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UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

September 15, 1983

IE INFORMATION NOTICE NO. 83-59: DOSE ASSIGNMENT FOR WORKERS IN NON-UNIFORM
RADIATION FIELDS

Addressees:

All nuclear power reactor facilities holding an operating license (OL) or
construction permit (CP), research and test reactors, fuel cycle facilities,
and all material licensees.

Purpose:

This information notice provides guidance to licensees on proper dose assign-
ment to workers in non-uniform radiation fields. Licensees are expected
to review the information provided for applicability to their facilities.
No specific action or response is required.

Description of Circumstances:

Several power reactor licensees recently asked the NRC for guidance regarding
proper assignment of extremity and whole body doses to workers involved in a
specific steam generator (SG) maintenance activity. In an effort to reduce SG
corrosion rates, licensees are increasing the frequency of sludge lancing--the
removal of tubesheet chemical sludge by high pressure water jets ("hydrolasing").
Although improved, remote, dose-saving, ALARA techniques are becoming more avail-
able, workers still are required to manually insert an arm (only one at a time)
through an SG handhole to assemble/disassemble and position sludge lancing
equipment. Once the equipment is positioned, the actual sludge lancing operations
can be performed essentially remotely, without exposing the worker to the high SG
radiation fields. With the arm inserted, the head and trunk of the body are in
a ½-1 R/hr radiation field, the upper arm is in a 3 R/hr radiation field, and
the forearm and hand are in a 20-40 R/hr radiation field.

During the course of work the arms are alternated and only one arm at. a time
is inserted into the SG. Licensees questioned whether each arm could receive
the allowed quarterly dose, or thinking more conservatively, should the doses
to the individual arms be additive. Additional guidance requested included
defining the whole body areas of the arm. A further question concerned the
applicability of the "skin of the whole body" dose limit to the hand and forearm
(extremity) areas.
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Guidance:

Each arm can receive a dose up to the applicable regulatory limit. More
generally, the dose received by each appendage may be separately determined
and compared to the applicable regulatory limit when irradiation occurs in
a non-uniform field; however, adequate surveys defining the radiation fields
and a thorough dose evaluation must be performed to satisfy existing 10 CFR
Part 20 requirements. Multiple dosimeters may be required to demonstrate
compliance. Licensees are cautioned that increased personal monitoring vigilance
for the remainder of the quarter may be required for affected workers. Records
to satisfy the 20.401 requirements for surveys and monitoring results will
necessarily become more complex.

The NRC staff considers the "hand and forearm" to include the hand, the arm
below the elbow, and the elbow. The whole body is defined in 20.101 to include
gonads, active blood-forming organs, head and trunk, and lens of the eye; the
staff considers the arm above the elbow as part of the whole body. Thus, for
the situation described, monitoring should be provided for the lower arm area
(extremity), the upper arm (part of the whole body), and the head and trunk
of the whole body. If multiple dosimeters are used to monitor an area of
interest (e.g., front and back of-the trunk of the whole body), the dose for
record keeping purposes is taken from the highest valid dosimeter reading.

The limit to "skin of the whole body" (10 CFR Part 20) does not apply to the
skin of the hand and forearm. Dose to the "hands and forearms" including the
skin is limited to 18-3/4 rems in a quarter.

Additional guidance on providing adequate personal monitoring is given in
IE Information Notice No. 81-26, Part 3: Placement of Personnel Monitoring
Devices for External Radiation Exposure (August 28, 1981) and its July 19,
1982 Supplement No. 1: Clarification of Placement of Personnel Monitoring
Devices for External Radiation (see Attachments 1 and 2). If you have any
questions regarding this matter, please contact the Regional Administrator
of the appropriate NRC Regional Office, or this office.

f L Edward L. Jordan, Director
Division of Emergency Preparedness

and Engineering Response
Office of Inspection and Enforcement

Technical Contact: J. E. Wigginton, IE
(301) 492-4967

Attachments:
1. IE Information Notice No. 81-26, Part 3
2. IE Information Notice No. 81-26, Part 3, Supplement 1
3. List of Recently Issued IE Information Notices
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IE INFORMATION NOTICE NO. 81-26, PART 3: PLACEMENT OF PERSONNEL MONITORING

DEVICES FOR EXTERNAL RADIATION EXPOSURE

Description of Circumstances:

A recent inspection at a nuclear power plant revealed a situation in which
inappropriate placement of personnel monitoring devices resulted in under-
estimating the radiation dose received by the workers. In this case, the heads
and lenses of the workers' eyes were exposed to about 50% more radiation than
was measured by their chest-worn film badges and self-reading pocket dosimeters.
Such a nonuniform radiation field resulted during repair work in a steam generator
when the principal source of radiation came from overhead. Conservative re-
evaluation by the licensee of the dose received by these individuals revealed
that sixty-six workers may have exceeded their 3 rem per calendar quarter
exposure limit specificed in 10 CFR 20.101.

On a regular basis, NRC inspectors observe other situations where sufficient
attention has not been given to the placement of personnel dosimeters. Many of
these involve situations where significant extremity (hand) exposure occurs
and extremity dosimeters are not supplied to workers by the licensee. In many
cases, the licensee has not made the necessary surveys and/or calculations to
adequately evaluate the need to supply extremity dosimeters to the workers.
In other cases, the evaluations may have been conducted, but no evaluation
records are available.

Discussion:

It is fairly standard practice to wear personnel dosimeters on the trunk, most
frequently at the chest or waist position. This is acceptable practice when
workers are exposed to relatively uniform fields of radiation. However, it
is important to evaluate all nonstandard and unusual situations, particularly
where high dose rates are possible, to determine if trunk-worn dosimeters are
appropriate. In the majority of the cases, the dose limit of interest is the
one that applies to the whole body, head and trunk, active blood-forming organs,
lenses of eyes, and gonads. Since the same limit applies to all of these body
locations, the potential dose to each should be considered. The objective
should be to place the dosimeter in a position where it will measure the highest
dose to the areas of interest.

Therefore, if the principal source of radiation is overhead, the dosimeter
should probably be placed on the head. If the principal source of radiation
is from underfoot, the appropriate location for the dosimeter might be on the
lower leg just above the ankle, since long bones of the lower leg contain active
blood-forming marrow. If a worker is sitting on or straddling the source of
radiation, the dosimeter should be positioned to record the radiation dose to
the gonads. If the source of radiation is predominantly behind the workers, the
dosimeter should be worn on the back rather than on the front of the body. To
be explicit, the dosimeter should be worn at the location of highest entry dose.

The other situation'that occurs regularly is significantly higher exposure to
the hands, forearms, feet, or ankles. These situations occur most frequently
during direct handling or manipulation of radioactive items or while working
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from behind a partial shield. In many of-these cases, NRC regulations would
require wearing dosimeters to record what might be termed the'"whole body dose"
and dosimeters to record the dose to the extremities.

NRC Regulation 10 CFR 20.202 requires that an appropriate personnel monitoring
device, be worn if an individual receives or is likely to receive a dose in a
calendar quarter in excess of 25% of the values specified in paragraph (a)
of 10 CFR 20.101. Thus, a "whole body badge" is required if 300 mrem per
quarter is likely to be received by those portions of the body with a limit of
1.25 rem per quarter. In addition, an extremity badge is required if an
extremity is likely to receive about 4.7 rem in a quarter. Dosimetry for the
only other limit, skin of whole body, is normally accommodated by the beta
capability of most personnel dosimeters.

All of the discussions above apply to situations in which the NRC regulations
require that dosimeters be worn by radiation workers. There are many cases
when an employer may choose to supply dosimeters to workers above and beyond
the NRC requirements. This may be done for administrative, information gathering,
or other purposes. In some special situations, a worker may be seen wearing
several dosimeters. Such conservative safety practices are encouraged.

Some discussion of requirements for radiation surveys and evaluations may be
in order. Because 10 CFR Part 20 requires each licensee to supply personnel
dosimeters to workers under certain conditions, there is the companion require-
ment that the licensee make such surveys and evaluations necessary to comply
with that requirement. For example, if significant hand exposure-is likely to
occur and a licensee chooses not to supply extremity dosimeters, the potential
dose to the'hands must have been evaluated by instrument surveys, calculations,
or by other means to support.the position that extremity monitoring is not
required. Records of such surveys and evaluations must be maintained for
inspection.

Guidance:

No written response to this notice is required. Licensees should review their
radiation survey and evaluation practices to ensure personnel monioring require-
ments are met. Special attention should be given to nonuniform radiation
fields.

If you require additional information regarding this subject, please contact
the appropriate NRC Regional Office.
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UNITED. STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

July 19, 1982

IE INFORMATION NOTICE NO. 81-26, PART 3, SUPPLEMENT NO. 1: CLARIFICATION OF
PLACEMENT OF PERSONNEL MONITORING DEVICES FOR EXTERNAL RADIATION

Addressees:

All nuclear power reactor facilities holding an operating license (OL) or
construction permit (CP), research and test reactors, fuel facilities, and
Priority.I material licensees.

Purpose:

This information notice is a supplement to IE Information Notice 81-26, Part 3:
Placement of Personnel Monitori6g Devices for External Radiation Exposure,
issued in August 1981. Guidance provided in August 1981 concerning dosimeter
placement for determining whole body doses in situations where the principal
source of radiation is from underfoot was overly conservative.

Discussion:

The earlier guidance was,

"If the principal source of radiation is from underfoot, the appropriate
location for the dosimeter might be on the lower leg just above the ankle,
since the long bones of the lower leg contain active blood-forming marrow."

As defined in 10 CFR 20.101(b)(3), "'dose to the whole body' shall be deemed
to include any dose to the whole body, gonads, active blood-forming organs,
head and trunk, or lens of eye."

According to the International Commission on Radiological Protection (ICRP)
publication No. 23, "Report of the Task Group on Reference Man," an adult's
long bones of the lower leg contain essentially no blood-forming red bone
marrow. Red marrow has been replaced by yellow marrow after the 18th year;
yellow marrow performs no blood-forming function and is mainly fatty tissue.
ICRP-23 shows for the reference man's femur (thigh bone) a steeply declining
red marrow content until the early to middle twenties when no red marrow is
evident in the femur shaft. However, in discussing red and yellow marrow
distributions, ICRP-23 states, "...it must be pointed out that there is much
variation, and exceptions should not be regarded as unusual." In the woman,
"...the red marrow may occupy up to one-half to two-thirds of the shaft of the
femur...."

Another factor is the body's ability to physically replace the yellow with
active, red marrow in periods of stress, such as anoxemia, blood loss, anemia,
etc. The time frame for the red for yellow marrow replacement was not known
when ICRP-23 was published.
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Guidance:

To monitor an adult for whole body doses when the principal source of radiation
is from underfoot, a reasonable placement for a whole body dosimeter would be
just above the knee. Any further generalization for whole body dosimeter
placement could be non-conservative, considering reported variability because
of age, race, sex, and state of general health. Note that extremity monitoring
requirements may dictate the placement of additional dosimeters in the feet and
ankle area.

No written response to this information is required. If you need additional
information regarding this matter, please contact the Regional Administrator
of the appropriate NRC Regional ,Office.

wa d . ordan, Director

Divis of Engineering and

Qu ssty Assurance

Technical Contact: J. E. Wigginton
301-492-4967

Attachment:
List of Recently Issued IE Information Notices
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LIST OF RECENTLY ISSUED
IE INFORMATION NOTICES

Information Date of
Notice No. Subject Issue Issued to

83-58

83-57.

83-56

83-55

83-54

Transamerica Delaval Diesel
Generator .Crankshaft Failure

Potential Misassembly
Problem with Automatic
Switch Company (ASCO)
Solenoid Valve Model
NP 8316

Operability of Required
Auxiliary Equipment

Misapplication of Valves by
Throttling Beyond Design
Range

Common Mode Failure of Main
Steam Isolation Nonreturn
Check Valves

Primary Containment -Isola-
tion Valve Discrepancies

Radioactive Waste.Gas System
Events

08/31/83

8/26/83

8/22/83

8,/11/83

8/11/83

8/9/83

8/5/83

8/1/83

07/25/83

08/30/83 All power reactor
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP

Al'l power reactor
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP

All power reactor-
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP

All power reactor
facilities holding
an OL or CP.

All power reactor
facilities-holding
an OL or CP ,

83-53

83-52

83-51 Diesel Generator Event

83-50 Failure of Class 1E Safety-
Related Switchgear Circuit
Breakers to Close on Demand

Sampling and Prevention of
Intrusion of Organic Chemi-
cals Into Reactor Coolant
Systems

83-49

DL = Operating License,
CP = Construction Permit


