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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation; éxpress
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained 1in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe pri-
vately owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any
information, apparatus, method, or process dis-
closed in this report.

As used in the above, "person acting on behalf of the
Commission” includes any employee or contractor of the
Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any

information pursuant to his employment or contract with the
Commission. ' ' ' '



bolo0l0eBY S

_2- ’ - . UCRL-8380
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‘Abstract

The philosophy of '"concentrate and confine' as applied to work with
radioactive materials at UCRL has made possible special packaging and dis-
posal procedui‘es for radioactive wa§teé. . These procedures and their advan-

tages and disadvantages are discussed, and approximate costs are given for

the various types of packages produced.
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‘_Lv Introduction

The disposal of radioactive waste materials is a,'majo.'r problem fac—
ing any installation processing or producing radioactiVe materials.. The Uni-
versity of California Radiation Laboratory at Berkeley is engaged in nuclear
research 1nv01v1ng all types of rad101sot0pess elther produced by bombardment
on its particle accelerators or obtained from the AtOmlC Energy Commission
or commercial suppliers. There have been problems involving most of the
isotopes from element No. 1 to elemeént No. 102, in -quantities from tracer
levels to kilocuries, depending on the work and the availability of the isotope.

The Health Chemlstry Department is charged with the safe handling
of radioactive 1sotopes involved in 1aboratory research. The ph1losophy of
the department is to keep radioactive materials as confined and concentrated
as possible. - . |

- One result of thegf'concentrate and confige” method is that the volume
of radioactive waste produced is kept small by avoidance of unneceésary dilu-
tion during the processing of radioactive rﬁateriaI, Advantages resulting from
keeping the volume of waste small include these: ‘ . ‘

e Lesé.time and labor are needed to process the waste for disposal.

°* The small volume of waste can be moved and processed not only
more easily but also more safely, beeause safety featﬁres can be incorporated
1n the small containers that would make large ones very unw1e1dy

* Less area and equipment are needed for processing and storage of
packaged wastes prior to sea dlsposal ( ,

¢ More packages can be shipped to the disposal barge at one time {so
that fewer disposal shipments are necessary). ‘

: All,these savings in time and effort amount to a gratifying econ_omy;'
as is shown below, the disposal cost per ''potential gallon' of liquid waste 1is

less than 13 cents.
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About.200 researchers are continuously carrying on work at milli-.
curie levels or 'hig}ie'r in various departments-at UCRL. ' These people depend
directly on the w'aste—disposal services of the Health Chemistry Depatrtmen\t.
The average waste contribution is about 20 ft3 of solid waste and 5 galloﬁs of
1iquidAwaste per researcher pef 'y'ea_r. .. Thelv“)é_stés. are package'rcl as described

below for ultimate disposal at sea.

1I. The Handling of Radioactive Waste Materials

- .The \:Jva.s_-bte_s produced. throughout UCRL include the usulal solid, .liquid,
‘and airb_orné types. - All nongaseous waste is packaged in concrete. Liquid
and airborne wé.stes (except for short-lived gases that may safely be released
to the_étmosph_ere) are solidified or trapped for. incorporation in cpﬁcreté_
packages. . The concrete-packages-are-made so that they can be stored safely
for an indefinite period and eventually be safely. fransp_orted by ?:ru.clk toa
barge for disposal at sea at a depth of 1000 fathoms. (Section II D describes -
the types of - waste packages used by UCRL..) |

A. Solid Materials

..« These wastes fall into three categories, defined and handled as fol-

lows:

1. 'Contaminated materials from opératipns'in special enclosures {gloved

boxes, manipulator bokes), from animal injections,- and from tracer-level
work involving counting disks, etc. _

- The wastes in this category include contaminated glassware,A rubber
gl‘ovés’, w'ipes', ‘and other items rernoved from the enclosure during the oper-
ation or during the decontamination of the enclosure after the experiment,
These wastes are collected in milltilayer‘ paper sacks, and taken to the disposal
area where thevy are incorporated in concrete in 55-gallon metal drums.

| ) Thé"'s'olid.Wastes'frdm'-high—level operations in special enclosures
in the 6-inch lead cave are discharged into shielded waste containers located
underneath the operating enclosure and connected to it'by an airtight plastic
tube 6 inches in diameter. After the operation the plastic tube is cioéed by a
weld .a.‘c'ros,‘s the tube, the weld is cut, ‘and the waste container '_\;vith its own

mobile lead shield is removed to the waste-processing area.. There the waste
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container is transferred from its lead shield into a ‘'specially designed concrete

biock for sea disposal. The lead shield is returned fo.f. fu‘rther use.

2, Large contaminated equlpment that would 1nvolve risk and (or) expense

beyond Justlflcatmn dur1ng decontammatlon

Examples of 1tems in this category are enclosures that have become .

. 80 contaminated or corroded as to preclude recovery of the item by decontanr-

ination. - Such large items are incorporated in concrete ‘blocks measuring
about 4 X X 7 ft. As many as four standard enclosures can be disposed of

in one of these blocks.

3. Equipment with internal contamination (i.e., the interiors of the metal
parts have become radioactive owing to transmutation from accelerator bom -
bardment) ; :

This category includes parts of accelera.'cors and other bnlky equip-
ment which cannot be reused or consigned to scrap owing to its internal ac-
tivity. . Such materials can serve as ballast in waste packages or sometimes

can be dumped directly from the bargeaii

B. Liquid Materials

- These wastes are classified according to activity level and chemical

content. v ;

1.. High-level small-volume aqueous wastes (500_m1. or less)

'As these wastes develop, they are accumulated in polyethylene con-
tainers inside the work enclosure during the 'experiment. - When work is com-
pleted these wastes are solidified by the addition of a mixture of Portland
cement and vermiculite.. Either the solidification is done in the enclosure or

the polyethylene bottles are removed iri"s"ealed>p1astic'containers to a special

" box used exclusively for the solidification of small volumes of liquid waste.

The solidified wastes are then handled for disposal as small items of solid

wastes.

2. High-»level large—volume aqneous wastes (l to 50 liters)

These wastes, produced durlng hlgh 1eve1 chemlstry work in the 6-
mch 1ead cave, are dlscharged into spec1a11y de51gned and shielded waste
conta,mers These containers (as for cave solid wastes) are stored behind

the shielding and are connected to the cave box by means of pla.stlc tubing.
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After the experiment is completed the plastic connecting tubing is sealed .off,
then cut, and the shielded liquid-waste container is removed to the waste-
disposa.i area. The wastes are then solidified either in the waste contamer
or in a spec1a11y constructed concrete block. (See Sectlon I D 3 b. ) ‘
Other high-level large-volume wastes (such as scrubber liquors) are

handled in essentlally the same way.

3. Low-level large-volume aqueous wastes

' These wastes are accumulated in the various laboratories in 5-gallon
tgfla,ss c’arboys.v Whenever it is considered advisable, the carboys are taken
to the waste disposal area where the liquids are pumped into a specially pre-
pared. 30 ga.llon steel drum About 15 gallons of waste are solidified in one

drum by the addition of cement and vermmuhte

4. _Wa.,ter—,1mm1s_c1b1e organic wastes

These wastes are handled in two different ways.. Small quantities
can be mixed with large quantities of the aqueous waste (up to 3% organics by
volume). . The mixture i_s.then solidified by the cement-vermiculite process.

The other procedure used is to.solidify these organic wastes with '""Napalm."

5. Nonradioactive high-volume laboratory sink wastes

‘The techniques and regulations for work with radioactive isotopes at
UCRL under the ""concentrate and confine" philosophy prevent gross contam-
ination of the general laboratory sewer system.. Nevertheless, "good safety
practices (é.nd good public relations) dictate a check of these wastes for acci-
dental co‘ntamination with radioactive materials.. 'I‘_owla.rd this end, all lab-
orabory sink wastes drain from the building through an acid waste system

separate from the ordinary sanitary sewer. Though not necessarily noxious,

-wastes such as cooling water and aspirator discharges run through this system.

Before these ''acid wastes' are combined with the sanitary sewage they pass
through atsampling system. . Thi.s,sampling' system removes one-half. gallon:
for every hundred gallons passing through the system. The half- gallon sam-
ples are discharged 1nto a tank from which a dally sample is taken for anal-
ysis. In this way a historical record of any radioactive contammant would
be avallable should a contarrunant be dlscharged acc1denta11y into the sewer.
‘Prov1s1on has also been made for an 8-hour d1vers1on of building dlscharge

to holdup tanks should an emergency arise.

~C.

-
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C. Airborne Ma’terials

These waste materials can be classified as sohd 11qu1d and gaseous

products

1. Solid aerosols (solid a1rborne waste materlalq)

Solid aerosols may be produced during mechanical Operatwns (grmd—
ing of powders, machining, sparking, dfying of solutions), or during chemical
operations (such as smoke- producmg reactlons) '

- The disposal of these radioactive solid airborne wastes is dependent
upon the type of air-cleaning mechanism used to remove these particulates
from the airstream. Several types of air-cleaning devices a.re used at UCRL.
For the standard type of enkclosure {gloved box) a boxed filter is used.. These
are internally loaded filter’s of various sizes (usually 9 X9 X 102 in.) and
composition and. are attached to the enclosure with 3 feet of 2-in. i.d. flex1b1e
duct-work. Exhaust air flow frdo‘m the box through the filter is maintained by
a blower or a manifold system attached to the outflow side of the filter. . _
~ Planning for the particular service needs for an experirnentﬁermits schedul -
ing of replacement of the filter as it. becomes clogged or highly contaminated.

: The clogged or contaminated filter is incorporated as solid waste in concrete
in a 55-gallon steel drum. L

.Ifa licjuid._—'type air scruhber,vie used in the air-cleaning ‘system of an
enclosure, the rbesulting contaminated. scrubbef 1it1uors are collected in poly-
ethylene carboys. These liquors are then. solidified as liquid wastes by the

addition of the cement and vermiculite mixture.

2. Liquid aerosols (liquid airborne waste materials)

Air-suspended liquid waste materials resulting from chemical or
physical operations {boiling, gas bubblihg through solutions, etc.) are either
trapped in de-entrainment devices and collected as liquid waste, or if small
in quantity or intermittent in production are permitted to be trapped and dried

on the normal air filter. The liquid colleeted is treated as liquid waste.

3. Gaseous radioactive wastes

Certain radioactive gases are allowed to escape to the atmosphere
Most of these are short-lived, and calculations.combined with common sense

determine the extent of precaution necessary.
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An exception is the case of fission gases arising from the dissolution
of irradiated pile slugs. These gases are converted Successfully to solid waste-
| disposal units by collectlng them quantitatively in evacuated refrigerated bombs
filled with activated carbon. These bombs are closed by means of valves, |

disconnected from the system, and incorporated in concrete for sea burial. -,

D. Types of Waste Packages Produced at UCRL, Berkeley

1. Steel drums, dry waste

These are used 55- gallon oil or fuel drums from various sources.
One of the ends is cut out and 6 inches of concrete is placed in the bottom of
the drum. A length of used 3/8-inch steel cable is placed in the concrete be -
fore it hardens. The cable is of sufficient length to form a loop above the top
of the drum, for handling‘ of the drum after it has been filled. The prepared
drums are filled w1th sacks of dry waste layered with concrete. During the
concretlng the concrete is tamped so that voids in the drum are filled as much
as p0551b1e About 3.5 ft3 of dry waste material is disposed of in each 55-
gallon drum. A concreted drum must weigh at least 550 1lb to sink at sea.
The finished drums are stored on their sides in the waste- disposal area until
shipment. (Storing the drums on their sides prevents seepage of rain water
into possible voids around the rim of the drum.. A considerable amount of
monitoring work is saved in this way, since all liquid that runs out of a drum
mdst be assayed for radioactivity to ascertain if a container failure has oc-

curred. )

2. Standard concrete blocks

These blocks (approx1mately 4 X A X 7 ft) are made up from time to
time for the disposal of gloved boxes and other bulky equipment. A knock-
down form with the exceptlon of one side is built by the carpenters on a wood
pallet. The bottom of the block is poured first and permitted to set. The
eqdipment to be disposed of is pl'a'ced on the concrete bottom in such a way p 7
that none of the waste touches the form. The form is then completed by the
carpenters and concrete is poured to completely fill it. -
In some cases--for example, in the disposal of an enclosure used in
a 6-inch cave operationL “the air inside the box is slowly expelled through a
filter as it is displaced by the concrete actually poured into the box.. The con-

crete pouring is continued until the form and box are completely filled.
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3. Special concrete blocks

‘These blocks are designed to meet specific needs in the disposal of
radioactive waste.. They vary in size and shape a.nd\may pr_bvide shielding of
a.. Concrete block for disp&sai of solid-waste cd/ntainei's from a 6-

| inch lead cave run. | a | o
b. . Block for disposal of high—i%vel liquid waste. This type of block
is usually of the standard 4.X;{X 7-ft dimeﬁsions, ' but differs

from the regular block in having an emp‘ty 55-gallon drum centered
in the form.. The block is then poured so that the drum is com-
pletely surrounded by concrete except for three pipes thrgiugh the -
lid of the 55-gallon drum. Liquid waste is pumped into the drum
and solidified*with .cement-vermiculv‘ife. After solidification, the

- block is capped with cement and stored until shipment.

4. Steel drurﬁs, liquid waste

A package of this type consists of a 30-gallon drum with a special
lid which is set into a 55-gallon drum (see Il D'1).. After solidification is
complete the space'betwéén the 55-gallon drum and the 30-gallon drum is
filled with concrete. The drum, capped with concrete, is then ready for

disposal.

. E. Average Yearly Amounts of Waste Handled at UCRL, Berkeley

In spite of the fact that large quantities of radioactive fhaterials are
handled at UCRL, Berkeley (at one time 10% of the radioisotopes produced at
Oak Ridge were being processed at UCRL), the yearly average volume of
radioactive wastes produced is quite low.. Average volumes for the last three

vears are as follows.

1. Solid wastes (estimated unprocessed dry volume)

55-Gallon drums S 3500 ft3
Standard blocks ' 350 ft3
-.Speciai bvl‘ocks C " C ' 25 ft3

2. Liquid wastes {estimated liquid volume before solidification)

Low-level wastes 950 gallons
High-level wastes ' | 30 éallons

Organic wastes ‘ ' 25 gallons
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F. Cost of Waste Disposal’

A survey made in’ 19 57 established the following cost figures.. The

flgures are estimates based on material and labor costs at that time.

1. Steel drums, dry waste (per drum)

Health Chemistry labor | | o ' 5
Other labor 3
Materials 5
Miscellaneous (t:an.sporation, eté. ) 2
Sea.—di,sposal charge ,. 7 4
Cost per drum of dry waste $ 19
Cost per £t3 (3. 5fft3/drum . ‘ $6
2. Standard UCRL concrete Blocks (per block) |
Health Chemistry labor ' %50
Other labor ' _ ' | S 140
Material . ‘ ’ | o 140
- Equipment and mi*§cellaneous (transportation, etc.) | 15 .
. 'Sea-disposal charge R : _ ‘ . 35
| ' Cost per block B  $380
Cost per £t : '$9. 50
3. Steel drums, liguid waste (per drum) ' |
Health Chemistry labor | | % 4

Other labor, ' 1.

- Materials (spec1a1 drums, modification, etc. ) 20
Cement-vermiculite ‘ 3
Miscellaneous (transportation, etc.) 1

. Sea disposal charge 4

Cost per drum 8§ 33
" Cost per gallon (average 17.5 g/drum) , $2.

_ The estimate of $2 per gallon of solidified 1iquid waste may seem
high unt11 we con51der 1t in the over-all plcture of the cost of waste disposal.
Actually it represents a considerable amount of money and time saved The

reason for ‘this is as follows.
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About 1000 gallons of potentially radioactive liquid is produced daily
1 the chemlstry laborator1es at UCRL, Berkeley That means that if the
“concentrate and confme procedures were not followed there would be an
estimated 1000 gallons of actlve 11qu1ds to dlspose of. However, the chemists
and techn1c1ans workmg with radioactive 1sotopes cooperate by usmg techn1ques
and facilities made ava1lable to them by Health Chemlstry, and it is poss1ble
to keep ‘the radloactlve 11qu1d waste to a small volume (about 5 gallons per day)
and to segregate it from the nonact1ve laboratory wastes dlscharged through
"Ac1d Waste System " (See Sect. II B 5 ) Therefore, instead of decon-
tammatmg ‘or d1sposmg of 1000 gallons of l1qu1d waste per day, the Health _
Chemlstry technicians need only sol1d1fy 5 gallons of active waste and assay
'samples from 995 gallons of other 11qu1d to establish that no accidental con-
tamination has occurred. ; ' 5 " B
" The adjusted cost for liquid waste d1sposal at UCRL, Berkeley, based
on a potent1al of 1000 gallons per day, becomes about 1. 4»cents per gallon.

. For exarnple

Cost to sol1d1fy 5 gallons of actlve waste ' $10
. Cost of operat1on and sampling of "Acld Wa.ste System" '
per day V _ | 4
_ Total ‘ : - 814
Cost per. potent1al gallon (based on 1000- =~ $0.014

gallon estimate)

‘ III. Conclusions

A system for the safe packaging of laboratory hot wast:es for storage
or sea disposal havs‘been described. The system is based on quantity control
- and separation of tlle radioactive wastes from non-radioactive wastes during
laboratory work. In this way economy is achieved and yolumes can be kept to
reasonable levels to permit packaging in waste containers of such integrity for
prolonged surface storage or proper handling for_‘ sea disposal.. The methods
described have b'een applied.safely to laboratory wastes for several years.
Extenslon of these methods to large-volume wastes as encountered in produc-

tion facilities would require further study.
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