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GENERAL INSTRUCTIONS FOR THE RECOVERY OF
RADIOACTIVE CONTAMINATED EQUIPMENT

NOTICE

The contents of these instructions have been derived
from various authoritative sources which are believed
to furnish the best available information. Sandia Cor-
poration, however, can assume no responsibility to any
user of the information with respect to any activity
undertaken by the user. Reliance upon the contents of
these instructions must be at the user's sole risk.

ABSTRACT

This document outlines the essentials of the planning and action necessary for the
recovery of radioactive contaminated equipment following a radiological disaster.
It lists the records which should be collected before a disaster and discusses the
training of personnel for recovery teams. Radiation doses, radiation indicators,
and protective clothing are all treated in a general fashion. Procedures are
given for the actual recovery of equipment, with emphasis on personnel safety.
Decontamination techniques and materials are then discussed. Graphs and
simple calculations are presented for determining safe work limits and radiation
doses under varied conditions. A list of typical sources for radiological supplies
and a brief bibliography are also included.
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GENERAL INSTRUCTIONS FOR THE RECOVERY OF
RADIOACTIVE CONTAMINATED EQUIPMENT

Introduction

The purpose of this document is to acquaint manufacturers with the basic planning and
action for retrieving production equipment after a radiological disaster. It should be real-
ized that a considerable amount of the machinery outside of the total destruction area can be
used with little or no repair. Such machinery may, however, be contaminated by various
radioactive products and trapped in broken and falling buildings. It is our purpose to help
manufacturers plan for the salvaging of such equipment.

The following pages describe in a very general way the kind of planning and action nec-
essary for equipment recovery. In practice, this information must be supplemented by some
of the many published studies on various aspects of radiological effects and decontamination
procedures. To aid manufacturers in compiling detailed instructions for the recovery of
their equipment, a few references pertinent to industrial planning are listed in Appendix C.

Two things are necessary for an effective recovery program-planning and action.
And as in other efforts, the action is likely to be no better than the quality of the planning.
Because carefully detailed plans obviously cannot be made after a disaster, a plan of action
should be formulated beforehand. Personnel should be trained to carry out this plan, and
necessary materials and tools should be gathered and stored.

Immediately after a disaster there will be a period in which the appropriate action is
essentially no action, so that short-life radioactive contaminates can harmlessly dissipate
their energy. (It may be noted that gamma radiation will persist somewhat longer than the
other types of radiation.) Of course, some action can be taken during this "cooling" period.
Surveys of radiation levels can be made, and personnel and decontamination equipment can
be placed in readiness for the recovery operation.

Procedures for the actual recovery of machinery and for its decontamination will be
outlined later. It should be emphasized here, however, that one cannot establish hard and
fast rules to follow in these operations. Varying situations will call for the greatest ingenuity
in devising individual solutions which will ensure that personnel are shielded from radio-
activity while, at the same time, essential equipment is recovered as quickly as possible.
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Predisaster Planning and Training

One of the most important phases of disaster planning is the preparation of detailed
recovery instructions. These instructions should contain enough information to permit
recovery parties to locate and retrieve important equipment even if plant personnel are not
available to help. Copies of the present pamphlet, detailed salvage instructions, and the
records listed below should be stored in a place easily accessible but at a safe distance from
the plant. These records should include:

1. Detailed layouts of plant equipment showing all water and power lines as
well as any underground facilities.

2. Tool and jig storage areas, listing names, numbers, and sources of stored
items.

3. Lists of plant personnel and their work classifications. (These lists may
also be available through the local Civil Defense organization. )

4. Maps showing the location of the plant in relation to important landmarks.

If these records are to have any value, they must be kept up to date by continual revision. It is
also recommended that a supply of dosimeters, survey meters, film badges, special disposable
clothing, and respirators be stored with the records.

The second essential of the predisaster effort is the training of personnel to put the plan
into effect. Persons trained should be of high caliber, for they will have to teach crews and
to lead them in salvage and decontamination operations. Normally, it will not take a properly
trained leader more than 12 to 24 hours to instruct salvage crews in the handling of radio-
active debris, including the precautions required and the proper use of radiation instruments.
Certain competent men in the damage assessment crews should be trained extensively in the
use of monitoring devices, the technique of making radiation-level surveys, and the mapping
of "hot" areas and equipment. They should also be taught how to keep the required records.
The material contained in the following paragraphs should be thoroughly understood by all
men who are to work in contaminated areas.

Radiation Dose

In considering acceptable radiation dosages, it should be recognized that the subject is
complex and that the doses recommended are revised from time to time. Consequently,
planners should become familiar not only with the literature on the subject' but also with new
developments and revisions. As a guide on maximum permissible levels (MPL), the following
information may be of interest. It is a restatement of recommendations made by the National
Committee on Radiation Protection and Measurement (April 15, 1958). These recommendations

*
Glasstone, Samuel (Editor), The Effects of Nuclear Weapons, AEC-DOD document,

June 1957, Para. 8.26, and Chap. XI.
Effects of Nuclear Weapons for Use in National Readiness Planning, Office of the

Assistant Director for Plans and Readiness, Office of Defense Mobilization, Washington 25,
D. C., April 10, 1958.
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have been adopted by the Atomic Energy Commission to govern the practice of its contractors.
The values listed are for work in controlled areas. These are areas in which radiation
records are kept and access and working conditions are supervised.

Accumulated and Periodic Dose. -- Ionizing radiation when absorbed by man is meas-
ured in rems. If a man absorbs an amount of any type of radiation which produces an effect
in him equivalent to the effect produced when he absorbs 1 roentgen of X- or gamma radiation,
he has absorbed 1 rem. To the most critical organs, the maximum permissible dose (MPD)
in rems accumulated at any age is 5 times the number of years beyond 18 of a man's age.
However, the dose in any 13 consecutive weeks must not exceed 3 rems. For body skin the
MPD is just twice that for the critical body organs.

These values, it should be emphasized, are the safe limits for continuous exposure
under controlled conditions; no person continually exposed to radiation should be allowed to
receive radiation in excess of these limits. However, in emergency conditions and for short
periods of time, volunteers may be called on to accept higher levels in order to recover
vitally needed equipment. An accidental or emergency dose of 25 rems to the whole body,
occurring only once in the lifetime of the person so exposed, is assumed to have no effect on
the radiation tolerance status of that person. When requests for emergency work of this kind
are made, the requestor assumes sole and complete responsibility.

Radiation Indicators

Obviously, it is necessary to measure and record the radiation received by workers in
order to make sure that they stay within the proper levels. Each worker should therefore
wear a dosimeter and a film badge. Dosimeters are direct-reading pocket ionization cham-
bers which indicate, on a calibrated scale, the radiation received. AEC-type film badges are
devices similar to dental X-ray film packets. Film badges are not direct reading; they must
be processed in a laboratory and interpreted by trained technicians. In practice, when a man's
dosimeter indicates that he has received a "maximum permissible radiation dose," he should
leave the contaminated area at once.

For measuring the radiation level of "hot" materials, portable direct-reading gamma-
radiation survey meters are available. It is important to remember that when these instru-
ments are used, they should never be allowed to touch contaminated surfaces. Appendix B
lists a few sources of supply for the measuring devices described. The list is not meant to
be inclusive, nor should it be taken as a recommendation.

Personnel Protection

Special clothing is required for work in contaminated areas. Suitable clothing consists
of such items as launderable coveralls (hooded, if possible), canvas boot overshoes, respi-
rators, gloves, and caps. The clothing should cover as much of the body as possible. For
work under wet conditions, rubberized or waterproof clothing should be worn. After clothing
has become contaminated, it should be washed. If this is not practical, it should be buried.

Personnel should be instructed in the proper use of such clothing and in clean personal
and working habits. While working in contaminated areas or while wearing contaminated
clothing men should not eat, drink, or smoke because of the danger of ingesting contaminated
material. Men should also refrain from eliminatory functions while in contaminated areas.
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Equipment Recovery

Crews should be organized before the actual recovery of equipment is attempted. Each
crew should include at least one trained person to monitor the area. One person should also
be assigned to maintain the records described below.

In any contaminated area, the following information should be collected and preserved:

1. Date of contamination.

2. Radiation-dose records for all personnel, including times spent
in hot areas, daily amount of radiation received, and total accu-
mulated doses.

3. A map of the contaminated area showing:

a. location of all equipment;

b. safest route to equipment, with radiation levels along the
route recorded together with dates of monitoring;

c. radiation levels, monitoring dates, and tagging of
equipment to be recovered.

When the radiation level has dropped low enough to permit the recovery operation to
proceed, safe routes should be laid out and cleared of debris. The area should be mapped
radiologically, and all equipment should be tagged to show radiation levels and date monitored.
Plans should be made to rotate personnel in such a manner that personnel overexposure is
avoided without disrupting the progress of the operation. Some minimum time, such as 1/2
hour of work per man per day, should be chosen as a limit. This length of time will vary with
the radiation levels in the working area, the number of men available for work, and the demand
for the equipment being salvaged.

Heavy road-grading and handling machinery can be used to clear a fairly safe path to the
equipment. Such equipment and its operators should be monitored often enough to ensure

safety. Care should be taken in the clearing operation to prevent personnel from coming into
direct contact with debris. Personnel should stay clear of hot dust, muck, and damaged mate-
rials. Contact can be avoided in large measure through the use of drag lines, bulldozers,
cranes, and water-spray trucks fitted with high pressure pumps.

When the equipment has been reached, any overburden of rubble should be removed, with
care taken to prevent further damage to the equipment. If possible, the equipment and sur-
rounding area should then be hosed down with water. Next, equipment fastenings should be

separated from their moorings by any standard means. Here also personnel should be pro-
tected from radiation as much as possible through the use of such equipment as lead shields,
long-handled speed wrenches, and cutting torches fastened to extensions. Working surfaces,
gage points, and other sensitive parts of the machines being salvaged should also be protected.
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Decontamination Process

The first essential for successful decontamination is a proper working space. A well-
drained area must be constructed or located on which equipment can be placed or suspended
during the hosing down or cleaning process. If possible, the surface should be hard (nonporous)
with a slope sufficient to carry away hot dirt and grease along with the decontaminating mate-
rials. Because the residue will be highly radioactive, it must be trapped and isolated. This
may be done by constructing a reservoir or possibly by damming a roadside ditch. Residue
should never be dumped into wells or sewage systems. The reservoir must be fenced off and
posted as long as radiation levels are high enough to endanger personnel.

Radioactive contamination will exist primarily on exposed surfaces and will be concen-
trated in the dirt, grease, oil, and paint on the equipment. The amount of radioactive pene-
tration depends on the intensity of the initial radiation and on the length of time contaminants
remain on the equipment. During the entire decontamination procedure, personnel in the area
must wear protective clothing and radiation indicators and must observe clean working and
personal habits. In addition, radiation exposure records must be maintained on all personnel,
so that any man who has received the maximum permitted dose can be removed to a radiation-
free area.

There are various readily available materials that can satisfactorily be used to decon-
taminate equipment. These include cold water, hot water, steam, detergents, and water
softeners. Grease and oil may be cut with kerosene or various degreasing solvents. The
surface contamination of corroded and rusty surfaces can be reduced by using a weak solution
(2 to 3 per cent) of hydrochloric (muriatic) acid in water. A sufficient supply of long-handled
brushes and brooms should be provided for the cleaning operation.

The actual decontamination process is best described step by step:

1. Flush off dirt and grime. Use long-handled brushes to scrub the

surface with the appropriate solvent. If available, high-pressure
water, especially hot water or steam, should be used.

2. Monitor the equipment after each pass of liquid cleaner and after
all loose residue has been removed. If the equipment is still too
hot, the surfaces may have to be sand-blasted, filed, or scraped.
In cleaning by these means, care should be taken to prevent
damage to working surfaces, guide pins, cutting edges, the
working contours of dies, etc.

3. If the preceding methods of decontamination are unsuccessful, the
equipment may have to be disassembled for further cleaning. If
this action also fails, hot critical parts should be replaced if pos-
sible.

4. After cleaning has progressed as far as possible, equipment should
be monitored, dated, and tagged; hot portions and radioactivity
levels should be clearly indicated on the tags.
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5. If any piece of equipment shows a radiation level higher than that
considered safe for, say, 1 hour of work by a properly protected
operator, it should not be removed from the decontamination area.
The 1 hour mentioned is purely arbitrary; the actual time must be
determined on the basis of the number of men available to operate
the equipment and the urgency of the work.
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APPENDIX A

PLANNING DATA

Persons involved in planning and training should thoroughly understand safe radiation
dose limits and the principles of radioactive decay. Some preliminary information is given
below, but those interested should delve further into the subject by consulting the references
given.

Estimation of Safe Work Limits for Machine Operators

There is a handy but approximate rule which indicates the decay rate of radioactivity:
"Activity decreases by a factor of 10 for every sevenfold increase in time after a nuclear
explosion." For example, if a reading of 1000 roentgens (r) per hour were recorded 1 hour
after an explosion, the values for various following times would be:

7 hours later
49 or 7 x 7 hours later

343 or 7 x 7 x 7 hours later

1/10 or 100 r
1/100 or 10 r

1/1000 or 1 r

Devices for monitoring radioactivity measure in units known as roentgens. Yet, in the
previous section, Radiation Dose, the rem was used as the unit of measurement, a rem being
equivalent to a man's absorbing 1 roentgen of gamma radiation. There would now seem to be
a problem in establishing factors for converting the other types of radiation-alpha and beta-
into rems, so that radiation-monitoring-device readings in roentgens can be translated into
human radiation dosages in rems. However, alpha and beta radiation dissipate much more
rapidly than does gamma radiation. And, since recovery personnel will not be entering a
contaminated area for at least several days after the explosion, alpha and beta radiation will
have so dissipated as to be relatively insignificant. Gamma radiation, upon which the rem as
a unit of measurement is based, will be the predominant radiation hazard. For practical pur-
poses, therefore, the radiation-monitoring-device reading in roentgens can be considered also
to be the approximate human radiation dosage in rems.

Relative Dose Rates at Various Times After a Nuclear Explosion

Relative dose
rate

1000
610
440
270
150

97
63
39
27

Time
(hr)

30
40
60

100
200
400
600
800

1000

Relative dose
rate

17
12

7. 3
4. 0
1. 7
0.75
0.46
0.33
0.25

Time
(hr)

1
1-1/2
2
3
5
7

10
15
20
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To use the table, take the hourly dose rate as 1000 in any desired units and determine
decay rates by direct proportion. For example, if the dose rate at 1 hour is 100 rems, at
20 hours it will be

100 = x
1000 27 x= 2. 7 rems

Decay Factors

Decay factors may be determined more precisely by using Figure A-1, "Fission Product
Decay Factors From 1 Hour After Explosion." Through the use of this graph, decay factors
from about 9 minutes to 10, 000 hours after a nuclear explosion can be predicted from any dose
rates (from a known time and dose rate). For example, 5 days (120 hours) after a nuclear
explosion, a dose rate of 10 rems per hour is measured by a monitor with a gamma survey
meter. From the curve, the decay factor at 120 hours is read as 0. 0032. The dose rate at
1 hour after the explosion can be calculated by dividing the measured rate at 120 hours by the
decay factor:

10 rems/hr - 3125 reis/hr at 1 hour
0. 0032

The dose rate at a later time can be found once the 1-hour dose is known. Assume, in
the same situation as above, that 10 additional days pass before recovery personnel reach the
site in question. The total time after detonation will be 360 hours (10 days plus 5 days). The
decay factor shown by the curve for 360 hours is 0. 00086, and so the expected dose rate 15
days after detonation would be the 1-hour dose rate times the decay factor:

3125 rems/hr x 0. 00086 = 2. 69 rems/hr

Total Radiation Dose Received in Specific Time Intervals

Figure A-2 is a set of curves which supplies a "multiplying factor." This factor multi-
plied by the 1-hour dose rate gives the total dose to be expected when a person enters a radio-
active area and stays there for a period of time. Let us continue with the situation used
earlier. A survey team, properly clothed for such work and avoiding contact with contaminated
materials, enters the 3125 rem-per-hour area to map it 120 hours after the nuclear detonation.
What dose would the members of the party receive if they stayed in the area 4 hours? From
the graph we find that the 120-hour line intersects the 4-hour-stay curve at a point where the
multiplying factor is 0. 0126. The dose accumulated is found by

0.0126 x 3125 rems/hr = 39. 38 rems

These curves can also be used to calculate safe-entry times. Assume, for instance,
that a retrieval crew can be allowed to receive a dose of 2. 5 rems per hour for 1 hour in the

14



area discussed above (3125 rems/hr at 1 hour). The multiplying factor is found by dividing
the allowable dose by the 1-hour dose rate

2. 5 rems/hr = 0.0008
3125 rems/hr

The line for this multiplying factor intersects the 1-hour-stay curve at 380 hours. In other
words, work crews could enter the area for 1 hour about 16 days after the disaster.

15



1 2

9I

F891 5 67891 5 

27 

95

7 \6

3 - - -- t .. --- --- ---1-----
- - --

- 1

LEFT-HAN S A E RIGHT H ND SCALE

.7 -- - - - - -

0.61 1< -.. Y

I - IHKO

.3

36 r-- 1

..

4-.. - _ _

NI -I

9c - -

- ----

03
- ---

-4:7' 4- 1
i.
0.1 0.2 0.3 0.5 1

Iur{. - N [~T4W:i

-L I:21j11 w:
zir:.v~z7z 4- ...1.. .. ....

3 4 5 10 20 30 50 100 200 300 500 1000 2000

HOURS AFTER EXPLOSION

it
5000 10,000

Fig. A-1 -- Fission product decay factors

7891rn0.01

0

C0

00
Q 0IL

0o

w
0

0.

0.
0.

0.

0.

0.0

0.

0. 0032

0.001

0

0

LL

0

0

0.0001

0.00001

5 67 1191 iI i 4

2



03 04 050t07na n9a' 9V.C .0 V.- V. V.v .CV' 4 5 b6 r7by IV |
10 .0--- - - - - - --

rS----- ----

4.-----

0.0005 :-

0.0002 - T

0.0001I - IP

._ _.4

30 40 ~~fl SO 7050001000 2n00 !0 0 10 0

- .- - - - - -- -- - - . - - ---- V - -lJ J~ }' W---

{I ItI

___ - 1TL14I. I. I ..... -i--

S 1 I -. cIIr,
-_ -L----r-

I + '" 1-- -

0 5 
T 

-
0 4 $ t - t-t * 5 -

, - H 4 - -- -4_, -- - ' -_ -- I -T - --- - - f - t-- r ; I - _- - - 3 - -1u -

0.02
r ; ,, s" ; , + _ : .. .. ' ,_ :: a ,- - -- _.. -,ri t ,. - -- -- 4 - - . -

.0---- 1---04--

-7 # 7 - - - - - --

O1- -- - - - ---- 1 -
-rh-14

I
41 I [ 1 2 1y . -

0.00005 -- --- = T

.00002+0._..000002

.000001
0.1 0.2 0.3 0.4 0.5 0.6 0.7 02039 2 3 4 5 6 7 8 9 10 20 30 40 I 0 60 80 100 200 30 d 500 00 1000 2000 5000 10,00

I DAY 2 DAYS 4DAYS IWK 2WK 4 K 8WK 16 WK IY

TIME AFTER EXPLOSION OF ENTRY INTO CONTAMINATED AREA (hr)

-- ma-

Td --

- 20,000 50,000 1OO, -

ZYR Y R

Fig. A-2 -- Radiation dose received in a contaminated area

17-18

.2

117

-~

7711 7

-- -

-- -

t iT

IFI 
N l l0.00 2 

0.0 af2W

i

t;lm4i l

EFH
H-H
HiT
lq:q

I

E

20 200 300 SCenn %nnnn,nn

,...

I ! 1 , 1

n

I 

-- -I- 
1 -b ---77

.; " - _ . -: - ' . ; - . ; I:- -"r

30 40 50 60 70 80 400 500 700 100A c 

a a s i
inn nnn

T "Tiv.-T M ,-





APPENDIX B

SOME SOURCES OF RADIOLOGICAL SUPPLIES

The following tabulation lists a few of the possible sources of radiological supplies.
Any qualified local source fulfilling the needs of this document will be satisfactory.

Item
Portable Protective

Dosimeter Film badge monitors clothing Supplier

X X - - Atomic Research Laboratory
10717 Venice Blvd.
Los Angeles 34, Calif.

X X - - Cambridge Instrument Co., Inc.
3527 Grand Central Terminal
New York 17, N. Y.

- - - X Johns-Manville
22 E. 40th St.
New York 16, N. Y.

- X Mine Safety Appliance Co.
201 North Braddock Ave.
Pittsburgh 8, Pa.

X X - - Nucleonic Corp. of America
196 Degraw Street
Brooklyn 13, N. Y.

X - Nuclear Measurements Corp.
2460 North Arlington Ave.
Indianapolis 18, Ind.

X X X X Radiation Counter Labs., Inc.
5122 W. Grove St.
Skokie, Illinois

- X Standard Safety Equipment Co.
232 Ontario Street
Chicago, Illinois

X X - Technical Associates
140 West Providencia Ave.
Burbank, California
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Item
Portable Protective

Dosimeter Film badge monitors clothing Supplier

X X X - Tracerlab, Inc.
1601 Trapelo Road
Waltham 54, Mass.

- X U. S. Rubber Co.
1230 Avenue of America
New York 20, N. Y.

X - Victoreen Instrument Co.
5806 Hough Avenue
Cleveland 3, Ohio

X X - - X-Ray Dept. General Electric Co.
4855 Electric Avenue
Milwaukee, Wisconsin
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