto initiation of EFW due :%main fRecwatar emgmises

lation.

ot

5. Main steam line iso

Main transformer fire deluge.

LB}

TAe

ICS tracking signal.

“

3. Describe nhow 2CS flow ‘s measured.

How would a failure, low signal, from an RCS flow transmitter
affect the [(S?

o
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Safety and Emergency Systems (13)

m

"

m

m

m

.1 A, "trip confirm" signal on the ICS Diamond panel indicates which of

the 7ollowing breakers are coen?

'A* and 'B'.
IAI 080, ICl lol. IEO’ & IF'.
& F

",

Mo O-
-
'nom

;veral combinations of the above 5. List them.

b QOO O W

c
A
8
)

.2 List all of the automatic signals which are designed to isolate letdown

to prevent the inadvertent transfer of radicactive liguids. For each
valve that isolates, include the actuation signal(s) (or instrument)
and how (if at all) the operator could bypass each signal after
actuation.

.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.

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.

.4 Describe the two methods which are used to detect a leak in the

RB emergency cooling system.

.5 With respect to the emergency diesel generators:

a. Why is scavenging air important?
b. What is meant by isochronous?
¢. List the power supplies for the two EDG fuel oil -umps.

d. List the two conditions that will cause a start failure alarmm.

.6 a. How does the fluid block system operate to perform its intended

function?

o

Describe the system design that prevents non-emergency actuation.

(1)

(1.5)

(1.5)
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F. Standard and Emergency Operating Procedures (14)
F.1 VYou are the responsible operator at the cont:vls when the unit
gexperiences a steam generator tube rupture.
a. Under what two conditions must the operator immediately reduce
Toad?
b. Assume the leak is large enough to cause an automat  r~eactor
trip. List three methods to determine the affected . 3G.
¢. When and why may you steam the affected 0TSG?
F.2 a. List the six logs and/or records that must be reviewed by the
oncoming CRO.
5. When may the responsible (on watch) CRO enter the shift
supervisors office for consultation?
F.3 a. During the TMI-2 accident, explain why pressurizer level
increased wnile RCS pressure decreased.
5. TMI-1 procedures state that "...pressurizer level may not de
a reliable indication of inventory conditions 11 the RCS".
Give four situations when you would not consider pressurizer
level indication to be reliable.
¢. Without pressurizer level, how could you tell if the core
is covered?
F.4 The following precautions and/or limitations are found in
the TMI-1 procedures. Fill in the bianks.
a. RC drain tank rupture disc is rated for __ psig and the relief
valve is set for ___ psig.
b. The maximum allowable heatup and cooldown rate for t.»
pressurizer is ___ per hour.
¢. Prior to submerging the main feedwater nozzles, the RCS must be
borated to percent AK/K subcritical at S5320F.
d. Axial power shaping rods should not be used for any purpose except
.5 a. Why are the RCP's tripped during a small break LOCA?
5. Why is fsedwater unnecessary during a large break LOCA?

()
.

Under what conditions may HPI be throttled after ESAS initiation
during a LOCA?

—~
o
~—

wn

{1
i

(1)




Rod Control & Safety (10)

Define the following terms (do not use formulas):

a. Radiation
b. Beta particle
¢. Half life

wr
~

What is the difference between RAD and REM?

—— — I~ o~
o
. > &, %
w

— S

G.3 Briefly explain what you would expect to find in 10 CFR Part 19,
G

.4 C0-80 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)

(]
wn

The plastic shield that surrounds the detector for a neutron survey
instrument: Which of the following statements is correct? (1.0)

a. 1is to moderate neutrons so the detector can count them.

b. 1is to absorh the thermal neutrons so that only the fast
neutrons will be counted.

¢. 1s 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) irradiated fuel stored for
" some time. Which of these three classifications would present
a contaminaticn hazard? (1.0)

w
o

Portable radiation monitors record a dose rate of 45mr/hr at a

distance 10 feet from radicactive point source. An operator is

required to work on a valve located 3 feet from the source. How

long can the operator work without exceeding his weekly exposure 1imit?

(Show all work). (2.0)



Principles of 4eat Transfer and Fluid Mechanics (12)

x

A |

H.6

Heat added to a saturated vapor such as steam will increase its
temperature whereas heat added to a saturated liquid will nol
change its tempe-ature. Why?

Quality and void fraction are both terms used to express the relative
amounts of a liquid and a vapor in a closed space.
shat is the difference between gquality and void fraction?

Assume feedwater as a saturated liquid is flowing at 1051bm/hr
at 400°F. 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 ap 1081bm/hr at 1509F. Use the
conversion factor 7.48 gal/ft® and the steam tables to show that
water is or is not a compressible fluid. Show all calculatiens.

a. Why does nucleate boiling heat transfer remove more heat
than non-boiling heat transfer?

5. Why does film boiling remove less heat than nucleate beiling?
a. What haopens to NPSH requirements as pump speed increases?

b. What happens to the flow rate delivered by a pump as speed is
doubled?

¢. It is desired to increase the discharge head of a pump from 1200
psi to 1800 psi. How much does the speed of the pump have to
increase?

d. In order to get the increased discharge head in (c) above, how
much more power (Kw) is required by the pump?

Assume the RCS has just been filled. RCS temperature is 110CF,
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
%0 assure a2 full RCS. How can a pressure be used to assure 2
411 RCS? State any assumptions that are necessary.

b. After a RCP is started, pressurizer level drops. What
is the most Tikely cause for level to drop?

¢. After a RCP is started, pressurizer level rises. What is
the most likely cause for level to rise?

(1)

o

on

o
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A2

A3

A4
A5

A.6

EXAM A ANSWERS

a. s1ven/~ value of .007
' 14»3' (v ’/b) Q( "'/ik ”')
= ((-.443) 0¥ + .Oo‘f(‘Q)
X o see -
EE - S, -
b. Since T OLA—'.Q/—O oy eVl o 200 X WS
or T < ,002 sec

For delayed neutrons

. ¥=) ¥=) J

T & v . e 2000 sec.

a. OARP Module 1 Rx theory Pg. 5
1‘.“ ‘%.l_.?“l"("ﬂ'
Y# |H" - l\‘“ + o“\
1“4 +* ‘o"v‘_’ \0”8\ $°“-
S pec nTonecus Rasian

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
fncrease than it would be without the sources.

DARP pg. 8
a. Th-232, U-233, U-235, U238, Pu-239 , "1 ¢@i, ="
(Also athers - Pg. 9) o
b, Fissde U-233, U-235, Py-239 2 4
Fertile Th-232, U-238 2.-2¢0
{
[~
a. Ta much lower~4,08 X 10° barns, Xe 15 2.7 X 10% barns
Lower production rate.
Not dependent (_orﬂy thru removal-varies from .6 to 1.0%)
a. Departure from criticality o= Vi ée—:-‘
b. /p :ﬂ ™M co™ (.aoszam-} > “(
c. No, /4 decreases due to Pu239 from -~ ,0058 to .00523 for Cycle 5,



A.7 DNARP 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.

A.8 The anount of reactivity that could make the reactor subcritical by 1% or a
keff of = .99,



EXAM B ANSWERS
8.1 On Figure R,1

8.2 Power System Operation, R.H, Miller
pg. 131
Silicone Controlled Rectifier - fires on certain arc of A-C transmission
to convert AC-to-OC. =
> 5 rav
R.3 a. To ensure minimum pressure in system is always > RB pressure during a
¢ _  LOCA. Ensures no out leakage from R® ,

et "b. It is used to prevent paralleling 1P & 1S5 480 volt ES buses through
NS-P-1B breaker. Must use key to allow removal - same key to permit
insertion,

8.4 Upstream - almost instantaneous closure since this break causes low pressure
upstream of valve & backpressure at turbine, MSIV will be forced down into

= {ts seat and seal - valve nommally he1g_ out of flow path by upstream pressure,

" will fall by gravity or reverse Arf Hee -Treca

«srs Downstream - requires < two minutds to drive the valve shut sidem-SUEms — da.c

1 PFTSIFEERS Wi S MSly s

Lowers Stm o' &F
B.5 a. Lowers the pressure in the #1 seal area, offers lower head resistance

to pump injection water, allows more 1nject1on £1 Jo.be. diverted up
shaft taseuehethomsesd agd past radial bearing “"M
EEREREeT ST —-————

%7

n?‘\c b. 1f RCP sea) radial bearing temperature and or #1 seal leak off temp-
i’ eratyres are approachina alamm (225°F) and 1f #1 seal leakoff is
(f")ggeq <1 5P% and RCS pressure is between 100 and 1000 psig.

s auill
,1.“-/"'1
>

¢. 20 mils - 4 pump ops Bently
30 mns-- s "qle pump ops-) Nevada sys
V=R UM -4/'\)‘:.»'.-' 2~ 'S

d. Problem in #2 seﬂ
ladhowX, . Boz=h- STl
B.6 a. NSRW g:gps dn' tFaugo start unless there™is ;fOCA (ES) signal in
ich 1 3
*’P which case tnaoar:sbéock 3:'39 ar- ST IQ%\MT%SL‘B ! eehad o

%b. High outlet temperature (95°F) on NCC"w(r ICCW h_e7at exchanger

T2 P3:§‘
'rc’ + -ﬁ - :
2&&‘4_& waldy AL ¢ NSlew HX ‘C Jl-LJMLﬂ_
A C o :
{- I‘C_CUJ =X ;‘k““'""’ ‘_,“w\,\ {3 NS- 4&(;«_‘0& ra
:mwukv\«\ e _qu_:(‘ \ Ll

B.La. WP &roch
Sake_m ng\,M ‘T-Mt‘ (ST:.QQ»\ ! ﬁm &IES \Oc.".ldq Ou:t\g
Loof wiv cch
ALAS
Ovhj&Li&'Puwye o
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EXAM C ANSWERS

See attached Oconee trip report,

Chem Lecture pg. 4

Hydrazine, if added in excess, (beyond that needed for pH control)
will react to form ammonia, which is alkaline and will cause pH to
increase.

(pg. 5,7) Boric acid and 1ithium hydroxide concentrations cumpete.
BA conc. varies over core 1ife for © control, BA causes pH to be
lowered, LiNH is alkaline and causes pH to be increased. Decrease) 2ol
in BA over core 1ife is dominant factor. J

T.S. 1.6.2 .
Power in top half minus power in bottom half of core expressed as -

% of rated power.

Upper half of core is closer to DNB - Tower pressure and higher temp
coolant, High relative power in the top decreases DNB margin,

Inbalance will become more negative due to insertiomof control rods
in the top half of the core which will decrease flux in the top
half,

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.

Natural circulation using either will be the same., If in manual the
operator is controlling OTSG pressure which governs heat removal from
OTSG., It doesn't matter whether TBV's or dump valves are used to
determine the pressure,

Indi@. Rod In Light

Abs, RPI @ 0%

Group In Limit Light

One or more 7* fault lights on Pl panel
Group avg Indicator Tow

9" Asy. rod f lt 1nd1cator Iight
PT, To
In automatfc FW, Rx + urbfne would runback together ~- 30% fmin to
55% power.) With rods in manual, unit will be in track, rather than
using ICS runback, drop in Mwg w111 ause plant power reduction. rod b
Tavg ¢ , Stm press , Turbine i Wg | , FW will react as
necessary to control RCS Tavg.

alarm

a-"i
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DUKE POWLR COUPANY
OCOREE NUCLEAR STATION
REACTOR TRI? f1

Time of Ocgurrence: June 27, 1973 (1500 hours)

Reactor lover Level: 75%

Ultimate Causc: High neutron flux trip

scquence of Cveats: '
er level and the turbine-generator was

The reactor was operating at 752 pow

¢68 e, Flow oscillaticns were cccurring in the condensate

producing

feedwater gystem. The alarm log {ndicated that abnormal {luctugtions wera

cccurring in various parss of the heater drain system. The first stage

reheater drain pump recirculation and condenser dump valves ware eycling

about once a minute. (after this trip, the steam supply valves to the reheaters

vere adjusted). The "5" heater drain flow was also oscillatine, The oscilla-

tions in feedwater flow to both steam generateors weended all the way into

the primary systec as shown in Figure 1, a composite display of primary and

secondary systes parameters. .

The sequence of events associated with this reacter ¢rip is presented bLelow:

At ‘wpproximetely 1450 hours she "A" and "B" feedwater flourates iscreascd

20 to 30% of rhe initial wvalue while the startup foadwater flowrate deereased

a like amount. The increasing main fcedwater £1ows are shown im Uigures 2

uros & and 5. A

Tis
Ligus

§ -

and the decrecasing STITTUP flows are displayed in

-

[}
-
(&
Lol

logical-explanztion {s that the main fcedwater valves opencd.

- <. | e % < ] ] 4 4 it~ - e .
At appremizately the same tize, tae alarm log iadicated "ICS on Feecawnsex
" 1 ' v oz . - o L
™ yhich §8 2 demand for increascd feeduvarer flowrate at a rare excenaang
o yeopr *tu i Cor the systen N o
. B T LLE Sy i b et CSJdll. o . (= “ -
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REACTOR TRIP #19
poth feedwater pump specds inercascd during the flow trunsicat prier to the
reactor trip and the two speeds are shown in Figure 6. Apparently there
were two surges in foedwnter flow depand - the first at about 1450, and the

second about four ainutes later.

For at least 30 minutes vefore the transient, the "A" loop feedwater flow
and generator StaTrtup level had been slightly higher than the values for

the "3" loop. ‘hem the fccdwater flow increascd, the "B" loop feedwater
flow excceded the "A" loop flow. The proporti ral part of the &Tc controller
probably biased the "8" {low higher than the "A" feedwater {low. This
condition lasted about L.minuge and during this peried, the integral portien

of the ATe ceutroller demanded that the “A" loor control valve cpen wider

Chaﬂ i B" . . M
: \

Aftor the feedwater systenm haé increased flow Lo the steam generators, the

larger flowrates into each generater started ccoling the cold leg tcmparatures

and reduced Tave. Reactor pover increased which was a normal actioa for the
ICS, and steam header prossure also increased. Thus, Mile started to increase |

but at a rate greater thaa 2% per minute. Refer to Figure 7. \

—— \

wicth the reactor cperating in a, turbine following made, the MW generated
signal beccmes the power demand input to the 1¢S and, for a lead change proase”

than 2% per minute, the intopral perticn of the 4Te contvoller ig. prevudcd.

a4 : Leygrmad ¥ ' 4w 4 1 - 1s 1ot
JRYSE situation sencinuse €O cayse more LaCn NorMmaL 40w doemand To Cuge

. , B ! - . . "
loop fecdwarcr eoptrol valve and the "A

4 . . . » en s bt . '... . %
Cor appronRii aldyy - pifiensper Love T LA R = I

WA ro be cooled more than primary loop wg", Due to incemplete mining of
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REACTOR TRIP #19

flows in the reactor cere and the slightly positive moderator cocfficient,

power im the "A" loop portion of the core decreased below that in the "

loop side..

ched to a reactor power detoctor located

Unfortuitously, the ICS was atta

on the "A" lcop side. Its error signzl demandcd more reactor power and,

as reactor power inereascd, the higher neutron flux of the "D" side ceused

the detecter on that side to trip the rcactor. The high flux trip for eac.

of the four ncutren flux detectors was set at 85% power. The time for the

minutes.

entire transicat €2 occur was approximately 6 1/2

The cause of the {nitizl iacrease in feedwater demand (with a second pulse

about four minutes later) is mot cbvious. The second pulsc was larger than

rne first but the effect of an "extermal" imput desand cannot be separated

from the positive fcedback effect of the €4rst pulse as the system changed

{ts operating condition.

-

being operated in ehe manual mode with a non-optimized {ntegrated centrol

systes.
Several pessiblc sources £y initiating the feedwater system upset are:
(1) The fluctuating condizions in the steam supply and drain flow of the

cehcaters could have urset tae high' gz "
curn would cgcusa A dizect

feedwater teomperature {mecreased which ia

- PR s 2z -
gain change in the fopdiater demand Sigldl.

The positive feedback was enlianéed by the turbine
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' ?: very difficule.

. i

REACTOR TRIP #19

ronic fault existed in the

A loose connection ot intermittent elect
of this upset in the fced-

(3)
1CS. Thé random and inirequent cccurrence
sk of lecating this loose connection

water flow scsatem will make the ta
"

Sters to Prevent Future Rreourrence
uzt. -as in the heater drain system by verifying

lmprove valve operation by

Minicize flowrate fluct

(1)
that all valves are working properly.
readjusting liquid level set points and gains on valve. Verify that
valves, pumps and controcllers arc cuitable for the duty.
() Cscablish closer coordination of all activities of operating, maintenance,

support and service personncl.
(3) tMinimize Lhe use of turbine manual moGe.
control =

adjustuents.
1 override of fceawater denand

Optimize ICS
desirabilicy of manud

(&)
(5) Evaluate the

=

.

{ncluding the ratle control.
e modes and opticms of trance

ity of changing ¢
ignal to the ICS.

Cvaluate the feasibil

(6)

mitcing the reactsr power level s

tn relating this trip to ° ies for 1

N -

the assignm

standard categor
ont has been made

3
¢vele accounting,

/mob



EXAM D ANSWERS

D.1 OQARP ICS Less Plan pg. 8

b

C.

5.2 &

ppikP

a1
b.

My Error

T‘an error demand to reactor
Tavg error demand to FW

Used for steady state calibrations

Blocked if is changing > 2%/min, sustained for at laast 10 sec. -
blocked for 2 min after ULD is no longer changing at 2%/min.

BF., Proporticnal counters - B(n, &) L17 reaction X + Li fonize gas,
+ dnd - charges attracted to electrodes, ¥ signal also fonizes gas
however O + Li produced pulses are larger in magnitude andAremoved

by a pulse height descrimsnator. (owad, pulias

2B T
0ARP pg 7 - Control rod withdraw ?33%%- on high SUR from efther
channei @ 2 OPM - pg 11.

N.3 Conservative - NI's are always calib against a heat balance and should
read 2 heat balance for reactor protection.

D.4 Aux Power supply modules in two cabinets are for compensated voltage
.~ power surplies, Each cabinet has Aux. Power Supply module for RCP

0.5 .
b.

R

~ d.
D.6 a.
b.

1

—

monitors.,

400 psi - M&f‘f T o~ Main SW*’M !

Tw M) -&‘h:d;’d-r/ "!bﬁu

Mwgen = CT's+ (Or's (e wiain Gen phades — Mu [ianawilr

Gentilty - Reverse acting Pilot Tubes
ICS FEMA - 1-18-Runback to 15% @ 20%/min. Y _ -7 1 v

Could. sk :
2. BTU LwTg
3, TS Cudad

- e A A ¢ T -
Jussion wagTeo vagurw Womdel = Wnse g a am
— ~

e C—
Lun S WaL Al AL\ W

-_ N
FORL agc_g,\‘f ﬁ{oﬁ‘. &LS\A«Q m ‘Juj' TCS o [Aacie




E.l

m
.
on

EXAM E ANSWERS

g ,:
»
g»

. ) W— ‘
C a"lo i >_< . c\»&‘kﬁpﬁm WOl e “)LQ_Q
AN LA
E'
§!:v3- 1) 4 psig RB pressure - can't bypass, must wait for actuation
2 signal te ~ecet, then reset 8/S then reset channel.
-4 -
2) Rx trip - 7;pass with control switch.= No X paw Sand aus.”
(10 ecT man. '
Mib-V2A = |00 pac~ WRT
and 2) 4 psig RB pressure - same as above,
M- 28 3) High Rad "ML 1 - Bypass with defeat switch at RML 1
104 4155 s S oA
a.(91. Hign Flux @ =" 9p0 ps4
2. Low Press 2 <=I3ZF
(.e) Ow Fress M it hawe. B Tawe

‘1\.L) d e B ?*n;¢<> 455:;:12;””’

Coincidence - ary two of these signa1s

n different channels will cause a

Rx trip - inciuding same signal on two channels or different signal on 2
channels,

b'

e
x |
Cooldown will ead‘%gfb/ﬂmiyd1t ion with a negative MTC - Automatic
actions 1ncYude Rx trip rods insert /AS ES actuation -/AD from

boron. 1 Pw u:@,ain.m @ oo 9(.:

While system is shutdown, a rotometer located on the supply line is
monitored locally.

Whils operating, a differential between inlet flow and outlet flow

emperature compensated) will alam in the control room.
QIP AARM o &.36PM

To sweep out remaining exhaust gases & refill cyli.ider with fresh
air.(Pa w\gm&p

Maintains same engfneﬁregarduss of engine load. (ps &)

1. Engine Driver

2. OC Distribution panel 1P (10Q) <fﬁ“h
Speed < 250 RPM within 7 seconds / o T Lukuikd =
011 press < 5 psi after start signal ' FQ 25) 2 "

vww‘

pg 8, 9 of ESAS lecture)
The fluid block system supplies pressurized water to all CIV bodies
outside the reactor building., The pressure is greater than LOCA
R8 pressure, This assures leakage is into the RB, not out.

Two series valves hold fluid block valves closed. One is operated

by 4 psig RB signal and the other i: operated by CIV closed signal.
Need *7 open both valves to actuate the system,

¢! o\l&

7 .
ES
whe b&ﬂ" %ﬂb@hl‘\



EXAM F ANSWERS

F.1 (0P-1202-5)

F.2 a.

F.5 a.

— o '
s LE.;'- <’0uu Adint & PI(CCCECPM Lo 10 mum,

,Qe_to temperature wease, bubble forming in Reactor Vessel Head, HPI.
e %’u.r:

1. Make up Tk reducing > 10 gpm (1" per 3 min)
2. RM-A-5 and/or steam line rad detectors have conférgnedd alarms
and PRZ level can not be maintained at 220" by MU-V-17,

1. Sampling OTSG
2. Surveying steamline N
3. Observation of OTSG levels & feed rates (see notelm P«no\

The effected NTSG must be steamed only as necessary to maintain level
< 95% on operate range & 0TSG p,%eiure «< 1000 psig.
U Narmally | A | 2 ot S TR A2 Al be

1 Houﬂy 1og ( AP \Oll\ \ | cnw ‘a \

- | | 7% : . > f %
3 oreman log 7< See allacked 2 Tew +s0

4 STEP T Opa Yemo s_..e.
y b 3.62 4. Bavenion o

Computer printouts g
- m.?,b'{ﬁ ‘1 »

After obtaining a properly qualified operator at the controls/(. lodud 3
7 "lha Sﬁ;.‘“

Low pressure in the pressurizer steam space, exparsion of cooldnt

7

1. PORV open bod
2. Sa‘ety open
3, RCS saturated pressure when recovered

4, Bubble in loops or head

? Ul L A wmIORA c;'c )
4 T . , .
I tqp_e. 8r$,ix1t_ cs ar“:. Jct su&e‘:‘weated

— -

55, 45 (1103-5 p. 12)
100°F (1103-5 p. 4)
=5 (1102-1 p.4)
axial power control (1102-4 p.5)

SBLOCA analysis - maintain PCT < 2200°F, Required by procedure
- evaluate answer,

The heat sink is the energy release through the break and the refil!
by HPI and LPI.

-
See EP 1202-68 pg. 8.0 K. v 7.0
Caution statement 3/ s/

- . ] — - “ 7
2, 7 Shwed v T s s D prroend’ AL AW

C—

i
3 >
’ -

R » ~ § - X
22 va :4.;54&4;4_ ‘u‘k ~

PL«LI plameas Asana WX , TarTle @ S50 G/ pranap

g, —O P\.LNMI— V.Q(‘:ﬁ‘.ﬂ\ 'i) ch /q.wi qr*#u. w‘& L-"“-I



F.2a

STep 2.4

1. Contiol Reem \G
2. CRoO Tuav\om ct&.&lt‘T
5. ES Clade sl (>250°F)

STEP 3.(.2
1. TeN+ SofP Noeks
. & —cem Mamo Book
wam Covww Boo ko

sTEr 3.0.4
A'LT\\& &5 A”L:..T Boak

2. loked o.lvt
3. O\..'I'QT~J vea S m\q Souuj-&



EXAM G ANSWERS

G.1 a. Energy Emission and propagation through space or a medium material fin
the form 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 biologica!l
effectiveness of an absorbed dose.

G.3 Part 19 deals primarily with instructions to workers concerning radiation
hazards and methods to 1imit same.

G.4 Co60 primarily from Co59 +.ﬂ'. where Co59 is found in the steel and other
materials in the system., The hazard is that it has a 5 yr half 1ife thus
takes a long time to decay.am & enll Wl emirg Ys( >

6.5 o,

6.5 Tertiary fission, and neutron reactions with Boron & Lithium

G.7 A1l three could but primarily irradiated, both recent and stored.
o)* 1060

G.8 Dose at valve = (45) X T‘;)l" = 45 X3~ = 500 mr/hr,

Weekly limit = 300 ° =2 = .6 hr or 36 minutes
520



H.1

H.2

H.3

H.4

H.S

H.6

EXAM H ANSWERS
Saturated liquid must absord latent heat of vaporization to change phase.

(Ref: OARP pg. 6) ~+
Ouality is expressed in terms of Mass X -.;:gjfégzz

Y.
Void fraction is expressed in tems of Volume V = 73_?73

105 1om/hr @ 400°F, V, = 01864 F£2/1bm  (o° (orsb)(T4%) L, = 2320 G PM
'&’ lem/w€ (S, Vo = .0l63 &/ lbm (b (016346) 745V 6o = 2037 G

Therefore - more volume (gallons) is pumped at higher temperature since
water is slightly compressible,

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 bofling, a film of steam coats the clad surface and essentially
form an insulating layer, AT4 substantially, because QDL .

a, (Ref: OARP pg 85) The faster a pump rotates, the greater its
required NPSH.

b. Flow rate is doubled.

LLnZZV
c. Discharge head Y\ vwxoaLaAzcl éld
Need 4 timesthe speed to d uble the head %, (I. S{E' Speed of pump = S8

d. Power oa\q3
Spe uired to mu‘%i:ly the head X 1.5
H—w‘-‘“(‘-n) = (3¢

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 o 50ft X ,433 psi/ft = 22 psi is req'd
to hold up the water in the hot leq. We have 30 psi & 200" in PRZ -
This is sufficient to support the hot leq.

b, Voids existed, they were swept into the PRZ, Vouid volume was taken up
by water from the PRZ,

¢. This wold occur in a fully vented system where the S/G was warmer than
ghe RCS. The RCS would heat up somewhat, densfty ‘» PRZ Tevel 4 .,

e \aal om_ ons T~ Slowses 4@
J‘J.du.' = .25



PAUL F.COLLINS, CHIEF
OPERATOR LICENSING BRANCH
OFFICE OF NUCLEAR REACTOR REGULATION

1952 Graduated Rensselear Polytechnic Institute, BSME
1953-1965 EI DuPont de Nemours and Company Reactor Department

Supervisor at the Savannah River Plant

Held the following jobs:

Quality Control Division -

Responsible for the receipt and inspection of all
reactor components.

Control Room Supervisor -

Responsible for the day to day operation of a production
reactor, y

Instructor - Reactor Department, Operator Training_Div.
1865-1967 Examiner, Operator Licensing B anch, AEC
1968-1969 PWR Group Leader, Operator Licensing 8ranch, AEC

1669-Present Chief, Operator Licensing Branch, NRC




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.g Docket No. 50-289
) (Restart)

(Three Mile Island, Unit 1) )

NRC STAFF RESPONSES TU AAMODT SUPPLEMEWTAL
DTSCOVERY 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 tne administration of the TMI-l operators
exardinations in October 1381.

Affidavits and the professional qualifications of the person or
persons who prepared these responses are also attached.

Respectfully submitted,

- 4 . - ¥

L1 e, & LE K K Ly &

-

1 N

Lucinda Low Swartz
Counsel for NRC Staff

Dated at Bethesda, Maryland
this 16th day of November, 1981



1.

STAFF REPONSES TO AAMODT
SUPPLEMENTAL DISCOVERY REQUESTS

Provide copies of all forms of NRC RO and SRO licensing examinations
used in October 1981 examination of TMI-1 operators.

Answer
Copies of the examinations have been provided.

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

A1l of Pennsylvania State liniversity 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.

Provide written and verbal instructions given to proctors for above
named examination.

Answer
The following written instructions were given to the proctors:

A1l written examinations shall be adeguately proctored to
assure the integrity of the examinations. Two individuals
shall be available for proctoring. One proctcr shall be in
the examination room at all times giving his/her full atten-
tion to the candidates taking the examination. The proctor
shall not read facility 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 i3dmonitions regarding cheating., In addition, the practors
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.



4,

-2-
Provide seating charts, including size of room, 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.
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.
Did the proctors keep a list of who left the room, the time an indi-
vidual left and the time he returned? Proviade such a list if it
exists.
Answer

The times that individuals were absent from the testing room are
indicated on the enclosed seating charts,

Did the proctors admonish the candidates regarding cheating? If
so, provide what the proctors said.

Answer

Admoriitions regard eating were made by Bruce Boger (for

the RO examinations, %eyce Wilson (for the SRO examinations).
The candidates were ¢ . that:

a. Cheating on the minations means an automatic denial of
their applicat and could 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.

¢. 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,



8.

10‘

1.

e

o Xie

2. Leave the general area, as defined by the 2xanminer,
If he is found in this area while the exam is still
in progress, his application may be dsnied.

Were the candidates asked to sign a pledge on their examination to
indicate that the responses on their examinations were solely their
own work? [f not, why not?

Answer

Yes, each candidate was asked to sign a statement to that effect on
the front page of the examination.

Did the operators bring their own lTunches into the testing room?
If so, were the lunches inspected? By whom?

Answer
No. Box lunches were provided by the facility.

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 examination room about 11:15 a.m. each day.

About noon each day the proctors served a lunch to each candidute
at his table. Conversation between and among candidates was not
allowed at any time during the examination, including lunch.

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 remain out of the room?

Answer

Candidates were not limited in the number of times they were
permitted to leave the rcom or in the amount of time they could
be out of the room.

Did the proctors report any irregqularities 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,



13.

14,

o il

Although no formal interviews were conducted with the proctors,
NRC examiners were presen. during and after the examinations,
General discussions with the proctors after the completion of
the examinations revealed only the irregularities noted above.

Wwhere 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?

1f so, provide this 1ist and name of questioner, if known, and
time of guestioning.

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 1ist of questions
was maintained.

what 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 permitted 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 minutes, during
which no conversations took place. No list of extra licensee
personnel present was maintained.

Provide the name of each proctor during the licensing examination

on each day of the examination, indicating the times each individual
was 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 Nctober 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 & 29 - morning

Provide the time each day of examination began and the time
scheduled to complete the examination, Provide a list of times
when each candidate turned in his examination responses for each
day of the examination,

Answer

The examirations started between 8:00 a.m. and 8:30 a.m. on each

day. Candidates were allowed 9 hours to complete the RO examina-

tion and 7 hours to complete the SRO examination. Actual completion
times are noted on the seating charts. Completirn time. .n October 21,
1981 were not recorded.

List any and all materials provided to the candicates,
Answer

The NRC provided examinations and answer pads to each candidite.
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.

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.

Were there any materials, other than those included in questions
17 and 18, that were available to the operators within or outside
the testing room?

Answer

No other materials were available to the candidates within the
test1n9 room or outside the testing room in the examination
area /between the testing room and the rest room).

Nescribe the testing room. What is Licensee's normal use of
this room? Did Staff inspect it prior to the examination?
I¥ so, when?

Answer
The tasting 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,




21.

22.

23

il

What individual had possession of the examinations prior to the
commencement ° 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 heen reproduced, Bruce Boger had
possession of the RO examinations and Bruce Wilson had
possession of the SRO examinations. No Licensee personnel
were allowed to review any form of the examinations prior to
their use.

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
or Bruce Wilson on October 28 and 29.

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

RO examination: Bryan Gore - categories A, B, and C; James Huenefeld -
categories D, £, and F; Walter Apley - categories G and H,

SRO examination: Bruce Wilson - categories - all (SRO A); Joseph Buzy -
ca?egoriss L, M, and N (SRO B); Robert Campbell - categories I, J, and
K (SRO B).

The graders' relevant experience is as follows:

Byran Gore - 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, of i ic_ ¢
in the U.S. Navy Nuclear Power Program.

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,
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Joseph Buzy - member Operator Licensing Branch since 1963.
Pobert 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? [f yes to either, indicate
what thase 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 198]
examinations. Since this revision meets or exceeds the previous
requirements in ES-201, compliance with ES-201 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 during the October
1981 examinations meets the requirements of £S-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 1 hall watch for the first
few candidates until they had a time frame for absence from the

room, After the time frame was established, absences were ,
recorded and random hall watches were made,

L : = 7 7



28,

29.

30.

31.

2.

33.

34,

e

Were measures taken to prevent use of phones as a means of
eliciting information? [f 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. Candidates were
notified prior to the examination that leaving the testing

area would be grounds for denial of his application.

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.

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
room. Other materials carried by the examinees were not inspected.

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 RO examinations were written by Bryan Gore, James Huenefeld,
and Walter Apley. Bruce Wilson reviewed these examinations for
technical content, applicability and clarity. The SRO examina-
tions were written by Bruce Wilson.

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 gquestion in 50% of
the categories for 50% of the applicants.

Were there assigned seats for examinees?

Answer

No, seats were not assigned.

Were examinees required to leave the building if they finished
before the time limit of the test had run?




Answer

Yes. Candidates were notified prior to the examination that
to be in the testing area while the exam was still in progress
was grounds for denial of his application,
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UNITED STATES OF AMERICA
NUCLEAR RcAULATORY COMMISSION

BEFORS THE ATOMIC SAFETY AND LICENSIKG BOARD

(n the Matter of

METROPOLITAN EDISON COMPANY, ET. AL.

Docket Mo. 50-289
(Restart)

N S St e S

(Three Mile Island, Unit 1)

AFFIDAVIT OF Bruce A. Boger

I, Bruce A. Boger , being duly sworn, do depose and state:

1. 1 am emploved bv the Operator Licensing Branch, 0ffice of luclear Rea-

ctor Regulation of the United States ‘luclear Rejulatory Commission

-

am responsible for administering licensing

T

In th s nosition, I

examinations

A copy of my professional qualifications statement is attached.

2. 1 prepared or helped to prepare responses to the following intterocatories
which were filed in the TMI-1 restart reopened oroceeding on management

issues on October 2, 1981: Aamodt sunnlemental discovery requests:

Nuestions 1-9, 11-14, 16-26, and 28-34

3. 1 certify that the answers given to the interrogatories listed above

are true and correct to the best of my knowledge.

//A -
/ ./:,',/‘/'/(' :///‘[‘/i\

-

Bruce A. Boger

Sworn defcre me this /Z& day

ioveniber 1381.

My Commission expires:




Fducation

June 1971
June 1972

Work Experience

June 1972 to
June 1977

June 1977 to

September 1977

October 1977 to
Present

PROFESSIONAL QUALIFICATIONS LIST -
BRUCE A. BOGER

Received BSNE - University of Virginia
Received MENE - University of Virginia

Virginia Flectric and Pcwer Corpany
Surry Muclear Power Station

Assistant Fngineer - Performed startup testing on Unit
M. 2.

Fngineer - Assisted the Supervisor-Engineering Services;
trained for and received a Senior Reactor Operator License.

Supervisor - Engineering Services - Directed the activities
of the onsit: engineering staff.

Virginia Electric and Power Company
Richond, Virginia

Supervisor - Muclear Engineering Services - Directed the
activities of the offsite engineering staff in support of
Surry Power Station.

U. S. NMuclear Regulatory Commission
Rerhesda, Maryland

Reactor Engineer in the Operator Licensing Branch - Admin-
{ster licensing exarinations to nuclear power plant and
rescarch reactor personnel.

rofessional Affiliations

Registered Professional Engineer - State of Virginia

Member - American !Mfuclear Society




UNITED STATES OF AMERICA
HUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND_LICENSING BOARD

In the Matter of
Docket Mo. 50-28%

)
)
METROPOLITA., EDISON COMPANY, ET. AL. ; (Restart)
(Three Mile Island, unit 1) )
AFFIDAVIT OF Paul F. Collins
1, Paul F, Collins , being duly sworn, do depose and state:

1. 1 am emnloyed bv the Office of Nuclear Reactor Requlation of the

United States /luclear Regulatorv Commission

In this nosition, [ am responsible for the Operator Licensing Branch

copy of my professional qualifications statement is attached.

A=

o
.

I prepared or heloed to prepare responses to the following intterogatories
which were filed in the TMI-1 restart reopened oroceeding on management

issues on October 2, 1981: _Aamodt suppl i - 3
Ouestions 10, 15, and 27

3. 1 certify that the answers given to the interrogatories listed adove

are true .and correct to the best of my knowledge.

Paul F. Collins

Sworn before me this day
of liovember 1981,

Notary Public

My Commissicn expires:




PAUL F.COLLINS, CHIEF

OPERATOR LICENSING

QFFICE OF NUCLEAR R

1952

1952-1953

1853-1965
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- A
SANCH

EACTOR REGULATION

Graduated Rensselear Polytechnic Institute, BSME

U. S. Army

£1 DuPont de Nemours and Company Reactor Department

Supervisor at the Savannah River Plant

Held the following jobs:

Quality Control Division -

Responsible for the receipt and inspection of ali
reactor components.

Contro) Room Supervisor -

for the day to day operation of a production

Responsible

reactor.

Irstructor - Reactor Department, Operator Trazining Div,
cxaminer, Operator Licensing Branch, AEC
°WR Group Leader, Operator Licensing 8ranch, AEC

Chief, Operator Licensing 8ranch, NRC

. ———— - ———— . ——



UNITED STATES OF AMERICA S ‘
NUCLEAR REGULATORY COMMISSION §

—

SEFORE THE ATONIC SAFETY AND LICENSING BOARE= NOV13 1981m —

Wl MUCLEAR KEGULATORY
COMM 155 10M

In the Matter of A

METROPOLITAN EDISON COMPANY, ET AL. Docket No. 50-289
(Restart)
(Three Mile Island, Unit 1)

CERTIFICATE OF SERVICE

1 hereby certify that copies of "NRC STAFF TESTIMONY OF PAUL F. COLLINS REGARDING
THE ADEQUACY OF THE STAFF'S ADIMINISTRATION OF ITS EAAMINATIONS," "STAFF RESPONSES
TO AAMODT SUPPLENMENTAL DISCOVERY REQUESTS," and "NRC STAFF RESPONSE 10 MEMORANDUM
AND ORDER OM RESULTS OF SRO AND RO WRITTEN AND OPERATING WALX-THROUGH EXAMINATIONS"
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 ¥. Smith was served by hand-delivery on November 16, 1981 in the above-
captioned proceeding.
Gary J. Edles, Chairman 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 Adler, Esq.
Dr. John H. Buck 505 Executive House
Atomic Safety & Licensing Appeal P. 0. Box 2357
Board Panel Harrisburg, Rennsy]vania 17120
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555 Honorable Mark Cohen
. : 5§12 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. #5 _
Washington, D. C. 20555 Coatesville, Pennsylvania 19320

Or. 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. 0. Box 2063 .
Harrisburg, Pennsylvania 17120
*Gary L. Milhollin, Esq. ™~
1815 Jefferson Street ZL/ » o S
Madison, Wisconsin 53711

d
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Mr. Marvin . Lewis
6504 Bradford Terrace
Philadelpnia, PA 19149

Metropolitan Edison Company

ATTN: J. G. Herbein, Vice President
P. 0. Box 542

Reading, PA 19603

Ms, Jane Lee
R.D. 3; Box 352i
Etters, PA 17319

Walter W. Cohen, Consumer Advocate
Department of Justice

Strawberry Square, 14th Floor
Harrisburg, PA 17127

Thomas J. Germine

Deputy Attorney General
Division of Law - Room 316
1100 Raymond Boulevard
Newark, New Jersey 07102

Allen R, Carter, Chairman

Joint Legislative Committee on Energy
Post Office Box 142

Suite 513

Senate Gressette Building

Columbia, South Carolina 29202

Robert Q. Pollard
609 Montpelier Street
Baltimore, Maryland 21218

Chauncey Kepford

Judith Johnsrud

Environmental Coalition on WHuclear Power
433 Orlando Avenue

State College, PA 16801

Ms. Frieda Berryhill, Chairman

Coalition for Nuclear Power Plant
Postporement

2610 Grendon Orive

Wilmington, Delaware 19808

Gail Phelps

ANGRY

245 W. Philadelphia Street
York, Pennsylvania 17401

Atomic Safety and Licensing Appeal Board
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Atomic Safety and Licensing Board Panel”
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Secretary

U.S. Nuclear Regulatory Commission
ATTN: Chief, Docketing & Service Br.
washington, DC 20555

William S. Jordan, III, Esq.
Harmon & Weiss

1725 I Street, N.W.

Suite 506

Washington, DC 20006

John Levin, Esq.

Pennsylvania Public Utilities Comm.
Box 3265

Harrisburg, PA 17120

Jordan D. Cunningham, Esq.
Fox, Farr and Cunningham
2320 North 2nd Street
Harrisburg, PA 17110

Louise Bradford

Three Mile Island Alert
1011 Green Street
Harrisburg, PA 17102

Ms. Ellyn R. Weiss
Harmon & Weiss

1725 1 Street, N.W.
Suite 506

Washington, DC 20006

Mr. Steven C. Sholly

Union of Concerned Scientists

1725 1 Street, N.W.

Suite 601

Washington, DC 20006 3
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‘Jpseply R. Gray
/}ouns 1 for NRC S aff




