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ABSTRACT

We developed a minicomputer-based system to provide rapid

access to personnel dosimetry data during a campaign to de-

contaminate and refurbish a hot-cell at the Hot Fuel Examin-

ation Facility (HFEF) Complex. This system allows project

management to estimate doses for future tasks, assess the

effectiveness of decontamination and personnel protection

techniques, and balance exposures among members of various

skill groups. As the campaign progresses, projected total

exposures can be minimized by tradeoffs between estimated

doses during decontamination and estimated dose savings during

the refurbishment phase. The effectiveness of various dose-

reduction procedures can be compared on the basis of data from

a few cell entries before more extensive routine operations are
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scheduled. Because the radiation fields vary significantly

with location in the cell , we find that measurements of whole-

body, skin, and extremity doses are more valuable than dose-rate

information. Penetrating and skin radiation doses to personnel

can be compared to administrative guidelines. This helps us to

select the most effective combination of protective clothing.

For example, "leaded" gauntlets reduce the dose rate to the

workers' hands, but their use can increase the time required

for some in-cell tasks. Hence, use of gauntlets can lead to

higher whole-body and skin doses. The program is written for

the HFEF Complex Harris/6 minimainframe computer with a disk-

monitor operating system.

INTRODUCTION

From July 1978 to September 1983, we have been involved in a campaign

to decontaminate and refurbish the argon cell at the Hot Fuel Examination

Facility/South (HFEF/S). This hot cell is part of the Hot Fuel Examination

Facility (HFEF) complex located at Argonne National Laboratory's site at

the Idaho National Engineering Laboratory (INEL). The primary mission of

the HFEF complex is to provide destructive and nondestructive testing of

irradiated fuel and other materials to support our nation's breeder reactor

program. Prior to this, the HFEF/S was named the Fuel Cycle Facility with

the assignment of remotely reprocessing and ^fabricating fuel elements for

the Experimental Breeder Reactor-II (EBR-II) (Coleman 1970). During these oper-

ations (from 1965 to 1969), radioactive materials were spread throughout the cell



Up to 1977 it was used to support the examination of materials irradiated

in EBR-II or in other Department of Energy (DOE) facilities. In late 1977,

the cell was shut down in preparation for refurbishment of in-cell systems

such as bridge cranes, electromechanical manipulators, equipment transfer

locks, penetrations, lighting fixtures, recirculating argon cooling

equipment, and shielding windows. Remote decontamination techniques were

used initially to the maximum extent possible, but personnel entries were

required for additional decontamination. Methods of decontamination and

personnel protection have been described elsewhere (Bacca, et al. 1979;

Courtney, et al. 1982). To assist project management with manpower assign-

ments and decisions on in-cell operations, we developed a computer program

to track radiation exposures of everyone who entered the argon cell. Rapid

feedback of dosimetry data helped to reduce overall exposure for the

campaign and to develop a realistic person-rem budget for subsequent

operations. Such information helped make the best use of available

personnel with specialized knowledge and skills.

RADIATION SOURCES

The argon cell is built in the shape of a 16-sided regular polygon;

the trapezoidal floor region associated with each side is called a zone.

At the center of the cell is a shielded central control room of a similar

shape. The distance from the center of the control room to its outer face

is 4.6 m (15 ft). The distance from the outer face of the control room

to the cell wall defines an annular space of 4.9 m (16 ft). The cell is

6.7 m (22 ft) high; the outer top surface of the central control room is



3 m (10 ft) above the cell floor. The cell volume is about 1700 m
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(60,000 ft ); its internal surface area is approximately 1140 m
o

(12,300 ft ). Inner surfaces are carbon sheet steel with a zinc-

metallized and shot-peened coating. Even though in-cell equipment and the

steel shutters used to protect the shielding windows had been removed,

the many penetrations, shutter rails, and fixtures made decontamination

difficult.

The fuel reprocessing involved handling melt refining crucibles that

contained powdered residues. These residues consisted of all of the rare-

earth element fission products and about 10% of the strontium, uranium, and

Plutonium. A fume trap collected most of the cesium, but this trap was

handled openly, without additional confinement, in the cell. Since the

argon atmosphere was recirculated at high velocities without filtration,

particulates were blown throughout the cell.

After decay times on the order of ten years, the predominant nuclides

were the 90Sr-90Y and 137Cs-137mBa isobaric pairs. Trace amounts of 6 0Co,

Sb, I J \ s , l^Ce- Tr, and 10DEu were also identified. Most of the

personnel dose was imparted by the 0.662 MeV photon from Ba and the

2.276 MeV (end point) beta emitted by UY. Hence, the radiation field

could be described as a mixed field of relatively low energy gamma rays and

high energy betas.



RADIATION MEASUREMENTS

All workers entering the cell wear three pairs of thermoluminescent

dosimeter (TLD-700) chips to determine the whole body and skin doses. One

chip in each pair is unshielded; the other is surrounded by 2 mm

(540 mg/cm ) of aluminum. One of these pairs is included in the standard

INEL personnel dosimeter and security identification badge that is worn,

along with a self-reading dosimeter, in the breast pocket of the inner set

of coveralls. A second pair is positioned on the forehead taped to a

surgeon's cap and third pair is taped to the undershorts near the back of

the thigh. Finger rings each containing one TLD-700 chip are worn on the

middle finger of both hands. All TLDs are processed by the DOE Radiological

Environmental Services Laboratory at the INEL.

The worker's whole-body exposure to penetrating radiation is based

on the highest reading of the three shielded TLDs. To assure a

conservative value of the assigned dose, skin exposure is based on the sum

of the whole-body penetrating-radiation exposure and the highest non-

penetrating-radiation reading of the three TLD pairs. Nonpenetrating

radiation for a given TLD-pair is determined by subtracting the shielded

TLD reading from the unshielded TLD reading.

The exposure to extremities is monitored by the TLD finger rings.

During the initial cell entries, TLD pairs were also attached to the

worker's forearm, ankle, and foot. However, data from these extra TLDs

showed that exposures to the extremities were not significantly greater



than the whole-body exposure. Hence, the hands were considered the most

conservative ones to monitor for extremity exposures.

During the entry, a digital dosimeter, taped to the front of the

worker's lead-loaded apron, is used to monitor exposure to penetrating

radiation. By radio, the worker is periodically requested to read his

digital-dosimeter by a Radiation Safety technician who logs the accumulated

exposure. When a worker's exposure approaches a preestablished control

value, the worker is advised to start to exit the cell. A control of 100

mRem has limited exposures to the skin and extremities as well as whole

body doses as measured by TLDs to meet all administrative criteria.

Ion chambers with aluminum or plastic filters were used to measure

the radiation levels within the cell. To protect them from contamination,

they are placed in double plastic bags. The radiation field within the

cell is quite nonuniform especially for that component that did not

penetrate to the shielded TLD. Many "hot-spots" were identified and the

nonpenetrating component varied by more than an order of magnitude within

a given zone. The rough surfaces of the walls and floor and fixtures

such as feedthroughs and shutter rails complicate in-cell surveys. Early

measurements (in July 1978) found general levels of 500 to 5000 mr/hr for

the sum of penetrating and nonpenetrating radiations. The penetrating

component ranged between 10% and 2Q% of this sum throughout the cell.

Some grease spots that served as traps for contaminated particles read up
2

to 15,000 mr/hr through about 25 mg/cm of filter. Even higher levels



on the order of 20,000 mr/hr) were measured on some window shutter rails

and on top of the central control room.

This variation in direct radiation complicated our comparison of

decontamination and radiation protection measures. Since personnel dose

reduction was a major goal.we decided that TLD data were more reliable

indicators of the radiation environment inside the argon cell. The workers

integrate over time and volume as they move throughout the cell to

accomplish their assignments. Knowledge of the time in the cell allows us

to derive average whole body, skin, and extremity dose rates for every

person-entry. If the tasks accomplished are considered, dose rate

information would be a figure of merit for our decontamination operations.

During the decontamination phase lasting from July 1978 to February 1980,

skin and whole body average dose rates were reduced from 2850 to 180 mr/hr

and from 270 to 20 mr/hr respectively.

COMPUTER DATA MANAGEMENT

Our computers are twin Harris/6 minimainframe central processing

units (CPU) with disk-monitor operating systems (DMS). They are part of

the HFEF Data Acquisition and Process Control System (Just, et al. 1981).

The primary mission of this system is to record and reduce data accumulated

in the examination of irradiated material within the HFEF complex. Programs

that add, correct, manipulate, and output data are written in FORTRAN to

run in realtime as foreground programs on either of the CPUs. A block

diagram of the system is shown in Figure 1. Each CPU has 80K words in

memory and 80 megabytes of disk storage available. About 1.7 megabytes



of disk storage has been allocated our data base; this is adequate for

the exposure data that would be accumulated in over 4800 entries.

All data entry is performed in a realtime mode on a cathode ray tube

(CRT) terminal using an index sequential utility provided by the Harris

Computer Corporation. This utility creates a sequential file with indexes

which allows rapid random access to individual records (Anon. 1975). Also,

such files permit considerable flexibility in data manipulation. Two of

the more significant advantages of indexed sequential files are the ability

to read or write individual random logical records, and to add new logical

records with keys to the file. The key to the file is the entry number;

an additional digit was used to identify information with a specific

individual. For example, if three persons in the cell during Entry 123,

data would be keyed in as numbers 123-1, 123-2, and 123-3.

A 75-in. per second, 800-bit per in. Harris tape drive was used to

save the data files. Periodically, a second tape is updated to provide

backup of the project data base.

Output information is available from a 600-1ines per minute Harris

printer and a Tektronix Mode] 4002A graphics terminal with a hardcopy

unit. Copies of tables and plots are provided to appropriate members

of the refurbishment project staff well in advance of their weekly meetings.

This gives time to request additional information such as the radiation

exposure of individuals in specific skill groups.



For every person entering the cell, the information in Table 1 is

input at the CRT terminal. The dosimetry results are available within

one working day from the INEL Dosimetry Service operated by DOC. Our data

base is maintained independently of the official INEL dosimetry records.

Output data is provided in tabular form by the line printer and in

plotted form from the Tektronix Graphics Terminal. Typical graphs of

short and long-term ranges of dose rates are shown in Figures 2 and 3,

respectively. Note that the time scale is not linear; points are plotted

sequentially only for those days when entries were made. Typical output data

available are outlined in Table 2. Additional information can be printed

at the request of project management.

A total of 10 programs are required for exposure data management.

They are listed in Table 3. Output generating codes are run in the batch

mode. Input and data manipulation codes are run in realtime as interactive

programs. It would be desirable that all of the codes be run in an

interactive mode from any of the CRT terminals connected to our computer

system. Because of the press of other activities, we have not made this

modification at the HFEF; however, it would make these codes much more

useful to the refurbishment project manager.

Packages of dose management programs are now available from several

commercial sources. These sets of codes may be tailored to the specific

information needs of nuclear facilities.



HEALTH PHYSICS APPLICATIONS

For our project, the most useful information was the rapid feedback

of the doses associated with each task in both decontamination and

refurbishment phases. This allowed us to track our exposures and establish

baseline data for a radiation dose budget. While there was no long-run

exposure budget for the entire campaign, we did establish short-time

criteria and doses were projected for the in-cell tasks on a weekly basis.

The magnitude of the project can be appreciated from a review of the entry

data and integrated doses given in Table 4.

Experience gained in this project helped us set a dose budget for

the decontamination and refurbishment of the other hot cell (the Air Cell)

in HFEF/S. This project extended from May "! to July 15, 1982. It

required 95 entries involving c.ie to four persons per entry. The budget

for the Air Cell Project was 13.55 person-rem to the whole body; this

goal was met within a variance of less than 5 percent. Because of the

nature of the contamination in the Air Cell, the readings on the unshielded

TLD equalled the reading of the shielded TLD.

Since exposure data are available for both individuals and groups of

individuals, project management could schedule persons to make best use

of their talents. Since some in-cell tasks required specialized skills

and training, the dose to certain individuals could be minimized to save

their in-cell time for the most appropriate point in the schedule. Three

trades that were in short supply were welders, electricians, and riggers.

While a number of welders were available, only two persons on our site

10



were qualified as precision machine-shop welders. Several members of the

professional staff possessed unique knowledge and experience that were

required to resolve in-cell problems and to advise project management in

areas of remote systems technology. We could plan the most efficient

use of our resources, and make the best use of available personnel.

Outside contract workers could be scheduled to the best advantage. Another

goal was to minimize the exposure to our health-physics technicians; they

must provide coverage to the other facilities at Argonne's site as well as

HFEF/S. Specifically, a planned shutdown of EBR-II for maintenance competed

with our campaign for a share of the site's integrated dose budget.

The ability to make tradeoffs between alternative techniques during

the project is most valuable and leads to dose savings. We could try

alternate methods of decontamination with a few entries each. Comparison

of whole body, skin, and extremity doses and decontamination factors from

each alternative allows us to select the most effective ones. For instance,

the use of strippable coatings was effective in removing contaminated

material from the floor, but it was.time-consuming and costly in terms of

exposure, especially to the hands. Based on such data, we selected a high-

pressure low-flow rate water spray as our principal method of decontamination.

We could also evaluate the effectiveness of various combinations of

protective clothing. For example, the use of "leaded" gauntlets decreases

the dose rate to the hands. But they are heavy and they reduce tactile

sense so it takes a longer time to accomplish most tasks while wearing the

gauntlets. Thus, personnel spend more time in the cell so the associated
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whole body and skin doses are increased. Since we must meet all the

Argonne administrative limits as shown in Table 5, we must balance the

doses to whole body, skin, and extremities for the four time periods listed

(Anon. 1982). Such information can improve the quality of information

entered in radiation work permits for similar tasks in comparable

environments.

We also use our dosimetry data base to measure the effectiveness of

training. The accumulated dose, as well as elapsed time to accomplish

specific in-cell tasks, is of interest. The need for, and extent of,

initial and refresher out-of-ceil training can be strong influences on

the project schedule.

The effectiveness of dose reduction techniques can be measured with

a dosimetry data base. Plastic-covered plywood panels were placed on the

floors of six of the zones where extensive refurbishment operations were

conducted. It is estimated that these floor panels prevented about 50

person rem of skin dose in the six-month period ending August 1980. Local

shields of plywood and lead were placed around persistent hot spots such

as window ledges, feedthroughs, and crane rails that would have been very

expensive (in terms of dose) to clean up. The use of a bench enclosed by

a three-sided 9-mm (0.75 in.) thick plywood box with a roof and floor

around a bench was an inexpensive way of reducing the dose from non-

penetrating radiation. Workers sit in this shielded rest area while waiting

on equipment or during rest breaks.
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Personnel dose rate reductions were used as the primary measure of

the effectiveness of decontamination. By February 1980, the penetrating

and nonpenetrating dose rates were judged to be low enough so that the

major refurbishment tasks could be started. The data in Table 4 indicate

that the dose ratesto the skin and whole body were about equal for both

phases of the campaign even though there were twice as many person-entries

associated with refurbishment operations.

CONCLUSIONS

The use of a radiation dosimetry data base helped us make the best

use of our resources in this decontamination-refurbishment campaign.

Tradeoffs in procedures, equipment, and protective clothing could be made

based on the minimization of exposure. Rapid feedback of information to

the refurbishment project management is a key factor. With the

proliferation of small computers, this technique should have widespread

application in other nuclear facilities.
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TABLE 1. Input Items for Each Person-
Entry.

Name

Social Security Number

Entry Number

Date

Time in the Cell

Task Number and Description

Location Within the Cell

Protective Clothing

Health Physicist Comments

Dosimetry Results

^ Whole Body Dose

* Skin Dose

<? Extremity Dose
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TABLE 2. Output Information Available

Specific Entry

Name, social security number, worker category, description of task per-
formed, location of work, protective clothing, time in the cell, TLD
results, self-reading dosimeter data, digital dosimeter data, average
dose rates to whole body, skin, and extremities, and penetrating and
nonpenetrating radiation doses.

Periodic Summary

Entry numbers, individual's names, entry dates, doses at all TLD locations,
average doses for the period, highest doses at every TLD location for the
period, the ratios of nonpenetrating to penetrating radiation, total time
in the cell, total number of entries, and the total person-rem for the
skin, the extremities, and the whole body.
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TABLE 3. Programs Used in Exposure Management

REFURB - Enters data to file using formatted screen input from the
CRT terminal.

ADDNAM - Updates key files for individuals by indexing on social
security numbers.

EXPAVG - Summarizes average and maximum dose rate information within
selected period of time.

DELEXP - Deletes erronously entered data from files.

LOCAVG - Averages dose rates for selected locations or zones within
the work area.

ENTLiS - Sorts on entry identification, checks validity, and lists
data.

DOSCAL - Calculates dose rates and lists data for selected periods
of time.

PLEXPO - Plots nonpenetrating and whole body rates for selected time
intervals.

PLTSKN - Plots skin and extremity dose rates for selected time
intervals.

SELDAT - Sorts data in categories selected by user and prints the
requested information.
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TABLE 4. Argon Cell Campaign Entry and Exposure Data

Phase and Dates

Decontamination
July 1978 to Feb.

Refurbishment
Feb. 1980 to Sept.

1980

1983

Entries

400

800

Person-
Entries

916

1900

Integrated
Whole

99

111

Exposures
Body

in Person-Rem
Skin

599

520

Totals 1200 2816 210 1119

TABLE 5. Argonne-West Administrative Radiation Control Guides

Type of Exposure

Whole Body
(penetrating radiation)

Total Radiation to the skin
or penetrating radiation to
the hands, forearms, feet,
or ankles

Period

Year
Quarter
Four weeks
One week

Year
Quarter
Four weeks
One week

Dose (mRem)

3,000
1,000
500
250

12,000
4,000
2,000
1,000
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FIGURE 1 . Configuration of HFEF computer system as used in the exposure
management pro ject .
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HFEF/S ARGON CELL REFURBISHMENT
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FIGURE 2. Variation of the whole body and nonpenetrating radiation dose equivalent rates during
November 1979.



HFEF/S ARGON CELL REFURBISHMENT
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FIGURE 3. Variation of the whole body and nonpenetrating radiation dose equivalent rates over
a one year interval.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


