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Day 1

Instructions

1. Complete 6 of the 8 questions.

2.  Place your identifying code letter on the top right corner of each page of
your question and answer sheets.

3. Use a separate page for each answer sheet (no front to back answers).

4. The question number should be shown on each answer sheet.

S. Staple your question sheet to your answer sheets and turn in.
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Refer to the following beta decay process:
n--—->p +p+v

The rest masses of neutron, proton, and B are 939.6, 938.3, and 0.511 MeV/c?,
respectively. Assume that the initial kinetic energy of the neutron is zero, and that the
V carries no energy, calculate the kinetic energies associated with p’ and B The
energy and momentum relationship for electron or positron is given by: (cp)? = E2 -
(myc?)?, where p is the momentum and c is the speed of light.
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The "liquid drop" model is used to derive an expression for the expected mass of a
nuclide with given numbers of protons (Z) and neutrons (N). Using this model, give

the semi-empirical mass equation in symbolic form as a function of A, Z, and N.

Briefly describe the basis for each term in the resulting equation.
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HP.I.3. A very thin (<10 um) !!5In foil was irradiated in a nuclear reactor for 2 hours, and
then taken out and measured with a GM counter for 1 hour.

Given:

1. The detection efficiency of the counter for measuring ''*™In decays is 5%,

2. The background count is negligible,

3. The total counts accumulated in 1 hour is 10,000,

4. The half life of ''*"In is 54 minutes, and

5. The averaged macroscopic absorption cross section of ''*In for thermal neutrons is
7.5cm™.

Estimate:

a. the initial (i.e. when the counter started counting) activity of the Hém[n and
b. the thermal neutron flux (in neutrons/cmz-sec) in the reactor during irradiation.

Note: Please carefully include the counting statistics in your calculation.
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HP.I.4 An 1-MeV photon fully deposits its energy in a HPGe detector connected to the
circuit shown in Fig. a below. Assume that the current output of the event from the
HPGe detector is uniformly distributed in a 50-ns period (see Fig. b below).

Given: Cs= 10 pF and R¢= 1.0 x 107 ohms.

Calculate the peak preamplifier output voltage, and sketch the time-dependent
preamplifier output.
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The energy resolution of a spectrometry detector is usually proportional to the
fractional deviation of the electric charge (i.e. 6o/Q) collected at the preamplier.
Discuss the major properties of a detector that affect 6o/Q for a proportional counter,
a Nal(Tl) scintillator, and a HPGe detector, respectively, and then assign the figure of
merit (FOM) of the energy resolution for each detector accordingly. (Note: you must
be as quantitative as possible)
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HP.L.6. On the basis of the semi-empirical mass equation, discuss the observation that odd A

nuclides have only one stable isobar, whereas even A nuclide can have more than one
stable isobar.
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HP.L7. Describe how Bonner-Sphere technique is used to measure a neutron spectrum.
(Note: you must include mathematical expression in your description)
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HP.I.8. Can a G-M counter be used as an accurate dosimeter in an unknown gamma field?
Why?
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Day 2

Instructions

Complete 6 of the 8 questions.

Place your identifying code letter on the top right corner of each page of
your question and answer sheets.

Use a separate page for each answer sheet (no front to back answers).

The question number should be shown on each answer sheet.

Staple your question sheet to your answer sheets and turn in.
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HP.I1.1. A particulate air sample is to be used in estimating Kr-88 concentrations in a PWR
containment building. The filter paper is counted for a 30-minute period to detect the
Rb-88 beta particles. The Kr-88 source input has been continuous and the Kr-88
concentration unchanged for 2 days. Assume that the collection of the Kr-88 on the
filter paper is negligible.

Kr-88 — Rb-88 + 3~

Kr-88 half-life = 2.84 hr

Rb-88 half-life = 17.7 minutes

Net counts in 30 minutes = 1.50 x 10° counts

Beta efficiency = 0.1 counts/disintegration

Transit time = 10 minutes (time from the air sampler being turned off to the start of
the count)

Air sample time = 30 minutes

Sample flow rate = 30 liters/min

Filter retention = 100%

a. What is the Rb-88 filter activity at the beginning of the counting interval (uCi)?
b. What is the Rb-88 activity concentration?

c. What is the Kr-88 activity concentration?
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HP.I1.2. In an essay, discuss the generation and biochemical effects of radiation-induced free
radicals.



- Health Physics Ph.VU. Qualitier EXam
Day 2 - Fall Qtr. 1995 - Page 5

HP.IL3. An immunology researcher is very anxious to know the radiation dose received by
tumor cells during "'I labeling process and a 4-day period post-labeling. Technical
details are as follows:

a. 37 KBq (1 uCi) ®'Iis added to 1 million cells suspended in 5 ml fluid in a test
tube, then incubated for 5 hours.

b. After incubation, cells are washed three times after which cells are counted.
Labeled fraction of '*'I on cells is determined to be 2.4 Kbq.

c. Entire lot of labeled cells are then suspended in a very small volume (0.1 ml) of
fluid which is drawn up into a syringe and injected as a “clump” into one
subcutaneous site on a mouse.

d. It is assumed that, once in-vivo, the cells stay relatively packed together and do
not disperse.

e. Mouse undergoes whole body counting immediately and at certain time intervals
post injection.

f.  As the cells die and breakdown, radioiodine is released and excreted very rapidly
via the urinary tract. 50% of iodine on injected cells is usually excreted within 24
hours. The clearance rate of radioiodine from the mouse is an index of cell death.

g The mouse is terminated 4 days after post injection.

h. ' has a half life of 8 days, and it emits 1 beta particle (with an average energy of
180 keV), and 0.8 gamma photon (with an energy of 364 keV) per disintegration.

1. The relevant data for electrons and gamma rays are available on Attachment
A.

Estimate:

1. The absorbed dose these cells would have received during the 5-hour labeling
process with 37 Kbq *'I, and

2. The absorbed dose to the labeled cells that survive the 4-day in-vivo period.
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Attachment A for Problem HP.I1.3. and HP.ILé6.
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HP.I1.4. A person stands on the ground within an infinite cloud of radioactive gas that emits a
1.0-MeV gamma ray at a concentration of 0.15 MBq/m The mass energy absorption
coefﬁment of the gamma ray in air is 0.0028 m /kg and the density of air is 1.29
kg/m Calculate the tissue dose rate to the person in Gy/hr.
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HP.IL.5. A linear accelerator (LINAC) bombards a tritium target with a 25-pA beam of 2.5-
MeV protons. This produces 1.2-MeV neutrons via the T (p,n) reaction.

Data

Production rate = 1.8 x 10° neutrons/proton
6.24x10" protons/amp-sec

Neutron removal cross section for concrete = 0.08 cm
Dose equivalent rate = 3.5 x 10" rem cm ~ neutron”

a. Calculate the neutron dose equivalent at a point 40 cm away from the target along
the beam centerline. State all assumptions.

b. An operator is located 4.0 meters from the target and is shielded by a 50-cm-thick
concrete wall. Compared to the dose equivalent rate calculated in 3.a above, the
dose equivalent rate at the operator's console will be reduced by what factor?

¢. Which of the following instruments would have good sensitivity to neutrons while
providing the best discrimination against gammas? Briefly explain your answer.
1. BF; proportional counter in a polyethylene moderator.
2. Geiger-Miiller (GM) tube at greater than 2 atmospheres in a polyethylene
moderator.
3. Silver-wrapped GM tube inserted in a polyethylene moderator.
4. Lil (Eu) scintillator inserted in a polyethylene moderator.

5. Cadmium-wrapped Lil(Eu) scintillator.

d. Which of the following statements best describes the neutron distribution as
viewed in the laboratory coordinate system? Why?

1. Isotropic fluence rate, but energy peaked in the forward direction.
Isotropic energy distribution, but fluence rate peaked in the forward direction.
Both energy and fluence rate peaked in the forward direction.

Energy and fluence rate are peaked at 90° to the incident proton beam.

»oh W

Fluence rate peaked at 90° to the incident proton beam, isotropic energy
distribution.
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HP.I1.6. Use the first principles to estimate the exposure rate (in roentgen/hr) at 30 cm from a
1-Ci point source of ®®Co. The relevant data are available in Attachment A & B.
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Attachment B for Problem HP.IL6.

6o

Co

\ B, 0.314 MeV

§ Y, 1.193 Mev

p il’, /332 Mel/
N: |

Cobatf-€o dxcag scheme

. A.‘r dwvl? mf [ ofw and Foom ?‘W/)eru’r»m
= (273X 50 Yew’

« roem‘gu = 2.58x 5" CaJ/k'} of ae

Wae = 33.8 el//'r,;u/a:w
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HP.IL7. A radionuclide with a half-life of 10 days is ingested by a radiation worker in
drinking water consumed at the daily rate of 2L. Of the ingested radionuclide, 30%
goes to organ A and 70% is directly excreted with negligible exposure to the GI tract.
Organ A has a weighting factor for stochastic effects of 0.12 and a biological turnover
for the radionuclide of 0.040 per day. The drinking water concentration is 1500 Bg/L
and the ALI is 3.6 MBgq.

1. Calculate the equilibrium activity in organ A, in MBgq.

2. Calculate the dose equivalent to organ A, in mSv/yr.
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HP.IL8. An annual plant seed germinates in the Spring. The plant matures in the Summer and

sets seed and dies in the Fall. In an essay, discuss the effects of ionizing radiation on
the various stages of the plant's life cycle.
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HP.IIL1. A farm with a 4-year-old child is located 1 km from a nuclear power reactor. The
child consumes 330 liters of fresh milk and 26 kilograms of fresh leafy vegetables per
year from the family cow and the family garden, respectively. Calculate the annual
release of I-131 (T1/2= 8.05 d) which will resultina 15 mrem/year thyroid dose.

Data:

The annual-average atmospheric dispersion faction (x/Q) is 4(10-6) sec/m3.

The deposition velocity is 0.01 m/s and the effective half-life for weathering loss is 14
days for both forage and vegetables.

The fraction of daily iodine cow intake via grass consumption transferred to milk is
6(10-3) days/liter. The family cow consumes 50 kg/day of grass from a field whose

yield is 0.75 kg/m2. The vegetable yield is 2 kg/m2. The retention factor for both is
1.0.

The child's breathing rate may be assumed to be 2700 m3/y and the child spends 50%
of the time on the farm.

The I-131 thyroid committed dose equivalent factors are for 5.43(10-3) mrem/pCi for
ingestion, 4.16(10‘3) mrem/pCi for inhalation. The whole body dose equivalent rate
from I-131 deposited onto the ground is 2.80(10-9) mrem/hr per pCi/m2.

Health Physics Ph.D. Qualifier Exam
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HP.IIL2. You are a health physicist at a nuclear utility operating a single pressurized water reactor.
The utility has assigned you the responsibilities of the Radiological Control Manager
(RCM) at the off-site Emergency Operations Facility (EOF) during a declared emergency
in which a radioactive release to the environment is possible.

Data
Letdown radiation monitor reading‘ 7.3 x 10" uCilem’
(primary reactor coolant system activity):
Blowdown radiation monitor reading‘ 2.4 pCi/em’
(secondary system activity):
Steam generator "A" radiation monitor reading: 42 mR/hr
lodine partitioning factor (liquid to gas) 0.015
Atmospheric relief valve flow rate: 1.4 x 10" cm’/sec
Containment Pressure: 5.0 psig and increasing
Wind Speed: 15 mph
Pasquill stability class: E
1-131 dose conversion factor: (77.2 rem/sec)/ uCi/cm’
1 mile = 1609.36 m
Steam Generator "A" Pasquill Class E
Blowdown Sample Atmospheric Dispersion
Isotopic Results Factors
Concentration Distance XWQ
Radionuclide uCi/cm’ (miles) (1/m?)
I-131 6.3x 10" 1 1.57x 107
Xe-133 9.1x 10" 2 2.69x 10’
Xe-135 9.3x 10" 5 1.56 x 10°
Cs-134 7.6x 10" 10 6.19x 10"
Cs-137 14x 10"

a. List the three fission product barriers that protect the public from a release of
radioactivity.

b. Based on the data provided, what is the status of the fission product barriers?

c. At this time, a release has not occurred, but you have been asked to provide an
assessment of off-site doses. Assuming the release would occur through the
atmospheric release valve, off the main steam line, what is the projected thyroid dose
rate 2.0 miles downwind from the facility?

d. A small town with a population of 2500 is located 2.7 miles downwind from the plant.
If an atmospheric relief value were opened for 15 minutes and then closed, what
Protective Action Recommendations would you make?

. 3
Readings are normally in the pCi/cm range.
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HP.II1.3. A 3-¢ milk sample is analyzed for I-131 (half-life 8.0 d) by radiochemical separation
and beta-particle counting. The following information is provided.

Gross count: 210 count
Counting time: 50 min
Interval since collection: 11.1d
Background count rate: 1.5 count/min
Counting efficiency of standard I-131: 37%

Iodine carries added (as Agl): 18.0 mg
lodine carrier recovered as Agl: 14.5 mg

a. Calculate the I-131 activity at sample collection, in pCi/L.

b. Propose and describe at least one alternative analytical procedure.
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HP.IIL.4.  a. Estimate the SEE (T«S)(specific effective energy) for Ce-141 if the source
and target organs are both the liver.

b. Calculate the annual limit on intake (ALI) and the derived air concentration
(DAC) for Ce-141. The route of entry is by inhalation and the material is
Class Y.

DATA

a. See attached tables.

b. mass of liver = 1,800 grams.
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Data Set for Problem HP.I11.4.

Fraction AF of Photon Energy Released in Source Organ and Absorbed in Target
Organ, Based on ICRP Publication 23.

Source = Target
PHOTON ENERGY (MeV)

SOURCE 0.010 0.015 0.020 0.030 0.050 0.100
Bladder® IBE-0F 631E-02 64SE—02 443E—01 202E—~02 LISE—02
Stomach® 4RE-02 114E-01 1ME-01 103E—01 492E—02 28E_02
Small intestine® 70E-01  68TE—01 S&2E—01 386E—-01 194E—01 1I8E—01

Upper large intestine®  7.59E—02 167E-01 180E—01 1.16E—-01 545E—02 3.18E—(2
Lower large intestine®  853E—02 181E-01 186E-01 112E-01 4.75E—02 282E-02

Kidneys 9.32E-01 1.78E-01 S579E-01 293E-01 1I2E-01 667E-(2
Liver 9.7SE-01 9.02E~-01 B06E-01 S40E—01 276E-01 1.66E—01
Lungs 8.16E-01 65TE~01 4.71E-01 230E-01 B898E—-02 SO4E—-02
Other tissue (muscie) 8.12E-01 8.19E~01 733E-01 5S54E—01 344E—01 245E—01
Ovaries 8.01E-01 489E—-01 270E-01 9SIE—02 296E-02 184E—-02
Pancreas 8.86E—-01 65TE-01 431E-01 191E-01 6.63E—02 393E—02
Bone surface® 9.90E —01 942E—01 B884E—01 7.48E—-01 431E—01 1.90E—0]
Red marrow? 1.41E-01 135E-01 126E-01 103E-01 6.1SE—-02 2T72E—02
Skin 5.80E-01 291E—01 158E-01 634E—02 228E-02 151E—02
Spleen 9.47TE-01 811E~01 625E—01 324E-01 126E—01 733E—02
Testes 9.02E-01 6.90E—01 456E—01 198E—01 657E~02 397E-(2
Thyroid 8.41E-01 5.74E-01 3SSE—01 145E—-01 4.4E—02 28E-02
Total body 9.93E-01 9.65E-01 923E—01 797E-01 5.68E—01 3.78E—01
PHOTON ENERGY (MceV)

SOURCE 0.200 0.500 1.000 1.500 2.000 4.000
Bladder* L.L11IE-02 LISE-02 1LOOE-02 934E—03 8.88E—-03 7.08E—03
Stomach* 267E-02 269E—02 248E-02 222E-02 212E-02 1.73E-02
Small intestine® 111E-01 LIIE-01 99SE—02 943E—02 B856E-02 7.16E~02

Upper large intestine*  3.07E—02 JO07E-02 291E-02 259E-02 247E-02 195E—Q2
Lower large intestine*  2.78E—02 28E-02 259E-02 243E-02 222E-02 1.73E-02

Kidneys 6.79E-02 7.16E—-02 642E-02 6.08E—02 S48E—02 4.63E—Q2
Liver 1.60E-~01 L6lIE-01 147E—-01 136E—01 1.25E-01 1.02E—01
Lungs 5.00E-02 S.00E—02 4SSE—02 432E-02 392E-02 3.08E—02
Other tissue (muscle)  2.42E-01 252E-01  241E-01 224E—01 210E-01 1.76E—01
Ovaries 205E-02 217E-02 200E—-02 1.89E-02 L1.75E-02 142E—-02
Pancreas 4.15E-02 440E-02 4.06E—02 382E-02 345E-02 276E—02
Bone surface® 135E-01 125E-01 117E-01 1.06E-01 9.86E-02 818E—02
Red marrow® 1.94E—-02 L79E-02 167E-02 152E-02 141E-02 L17E—02
Skin 1.71E-02 1L96E—02 196E-02 181E-02 1.70E-02 135E-@
Spleen . 152E-2 781E-02 7.13E-02 656E-02 6.18E—02 4.75E-02
Testes 4.34E-02 456E—02 430E—02 386E—02 3.64E—02 284E—-(2
Thyroid 3.4E-02 325E—02 3.02E~02 284E-02 2STE—02 206E-02
Total body 3.46E-01 347E-01 330E-01 308E-01 291E-01 243E-0)

{Continued)



Decay Characteristics of Selected Radionuclides

1274 d
ctive Daughter Half Life
3 (100.0%) 40.27 h
‘al Bets Particles
- (%) Eav; (keV) Enax (keV)
4.60 136.5 453.9
9.82 176.6 567.4
3.80 305.6 872.4
8.86 3396 991.2
2.92 356.9 1005.0
'decay 276.3
»al Conversion and Auger Electrons
. (%) E (keV)
0.82 12.7
2.57 138
-3.82 23.7
5.62 24.1
245 24.5
2.80 28.8
3.45 30.0
1.48 123.7
/decay 365 *

pal Gamma and X Rays
1 (%) E (keV)

1.22 13.9
13.78 30.0
1.01 334
6.27 162.6
430 304.9
3.15 4237
1.93 437.6
24.39 537.3
/decay 182.7
40.272 h

pal Beta Particles

3. (%) Eavg (keV)  Epax (keV)
11.12 4408 1238.2
5.71 443.2 12439
5.61 465.0 1295.7
44.87 487.1 1347.7
5.1 5144 1411.8
20.83 629.2 1676.5
4.81 845.8 2163.5

'/decay 525.8

Moh (continued)

Principal Coaversion aad Auger Electrons

keV/decay 933 *

Principal Gamma and X Rays
Freq. (%) E (keV)

1.05 34.7
20.74 3288
299 4325
45.04 487.0
441 751.8
23.64 815.8
5.58 867.8
2.68 919.6
7.05 925.2
95.40 1596.5
3.43 2521.7

keV/decay 2315.9

14lce 32.50 d
rincipal Beta Particles
Freq. (%) Eavg (keV) Enax (keV)
7020 130.0 435.9
29.80 181.1 581.3
keV/decay 145.2

Principal Conversion and Auger Electrons

Freq. (%) E (keV)

18.71 103.5
2.35 138.6
keV/decay 255 *

Principal Gamma and X Rays
Freq. (%) E (keV)

486 35.6
8.87 36.0
1.76 40.7
48.20 145.4
keV /decay 76.5

Healt
Day T
AppendixB Page
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Appendix B Decay Characteric
14
Ce 284.3 d
Radioactive Daughter
144p, (98.6%) :17‘
P:;ndpd Beta Particles
req. (%) E
4.60 65.3
75.82 90.2
keV/decay 81.1

Principal Coaversion and Auger
Freq-a (%) E (kev) Bl
48

38.1
5.33 915
keV/decay 11 e

Principal Gamma and X Ra
Freq. (%)  E (kev) ”
2.96

. 35.6

5.40 36.0

1.07 40.7

1.64 80.1

10.80 1335
keV/decay 20.7 ¢

14

Pr 17.28 min

Principal Beta Particles

Freq. (%) Eavg (keV
1.08 5o | E'}",
L7 894.7 230
97.74 12217 299
keV/decay 12075

Principal Coaversion and A
kev/dec.y 0.056 ."83 Electr(

Principal Gamma and X Ra
ys
Freq. (%)  E (kev)
148 696.5
keV/decay 319 ¢
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) £~ Ypr(stable)

SPECIPIC EPFECTIVE ENERGY (MeV PER GRAM PER TRANSFORNATION) OV CE-141

TARGETS
LUNGS
LONGS 1.8E-04
ULY WALL 6.0E-08
LLY ®WALL 2.0B-08
LIVER 7.3E-07
SPLEEN 6.8E-07
NUNBER oOF

IN SOURCE ORG

ORGAN

LONGS
ULY CONTENT
LLI CONTENT
LIVER

SPFLEEN

ULY
CONTENT

7.1E-08
4.0E-04
9.4E-07
7.3E-07

8.0E-07

SOURCES

LLI
CONTENT LIVER

2.1E-08 7.6E-07
1.3E-06 7.2E-07
6.5E-04 6.1E-08

6.8e-08 [ ]

2.2E-07 2.5B-07

SPLEEN

6.7E-07
8.0r-07
1.7e-07
2.78-~07
9.9E-08

FUCLEAR TRANSPORMATIONS OVER 50 YEARS
ANS OR TISSUES PER ONIT INTAKE OP ACTIVITY

(TRAHSPORHATIONS/Bq) OF CE-141

ORAL

£,=3.E-04

4.6E 04
8.3E 04
7.1E 02
6.0E 01

INBALATION

CLASS W CLASS Y
fy=3.E-04 f,=3.E-04

4.0% 05 6.0E. 05

2.0F 04 2.2E 04

3.78 04 4.0E 04

2.1 05 1.1E 04

1.7 04 9.5F 02
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HP.IIL.5.a. State 3 principles that are the basis for control by DOT of the safe shipment of
radioactive material packages by commercial transport.

b. Define TI
¢. What is the maximum external dose equivalent rate limit for the following:

1. Whitel]
2. YellowII
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HP.II1.6. A nuclear facility discharges airborne radionuclides at levels estimated to result in
exposure rates due to gamma ray emission of about 10 mR/yr at certain nearby
locations.

a. Show the calculations (equations and factors) that led to this estimated exposure
rate.

b. Propose a study project that checks this estimate by direct measurement,
indicating suitable radiation detection instruments, and discuss the reliability of
measurements and sources of error.
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HP.HIL.7. Consider a two-story house 20 x 20 m in size with walls 8 m high (includes both
stories) and a basement 3 m deep. The basement floor and walls are made of concrete
30 cm thick, and the outside walls of the house are brick 10 cm thick. Plaster that is |
cm thick lines all walls and the ceilings.

a. Estimate the number of Bq of K-40, Ra-226 and Th-232 in the structural materials
of the house?

Building Density Specific Activity Range (pCi/g)
Material

(g[cm3)

K-40 Ra-226 Th-232
Brick 14-25 16 - 20 14-26 1.0-34
Concrete 225-24 7-19 09-20 09-23
Plaster 1.54 <2-10 0.09-0.6 <04-2.0
Granite 2.6-276 28 - 40 24-3 23-45
Limestone 1.87-2.76 about 1 <0.5 <0.5
/Marble /2.47 - 2.86

b. For soil with a density of 1.6 g/cm3, Federal Guidance Report #12 gives the
external effective dose equivalent factors conversion factors shown in the table

below in Sv-m3 per Bg-sec for K-40, Ra-226, and Th-232 uniformly distributed
in contaminated soil. These dose conversion factors were computed assuming
that the contaminated soil was laterally infinite. Use these dose conversion
factors to estimate the external effective dose equivalent to a person sitting in the
center of the house neglecting any attenuation by interior walls and floors. Justify
this as a suitable approximation if you believe it is.

Depth of Soil (cm) K-40 Ra-226 Th-232
5 2.78E-17 1.32E-19 5.04E-21
15 8.16E-18 1.88E-19 5.54E-21

infinite 9.33E-18 1.94E-19 5.55E-21
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HP.IIL8.  Various agencies have developed standards governing conditions that are
"acceptable” for workers employed in various U.S.A. industries. With that fact in
mind, answer the following questions pertaining to those standards:

1.

Name the government agency/agencies that has/have the most generally
accepted standards.

What is/are the name/names given the standards?

Discuss the standards that were the specific focus of Biology 4416. This
discussion should include (but not necessarily be limited to):

a. their definition
b. the physical basis of the standard

conditions that must be known for accurate sampling

o

e

correct type(s) of samples taken
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