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Target Chamber Personnel and Material Entry Log
Log A-4

Personnel Entry Date                            

Time Time Time Time
Name                              In       Out    Name                              In       Out     

                                                                                                                        

                                                                                                                        

                                                                                                                        

Material Entry

Time Time
Material description                           In        Out   Explanation if material left in     
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Radioactive Material Control Log
Log A-5

Tag #
Inception

Date
Entered Into
RMCL by:

Material
Description Isotope

Activity
(μCi/100 cm2) Location Disposition

Removed from
RMCL by:

3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H

* e.g., Transferred to UR Radiation Safety (xfer-UR RS); decontaminated/released (decon); reinstalled on system (install.)
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Weekly Radiological Survey Cover Sheet — Target Production

Log A-6

Period _____________  to  _____________
(date) (date)

Daily Counting Calibration Check:

Labeled
dpm of

Std.

Date of
Std.

Measured
dpm of Std.

% error
(Measure–label dpm/labeled)  100*

Time Date

*Must be 5%.

Log Sheets Attached:
Airborne Radiation Surveys             pages
Surface Contamination Surveys             pages
Liquid Activity Surveys             pages

Remarks:                                                                                                                                                    

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

                                                                                                                                                                  

Submitted/Reviewed:                                                                               /                                         
Target Production Group Leader Date

Reviewed:                                                                               /                                         
LLE Radiation Safety Office Date
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Weekly Radiological Survey Cover Sheet
Experimental Operations Group

Log A-7

Period ____________ to ____________
(date) (date)

Wallac 1409/Overhoff TASC Daily Calibration Check:
Labeled

DPM of Std.
(DPMstd)

Measured
DPM of Std.
(DPMactual)

% Error
100*(DPMactual-DPMstd)

(DPMstd)

MUST BE <5%

Output File Name Indicated
Stack
Flow
CFM)

EPA
Sample
Flow

(cc/min)

EPA
Heater

On

Time Date

Log Sheets Attached:
Report # Surveys Remarks:                                                                                                        
EPA Compliance Monitor Report                                                                                                                         
Surface Contamination Surveys                                                                                                                         
Airborne Activity Surveys                                                                                                                         
Liquid Activity Surveys                                                                                                                         

Submitted/Reviewed:                                                                                                        /                                   
Experimental Operations Group Leader Date

Reviewed:                                                                                                        /                                    
LLE Radiation Safety Officer Date
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Target Chamber Access Authorization

Form A-1

Reason for entry:                                                                                                                                 
                                                                                                                                                            
                                                                                                                                                            

Entry requested by:                                                                 Time/date                                      
Access Authorized by1:                                                           Time/date                                      

Entry check list:
Controlled Surface Contamination Area established                      
Target Chamber vented to atmosphere and ventilated for 4 hours                      
Target Chamber vacuum control tagged out                      
Control Point Watch stationed                      
Airborne radiation survey of Target Chamber <20 μCi/m3 (2  10 5) and logged                      

Surface contamination of area around entrance hatch taken and logged                      
If surface contamination at entrance is >10,000 DPM/100 cm2, additional

anticontamination clothing per section 3006 is donned.                      
Complete surface contamination survey of Target Chamber completed

and logged prior to granting general access                      
Personnel entering are qualified as Radiation Workers and have been

fitted for and will use respirators.                      

Special Requirements for entry:                                                                                                         
                                                                                                                                                            
                                                                                                                                                            

Close-out check list:
Target Chamber inspected—no personnel or tools or material left inside                      
Access cover closed                      
Personnel access and tool log reviewed to ensure everything accounted for                      
Radioactive Material properly packaged for transfer to UR Radiation Safety                      
Controlled Surface Contamination Area disestablished                      
Report Target Chamber closed to Shot Director                      
Remote tag from vacuum control                      

                                                
1 The Shot Director must also obtain the verbal permission of the LLE Radiation Safety Officer

prior to granting authorization.
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LLE TFS, CTHS, OMEGA Tritium Inventory
Form A-2

Instructions:
1. Copy entire last line to the empty row below it. 4. Enter the amount, if any, that was either (a) received into column B or (b) transferred out into column F.
2. Enter date in column A. 5. Enter a description of the activity in column J.
3. If an assay was measured, enter the value into column C; if not measured, 6. Report to LLE RSO if the computed variance in column I exceeds 5%.

use estimated value in column D.
A B C D E F G H I J

Date Received
(Ci)

Measured USB
Inventory

(Ci)

Calculated USB
Activity

(Ci)

Calculated
System Activity

(Ci)

Transfer
Off-Site

Decay
Corrected TOTAL

Inventory
(Ci)

Calculated
TOTAL

Inventory
Decayed (Ci)

Variance
% Difference

between E and G

Comments

Note that TOTAL inventory = USB inventory + System.      *The long-term accuracy of the TFS assay is ±2%.
D = Decay corrected previous column C H = Amount that previous column G decayed
E = Difference between column G and column C I = 100%  (column G–column E)/(column G)
G = Decay corrected previous column G + current column B – current column F
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Warm Tritium Target Inventory
Form A-3

Tritium time constant:  17.71 years
Current Date:

Batch
Title

Gas Fill
(atm)

Comments Number
of

Targets

Total Activity
Without Decay

(mCi)

Elapsed
Time
(mCi)

Corrected
Activity
(mCi)

Fill
Date

Campaign
or

Date

Total
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APPENDIX B: DEFINITIONS

Absorbed dose is the energy imparted by ionizing radiation per unit mass of irradiated material.
The units of absorbed dose are the gray (Gy) and the rad.

Activity is the rate of disintegration or transformation or decay of radioactive material. The units
of activity are the becquerel (Bq) and the curie (Ci).

Agreement State is any State with which the United States Nuclear Regulatory Commission or
the United States Atomic Energy Commission has entered into an effective agreement under
Section 274b of the Atomic Energy Act of 1954, as amended (73 Stat. 689).

Airborne radioactive material is any radioactive material dispersed in the air in the form of
dusts, fumes, particulates, mists, vapors, or gases.

Annual limit on intake (ALI) is the derived limit for the amount of radioactive material taken
into the body of an adult worker by inhalation or ingestion in a year. ALI is the smaller value
of intake of a given radionuclide in a year by the reference man that would result in a
committed effective dose equivalent of 0.05 Sv (5 rem) or a committed dose equivalent of
0.5 SV (50 rem) to any individual organ or tissue.

As low as is reasonably achievable (ALARA) means making every reasonable effort to
maintain exposures to radiation as far below the dose limits in these regulations as is
practical, consistent with the purpose for which the licensed or registered activity is
undertaken, taking into account the state of technology, the economics of improvements in
relation to state of technology, the economics of improvements in relation to benefits to the
public health and safety, and other societal and socioeconomic considerations, and in relation
to utilization of nuclear energy and licensed or registered sources of radiation in the public
interest.

Background radiation means radiation from cosmic sources; naturally occurring radioactive
materials, including radon, except as a decay product of source or special nuclear material,
and including global fallout as it exists in the environment from the testing of nuclear
explosive devices.

Becquerel (Bq) is the SI unit of activity. One becquerel is equal to one disintegration or
transformation per second (s 1).

Bioassay means the determination of kinds, quantities or concentrations, and, in some cases, the
locations of radioactive material in the human body, whether by direct measurement, in vivo
counting, or analysis and evaluation of materials excreted or removed from the human body.
For purposes of these regulations, “radiobioassay” is an equivalent term.

Calibration means the determination of

– the response or reading of an instrument relative to a series of known radiation values
over the range of the instrument, or

– the strength of a source of radiation relative to a standard.

CFR means Code of Federal Regulations.



LLERADCONMAN
LLEINST 6610E

B-ii

Committed dose equivalent (HT,50) is the dose equivalent to organs or tissues of reference (T)
that will be received from an intake of radioactive materials by an individual during the
50-year period following the intake.

Committed effective dose equivalent (HE,50) is the sum of the products of the weighing factors
applicable to each of the body organs or tissues that are irradiated and the committed dose
equivalent to each of these organs or tissues (HE,50 =  WT HT,50).

Controlled area means any area the access to which is controlled for the purpose of protecting
individuals from exposure to radiation and radioactive material, but shall not mean any area
used as residential quarters.

Curie is a unit of activity. One curie (Ci) is that quantity of radioactive material that decays at
the rate of 3.7  1010 transformations per second (tps).

Deep dose equivalent (Hd), which applies to external whole body exposure, is the dose
equivalent at a tissue depth of 1 cm (1000 mg/cm2).

Derived air concentration (DAC) is the concentration of a given radionuclide in air that, if
breathed by the reference man for a working year of 2000 hours under conditions of light
work, results in an intake of one ALI. For purposes of these regulations, the condition of light
work is an inhalation rate of 1.2 cubic meters of air per hour for 2000 hours in a year.

Dose is a generic term that means absorbed dose, dose equivalent, effective dose equivalent,
committed dose equivalent, committed effective dose equivalent, or total effective dose
equivalent. For purposes of these regulations, “radiation dose” is an equivalent term.

Dose equivalent (HT) is the product of the absorbed dose in tissue, quality factor, and all other
necessary modifying factors at the location of interest. The units of dose equivalent are the
sievert (Sv) and rem.

Dose limits are the permissible upper bounds of radiation doses established in accordance with
these regulations. For purposes of these regulations, “limits” is an equivalent term.

Effective dose equivalent (HE) is the sum of the products of the dose equivalent to each organ
or tissue (HT) and the weighting factor (WT) applicable to each of the body organs or tissues
that are irradiated (HE =  WT HT).

Entrance or access point is any opening through which an individual or extremity of an
individual could gain access to radiation areas or to licensed or registered radioactive
materials. This includes entry or exit portals of sufficient size to permit human entry,
irrespective of their intended use.

Exposure means either:

– being exposed to ionizing radiation or to radioactive material; or

– the quotient of dQ by dm where “dQ” is the absolute value of the total charge of the ions
of one sign produced in air when all the electrons (negatrons and positrons) liberated by
photons in a volume element of air having mass “dm” are completely stopped in air. The
special unit of exposure is the roentgen (R). One roentgen is equal to 2.58  10 4

coulomb per kilogram of air.

Exposure rate is the exposure per unit of time, such as roentgen per minute and milliroentgen
per hour.
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External dose is that portion of the dose equivalent received from any source of radiation
outside the body.

Extremity means hand, elbow, arm below the elbow, foot, knee, and leg below the knee.

Gray (Gy) is the SI unit of absorbed dose. One gray is equal to an absorbed dose of 1 J/kg. One
gray is equal to 100 rad.

High-radiation area is any area, accessible to individuals, in which radiation levels could result
in an individual receiving a dose equivalent in excess of 1 mSv (0.1 rem) in 1 hour at 30 cm
from any source of radiation or from any surface that the radiation penetrates. For purposes
of these regulations, rooms or areas in which diagnostic x-ray systems are used for healing
arts purposes are not considered high-radiation areas.

Individual monitoring means the assessment of

Dose equivalent:
– by the use of individual monitoring devices or
– by the use of survey data; or

Committed effective dose equivalent:
– by bioassay or
– by determination of the time-weighted air concentrations to which an individual has been

exposed, that is, DAC-hours.

Individual (personnel) monitoring devices are devices designed to be worn by a single
individual for the assessment of dose equivalent. For purposes of these regulations,
individual monitoring equipment and personnel monitoring equipment are equivalent terms.
Examples of individual monitoring devices are film badges, thermoluminescent dosimeters
(TLD’s), pocket dosimeters, and personal air-sampling devices.

Internal dose  is that portion of the dose equivalent received from radioactive material taken into
the body.

License means a radioactive material license issued by the NYS Department of Health in
accordance with the regulations adopted by the Department.

Licensed material means radioactive material received, possessed, used, transferred, or disposed
of under a general or specific license issued by the NYS Department of Health.

Monitoring is the measurement of radiation, radioactive material concentrations, surface area
activities or quantities of radioactive material and the use of the results of these
measurements to evaluate potential exposure and doses.

Occupational dose is the dose received by an individual in the course of employment in which
the individual’s assigned duties involve exposure to sources of radiation, whether in the
possession of the licensee, registrant, or other person. Occupational dose does not include
doses received: from background radiation, as a patient from medical practices, from
voluntary participation in medical research programs, or as a member of the public.

Quality factor (Q)  is the modifying factor that is used to derive dose equivalent from absorbed
dose.
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– As used in these regulations, the quality factors for converting absorbed dose to dose
equivalent are shown in Table I.

TABLE I
QUALITY FACTORS AND ABSORBED DOSE EQUIVALENTS

Type of Radiation
Quality Factor

(Q)

Absorbed Dose Equal
to a Unit Dose
Equivalenta

X, gamma, or beta radiation and
high-speed electrons 1 1

Alpha particles, multiple-charged
particles, fission fragments, and
heavy particles of unknown charge 20 0.05

Neutrons of unknown energy 10 0.1

High-energy protons 10 0.1
aAbsorbed dose in rad equal to 1 rem or the absorbed dose in gray equal to 1 Sv.

Rad is the non-SI unit of absorbed dose. One rad is equal to an absorbed dose of 100 erg/gram or
0.01 J/kg (0.01 gray). One millirad equals 0.001 rad.

Radiation means alpha particles, beta particles, gamma rays, x rays, neutrons, high-speed
electrons, high-speed protons, and other particles capable of producing ions. Ionizing
radiation is an equivalent term. Radiation does not include nonionizing radiation, such as
radiowaves or microwaves, visible, infrared, or ultraviolet light.

Radiation area is any area, accessible to individuals, in which radiation levels could result in an
individual receiving a dose equivalent in excess of 0.05 mSv (0.005 rem) in 1 hour at 30 cm
from the source of radiation or from any surface that the radiation penetrates.

Radiation source is any radioactive material or any radiation equipment.

Radioactive material is any solid, liquid, or gas which emits radiation spontaneously.

Radioactivity is the transformation of unstable atomic nuclei by the emission of radiation.

Reference man means a hypothetical aggregation of human physical and physiological
characteristics determined by international consensus. These characteristics may be used by
researchers and public health workers to standardize results of experiments and to relate
biological insult to a common base.

Rem is the unit of dose equivalent. The dose equivalent in rem is equal to the absorbed dose in
rad multiplied by the quality factor (1 rem = 0.01 sievert).

Respiratory protective equipment means an apparatus, such as a respirator, used to reduce an
individual’s intake of airborne radioactive material.

Roentgen is the unit of exposure. One roentgen (R) equals 2.58  10 4 coulombs/kilogram of air
(see Exposure).
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Sanitary sewerage means a system of public sewers for carrying off waste and refuse, but
excluding sewage treatment facilities, septic tanks, and leach fields owned or operated by the
licensee or registrant.

Sealed source  means radioactive material that is permanently bonded or fixed in a capsule or
matrix designed to prevent release and dispersal of the radioactive material under the most
severe conditions that are likely to be encountered in normal use and handling.

Shallow dose of equivalent (Hs), which applies to the external exposure of the skin or an
extremity, is the dose equivalent at a tissue depth of 0.007 cm (7 mg/cm2) averaged over an
area of 1 sq cm.

Sievert is the SI unit of dose equivalent. The dose equivalent in sievert is equal to the absorbed
dose in gray multiplied by the quality factor (1 Sv = 100 rem).

Source of radiation means any radioactive material or any device or equipment emitting, or
capable of producing, radiation.

Survey means an equivalent of the radiological conditions and potential hazards incident to the
production, use, transfer, release, disposal, or presence of sources of radiation. When
appropriate, such evaluation includes, but is not limited to, tests, physical examinations, and
measurements of levels of radiation or concentrations of radioactive material present.

Total effective dose equivalent (TEDE) is the sum of the deep dose equivalent for external
exposures and the committed effective dose equivalent for internal exposures.

Weighting factor (WT) for an organ or tissue (T) means the proportion of the risk of stochastic
effects resulting from irradiation of that organ or tissue to the total risk of stochastic effects
when the whole body is irradiated uniformly. For calculating the effective dose equivalent,
the values of WT are as follows:

Organ Dose Weighting Factors
Organ or Tissue WT
Gonads 0.25
Breast 0.15
Red Bone Marrow 0.12
Lung 0.12
Thyroid 0.03
Bone Surfaces 0.03
Remainder 0.30(a)

Whole Body 1.00(b)

(a)0.30 results from 0.06 for each of five “remainder” organs, excluding the skin and the lens of
the eye, that receive the highest doses.

(b)For purposes of weighting the external whole body dose, for adding it to the internal dose, a
single weighting factor, WT = 1.0, has been specified. The use of other weighting factors for
external exposure will be approved on a case-by-case basis until such time as specific
guidance is issued.
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Whole body means, for purposes of external exposure, head, trunk (including male gonads),
arms above the elbow, or legs above the knee.

Worker means an individual engaged in work under a license or registration issued by the NYS
Department of Health and controlled by a licensee or registrant, but does not include the
licensee or registrant.
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Acronyms & Abbreviations
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APPENDIX C: ACRONYMS & ABBREVIATIONS

annual
alpha (radiation)

Ag silver
ALARA as low as reasonably achievable
ALI Annual Limit on Intake
Ar argon
atm atmosphere

beta (radiation)
Bq becquerel
cc cubic centimeters
CFR Code of Federal Regulations
Ci curie
cm centimeter
CPM counts per minute
CTHS Cryogenic Target Handing System
D diameter or deuterium or daily maintenance requirement
DAC derived air concentration
DD deuterium–deuterium
DEC Department of Environmental Conservation
DOH Department of Health
dpm disintegrations per minute
DT deuterium–tritium
DTHPS DT high pressure system
EP Extended Performance
EPA Environmental Protection Agency
eV electron volts
FASP Stage-F Alignment Sensor Package
Fe iron
ft foot

gamma (radiation)
Gy gray
h hour
H hydrogen
He helium
HE effective dose equivalent
HS shallow dose equivalent
HT hydrogen–tritium (gaseous molecule)
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HT dose equivalent
HTO hydrogen–tritium oxide (tritiated water)
ICF inertial confinement fusion
ICRP International Conference on Radiation Protection
in. inch
J joule
keV kilo electron volts
kg kilogram
kPa kilopascal
Kr krypton
LFORM Laser Facility Operations & Regulation Manual
LLNL Lawrence Livermore National Laboratory
m meters
M monthly
mCi millicuries
MeV million electron volts
Mg magnesium
mg milligram
ml milliliter
Mn manganese
mR milliroentgen
mr, mrem millirem
mSv millisieverts
n neutron
N nitrogen
Na sodium
NYCRR New York Code of Rules and Regulations
NYS New York State
O oxygen
OD outside diameter
p proton
Pb lead
Pd palladium
Q quality factor or quarterly maintenance requirement
r radius
R Roentgen or situational maintenance requirement
rad special unit of absorbed radiation
rem roentgen equivalent man
s second
S semiannual
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scfm standard cubic feet per minute
sq square
Sv Sievert
T tritium
TEDE total effective dose equivalent
TFS Tritium Fill Station
TLD thermoluminescent dosimeter
TP target positioner
TRS tritium removal  system
μCi microcuries
μrem micro rem
UR University of Rochester
W weekly
WT weighting factor
yr year
Zr zirconium




