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I. ABSTRACT Internal dosimetry includes direct (m vivo) bioassay,
indirect Cin yftM) bioassay, and dose assessment.

Measurement of radiation dose is an essential element of Bioassay program consists of planned monitoring and
radiation protection programs at nuclear facilities. To special monitoring. Planned bioassay monitoring includes
protect workers and demonstrate compliance with baseline measurement, periodic measurement, and
regulatory requirements, dosimetry programs must be termination measurement. Special bioassay monitoring is
established based on sound technical basis. Historically, performed when an intake is suspected for any reason.
external exposure was controlled by occupational dose Whenever an intake is verified, internal dose should be
limits. Internal exposure to radionuclides was limited by assessed.
maximum permissible body burden and maximum
permissible concentration.' With the issuance of ICRP Depending on the operations of the facility, workers
26,2 ICRP 30 3 DOE Order 5480. 1 l,' DOE/EH-0256T,' may be exposed to a variety of radioactive materials. The
and the new 10 CFR 20,' it has become a requirement internal dosimetry program should be established to
that internal dose be assessed and the sum of internal and effectively detect intakes of these radionuclides. Technical
external doses be maintained below regulatory limits. basis of internal dosimetry monitoring must be developed

and documented.'
Nuclear facilities are required to have internal dose
evaluation programs adequate to demonstrate compliance 111. RADIATION SOURCES
with radiation protection standards (RPSs). The Waste
Isolation Pilot Plant is a DOE facility designed to All of the waste to be initially received, and by far
demonstrate safe disposal of transuranic (TRU) wastes in the majority of TRU waste to ever be received at WIPP,
an ancient salt bed 2 0 feet underground. Internal dose is categorized as contact-handled (CH) TRU. This
measurement is required to support waste handling category of waste has minimal gamma radiation levels and
activities. This paper describes the technical basis for the is handled directly. The CH TRU wastes will be
WIPP Internal Dosimetry Program. packaged in metal containers. The waste containers will

not be opened and complete containment is expected
II. REGULATORY REQUIREMENTS during normal operations. The function of the CH waste

handling system is to offload shipping containers from the
In the United States, each Nuclear Regulatory transporters, remove and inspect the waste containers

Commission licensee is required to monitor the there-in, and convey the waste containers to the
occupational intake of radioactive material by and assess underground disposal area.
the committed effective dose equivalent (CEDE) to adults
likely to receive, in year, an intake in excess of 10% of Eventually, a small volume of TRU waste will be
an annual limit of intake.' Personnel at U.S. Department received that will emit significant gamma radiation. This
of Energy facilities who are likely to receive annual waste is referred to as remote-handled (RH) TRU waste.
intakes resulting in a CEDE of I nSv or more shall RH waste will be contained in a carbon steel cylinder
participate in an internal dosimetry program.',' approximately 2 feet in diameter and 10-feet long.

Appropriate shielding will be used with these containers to
protect personnel from external exposure to the gamma

The WIPP site is operated for the U.S. Department of
Energy by Westinghouse Electric Corporation under DOE
Contract No. DE-AC04-86AL31950.
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radiation. Complete containment of the radionuclides in conversion factors. 'Me relative stochastic dose potential
these containers under normal operations is also expected. for each radionuclide is listed in Table as the percentage

of the total stochastic dose potential for each type of
Table shows the average radionuclide content and waste. More than 99.7% of the stochastic dose potential

the levels of radioactivity expected for CH waste received for the CH waste will be from plutonium and americium
in drums .7 More than 90% of the radioactivity in these isotopes.
wastes is expected to be from plutonium isotopes, with
"Am accounting for almost all of the remainder of the Table 2 shows the radionuclide content and levels of
activity. Also listed in the table are the CEDE conversion radioactivity expected for RH waste. More than 70 of
factors for each radionuclide for both inhalation and the radioactivity in the-se wastes expected to be from
ingestion exposures. These conversion factors are taken plutonium isotopes, with most of the rest of the activity
from Environmental Protection Agency (EPA) Federal being from "Am, 'Sr, and "Cs. The table also shows
Guidance Report No. 11 and are numerically identical, in that more than 98.5% of the inhalation stochastic dose
most cases, to those that can be derived from ICRP 30.',' potential for these wastes is from plutonium and
The exceptions include values for plutonium and related americium isotopes. Strontium and cesium only have a
elements, which are based upon the more recent data marginally significant dose potential when ingestion doses
presented in ICRP 48.' Since the chemical form of the are considered. Inhalation is considered the most likely
radionuclide cannot be predicted, the compound class that pathway for exposure at WIPP due to the nature of waste
gives the highest dose potential was used in the table. handling operations to be conducted at the site.

Therefore, americium and plutonium isotopes are by far
The stochastic dose potential can be calculated from the isotopes of greatest internal dosimetric concern for

the product of the expected activity and these dose both CH and RH wastes.

Table 1. Representative Radionuclide Content of CH TRU Waste (Drum)

Nuclide Activity Activity Inhalation I In2estion
BqlDrurn Dose Potential Dose Potentia

Eqv Dose Eqv. Dose
jv/�q I (%) I MSV/Bg (%) I

O'Th 2.4E+04 <0.01 4.43E+02 <0.01 7.38E-O! <0.01

233u 6.3E+08 0.08 3.66E+01 0.04 7.81E-02 0.01

WU 3.3E+04 <0.01 3.32E+01 <0.01 7.19E-02 <0.01

238U 1.3E+05 <0.01 3.20E+01 <0.01 6,88E-02 <0.01

2"No 8.IE+05 <0.01 1.46E+02 <0.01 1.20E+00 <0.01

MP, 4.1E+11 53.41 1.06E+02 77.25 8.65E-01 77.19

219N 3.1E+10 4.13 1. 16E+02 6.58 9.56E-01 6.60

24OpU 7.OE+09 0.92 1. 16E+02 1.47 9.56E-01 1.46

241pu 2.5E+11 33.02 2.23E+00 1.02 1.85E-02 1.01

242p, LIE+06 <0.01 1.11E+02 <0.01 9.08E-01 <0.01

241A, 6.3E+10 8.25 1.20E+02 13.47 9.84E-01 13.57

241CM 1.3E+09 0.17 6.70E+01 0.15 5.45E-01 0.15

1 232 Cf 2.OE+08 0.03 4.24 +01 0.02 2.93E-01 0.01

T.t.1 7.6E+11 100.00 100.00 100.00

IV. WORKPLACE MONITORING dosimetry consists of air monitoring, workplace surface
contamination monitoring, and personnel surface (skin and

The workplace monitoring program provides clothing) containment monitoring. Generally, the results
verification of the integrity of radioactive materials of the workplace monitoring program should not be used
containment and provides detection of inadvertent releases to assign the dose equipment to workers.
of such materials in the workplace. The internal
dosimetry program relies on the workplace monitoring Air monitoring is the primary method of monitoring
program to identify a workplace condition that is likely to potential inhalation of radioactive materials in the
result in an intake of radioactive materials by workers. workplace. Nasal smear and contamination surveys are
Workplace monitoring programs related to internal used to complement the air monitoring program. At
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WIPP, air monitoring equipment includes portable and A person exposed continuously to a concentration of
fixed air sampling equipment and continuous air monitors radioactivity in air of I DAC for I work week would
(CAMs). 'Me performance objective for CAMs is to be generally receive a CEDE of approximately I mSv.
capable of measuring I Derived Air Concentration (DAC) Therefore, when this performance objective is met,
when averaged over hours (8 DAC-h) under laboratory workers should be aerted to unexpected increases in
conditions and when alarm setpoints are set accordingly.3.1 airborne radioactivity levels before they receive a CEDE

of MSv.

Table 2 Representative Radionuclide Content of RH TRU Waste

Inhalation Ingestion
Nuclide Activity Activity

Bq/Can Dose Potential Dose Potential
Eqv. Dose Eqv. Dose

msv/Bq mSv/Bq

"co 6.313+09 0.46 5.9113-02 <0.01 7.28E-03 0.01

'OSr 1.913+11 13.66 3.5113-01 0.10 3.8513-02 1.37

116 Ru 1.312+09 0.09 1.2913-01 <0.01 7.4013-03 <0.01

12'Sb 4.113+07 <0.01 3.3013-03 <0.01 7.5913-04 <0.01

137c, 1.613+11 11.60 8.6313-03 <0.01 1.3513-02 0.41

144c, 1.313+10 0.91 1.0113-01 <0.01 5.6813-03 0.01

155E, 6.313+07 <0.01 1.1212-02 <0.01 4.13E-04 <0.01

Mu 2.013+08 0.01 3.6613+01 0.01 7.8113-02 <0.01

zSU 1.113+08 0.01 3.3213+01 0.01 7.1913-02 <0.01

238u 5.613+07 <0.01 3.2013+01 <0.01 6.8813-02 <0.01

2UP, 2.113+11 15.27 1.06E+02 34.95 8.6513-01 34.40

239p, 2.513+11 18.21 1.1612+02 45.84 9.5613-01 45.40

24OpU 8.113+10 5.89 1.1613+02 14.83 9.5613-01 14.52

241pu 4.413+11 32.14 2.23E+00 1.56 1.8513-02 1.54

242pu 1.412+07 <0.01 1.1111+02 <0.01 9.0813-01 <0.01

241Am 7.813+09 0.56 1.20E+02 1.45 9.8412-01 1.44

244cm 5.913+09 0.43 6.70E+01 0.63 5.4511-01 0.61

21ICf 1.013+10 0.75 4.24E+01 0.70 2.9313-01 0.5

L� T�Olal 1.4E+12 100.00 100.00 100.

V. BIOASSAY MONITORING A. Baseline/Termination Bioassay Monitoring

'Me objectives of personnel bioassay monitoring are Baseline bioassay measurement is to determine
to confirm a suspected intake of radioactive material and radioactivity levels in workers at the start of employment,
to provide data for assessing compliance with the while termination bioassay measurement is to record the
applicable RPSs. The personnel monitoring program levels present upon termination of employment.
includes (A) baseline/termination bioassay monitoring, (B) Baseline/termination measurements may also indicate
periodic bioassay monitoring, and (C) special bioassay intakes from medically administered radionuclides. At
monitoring. WIPP, baseline/termination measurements are performed
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on all workers whose job assignments involve working At WIPP, periodic bioassay measurement is
with radioactive material likely to result in a CEDE performed for workers who are likely to have annual
greater than I rnSv. Baseline measurement is conducted intakes which will result in a CEDE of rnSv.
before workers begin work that may subject them to Measurement frequency is pre-determined based on the
internal radiation exposure. Termination measurements worker's job assignment. Periodic measurement is also
will be performed after the worker leaves the exposure provided to selected individuals from the non-radiation
area for the last time and before termination of worker group to verify that unexpected exposure does not
employment. 0 occur. 'Me selection of monitoring frequencies for the

periodic bioassay monitoring is based on maintaining
The performance objective of the maximum missed doses as low as reasonably achievable

baseline/termination bioassay monitoring program is to because workplace monitoring is the primary method of
detect radioactivity present in the workers with the same detecting breaches of containment or inadvertent releases.
sensitivity as is required for the periodic bioassay In addition to the frequency of bioassay monitoring
monitoring program described below. The monitoring individuals, the frequency of work group sampling can be
type and analyses performed will also be the same as used to determine the maximum missed dose that will go
those required for the periodic bioassay monitoring undetected by the bioassay monitoring program. This
program. assumption allows individuals to serve as indicators for

their work group. Table 3 shows the WIPP periodic
B. Periodic Bioassay Monitoring bioassay monitoring schedule."

TABLE 3 WPP PERIODIC BIOASSAY MONITORING SCHEDULE

Exposure Portion of Frequency of Direct Bioassay Frequency of Uranalysisb
Groupa Group

Sampled Individual Group Individual

Radiological Worker 11 AU Annual Monthly Quarterly Weekly

Radiological Worker I AU Annual Weekly Annual Weekly

Non-Radiation-Worker AQLc Annual Weekly Annual Weekly

'Radiological Worker groups are defined in DOE/EH-0256T.'
bUrinalysis includes plutonium isotopic and "Am analyses. Gamma emitter and 'Sr analyses may also be included when
RH waste is received on site.

1AQL = Sample size at a 4 acceptable quality level."

The performance objective of the periodic and to facilitate decisions for medical intervention if
bioassay monitoring program is to detect intakes of appropriate.
radioactive materials that could result in a CEDE equal to
1 mSv, considering all radionuclides to which the Follow up bioassay monitoring is required when
individual may be exposed during a year in the workplace. periodic bioassay results indicate an intake which will
However, tho performance objective cannot always be result in a CEDE of I mSv or more.5 Special bioassay
achieved for every radionuclide because of shortfalls in monitoring is also required when any of the following
available measurement technology and practicability/cost occurs:
effectiveness of resulting required monitoring frequencies.
In this case, state-of-the-art measurement methods are 0 facial contamination is detected that indicates a
used and administrative controls are strengthened to help potential for internal contamination,
preclude intanal exposures.

0 nasal contamination is detected,
C. Special Bioassay Monitoring

0 surface/airborne radioactivity monitoring indicates the
When workers are inadvertently exposed to potential for intakes exceeding I mSv CEDE, or

radioactive materials, it is necessary to take appropriate
corrective action to ensure that control has been 0 an intake is suspected for any reason.
reestablished. A a early assessment of the probable
severity, preferably within the first few hours of the The objective of the special bioassay monitoring
intake, is ncessary to limit further occupational exposures program is to measure radioactive material in the body
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and in samples of excreta collected from workers with 3. INTERNATIONAL COMMISSION ON
known or suspected intakes so that dose assessment may RADIOLOGICAL PROTECTION, Limits for Intakes of
be performed. Special bioassay monitoring also involves Radionuclides by Workers, ICRP Publication 30,
measurements to confirm an intake of radioactive material, Pergamon Press, Oxford 1979-1982).
to identify radionuclides, to quantify the magnitude of
confirmed intakes, and to verify or refine biokinetics 4. U.S. DEPARTMENT OF ENERGY, Radiatio
models used with bioassay data to estimate intakes." The Protection for Occupational Workers, DOE 5480. 1 1,
performance objective of the special bioassay monitoring Washington, D.C. 1988).
program is the same as that of the periodic bioassay
monitoring program. 5. U.S. DEPARTMENT OF ENERGY, Radiological

Control Manual, DOE/EH-0256T, Washington, D.C.
VI. INTERNAL DOSE ASSESSMENT (1992).

Assessment of dose equivalent resulting from an 6. U.S. NUCLEAR REGULATORY COMMISSION,
intake of radionuclides begins with an assessment of the Standards for Protection Against Radiation, 10 CFR 20
amount of the radionuclide present in or excreted from the (1992).
body as a function of time. Radionuclide distribution,
retention, and excretion are dependent on the physical and 7. WASTE ISOLATION PILOT PLANT, Final 
chemical forms of the radionuclide, its radiological Analysis ftort, WP 02-9, New Mexico 1990).
properties, the physiological characteristics of the I
individual, the pathway of intake, and the amount of 8. ENVIRONMENTAL PROTECTION AGENCY,
intake. Assessment of internal doses are based of Limiting Values of Radionuclide Intake and Air
mathematical biokinetics models and bioassay results from Concentration and Dose Conversion Factors for
direct measurements or indirect measurements. Internal Inhalation, Submersion. and Ingestio EPA Federal
doses will be assessed from bioassay data using ICRP 30 Guidance Report No. 11 1988).
and ICRP 48 models. Flexible biokinetics models
obtained from fitting worker's bioassay data will be 9. INTERNATIONAL COMMISSION ON
applied to account for metabolic differences between the RADIOLOGICAL PROTECTION, The Metabolism of
individual and the default model expressed in reference Plutonium and Related Elements, ICRP Publication 48,
man. Pergamon Press, Oxford 1986).

Assessment and tracking of intakes will be initiated 10. C. F. WU, WPP Dosinietry Program Manual, WP
when there is a verified positive (statistically significant at 12-3, Rev. 4 New Mexico 1992).
the 95% confidence level) result from any bioassay
measurement. II. MIL-STI) 105D, Sampling Procedures and Tables for

Inspection by Attribut U.S. Government Printing Office
When bioassay measurements confirm the retention of (1961).

radionuclides in the body, the annual effective dose
equivalent resulting from all radionuclides retained in the
body will continue to be assessed for that worker for as
long as the annual effective dose equivalent is 0 I mSv or
greater.
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