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REPORT DETAILS

Person Examined

SRO Candidate

Examiner
Walter J. Apley
Examination Review Meeting

At the conclusion of the written examination, W. J. Apley met with

T. H. Lim of the UC-Berkeley TRIGA MK III Reactor Staff to review the
written examination and answer key. Dr. Lim expressed initial concern
that some of the material provided had been out-of-date, but did not find
a problem with any of the questions on the written exam.

Exit Meeting

At the conclusion of the site visit, W. J. Apley again met with T. H. Lim
to discuss the results of the examinations. The candidate was noted as a
"Clear Pass" on the oral portion of the exam. No generic training or
facility weaknesses were noted. The facility did not have any
information relative to when the next licensing candidate might be put

up.
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Use separate paper for the answers. Staple question sheet on top of the answer
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H.1

H.2

H.3

H.4

REACTOR THEORY (25)

Numerically estimate the reactivity chance in % delta K/K
which would occur in the TRIGA reactor core, if the water
temperature is maintained constant and the fuel temperature
is raised 50°C.

1. + .4% delta K/K
2. + .1% delta K/K
- R 0% delta K/K
4, - .1% delta K/K
5. - .4% delta K/K

Explain the physical phenomena responsible for why chanaes
in fuel temperature affect reactivity.

If the fuel temperature were held constant and the water
temperature raised 50“C, would the reactivity chanage be the
same or different than that of part “a" ? Explain your
answer, includina the physical phenomena responsible for the
reactivity change due to the change in water temperature.
Consider the difference in the maonitude of the reactivity
changes and in the time responsiveness.

The TRIGA reactor is critical and then the reactivity is
increased by $1.00. What is the value of K-eff after the $1.00
addition ? L Ly

The fraction of neutrons (produced by thermal neutron fissionino
of U-225) that are delayed neutrons is a constant (Beta);
however, the value of Beta-eff varies dependino on the desian of
the reactor core. Explain the above statement.

If the nuclear reactor is on a stable 35 sec period with the
power level increasing, how lona will it take to increase the
power level 2 decades ? ~Show your calculation.

-Cateaory H Continued On Next Pice-

{1.0)

(2.0)

(2.0)

(1.5)

(2.0)

(2.0)




H.s

H.6

H.7

H.8

The TRIGA reactor is operating at a steady power lovel of 1 MW
when the pool liner is ruptured and the pool is emptiecd of water
in 5 minutes. Assuming that the reactor does not trip (scram),
explain what would happen to the reactivity of the core and to
the radiation levels adjacent to the pool.

The value of K-eff is 0.5 for the TRIGA reactor core and there

is a continuous neutron source which emits 100 neutrons/neutron
generation. What is the eouilibrium neutron population ? Show
any work or assumptions.

T:elgRIGA reactor is shut down by 5 % delta K/K with a countrate
0 ¢

a. How much positive reactivity would have to be added to
double the countrate ? Show your work.

b. How much negative reactivity would have to be inserted to
reduce the countrate by 1/2 7 Show your work.

S Hh! is there a difference in the values obtained for parts
a." and "b." ?

During a power calibration, the connections to the water coolina
system are closed. The reactor is operatino at 500 kW. If the
specific heat of the water/core system is 0.8 Btu/1bm-F, how
much of a temperature rise would be obtained in one hour 7 Show
your work and any assumptions.

-Cateaory H Continued On Next Pace-

(2.0)

(1.0)

(1.0)

(1.0)

(2.0)

(3.0)



H.9 The TRIGA reactor has been shut down for 4 weeks. It is then
brought immediately to a 1 MW powe - level and operated
continuously and steadily at that level for 50 hours. After 50
hours at 1 MW the reactor is tripped.

a. Sketch the reactivity efiect due to Xenon for a time period
of 100 hours (from the time the reactor was taken up to 1
MW). (1.5)

b. On the same araph, sketch the reactivity effect due to Xenon
if instead of 1 MW the reactor had been taken up to 500 kW. (1.5)

H.10 Choose the most correct statement from those aiven below. (1.5)

a. The unit of the "barn" is a measure for the macroscopic
neutron cross section.

b. The most probable eneray for each fission neutron is about
10 MeVv.

¢. The microscopic cross section for neutron interaction is a
function of the isotope of the material and the eneray of
the neutron.

d. The reaction rate between neutrons and a aiven material
follows a 1/neutron flux variation.

- End of Section H -




I. RADIOACTIVE MATERIALS HANDLING, DISPOSAL AND HAZARDS (15)

I.1  Fill in the tzble below; i.e., locations "a.", “b." and “c."
Choose from values given below the table. (1.5)

External Dose Limits (rem per calendar auarter) (based on 17CAC
30265 (a) and 10 CFR 20.101).

18 years
of aae & over

Whole body; head and trunk; active blood-formina

organs; lens of eyes; or aonads a.

Hands and forearms b. 1
|

Skin of whole body c. |
|

................................................................ i

18.75

1.25

7.5

0.75

0.0

1.2 Each proposed Radiation Use Authorization is assianed a Hazard
Guide Value (HGV). Explain how the HGV is calculated and
explain all quantities used in the calculation. (1.5)

H-3 is a beta emitter that is of importance in water reactors.
It has a half-Tife of 12.3 yr, a maximum beta eneray of 0.0186
MeV and a range in a unit density material of 0.00052 cm,

a. How much (what fraction) of a H-3 beta source has decayed in
206 years ? (1.0)

b. If C-14 has a half-life of 5730 yr and a maximum beta eneray
of .156 Me', will the range of betas from C-14 in a unit
density material be areater than, less than, or eaual to the
range o betas from H-3 ? (1.0)

~Cateogory I Continued On Next Page-




1.4

105

1.6

A container holds some H-3 such that the contained activity is
0.9 mCi. TRUE or FALSE: If this container holds a cryogenic
material and the H=3 1s present as an impurity, then any person
who uses the cryooenic material is exempt from the requlations
of the "Radiation Safety Manual, University of Califernia,

Berkeley." (1.0)
List all the statements from those below that are correct: (2.0)

(a.) The most prominent naturally occurring source of radiation
is the sun.

(b.) The earth itself is a source of radiation because of
radioactive materials deposited in its crust.

(c.) The average exposure per year per person to radiation from
natural sources is in the ranae of .1 to 1 mrem,

(d.) The most widespread source (in the U'.S.) of man-made
radiation is the use of X-rays for medical diaanosis and
therapy.
(e.) The average exposure per chest X-ray is in the range of 5
to 50 mrem.
For the Berkeiey TRIGA Reactor facility, define the followina
two terms, including all numerical specifications:
a. Radiation Area (1.0)

b. High Radiation Area. (1.0)

-Cateagory 1 Continued On Mext Pace-




1.7

1.8

109

If 1 cm of lead will reduce the gamma-radiation level from 100

mrad/hr to 50 mrad/hr, how many centimeters will be reauired to

reduce a gamma-radiation Tevel from

a. 400 mrad/hr to 50 mrad/hr ? (1.0)

b. 50 mrad/hr to 25 mrad/hr ? (1.0)

a. Which decay mode listed below is closest to *hat of Ar-41 ?

1. Y172 = 3.81 hr / beta minus decay / no aamma

2. ty1/7 = 1.83 hr / beta minus decay / 1-2 Mev gamma
3. ty;2 = 7.35 sec / beta plus decay / 6-8 Mev aamma (0.5)
b. Which decay mode listed below is closest to that of N-16 ?
1. tj/2 = 1.83 hrs / alpha decay / no camma
2. t1/2 = 35.7 sec / beta minus decay / 1-2 Mev aamma
3. ty72 = 7.35 sec / beta minus decay / 6-R Mev camma (0.5)
Match the quality factor (letter) with the various radiation
Types (number.
a. Gamma rays
b. Beta particles
c. Alpha particles
d. Neutrons
PO
2. 10
3. 20 (2.0)

- End of Section I -




SPECIFIC OPERATING CHARACTERISTICS (20 POINTS)

What will actuate the emeraency power supply ?

b. What will happen on an emeraency power supply actuation if
the natural gas engine does not start with‘n 20 seconds.
Include any required operator action.

Describe how, when there is an emeraency closure of the valves
Tn the room ventilation system, the neutronics laboratory will
be maintained at a pressure slightly below atmospheric and that
any air exhausted from the room will be scrubbed and filtered.

Where does water from the personnel decentamination area (NE-10)
drain to ?

The pool volume is approximately how many cubic feet ?

a. 500 ft3
b. 1000 ft3
c. 5000 ft3
d. 50,000 ft3,

J.5 TRUE or FALSE: The Vertical Thermal Column is located below the
Horizontal Thermal Column. e (1.0)

J.6  TRUE or FALSE: The high speed pneumatic transfer system can be
used when the reactor is in the center of the pool or at either
end. i (1.0)

J.7 Describe the design feature which minimizes the dose rate at the
pool surface resulting from the nitrogen-16 formed in the
coolant water as it passes through the core.

| J.8 During square wave operation, what:

a. Prevents a Period SCRAM ?

b. Ensures that the linear power SCRAM is set at 1.1 MW ?

-Category J Continued On Next Pzae-




J.9 What prevents movement of the reactor by the bridae drive while
the reactor is operatina ? (1.0)

J.10 What automatic action will occur if the pool water level drops
beTow the top arid ? (1.5)

J.11 List the four (4) functions of the pool water cooline and
purification system. (2.0)

J.12 TRUE or FALSE: Water flowing throuch the demineralizer must
first pass through the shield cooling system. (1.0)

J.13 The following six (6) components are all located in whi-h one of
the listed regions (letter) ? (1) the watertiaht rotary
specimen rack assembly, which surrounds the core / (2) the
specimen removal tube / (3) the tube and shaft assembly / (4)
the drive and indicator assembly on the reactor bridge / (5)
the buoyancy chambers for vertical movement of the rotary
specimen rack / (6) the specimen liftina assembly.

a. Horizontal thermal column

b. Vertical thermal column

c. Isotope production facility

d. Beam port facility (1.0)

J.14 Plot power and fuel temperature versus time for a $3.00 pulse.
Kssume that the pulse peaks at 2000 MW, peak fuel temperature is
450 degrees C, and the pulse width (as defined in the UC
Berkeley SAR) is 20 milli-seconds. (2.0)

J.15 The maximum fuel temperature experienced by the TRIGA fuel
followina a Loss of Coolant accident has been conservatively
estimated in the SAR as:

a. 200 to 300 dearees C

b . 550 to 700 degrees C

¢ . 900 to 1050 degrees C

d. 1250 to 1400 dearees C (1.0)

-End of Cateqory J-




K.0

K.3

K.4

K.s

K.

10

FUEL HANDLING AND CORE PARAMETERS (25 POINTS)

What desian feature prevents a rod from droppina out of the
botiom of the core ?

Describe the location of the fuel element thermocouples,
incTuding why they are sited where they are.

TRUE or FALSE: A1l control rods have a stroke of 15 inches.

Match the control rod worth (letter) with the appropriate value
TNumber) listed below.

a. Net change in reactivity caused by the withdrawal of a
safety rod.

b. Net worth of each of the shim and requlatina rods,

c. Net change in reactivity that can be caused by the
operational withdrawal of the transient rod.

1.6% delta K/K
2. 2.1% delta K/K
3. 2.7% delta k/K

TRUE or FALSE: In the Transient Rod Drive System, the piston
that strikes the anvil at the upper limit stop is the same one
that strikes the bottom limit.

TRUE or FALSE: During pulsing mode operation only the transient
rod can be moved.

-Category K Continued On Next Page-

(1.0)

(1.5)

(0.5)

(1.5)

(1.0)

(1.0)




K.7

K.a

K.9

K.10

K.11

K.12

11

Draw a top view of the reactor core grid array showina location
of the:

a. Source

b. Core orientation relative to the exposure room

c. Three control rods

d. Transient rod

e. Pneumatic transfer system (rabbit) in-core terminus

How does the fuel element worth (compared to water) chanae as
you move from core ring G to F to E to D toC to B ?

In the event of a fuel element failure, which of the isotopes
listed below will escape to the control Toom ? Note: More than
one answer may be correct.

a. Bromine
b. lodine
c. Xenon
d. Krypton

During fuel handling, by what amount must the reactor he
subcritical ? o

a. 0.50% delta K/K
b. 0.70% delta K/K
c. 1.00% delta K/K
d. 2.46% delta K/K

TRUE or FALSE: Pool water level can be lowered to 10 to 20
Tncﬁ:s from maximum to facilitate fuel and control rod
handling.

When moving a fuel element, what is the minimum water level that
should be maintained over the element to provide adequate
shielding ?

a. 1 to 2 feet
b. 3 to 4 feet
c. 5 to 6 feet
d. 8 to 9 feet

-Category K Continued On Next Pace-

(2.5)

(1.0)

(1.0)

(1.0)

(1.0)

(1.0)
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K.13

K.'4

K.15

HWandTing Equipment section OF the Operations Manua)l ?

12

Which of the following are not precautions listed i1 the Reactor

a. Never force the handle into or out of a lockina position,
If it does not rotate easily, push or pull the handle
slightly, then try acain.

b. When insertina or removing elements, be certain the handle
is locked.

C. When an element is engaged in the grapple mechanism, the
handle end of the tool should never be laid on the floor or
on the tank covers.

d. When an element is encaged in the arapple mechanism, never
coil the control cable in a circle of a diameter oreater
than about two (2) feet. (1.C)

Fuel elements which have bowing in excess of ? 1inch and
longitudinal growth in excess of ? inch should be removed
from the core prior to conductina any further pulsing

operations.

a. .620, .010

b. .100, .062

c. .062, .100

d. .010, .620 (1.0)

When inspecting a fuel element, which is done first; the "bow

test” or the "length measurement 7 (0.5)
Describe how a control rod calibration {s performed. (2.5)

According to the TRIGA Mk 111 Technical Specifications, fuel
elements beina stored shall always be arranged in a oeometrical
array where the K-effective is less than ? for all
conditions of moderation.

a. .%
b. .93
¢c. .08
d. .80 (1.0)

-Category K Continued On Next Page-
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K.18

K.lg

K.20

K.21

13

Which of the following rods may incorporate a fueled follower ?
Wore *han one response may be correct. If so, list all that
are. oy

a. Shim Rod

b. Safety Control Rod

¢. Regulating Control Rod
d. Transient Control Rod

TRUE or FALSE: Fuel clement bowing that results in touchino
WiTl directly lead to a rapid fuel element failure.

According to Technical Specifications, the reactivity worth of
any sinale experiment shall be less than ? dollars. Fill in
the blank. S—

a. According to Technical Specifications, what is the fue)
element thermicouple temperature 1imiting safety system
setting ?

1. 500 dearees F
2. 900 degrees F
3. 930 degrees F
4. 1000 dearees F

b. In which ring(s) should the thermocouple be placed ?

—
>

2. BorcC
3. DortE
4, Forb
5. Any

-End of Cateaory K-
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(1.0)
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(1.0)

(1.0)




L.

L.l

L.2

14

ADMIMSTRATIVE PROCEDURES, CONDITIONS AND LIMITATIONS (15)

List all those statements below which are correct for the
Berkeley TRIGA Reactor facility.

(a.) NRC and State regulations require that all persons workine
in or frequenting a radiation area shall be informed of
the presence of radiocactivity.

(b.) Authorized Users working under the jurisdiction of a NRC
license shall inform all female workers and/or students of
the contents of NRC Reaulatory Guide 8.13, Instructions
Concerning Prenatal Radiation Exposure.

(c.) High Radiation Areas shall be properly and conspicuously
posted; Radiation Areas and areas with even less potential
dose levels need not be posted.

(d.) Current Radiation Use Authorizations shall be posted in
the laboratories covered by the Authorization.

List those statements which are correct for the Berkeley TRIGA
Reacto~ facility.

(a.) A1) shipments of radioactive materials must have the prior
approval of the Office of EHAS.

(b.) Packagina, monitoring and labeling of radioactive
materials for shipment is the sole and direct
responsibility of the Authorized User.

(c.) No radiocactive material may be transferred from one
person, department or project to another within the campus
Jurisdiction without the approval of the Radiation Safety
Officer.

(d.) Approval must be obtained in advance from the Office of

EH&S for special handling of shipments containing
perishable or short half-1ife materials.

-Category L Continued On Next Paae-

(2.0)

(2.0)



15

You are the reactor operator when a spill of radinactive
material occurs. The accident could be classified as a major
radiation incident or as a minor radiation incident. This
accident could occur durina normal working hours or durina
off-normal working hours.

a. Explain major radiation incidents and minor radiation

incidents.

What notification actions should you take ?

From the followina statements, choose the one statement that is
the most correct.

(a.) A1) experiments that are to be conducted with the use of
the reactor are classified into five experimental classes
(A,B,C,D and E).

[f an experimenter plans to take any part of his
experiment which has been activated as part of or
incidental to the experiment out of the Reactor Facility,
he need only have the approval of the reactor operator..

Experiments in Class A shall be subject to the restriction
of no reactivity change larger than 0.7 % delta K/K.

A1l experiments that reauire the use of the exposure room
must be classified as Class C or a more severe class.

Explain the difference between the A-List of personnel and the
B-L7st with respect to entry to the reactor,

List the two (2) personnel reauired to be present at the
beginning of a Class B experiment

List the three (3) personnel reaquired to be present at the
beainning of a Class C experiment,

-Category L Continued On Next Paoe-




L.B

L.9

L.10

16

When the TRIGA reactor is operatina, explain the
responsibilities of the .
a. Senior-Operator-in-Charge (0.5)

b. Reactor Operator. (0.5)

List the letter designations of all those statements afven below

That are correct statements. (2.0)

(a.) A copy of GA6600 - TRIGA Mk 11l Instrumentation Manual is
kept at the reactor console.

(b.) A1l unexplained reactor trips (scrams) must be reported to
the Reactor Supervisor and his approval obtained before
the reactor may be restarted,

(c.) The excess reactivity of the reactor will be measured and
recorded in the Reactor-Operations Loa Book after any
change that is calculated to affect the reactivity of the
core by more than 7 % delta K/\.

(d.) At least two persons will be present whenever any
maintenance work is beina performed on the reactor.

In the event of a fire in the reactor room which is detected

while you are at the control console, 1ist your required

actions. Consider the possibility that the fire cannot be

controlled by the operating staff, (2.0)

- End of Section L -

~End of Exam-



EQUATION SHEET
m“al'.z
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KE = Wz PE = mgh PEI*KEI*PIVI . PEz"KEz’PzVZ where V = specific
¥ volume
P = Pressure

B S -

delta K = (K"'-I)IK.'f c“l"'“effl’ = Cﬂz‘l-K"fZ:

M= (1-Kggpy) SOM = (1-Kggg) x 100% CR = Source Count
M AR . AR, ..~ AN
decay constant = 1n (2) = 0.693 A = A e-(decay constant)x(t)
.................... R L e R e
Water Parameters Miscellaneous Conversions

1 gallon = 8.345 1bs 1 Curie = 3.7 x 1010 aps

1 gallon = 3,78 liters 1 ka = 2.21 bs

1 ft2 = 7.48 gallons 1 hp = 2,54 x 10° Btu/hr

Density = 62.4 1bm/ft> 1 M= 3.41 x 10% Btu/nr

Density = 1 gn/cna 1 inch = 2.54 centimeters

Heat of Vaporization = 970 Btu/1bm Dearees F = (1.8) x (Dearees C) + 32
Heat of Fusion = 144 Btu/lbm 1 Btu = 778 ft-1bf

1 Atm = 14.7 psia = 29.9 in Ha a = 32.174 ft-1bm/1bf-sec?
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in % delta KX
s 1f the water
uel temperature
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2. delta

3. 0% delta K/X
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6+ ~ 8% delta K/X

w the physical phenomena responsible for why chanaes
temperature affect reactivity.

If the fue! temperature were held constant and the water

temperature rafsed 50°C, the reactivity change be the

same or @ifferent than part "a" 7 Explain your

answer, fncluding the physical phenomena responsible for the

reactivity change due to the chanae in water temperature,

Consider the difference in the magnitude of the reactivity

changes and in the time responsiveness.
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i H.5 The TRIGA reactor 1s operating at a steady power level of 1 w
when the pool! Tiner s ruptured and the pool 1s emptied of water

4 " in 5 minutes. Assuming that the reactor does not trip (scram) .

8 9 explain what would happen to the reactivity of the core and to

2L
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rediation loevels adjacent to the pool.
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he value of K-eff 15 0.5 for the TRIGA reactor core and there

$ 8 Continuous neutron source which emits 100 neutrons/ weuth ...
Stvaralion.  What 15 the eouilibrium neutron population 7 Show
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©.  #H.B  During a power calibration, the connections to the water coolinc

o i system are closed. The reactor s operatino at 500 &kW. If the

specific heat of the water/core system is 0.8 Btu/lbm-°F, how

much of a temperature rise would be obtained in one hour 7~ Show

your work and any assumptions. (3.0)
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effect due to Xenon for a time period
time the reactor was taken up to 1
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reactivity effect due to Xenon
had been taken up to 500 kW. (1.5)
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” &ou ginn u‘lu. (1.5)
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l'lenl't m‘c mm for*fission neutron. is about 10

- ,ﬁv

‘M .kmcuic cﬁa section for meutron interaction is a

function of the isotope of the material and the eneray of
the neutron. R,

The n.ctiui rate bem neutrons and a aiven material
follows a2 1/nevtron flux variation.
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in the ‘lﬁh‘ﬂm e, hclt‘lom "."
from !‘lllilllilliiilon‘th! table.

'b. and “c."

calendar guarter) (based on 17CAC

- 30265 (a) andt 10 CFR 20.101).

i Ve P ST e 18 years
B i - of aoe & over

‘Whole hly; ‘head end trun); active blood-forminag
organs; lens of eyes; or gonads

(1.5)
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Each ' v’tlll'latt'll Iu ization is assw 2 Hazard
Guide Value (HGY). Explain how the HGV is calculated arn
explain all guantities in the calculation. ; (1.5)

Hazard Guide Value: A method used by the Office of EHA&S to
determine the relative hazard of a given experiment. The Hazard
Guide Value is calculated by the formula, HGV = QTU where Q is
the quantity in uCi, T is the toxicity factor of the radioisotope
and U is the experimental use factor.

€a): Rad Capty Mavual | p.53-S¥
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b oowdia (79) v Yve penamdins
Trxaky = MPC e adn o aodiovuclide
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o  tasdiount amd Jachitios.




2 N & 3 - ,l f\o

= wmmu« importance in mrmchrs.

3 h hs a hal f-1ife of 12.3 yr, a maximum beta of 0.0186

~ MeV and a range il a unit ‘density material of 0. cm.

;;i'. How mm mm -f S A3 dite source m decayed in
‘ _,m m i .

». .-’Ilfut-;ll hs l ﬂlfo!!ﬁ of 8730 yr and a maximum beta energy
of .156 MeV¥, will the range of betas from C-14 in a unit
density material be areater than, less than, or eoual to the
range of betas from H-3 ?
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(b.) The earth !um is n m cf radiation because of
: MN materials m«n in its crust,

{c.) The m exposure !l" year per persor to radiation from
natural sources is fn the cange of .1 to 1 mrem.

(d.) The most widespread source {in the U.S.) of man-made
radiation is the use of X-rays for medical diagnosis and

(2.0’
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therapy.
(e.) The average exposure per chest X-ray is in the ranae ot 5
to 50 mrem.
4. Trw 2
b. Truae
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area, accessible to individuals, in which there

an individua! could receive in
: to the whoie body in excess of 5 millirem,
or in any 5 consecutive days @ dose in excess of 100 millirem.
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m Cluy .ode listed below 1s closest to mt?f Ar-41 ?

3. %, = 7.35 sec / beta plus decay / 6-8 Mev aamma
b. Which decay mode listed below is closest to that of N-16 ?
l. tl/z = 1.‘3 "’ I

2.
3

a.

b.

by :0p 1y p.5
M‘-urouﬂ
AR '.7'5

‘1!2 3.81 hr / beta minus decay / no gamma

Y172 = 1.83 hr / beta minus decay / 1-2 Mev gamma

Y172 = 35.7 sec / beta minus decay / 1-2 Mev camma
Y172 = 7.35 sec / beta minus decay / 6-8 Mev oamma

it 3

*s

Heottt.

alpha decay / no camma
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f;a# J.2 Describe how, when there 1s an emergency closure of the valves

S s A

Lo - 4 .,
6 TSN
e

N
i
.

Tn the room ventilation system, the neutronics laboratory will
be maintained at a pressure sliahtly below atmospheric and that
any air exhausted from the room will be scrubbed and filtered. (2.5)

Upon emergency closure of the butterfly

valves in the room ventilation system, the valves in the

scrubber by-pass system are positioned 30 that

room air is drawn through a separate absolute filter and thence

through an activated charcoal scrubber for absorption of radio-

active iodine and other absarbable species. The charcoal scrubbe:

operates at room temperature, and is located at the south-west '

corner of the neutronics laboratory. In this way, the glove box

ventilation system automatically becomes an emergency purge

System which insures that the neutronics laboratory is maintained

At a pressure slightly below atmospheric and that all air

exl{austed from the room is scrubbed and tiltered./
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¥ " ting from the nitrogen-16 formed in the
coolant water as it passes th

g

:'- é : Although the
tripoport ‘ﬁ.lltor the .16 through the column of water above thw
core provides a large a.ttonuut.ton factor for Rls decay, a water
Jet diffuser has been added to provide additional decay time,

The diffuser system Pump is mounted on the reactor bridge above ‘
the pool. An aluminum suction Pipe picks up pool water and
discharges it in a stream angled downward just above the top

©f the core shroud. The turb‘ulcnee thus imparted to the water

convection. currents leaving the core shroud breaks up gas bubbles|

16
and increases the distance that the N must travel to reach

the _surface of the pool water, This action significantly reduces
»
the radiation intensity at the top of the reactor pool.
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AL N TS
; iz q In this mode the period meter

and scram are disconnected and the range switch on the linear

power channel is set at the 1-Mw ievel, The linear power scram
-

is thus retained at 1.1 Mw. An interlock prevents initiation

of the square wave unless the range switch is on the 1-Mw

setting.
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the
Reduces Wuitty in the water by removing
nearly all particulate and soluble impurities.
m optical clarity of the water,

Provides a m of dissipating the heat generated

(2.0)







: , b“umndsmcmi

~ specimen removai tube / (3) the tube and shaft sssembly / (4)
ﬁﬂuﬂhﬂuﬁraﬂyutﬁmwmmlm
“the chambers for vertical movement of the rotary
net{-m the specimen 1ifting assembly.

( R4 a. MHorizontal mn “column
b. Vertical thermal column

it c. Isotope production facili
d. Beam port facility 5t

R: SAR, p.4-10

(1.0)

o W

gy

»

ey o <l



Do ‘*imvasdwe g

(2.0)

|
]
‘I
i
L ]
- "
s
o=
'—?‘
-1
:
1
EE
I f““
13t
A
FLES
354
o]
]
s
2

)
o
|
- -y
rpt
L1
FE
e
"”J’
e
-
e
e
-+
1 vy H
Hotod

1

\

"

4
8 B R
‘:.‘
$:9
iy
2%
11t
L
i
l l LR ]
Time from Pesk Power. milliseconds

]
I
:
’
T
3
T
-

$3.00 pulse.

4

rv.mpqnun"-

ol
' a
» peak fuel temperature is

S% ad 59

defined in the UC

- R4 B4 b fe e
\ - - e e U ﬂd&.olA
‘Ylv‘ -v .““..' 'Mhﬂ- :«WMWMP w W !T'
> NS - . '.OF —JJ .
b TR TR LB R e
. e b o LERTETT I
- * meplige s s on o e S50

'

o -

aftn pawen  deercane

1se width (as

se peaks at 2000 Mw

'l-uium versus time for

N

100
15
. 5
3 -
lo0

-
w
5 m ~ e - - .lo'.. » v.c...lvh._-.. . -
£ | . e H.H. nF i
. i e a8 . Py B vy et o .
bl - o RN v :
ek W : ! L vH. ..’ou- S bire ” A
- J . e Ll B R N
Pl Lol . - il . POL e -y
g ““ _ . : e b - 1 ' 2
’ ! o oo e e I I - <
; ¥ a - “ , o Bt P .:..t.m nmu.b vel & 1
; . " - . Pl b = Bl et -- N3
3ig . B e - e e L
“ . - - -, P s i 1 ¥ Y . L
F Lot ﬁcn S 1 B =T e ﬂ : .‘J. ;
bF X =9 B8 I A e e gt Bl e ou T 5 T~
4L o B e Bt B S —ﬁ—ulrs degheonel e 3
s T o g L3RR TR (e
’ ot | al > Sedlhandbin )4 ES T B ) i
% . ¥ B X 51 :w -t IIVEE 0 L8 SRpas
e bl e b — - um ] L 9 G
“ - - o s hed - (/L1 1 000 70 # Fwn. e ¥
. -




=Lk
7 RN B

wa

“.0’

O s ' 3




(1.0) e

% BAREAT



K.2

Describe the location of the fuel element thermocouples,
incTuding why they are sited where they are.

(1.5)



K.3 TRUE or FALSE: A1l control rods have a stroke of 15 inches. (0.5)

Traue

®] sae,p 3




K.4 Match the control rod worth (letter) with the appropriate value
TNumber) listed below. (1.5)

a. Net chance in reactivity caused by the withdrawal of a
safety rod.

b. Net worth of each of the shim and reaulatina rods. |

c. Net chanae in reactivity that can be caused by the
operational withdrawal of the transient rod.

1. 1.8% delta K/K
2. 2.1% delta K/K
3. 2.7% delta K/K
a $3
b, Ll
c v




K.5 TRUE or FALSE: In the Transient Rod Drive System, the piston

that strikes the anvil at the upper limit stop is the same one
that strikes the bottom limit. (1.0}

F‘h&-‘ﬁ\bmw

Q‘s: SAR , p. 3-17



K.6 TRUE or FALSE: During pulsing mode operation only the transient '

rod can be moved. (1.0)

Trua

Rey: 5AR, p.3-2%




K.7 raw a top view of the reactor core arid array showing location

9
of the:

a. Source

b. Core orientation relctive to the exposure room
c. Three control rods

d

e

. Transient rod
. Pneumatic transfer system (r>bbit) in-core terminus (2.5)

5 gt Sl Y
=% G058 Q9650
OOO Q) QO e’

X )\ e
@O O OO S

SOOI
=0 %3 Yo Sle)=

Standard Fuyel
R o’ N
Pneumatic Ty '
ansfer Graphite Dumm
System (Rabbit) Element ’
In-core Terminus

Exposure Room @ Control Rod
' ient Ro

: SAR . Fo. 3.12
dha ’ b!isigd
P32 427



K-8 How does the fuel element worth (compared to water) chanae as
you move from core ring G to F toE toD toC to B ? (1.0)

( W nersants

m.' UL’KL - lb’ Pcs
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K.9 In the event of a tuel element failure, which of the isotopes
listed below will escape to the control room ? Note: More than
one answer may be correct.

a. Bromine

b. lodine

c. Xenon

d. Krypton (1.0)

C avd 4

Ry: AR p. 7-33




K.10 During fuel handlina, by what amo.nt must the reactor be
subcritical ? ;i

a. 0.50% delta K/X
b. 0.70% delta K/K
c. 1.00% delta K/K
d. 3.46% delta K/K (1.0)




K.11 TRUE or FALSE: Pool water level can be lowered tu 10 to 20
inches from maximum to facilitate fuel and control rod
handling. (1.0)

TM.-

Ref: NERL-1L, p.3




K.12 When moving a fuel element, what is the minimum watsr level that
should be maintained over thi element to provide adeouate
shielding ?

a. 1 to 2 feet

b. 3 to 4 feet
c. 5 to 6 feet
8 to 9 feet (1.0)

(r d.

c.

ﬂﬂl: NERL"“., 'Y




K.13 Which of the following are not precautions listed in the Reactor
HandTino Eauipment section OF the Operations Manual ?

2. Never force the handle into or out of a locking position.
If it does not rotate easily, push or pull the handle
slightly, then try again.

b. When irserting or removing elements, be certain the handle
is locked.

€. When an element is engaged in the orapple mechanism, the
handie end of the tool should never be 1aid on the floor or
on the tank covers,

d. when an element is engaged in the arapple mechanism, never
ccii the control cable in a circle of a diameter oreater
than about two (2) feet.

ds & M&,ﬂ,@m/&taﬂ.‘w&qm
Ry Resetin Homdling Equiy. frwc. | p. €-122

(1.0)



K.14 Fuel elements which have bowing in excess of ? inch and
Tongitudinal growth in excess of ? inch should be removed
from the core prior to conductina any further pulsina
operations.

.620, .010
.100, .062

.010. .620 (1.0)



K.15 When inspecting a fuel element, which is done first; the “bow
test" or the “length measurement 7. (0.5)

( Bow Teak

Ref: Fusl Uswmord Dusp. Toot Purscedunt, p- 6-5 5
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K.16 Describe how & control rod calibration is performed,

Take reactor critical with 3 rods, leaving the rod to be calibrated (x)
~in the down (o) position.

Remove_the neutron source.

~Adjust the reactor power to 1.5W and wait a minimum of 4 minutes for the
reactor to stabilize.

Insert enough reactivity with rod x to establish a stable period between
25 and 40 seconds (this corresponds to t-50 times of 10 to 16s).
By switching the Reactor Power control of the linear channel, obtain

at least 6 data points for the value of t-50. Do not include the first
reading.

Without moving rod x, return the reactor power to 1.5W and r;gg‘ at the
procedure from step 3 until the entire rod worth has been measured.

7. gg;m neutron source to core.

Note: t-50 is defined as the time for the reactor power to increase by
a factor of 1.5: P(t+t-50) = 1.5 P(t).

M: ﬂ".Sfom a7

baetr umdentimed  poad worth 4, emcgt T whiel o
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K.17 According to the TRIGA Mk III Technical Specifications, fus)
elements beina stored shall always be arranced in a ceometrica)
array where the K-effective is less than ? for all
conditions of moderation. -

a. .98
b. .93

c. .88
d. .80 (1.0)

4.

R TS, p.Te



K.18 Which of the following rods may incorporate a fueled follower ?
More than one response may be correct. If so, list all that
are, "

a. Shim Rod

b. Safety Control Rod

¢. Regulatina Control Rod

d. Transient Centrol Rod (1.0)

Q, b, C

T : N
Vied deto wet,

f: saAr, p. -3
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K.19 TRUE or FALSE: Fuel element bowina that results in touchina
will directly lead to a rapid fue! element failure.

Faloe

R‘.': T.S.’ ',,1.1/

(1.0)



K.20 According to Technical Specifications, the reactivity worth of
any sinale experiment shall be less than ? dollars. Fill in
the blank. (1.0)

#3.00

84'. TS. )P“;




v.21

a. Accordina to Technical ., ecifications, what is the fue)
element thermocouple temperature limiting safety system
setting ?

1. 500 degrees F
2. 900 dearees F
3. 930 dearees F
4. 1000 degrees F

b. In which ring(s) should the thermocouple be placed ?

>

1

2. BorcC
3. DortE
4. For G
5. Any

(1.0)

(1.0)



L.

L.1

ADMINSTRATIVE PROCEDURES, CONDITIONS AND LIMITATIONS (15)

List all those statements below which are correct for the
Berkeley TRIGA Reactor facility.

(a.) NRC and State regulations reouire that all persons working
in or frequentina a radiation area shall be informed of
the presence of radioactivity.

(b.) Authorized Users working under the jurisdiction of a NRC
license shall inform all female workers and/or students of
the contents of NRC Reaulatory Guide 8.13, Instructions
Concernina Prenatal Radiation Exposure.

(c.) High Radiation Areas shall be properly and conspicuously
posted; Radiation Areas and areas with even less potential
dose levels need not be posted.

(d.) Current Radiation Use Authorizations shall be posted in
the laboratories covered by the Authorization.

a. TM

(2.0)




L.2 List those statements which are correct for the Berkeley TRIGA
Reactor facility.

(a.)

(b.)

(c.)

(d.)

d.

A1l shipments of radioactive materials must have the prior
approval of the Office of EH&S.

Packaaina, monitorina and labelina of radiocactive
materials for shipment is the sole and direct
responsibility of the Authorized User.

No radioactive material may be transferred from one
person, department or project to another within the campus
Jurisdiction without the approval of the Radiation Safety
Officer.

Approval must be obtained in advance from the Office of
EH&S for special handlina of shipments containine
perishable or short half-1ife materials.

True

Ruf Rad Sajty Mavuat .35
Falae

Qef Rad Sopely Mumual | p35
T

Rf. Red Qapty Mamead | 35
Thu.

R.,"- Qod So{da Momual | p-30

(2.0)




You are the reactor operator when a spill of radicactive
material occurs. The accident could be classified as a major
radiation incident or as a minor radiation incident. This
accident could occur durina normal workina hours or durino
off-normal working hours.

a. Explain major radiation incidents and minor radiation
Tncidents. (1.0)

b. What notification actions should you take ? (1.0)

Major

Q. Incidents are those requiring notification of either State or Federal

requiatory agencies and are defined in the appropriate requlations.

Minor Incidents are those where the internal or .external exposure,

&es contamination, or other factors are such that the circumstances

should be documented. Classification will be made by the Radiation
Sefety Officer or his designee.

Aeuptabls omawes  olae weuld b “evemts oo
Unted v Rod. Saply Mamuwal , Sectime 5,

b, Major incidents are those which must be reported either to the State
Department of Health Services or the Nuclear Regulatory Commission. (6.5

Ry: Rod Sapty Mawwal, p¥z

foct. actual W5MPA.AMM Snall
o negoiled B Ahe opfin of EWS (05)
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L.4

From the followina statements, choose the one statement that is

the most correct.

(a.)

(b.)

(c.)

(d.)

b.

d.

A1l experiments that are to be conducted with the use of
the reactor are classified into five experimental classes
(A,B,C,D and E).

If an experimenter plans to take any part of his
experiment which has been activated as part of or

incidental 1o the experiment out of the Reactor Facility,

he muet have the aprroval of the reactor operator..
need on

Experiments in Class A shall be subject to the restriction
of no reactivity change laraer than 0.7 % delta K/K.

A1l experiments that require the use of the exposure room
must be classified as Class C or a more severe class.

0.5: Opeo Mw.-l,f.ﬂ

Falae - others masded (meludime
Rencln Heatll. Phuysiiint

dﬂh‘: (}"y Masmual | P20
Thse
<!ﬁ5: C)‘ul Marmunal y P2

Falas - (Rann B

&" O” MM, P'l"

(1.0)




L.5 Explain the difference between the A-List of personnel and the
- with respect to entry to the reactor. (1.0)

A List Personnel: Authorized unescorted entry during regular working
hours and afterhours - most of these personnel are

key holders. May authorize escorted access to the
‘ secunty arcas.

B List Personnel: :uthorizcd unescorted entry during regular working
ours.

&j= Ops Mamual , 5. §

(foct wotl .5)




L.6 List the two (2) personnel reauired to be presen* at the
beginning of a Class B experiment, (1.0)

I SRo  amd 2. bxpanivmamtan -

&“. %. MM, P.‘Z,"



L.7 List the three (3) personnel reaquired to be present at the
Beginning of a Class C experiment. (1.0)

. Reoacten W
2, W e -CM’F
3. Heatr. G\Wo:.l-

Q"’ %M,,.u.



L.B

When the TRIGA reactor is operatina, explain the
responsibilities of the

a. Senfor-Operator-in-Charge (0.5)
b. Reactor Operator. (0.5)



L.9 List the letter designations of all those statements aiven below
That are correct statements. (2.0)

(a.) A copy of GA6600 - TRIGA Mk III Instrumentation Manual is
kept at the reactor console.

(b.) A1l unexplained reactor trips (scrams) must be reported to
the Reactor Supervisor and his approval obtained before
( the reactor may be restarted.

{c.) The excess reactivity of tho reactor will be measured and
recorded in the Reactor-Operations Loo Book after any
change that is calculated to affect the reactivity of the
core by more than 7 % delta K/K.

(d.) At least two persons will be present whenever any
maintenance work is being performed on the reactor.

Qa, T rwe
(: ﬁht Ofo M amunl | 9.51
b, T

Re): O PMonuat | p.38

¢. Folm - 1%

d. Thaw

(_ “53’ C%po Mamual | p.30




L.10 In the event of a fire in the reactor room which is detected
while you are at the control console, 1ist your reouired
actions. Consider the possibility that the fire cannot be
controlled by the operatina staff. (2.0)



