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SUMMARY: Operator Licensing examinations were conducted at M.I.T.
September 30, and October 1, 1985. One SRO candidate and two RO
candidates were administered written and oral examinations. One
RO candidate failed the oral examination.




REPORT DETAILS

TYPE OF EXAMS: Initial Replacement X Requalification
EXAM RESULTS:

0
Pass/Fail

2/0
1/1
1/1

SRO |
Pass/Fail|

Written Exam 1/0

Oral Exam

Overall

l
I
I
|
I
|
I
| 1/0
I

|

I

|

1/0 |
|

I

I

CHIEF EXAMINER AT SITE: David M, Silk

OTHER EXAMINER: Robert M. Keller

Summary of generic strengths of deficiencies noted on oral exams:
Candidates displayed a good understanding of the plant. SRO candidate
displayed a weakness in not assuming all responsibilities assigned to SRO
by transferring responsibilities to plant management personnel who hold
SRO licenses.

Summary of generic strengths or deficiencies noted from grading of
written exams:

Candidates were not familiar with:
relationship of early xenon peaking to harder neutron spectrum
modes of operation for the l-inch pneumatic tube system
the hazard of drying out charcocal filters
how to seal beam ports

Comments on availability o”, and candidate familiarization with plant
reference material in the control room:

Candidates were familiar with plant reference material.




4. Personnel Present at Exit Interview.

NRC Personnel

David Silk

Facility Personnel

John Bernard
Kwan Kwok

5. Summary of NRC Comments made at exit interview:

- Two of the three candidates were clear passes on the oral

examination.

- Facility training material provided for examination preparation
was well organized.

6.  CHANGES MADE TO WRITTEN EXAM DURING EXAMINATION REVIEW:

Question No.
A2

B.2

B.6

C.1

.7

0.5

Change

Delete question.

Include in answer

"Verify system pressure".

Delete from answer
"the pitch of fan
blades can be changed".

Delete from question
"The reactor has just
been started".

Also accept Answer a).

Delete question.

Reason

The question called
for a comparative
knowledge of reactor
types.

Expands answer
Kay.

Inoperable at present.

Can mislead candidate.
Clarifies question.

Unusual Occurrence
Report #81-4 justifies
answer a).

This experiment (FCE)
has been out of the
reactor for two years,



Question No.

E.5

E.7

G.1

G.3

G.8

G.11

J.2

Attachments:

) |8
2.

Change

Also accept Answer c).

Include in answer

- Weekend

- Intrusion
(Interior/
Exterior)

- Fuel Vaults

Operator Incapacitated
Panic Button (In control

Reason

If some loads are shed,
the battery could supply
power for about 12
hours.

These alarms will
transmit a signal to
the campus Patrol Alarm
System.

room or receptionist desk)

Include in answer
"Check radiation levels"
"Order personnel o..'

Also accept Answer c).

Include in answer
"Gas monitor on reactor
floor by main airlock".

Include in answer:

"To prevent nitric acid
formation from nitrous
oxide",

Include in answer a).
- Reactor floor hot

- 36V's if not sealed

- A drop in building
temperature

Include in answer b).
- Use helium gas
- Seal ports

Written Examination and Answer Key (RO)
Written Examination and Answer Key (SRO)

Expands answer
Key .

Surface contamina-
tion includes

beta radiation.

Expands answer
Key.

Expands answer
Key.

Expands answer
Key.
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U.5. NUCLEAR REGULATORY COMMISSION
REACTOR OPERATOR LICENSE EXAMINATIUN

Facility:  miTR-1I

Reactor Type: HHR/LWR Cooled/Moderated

Date Administered: October 1, 1985

Examiner: W. J. Apley/ J. C. Huenefeld

Candidate: Answer Key

INSTRUCTIONS TO CANDIDATE:

Use separate paper for the answers. Write answers on one side only. Staple
question sheet on top of the answer sheets. Points for each question are
indicated in parentheses after the question. The passing grade requires at
least 70% in each category. Examination papers will be picked up six (6) hours
after the examination starts.

Category % of Candidate's % of
Value Total Score Cat. Value Category
15.0 14,9 A. Principles of Reactor
Operation
3.0
A0 13.9 B. Features of Facility
, Design
14.5 14.4 C. General Operating
Characteristics
15.0 14.9 D. Instruments and
Controls
15.0 14.9 E. Safety and Emergency
Systems
13.5 13.4 F. Standard and Emergency
Operating Procedures
14.0 13.9 G. Radiation Control and
Safety
100
100 TOTALS

Final Grade 3

All work done on this exam is my own. 1 have neither given nor received aid.

Candidate"s Signature

e e o



MITR-11
October 1, 1985

A. PRINCIPLES OF REACTOR OPERATION (15.0)

Points
Available

ESTION A,1

When calculating an estimated critical position, the operator uses
the previous week's position and corrects for five different
delta K changes. List four (4) of those delta K changes. (2.0)

ANSWER A.1

Delta K due to temperature change
due to sample loading
due to Xenon
due to fuel loading
due to burnup

(4 of 5 for full credit)
REFERENCE A,1

PM 3.1.1.2, p. 1

ESTION A,2

The MITR-II reactor produces a relatively fast response to a

given reactivity input. Explain that response in terms of what

the values of neutron generation time and delayed neutron fraction

are at MITR-1I, (l.e., are both Beta and generation time small, one

small and the other large, etc.) (2.0)

ANSWER A2

The sensitive response is due to the short neutron generation time
for the MITR-1I, even though its delayed neutron fraction is large
(beta-bar = 0,00786)., The large Beta effective is predominately

due to a large source of "slow born" photo neutrons developed in the
reflector,

REFERENCE A,2

RSM 10.5

-Section A Continued on Next Page-



MITR-11
October 1, 1985

Points
Available

QUESTION A.3

Why isn't the MTR type elements cladding thicker or thinner? (1.5)
ANSWER A.3

It's thick enough to retain fission products (+0.5), and thin

enough to not introduce a long delay time for heat removal in the
event of a fast transient (40.5).

REFERENCE A,3

Tech Spec 5-4

QUESTION A.4

Explein the two (2) ways that the control elements affect reactivity

as they are moved in the core, (1.5)
ANSWER A4

When inserted in the annular space between the core and the core

housing assembly, these control elements decrease reactivity bot!

by the direct absorption of neutrons and, to a lesser extent, by

warping the core flux distribution, thereby increasing neutron leakage.

(+#1.0 for absorbtion/+0.5 for increasing leakage)

REFERENCE A.4
RSM 10.5

-Section A Continued on Next Page-



MITR-11
October 1, 1985

Points
Available

QUESTION A,5

If the reactor is or a stable 25-second period, how long will it
take to change powe" level 2 decades (show calcuTation)?

ANSWER A, 5

From equation sheet:

Sur = Spe=

26,06 _ %6;'%% = 1.0424

t =2/1,0424 = 1,92 minutes

[f the candidate doesn't know about SUR (which is checked w/o
calculation in A,1), then he can calculate using formula sheet.

P=Peet/T
P/P, = 100 = ot/25 sec
In 100 = t/25 sec
t = (25 sec)(1n 100)

= 115,13 seconds = 1,92 minutes.

REFERENCE A.5

Glasstone and Sesonske (MITR Trng Progr. Ref,)
PM 1.16.2, p.1

~Section A Continued on Next Page-




MITR-I1

October 1, 1985

QUESTION A.6

TRUE or FALSE: Xenon peaks earlier in MITR-I] after shutdown due
to a harder neutron spectrum,

ANSWER A.6

True

REFERENCE A.6

RSM 10,7

QUESTTON A,7

Describe the two (2) phenomena that contribute to the temperature
coefficient of reactivity for MITR-II,

ANSWER A, 7

The first is the temperature rise of the light water due to an
increase in the thermal output of the reactor core. Any such
temperature rise will insert negative reactivity by causing a
hardening in the neutron spectrum. (This means that the average
neutron takes longer to thermalize so there are fewer fissions,)
The second phenomenon is the radiation heating of the heavy water
reflector, Temperature rises of this type add negative reactivity
by allowing more neutron leakage to increase. This second process
lags the temperature rise of the light water in the core proper.

REFERENCE A,7
RSM 10.8

~Section A Continued on Next Page-

Points
Available

(0.5)

(2.0)



MITR-11
October 1, 1985

Points
Available

QUESTION A.8

If heavy water leaks into the light water system, what type of
reactivity effect will it have if:

A, The leakage of pure, uncontaminated heavy water is into either
the light wat.r reflector above the top of the core, or the light
water refle~tor below the top of the core that is formed by the
annular space between the core and the sides and bottom of the

core tank, (0.5)
B. Leakage of heavy water is into the core proper. (0.5)
C. The in-leaking 0,0 progressively replaced the entire light

water system, (0.5)
ANSWER A.8

A. Positive reactivity
B. Strong, negative reactivity
C. Strong, negative reactivity

REFERENCE A.8

RSM 10.1

~Section A Continued on Next Page-



MITR-11
October 1, 1985

Points
Available

QUESTION A.9

A nuclear reactor has a shutdown margin of 7% delta k/k and a neutron
detector is recording 20 cpm. What will this detector read when
k‘ff = 0.99? (2.0)

ANSWER A.9

1—%-51 0.07
1 -

!l = K4| + 0,07 K'
1= 1,07 K

Ky = 1/1.07 = 0.93

1-K]-CR2
= " &

0,07 CRp
0.01 = 20

CRy = 140 cpm

REFERENCE A.9

1. Generic: "Academic Program for Nuclear Power Plant Personnel,"
Volume II, pp. 5-6 through 5-13, General Physics corporation.

2. Glasstone and Sesonske (MITR Trng. Progr. Rev.)
PM 1.16.2, p.1

~End of Section A-



MITR-11
October 1, 1985

B. FEATURES OF FACILITY DESIGN (14.0)

Points
Availble

QUESTION B.1

Describe the four (4) modes of cperation for the l-inch
pneumatic tube system, (2.0)
ANSWER B.1

Insertion and removal at the hot cell or primary chem room
in the reactor basement,

Insertion at the hot cell and transfer of the irradiated sample
to the NW-13 hot lab via the connecting pneumatic tube.

Insertion from the NW-13 hot lab, into the reactor, and transfer
of the irradiated sample back to the NW-13 hot lab.

Transfer of a rabbit from the basement hot cell to the NW-13
hot lab.

REFERENCE B.1

M 1,10, p. 7

QUESTION B.2

How does the operator verify that the secondary system is properly
Tined up to cooling tower basins? (1.5)

ANSWER B.2

Verify secondary system is propery lined up to cooling tower basins
by either checking HV-14 of HV-14A open or by checking HM-TA running
with flow through HF-3 at 60% of scale. (Either answer correct.)

REFERENCE B,2
73000, p. 2

-Section B Continued on Next Page-




MITR-11
Octobc ., 1985

Points

Available

QUESTION B.3

What design safety feature ensures that fuel loaded into the
core will normally have access to oniy one core position at a time? (1.25)

ANSWER B. 3

Hold-down grid latch must be released and the grid rotated to
permit core access. Grid design prevents multiple position access.

REFERENCE B.3

PM 2.7, p.3

QUESTION B.4

[f the pressure relief system's charcoal filters become submerged,
what problems will exist during filter housing and exhaust dryout? (1.25)

ANSWER B.4

The charcoal generates heat while drying out and may cause
spontaneous combustion.

REFERENCE B.4

PM 5.2.14, p. 2

-Section B Continued on Next Page-



MITR-I1
October 1, 1985
Points
Available
QUESTION B.5
Explain how the anti-syphon valves work, (1.0)
ANSWER B.5
Ball float valves installed at the top of the core shroud. Inlet
flow forces ball up closing outlet at top; w/o flocw gravity forces
ball down to break syphon,
REFERENCE B.5
RSM 1.7
QUESTION B.6
List three (3) ways to reduce the degree of cooling tower efficiency
on cold deys. (2.0)

ANSWER B.6

The yard booster pumps may be bypassed partially or completely,

as may the towers themselves. One of the cooling tower fans may be
operated at half-speed, the pitch of the fan blades can be changed,
and the air admitted to the towers can be restricted by rearranging
the external boards and fiaps.

(Any three.)

REFERENCE B.6
RSM 3,12

-Section B Continued on Next Page-



MITR-11
October 1, 1985

Points
Available

QUESTION B.7

.4 are beam ports sealed? (1.5)

ANSWER B, 7
A. A plug is placed in port

B. Gas seals
C. Gaske'ed cover bolted over beam port's opening

REFERENCE B.7

RSM 2.4

QUESTION 8.8

Assume a loss of external electrical power feeders occurred.
When normal power is later restored, what will happen to all
the transfer switches and the motor generator set?

ANSWER B.8

A, Transfer switches return to normal.

B. Relay at the motor-generator set is energized, thereby
stopping the unit,

REFERENCE B.8

RSM 8.32

-Section B Continued on Next Page-




MITR-I11
October 1, 1985

Points
Available

QUESTION B.9 s

Draw a top view of the core, including location of the: o7

A. Regulating rod (
B. Shim blades (
C. Radial absorber plates (.
D. Hexagonal absorber plates (.

ANSWER B.9
See next page.

REFERENCE B.9

See attachment ,

-Section B continued on next page-
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MITR-II
October 1, 1985
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Answer B.O

Core Section M.I.T.R. I1I

Reactor Systems Manual

-End of Section B-
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MITR-11
October 1, 1985

C. GENERAL OPERATING CHARACTERISTICS (14.5)

Points
I Available
QUESTION C.1 i

The reactor has just been started up. Explain why nuclear

instrumentation must be frequently calibrated in terms of thermal

power as short lived fission product poisons (such as Xenon) build

up in the reactor core. (3.0)

ANSWER C.1

Compenstation for the negative reactivity associated with the building
in of equilibrium xenon is achieved by withdrawing the shim blades.

The out-motion of the shim bank causes the axial flux profile of the
reactor to change with the point of maximum flux moving upward. That,
in turn, alters the leakage flux which is what is viewed by the nuclear
instrumentation. This affects reactor control in the following manner,
The automatic control system controls the reactor by maintaining a
constant flux at the location of the chamber that feeds the auto-control
network. Hence, as the axial flux profile changes with shim bank
height, the auto-control channel will detect a "power-change". In
reality, of course, there is no net change in power, but a redistribution
of power within the core. This is why it is essential to determine the
thermal power output of the reactor by means of a heat balance which

is not affected by flux distribution.

(#1.0 - change in axial flux profile)

(#1.0 - auto-control "sees" power change)
(#1.0 - need to re-calibrate to thermal, not distributed power)

REFERENCE C.1

PM 2.4, p.1

-Section C Continued on Next Page-



QUESTION C.2

What is the maximum amount of reactivity in percent of delta k/k
that may be added to the critical reactor without causing damage
to the fuel integrity by the resulting power transient?

ANSHWER C.2
1.8%2

REFERENCE C.2

Tech Specs 3-8

QUESTION C.3

Why does it take 24 hours for the reactor to be in thermal
equilibrium, such that a heat balance can be conducted?

ANSWER C.3

Graphite reflector has a large heat capacity and is slow to
attain an equilibrium temperature distribution.

REFERENCE C.3

RSM 6.4

-Section C Continued on Next Page-

» MITR-I1
October 1, 1985

Points

Available

(1.0)

(1.0)
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MITR-11
October 1, 1985

Points
Available

QUESTION C.4

#ﬁx is "blowdown" of the water in the Forced Draft Cooling
owers required? (1.0)

ANSWER C.4

Forced draft cooling towers concentrate the solids in the
makeup water and collect atmospheric dust. Hence, a feed-and-
bleed purge is maintained while they are in operation in order
to keep the level of dissolved solids within a factor of three
to five times that of the makeup water. A small portion of the
water is diverted through a flow accumulation meter directly to
the sewer., This flow is called "blowdown",

REFERENCE C.4

RSM 3.12

-Section C Continued on Next Page-
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MITR-II
October 1, 1985
Points
Available
QUESTION C.5
A. Explain how the reactivity effect of dumping the radial
reglector varies with the position of the shim blades. (1.5)
B. Why is the radial heavy water reflector pumped up with the
shim bank in the fully inserted position? (1.0)

ANSWER C.5

A. In as much as the shim blades also operate in the region
between the core and the radial heavy water reflector, the
reactivity worth of dumping this radial reflector is dependent
on the position of the shim blade bank. This effect can be
considered as being due to the shadowing influence that the
blade bank exerts on the reflector. These results show
that the reactivity worth of dumping the radial heavy water
reflector when the shim bank is fully inserted is about
two-thirds that of the corresponding value when the bank is
at the top of the active core.

(+0.5 for reason, +1.0 for knowing more reactivity with
rods at top.)

B. Safety considerations dictate that the radial heavy water
reflector be pumped up with the shim bank in the fully-
inserted position. This ensures that the reactivity insertion
for this process will not occur when the reactor is or could
go critical.

REFERENCE C.5

RSM 10.6

-Section C Continued on Next Page-
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A MITR-I1
October 1, 1985

Points
Available

QUESTION C.6

You receive a high temperature shield coolant outlet alarm.

The shield coolant outlet temperature is rising slowly, and

there is no evidence of a loss of shield flow or lavel.

Operationally, what is the probable cause? (1.5)

ANSWER C.6

The secondary side of the heat exchanger is probably ciogged with
mud. (Will accept other answers alluding to degradea HX performance.)

REFERENCE C.6

PM 5.4.8

QUESTION C.7

Approximately how long after a failure of the pneumatic blower
(at full power), will the temperature in the pneumatic tubes reach
100 degrees C (select best answer)? (1.0)

A. Instantly
B. 5 Minutes
C. 30 Minutes
D. Never
ANSWER C.7

B. 5 Minutes

REFERENCE C.7

PM 5.5.1

-Section C Continued on Next Page-
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| MITR-11
October 1, 1985

Points
Available

QUESTION C.8

TRUE or FALSE: It does require bypassing a number of safety
functions, but it is possible to operate in the 100 kw mode with
no forced circulation of primary coolant. (0.5)

ANSWER C.8

True

REFERENCE C.8

PM 2.2

QUESTION C.9

Describe how to calculate the total thermal power output of the (3.0)
reactor.

ANSHER ©.9
(2.62x10"%)(Primary Flow)(Primary delta T)

Primary Power

Reflector Power (2.91x107%)(D,0 Flow)(D,0 delta T)

Shield Power (2.62x10"%)(Shield Flow)(Shield delta T)
Total Power = Primary + Reflector + Shield Power

#s not important, just the parameters and three constituents of
total power.

REFERENCE C.9

PM 2.4, p.5

-End of Section C-
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MITR-11
October 1, 1985

D. INSTRUMENTS AND CONTROL (15.0)

Points
Available

QUESTION D.1

What i: the purpose of the AUTO TRANSFER ABORT switch in the (1.5)
reactor ccntrol room?

ANSWER D.1

The AUTO TRANSFER ABORT switch in the reactor control room is used

to eject a sample from the reactor, and cause it to exit into the
reactor rabbit station, thus blocking its transfer to the NW-13 hot
lab. The rabbit tube it controls (1PH1 or 2PH1) is determined by

the position of the AUTO TRANSFER SELECTOR switch at the rabbit
station., Also, in the case of 1PH1, a sample which had been previously
ejected and was being monitored at the stop pin could be exited into
the station.

Full credit for answer 1; half-credit for 2 only.

REFERENCE D.1

PM 1.10, p. N

-Section D Continued on Next Page-
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o MITR-I1
October 1, 1985

Points
Available

QUESTION D.2

If automatic reactor operation is desired, the power-set

is adjusted to bring the power-setpoint deviation indication

to zero at the desired power level. Why must the scale be

adjusted on channel #9 (the automatic control channel) so that

its signal is reading mid-range on the indicating meter? (2.0)

ANSWER D.2

If this signal is at either the low or high end of the display meter,
the automatic control will either not take control or be sluggish in
its response.

REFERENCE D.2

PM 2.3, p. 5

QUESTION D.3

Small changes in power may be made through the automatic control
system. This is done by slowly varying the setpoint of the power-
set potentiometer and adjusting the scales of the other instruments
as necessary.

What would happen if the operator moved the setting too rapidly? (1.5)

ANSWER D.3

The deviation meter trip would be exceeded and reactor control
would trip off automatic.

REFERENCE D.3

PM 2.4, p. &

-Section D Continued on Next Page-
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MITR-I1I
October 1, 1985

Points

Available

QUESTION D.4

If a 3 GV hole that contains a Nuclear instrument detector is
flooded, what will happen to the detector output? Explain why, (1.5)

ANSWER D.4

Output will decrease (+1.0) due to the increased attenuation of the
neutrons (+0.5).

REFERENCE 0.4

PM 5.4.1

QUESTION D.5

The fatique cracking experiment alarm is actuated. Name two (2)
of the four (4) abnormal conditions which could cause such an alarm. (2.0)

ANSWER D.5

Two of the four needed.

a. A high sample temperature

b. A very high sample temperature

c. A GM counter alarm
d. Low air pressure

REFERENCE D.5

PM 5.7.9

-Section D Continued on Next Page-
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N MITR-I1
October 1, 1985
Points
Available
QUESTION D.6
Once the reactor-ready lamp is on, the regulating rod can
be moved to any position of travel. However, shim blade
withdrawal motion is limited to 4 inches by the "sub-
critical position" interlock circuit. What are the
three (3) reasons for the sub-critical position interlock
circuit? (1.5)

ANSWER D.6

1. To maintain the shim blade bank programmed at a uniform height during
final approach to criticality.

2. To establish a level, below the critical position, to which the
shim blades may be individually withdrawn in one step.

3. To provide a convenient reference point at which the operator can

pause to make a complete instrument check before bringing the reactor
to criticality,

REFERENCE D.6

RSM 4.3

QUESTION D.7

TRUE or FALSE: Channel 9 (automatic control) operates on a gamma-
sensitive detector, not a compensated ion chamber, (0.5)

ANSWER D.7

True

REFERENCE D.7

RSM 5.9

-Section D Continued on Next Page-
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QUESTION D.8

There are two (2) primary coolant conductivity cells: MC-1 and 2.
Why is MC-1 normally selected?

ANSWER D.8

Conductivity cell MC-1, which is positioned in a filter line at the
inlet to the ion exchange column, is normally selected. The other
cell, MC-2, is positioned in the outlet filter return line. Obviously
inlet measures highest and most conservative conductivity, unless the
ion exchanger is leaching out,

REFERENCE D.8

RSM 6.1

QUESTION D.9

How are flows in the reflector secondary coolant and shield coolant
measured?

ANSWER D.9

Orifice plates and d/p cells,

REFERENCE D.9
RSM 6.6

-Section D Continued on Next Page-
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MITR-11
October 1, 1985
Points
Available
QUESTION D.10
Explain how the reading on the linear N-16 monitor would change as
reactor power increases. (z.0)

ANSWER D, 10
N-16 production is directly proportional to the fast neutron flux,

and therefore if the primary flow was constant, the radiation
reading on this monitor would directly indicate reactor power.

REFERENCE D.10

RSM 7.3

-End of Section D-
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, MITR-11
October 1, 1985

E. SAFETY AND EMEFGENCY SYSTEMS (15.0)

Points
Available

QUESTION E.1

What are the three (3) major safety requirements associated with
operating MITR-II (according to the Standard Operating Plan General
Instructions)? (3.0)

ANSWER E.1

The first, and most important, is that the release of radiocactive
materials to the environment be restricted to the lowest practical
amount. The second safety requirement is that on-site personnel
be protected from contamination and that exposure to radiation be
kept as low as is reasonably achievable. The third requirement is
that equipment, especially the reactor itself, be operated and
maintained properly and that nothing be done that would jeopardize
future reactor operation.

REFERENCE E.1

PM 2.1, p. 1

QUESTION E.2

Why must the reactor be shut down if the compressed air system is
lost? (2.0)

ANSWER E.2

[f neither compressor is capable of maintaining system pressure, the
dump valve will open, the pneumatic instrumentation will be lost, and
all airlock gaskets will deflate once the air within them leaks out
past system check valves. You'll eventually lose containment integrity.

REFERENCE E.2

PM 5.5.4

-Section E continued on next page-
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Points
Available

QUESTION E.3

For each of the three (3) cases below, descr1be how emergency core
cooling would be made available, (3.0)

a‘

b.

C.

Assumptions: 1. Loss of normal electric power supply from
Cambridge Electric Company.

2. A1l process systems are normal except for
the loss of power.

Assumptions: 1. Level in the core tank cannot be maintained
at the overflow level, but it has been
determined that it is not dropping below the
resctor inlet penetration (inlet penetration
at -52 inches).

Assumptions: 1, Level in the core tank cannot be maintained at
the level of the reactor inlet penetration,

€s The lost water is being collected in the
equipment room sump and/or a source of makeup
other than city water is immediately available,

ANSWER E.3

al

The system will be aligned as per normal shutdown cooling except
that MM-2 will be supplied power from the facility's emergency
power supply and HE-2 will be cooled by city water.

The systems will be aligned as per modes 3 and 4, but these
modes will not be initiated until required. As long as the
conditions assumed for mode 2 prevail, natural circulation up
through the core and down through the flow shroud check valves
will suffice. Heat will be lost to ambient, the reflector tank,
and the off-gas system.

MM-2 will be aligned to take a suction on either the equipment
room sump through the portable hcse and strainer, or the other
source of makeup, and discharged directly to the 8 inch reactor
inlet line through MV-60 or through the spray nozzles at the top
of the core tank.

REFERENCE E.3

RSM 3.4,5

-Section E continued on next page-
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Points
Available

QUESTION E.4
What two (2) mechanisms add negative reactivity to shut down the
reactor when dump valve DV-4 is opened? (1.5)

ANSWER E.4

# When contents of reflector "dumps" to dump tank, negative
reactivity added due to increased leakage (loss of reflector)
(+1.0).

" There is a microswitch on the vale which provides a SCRAM when

the dump valve is opened (+0.5).
REFERENCE E.4

RSM 3.8

QUESTION E.5

How long would the emergency batteries provide expected instrument
and pump power following a loss of both external electrical power

feeders? (Select best answer.) (0.5)
a 40 minutes

b. 4 hours

¢ 12 hours

d 24 hours

ANSWER E.5
b. 4 hours

REFERENCE E.5

RSM 8.31

-Section E continued on next page-
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QUESTION E.6

Explain the difference between a major and minor SCRAM,
ANSWER E.6

A1l automatic reactor scrams cause the current to the magnats
holding the shim blades to be interrupted. This causes the

absorber sections to drop into the core and shut the reactor down.
This action is defined as a minor scram. A major scram is initiated
by depressing a major scram pushbutton. This action secures the
ventilation system, seals the containment shell, dumps the top part

of the D,0 reflector, and interrupts the withdraw permit circuit
thereby dropping the shim blades.

(+0.5 for minor scram definition)
(#2.0 for major scram four parts, +0.5 each)

REFERLACE E.6

RSM 9.8
QUESTION E.7

There are eight safety and emergency related alarm conditions that
will transmit a signal to the Campus Patrol Alarm System. Name
five (5).

ANSWER E.7
Any five of below

; High Temperature Reactor Outlet, MTS-1
. Low Level Core Tank
Low Pressure HM-1A
High Level Radiation Monitor
. Smoke Detector System
. Waste Tanks
. Low Pressure Helium Supply
. Leak Primary and D,0 System

REFERENCE E.7
RSM 9.15

-End of Section E-

(2.5)

(2.5)



MITR-11
October 1, 1985

F. STANDARD AND EMERGENCY OPERATING PROCEDURES (13.5)

Points
Available

QUESTION F.1

Both shim blades and the regulating rod can be driven under

automatic contrel provided the associated reactivity is less

than % delta k/k. (1.0)
ANSWER F.1

1.8% delta k/k

REFERENCE F.1

Tech. Spec 3.9 (recent change)

QUESTION F,2

What increase in reactor power requires the authorization and
witnessing by the duty shift supervisor? (0.75)

ANSWER F.2
>102
REFERENCE F.2

PM 1.3, p. 2

QUESTION F.3

List five (5) entries made in the Reactor Console Log for
criticality data during a startup. (2.5)

ANSWER F.3

i. time
ii. reactor power and period
iii. shim bank and regulating rod positions
iv, core outlet temperature
v. reflector outlet temperature

REFERENCE F.3

PM 1.8, p. 2

-Section F continued on next page-
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Points
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QUESTION F.4

What maximum pH value in primary system water requires immediate
corrective action? (0.75)

ANSWER F.4
7.0
REFER..ICE F.4

PM 3.1.1.1, p. 12

QUESTION F.5

What three (3) requirements must be met for the reactor to be in
a "SECURED CONDITION"? (3.0)

ANSWE® £.5
{ [ The reactor is shutdown.

2. The console key switch is off with the key removed and in the
proper custody.

3. No work is in progress within the main core tank involving
fuel or experiments, or maintenance of the core structure,
installed control blades, or installed control blade drives
when not visibly decoupled from the control blade.

REFERENCE F.5

PM 2.2, p. 3

-Section F continued on next page-
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QUESTION F.6

TRUE or FALSE: As defined in the MITR-II startup checklists,

the ECP is actually not calculated for the infinite-period critical
positicn, but for a supercritical pesition with a positive 50-second
period. (0.5)

ANSWER F.6

True

REFERENCE F.6

PM 2.3, p. 2

QUESTION F.7

What are the four (4) emergency classifications addressed in your
emergency plan (PM 4.4)? (2.0)

ANSWER F.7

1.  Unusual Event

2. Alert

3. Site Area Emergency
4, General Emergency

REFERENCE F.7

PM 4.4, p. 1

-Section F continued on next page-
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QUESTION F.8

The reactor is critical. You receive an alarm indicating that
the primary coolant level has dropped 4.0" below the overflow
point. List your required immediate actions.

ANSWER F.8
Acknowledge the alarm. (+0.25)

Scram the reactor (minor) if it has not already scrammed.
Verify that reactor power is decreasing. (+0.5)

Notify the reactor shift supervisor. (+40.5)

Check the core tank level indicators, ML-3A and ML-3B, both

to determine the actual coolant level and to decide if it is
dropping or remaining constant. (+0.25)

Prepare to initiate emergency cooling. Instail the gquick-
connect hoses located in the control room and in the utility
room between valves MV-69/MV-70 and city water lines. (+0.25)
Refer to Procedure 4.4,4,1 (Safety Limit Exceeded). (+0.5)
Notify the Assistant Reactor Superintendent, the Superintendent,

and the Director of Operations. If a safety limit was exceeded,
notify the Reactor Radiation Protection Officer. (+40.20)

REFERENCE F.8

PM 4.4.4.4, p. 1

-End of Section F-
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G. RADIATION CONTRCL AND SAFETY (14.0)

Points

Available

QUESTION G.1

What action should the Operator-In-Charge take if the rabbit
radiation monitor trips? (1.0)

ANSWER G.1
Inform the shift supervisor (before investigation and resolution).

REFERENCE G.1

PM 1.10

QUESTION G.2

What is the basis of the maximum irradiation time1 imit on the
rabbit (60-megawatt hours at a neutron flux of 10'3)? (1.5)

ANSWER G.?2

Embrittlement of the polyethylene containers.

REFERENCE G.2

PM 1,10, p. 10

QUESTION G.3

There must be no direct contact with fingers on the irradiated
container or samples because of: (Select best answer.) (1.0)

a. high probable gamma radiation

b. high probable Jeta radiation

c. high probable surface contamination
d. high probable alpha contamination
ANSWER G.3

b. beta

REFERENCE G.3

PM 1,10, p. 10

-Section G continued on next page-
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QUESTION G.4

What two (2) types of dosimetry are al'! personnel working at the MIT
reactor required to wear? (2.0)

ANSWER G.4

1. Beta-Gamma Monitoring Badge
2. Pocket Dosimeter (gamma)

REFERENCE G.4

PM 2.5, p. 1

QUESTION G.5

Why is a spill of heavy water a radiological concern? (1.0)

Tritium content

REFERENCE G.5

PM 4.5, p. 4

QUESTION G.6

[f the containment buildina's ventilation system fails, what is
the principal radioactive gas that will buildup in containment? (1.0)

ANSWER G.6
Ar-41
REFERENCE G.6

ANSWER G.5
PM 4.5, p. §
|

-Section G continued on next page-
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QUESTION G.7

TRUE or FALSE: When washing contaminated skin, it is important
to use hot water to open and clean out potentially contaminated
pores. (0.5)

ANSWER G.7

False

REFERENCE G.7

PM 4.4,4,10, p. 4

QUESTION G.8

Operation of the Blanket Test Facility (BTF) will cause certain

radiation monitor detectors to read higher than normal. Which of

the radiation monitors are most affected by use of the BTF? (1.0)
ANSWER G.8

Secondary Water Monitors

REFERENCE G.8

PM 5.6.2, p. 1

QUESTION G.9

Explain the difference in extent of qualification for blue, red,
and yellow film badges. Which badged group(s) are permitted to
escort members of the general public through the Reactor Building? (1.5)

ANSWER G.9

Blue - beginning experimental work, must be supervised
Red - allowed to operate experiment by themselves
Yellow - sufficiently knowledgeable to escort public

REFERENCE G.9

PM 1,12, p. 1

-Section G continued on next page-
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QUESTION G.10

List three (3) independent measurements or indicators used to
monitor or detect heavy water leakage into the secondary coolant. (2.0)

ANSWER G, 10

1. The secondary water monitor is a gamma-sens:tive scintill?g1
detector. It cannot detect tritium but is sensitive to N'° and
F-17, also present in the heavy water when the reactor is
operating.

2. Daily sampling of the secondary water will allow detection of
very small leaks.

3. Because of the nature of the reflector system, any loss of 0,0
inventory will be reflected by a decrease in the C-0 level in
the dump tank.

REFERENCE G.10

Tech Specs, p. 3-30

QUESTION G.11

Why is the Thermal Column Hohlraum maintained under a carbon dioxide
purge? (1.0)

ANSWER G.11

To prevent activation of argon that would result if air entered the
facility.

REFERENCE G.11

RSM 2.2

-Section G continued on next page-
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QUESTION G.12

TRUE or FALSE: The purpose of the shield coolant system is to
remove the heat deposited in the lead thermal shields by neutron
radiation, (0.5)

ANSWER G.12

False (gamma)
REFERENCE G,12
RSM 3,13

-End of Section G-
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H. REACTOR THEORY FAGE <

QUEESTION H.O01 (3.00)

How much reactivity has been a3dded to a suwbecritical reactor if
the count rate has i1ncreased from 100 cps to 150 cps and 1f the
initi1al value of Kerf was .?57 Show a3ll calculations and assumptions.

QUESTION H.02 (3.00)

If heavy water were mixed with light water cooling the core!

g, Would the neutron lifetime increase» decreases or remain the same? (0.7)
b. Wowld the migration length increaser» decreaser or remain the same? (0.7)

c. What 1s the overall reactivity effect? Explain. (1.6)

QUESTION H.03 (3.00)

Explain the different modes of heat transfer by which the heat of fission
is removed from the fuel. Include major cemponents involved in the heat
removal process starting with the fuel and ending at the wltimate heat
sink., (3,0)

QUESTION H.04 (1.00)

Why are delayed neutrons important?

QUESTION H.095 (3.00)

Explain the effect of the temperature coefficient on reactivity if the
thermal power of the MITR II core increases. Include both light and heavy
water effects.

(xxxxx CATEGORY 