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THE DISPOSAL OF RADIOACTIVE LIQUID AND GASEQUS WASTE

AT OAK RIDGE NATIONAL LABORATORY

J. F. Manneschmidt and E. J. Witkowski
INTRODUCTTION

The Qak Ridge National Laboratory, functioning as a research center
for the Atomic Energy Commission, is engaged in a wide variety of activ~
ities most of which involve large or small~-scale operations’ that use
radioactive substances. Such operations invariably produce radioactive
gaseoﬁs'and/or liguid wastes which must be disposed of. Large volumes of
-this waste may be generated; and, depending or the processes involved,
hazardous quantities of a wide variety of nuclides may be present. It
is the function of a central system at the Laboratory to collect and
remove ﬁhis matefial in a manner which will preésent the least hazard to
the enviromment cutside the AEC conirolled area or to the personnel and
operations witﬁin that aresa.

Thfee classifications of liquid waste exist at the Laboratory--the
division being made aécording to the radioactivity level present. Low-.
level (process) wasté water constitutes the largest volume and contains
dnly trace amounts of radiocactivity. The process-waste water comes from
the equipment cooling systems, floor drains, laboratory sinks, and dis~-
chérges from other low-activity operations. It is the least radiocactive
of the liquid wastes except for sewage and storm water, yet it is the
most difficult to manage because of its combination of low radicactivity
and large volume. Intermediate-level waste is produced in much smaller
volume and originates in process vessels in the laborstories end "hot"

cells. Other possible scurces of this waste, such as laboratory hoods



-

or decontamination areas, may be equipped with "hot" drains which connect
to this system. The volume of intermediate-level waste comprises only

2 - 5% of the total liquid waste generated by the ILaboratory; however,
its radioactivity level may be 100,000 times higher than that of the
process waste. High-level waste, which may be hundreds or thousands of
times more active than intermédiate-level waste,2 is the third type of
liquid waste. Since only very small quantities of high-level waste are
generated and since these are usually permanently stored or disposed of
at the point of ofigin and do not enter the central disposal system,

they will not be discussed here.

Gaseous waste is classified similarly to liquid waste. The lLabora-
tory is served by a cell-ventilation system, which handles‘a large vol-
ue of air containing very small amounts of radioactivity, and an off-
gas system, which has a much smaller volume capacity but which must deal
with greater amounts of activity.

As tThe Laboratory has grown and expanded, so has the volume and
activity of waste produced. In order to keep pace with this expansion
the waste~-disposal facilities have been enlarged and modified from time
to time. When the Laboratory was established in 1943 the first construc-
tion included the Graphite Reactor, a chemical-separations pilot plant,
and & number of large underground concrete storage tanks. The tanks were
soon Tilled with highly radiocactive chemical waste and liguid uranium
waste, and it was found necessary to reduce the volume by precipitating
as much activity as possible directly in the tanks and then decanting

the supernate to White 0Oak Creek.



In that same year a dam was built across White Oak Creek and an
impoundment area created for possible holdup of discharged waste. In
the summer of 164k a 1,500,000-gal settling basin was completed to serve
as a collecter and stilling pond for process waste. It also psrmitted
settling of radiocactive sclids from the waste befcre discharge to White
Oak Creek.

In 1949 the precipitetion and decantation procedure for treatment
of the highly active waste was discontlinued and replaced by an evapora-
tion step which produced a concentrate that was permanently stored in
the conérete tanks and a lowe~level condensate which was discharged to
the creék. The firsﬁ s0il disposal pit was put into operation in 1952.
This consisted of an exzcavation in the esrth, which, after being filled
with waéte, would permit seepage through, and decontamination by, the
3011l through sorption. The evaporation process was discontinued two
years later. Since that time, the pits have been used to dispose of
what is now termed intermediate-level waste.

In‘1950 further expansion of the Laboratory called for more drastic
revigsions of the disposal system. A monitoring system that provided
flow rates and proportional sampling was added to the process-waste sys-~
tem. Stainless-steel tanks for the collection of intermediate-~-level
waste were added thrbughout the area tc provide btetter segregation and
volume control.

Fof gaseocus wastes a 250-ft stack, filters, and electrostatic pre-
cilpitator were added.

In 1955 the lake which had bgen created behind White Oak Dam was

drained. This wazs done to enable modifications to be made ¢n the dam to
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provide additional emergency impoundment volume as an added safeguard
and to drive out the fish and wild fowl that had been attracted to the
lake,

A water treatment plant for the decontamination of process-waste
vater was completed and put into operation in 1957 and has been in con-
tinuous operation ever since.

The goal of radioactive-waste management here is to dispose of
vastes as safely and as econbmically as possible. The present approach
is as follows:

1. Chemically treat the low-level liquid waste and remove the
greater part of the radicactivity prior to discharge into the stream and
river sysﬁem. Dilution in the river then reduces the concentration of
radioactivity to levels well below the maximum permissible concentrations
set by the National Committee on Radiation Protection and the Inter-
national Commission on Radiological Protection.3

2. Discharge the intermediate-level waste into the soil where the
radioactivity is separated and retained by sorption. The partially
decontaminated seepage eventually reaches the river.

3. Filter,and/or chemically treat all gaseous waste before dis-~
charge to the atmosphere. Final discharge to the atmosphere is made
through stacks of sufficient height to ensure the dilution of the
released radicactivity to levels below the maximum ﬁermissible concen-
tration.

L, Monitor all waste streams before and after discharge to verify

safe operation.
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INTERMEDIJATE~LEVEL LIQUID WASTE

Intermediate-level wastes, generated in mahy areas where radioactive
materials are handled (see Reactor Wastes, Appendix A), are discharged.
from hot sinks, glove boxes, and processing vessels into 17 underground
stainless-steel monitoring tanks at the rate of 5,000 to 10,000 gal/day
(see flowsheet, Fig. 1). This quantity of waste will contein from 75 to
100 curies of radicactivity. The Capacity of the monitoring tanks varies
frem 500 to 2000 gal depending on the needs of the buildings served. To
protect the tanks and other waste-disposal egquipment against corrosion by
some chemicals, especlally chlorides, the liquid in the monitoring tanks
ig xept basic while the tanks are being filled.’

The waste in the monitoring tanks is transferred, by pumps and steanm
Jjets, thfough 2~in. Stainlessusteél lines into three 170,000-gal concrete
holdup tanks. (These tanks were built in 1943 by the Gunite process.
They are 50 £t in diameter, 12 ft deep, with l-ft-thick walls. The inside
walls were originally ccated with an asphaltic’material.) The choice
vetween jets and pumps is determined by the elevation of the monitoring
tanks and the length of the transfer lines.

The waste is temporarily stored in the holdup tanks to allow short-
lived activity to decay and is then pumped to excavations in the earth
approximately 1 1/2 miles from the Leboratory for final disposal. LaBour
vertical~-shaft, packless-type pumps are used for this transfer. Bellows-
seal valves are used in the 2-in. cast-iron, mechanically Jjeined trans-
fer line and are located in concrete pits. The pumping is scheduled to
take advantage of a maximum decay period while maintaining an adequate

)
tank capacity to permit periodic repairs to the transfer equipment.F'
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Fig. 1. Tiquid Waste Flowsheet.



..,'r -

Two types of excavations are us2d for the disposal of intermediate-
level wastes. Thelr locations may be seen in the aerial photograph,
Fig. 2. Each of the three open pits has a storage capacity of approxi-
mately one million gallons. The covered trench is 300 £t long and has a
capacity of 50,000 gal. A cross section of this trench may be seen in Fig.3.
The pits and trench are located in an area that was chosen Tor waste
disposal because of the chemical properties of the Conasauga shale and
clay which compose the scil, the Tact that the natural soll drainage is
toward the creek, and the remoteness of the location from the main Labo-
ratory area. The waste pumped into the pits and trench seeps through the
soil to the creek; and, as it does, &1l radiocactivity except ruthenium
and a smell amount of cobalt is retained by the scil. The liquid passes
into the creek and is released into the Cliinch River.5’6
Until 1959 open pits were used exclusively for the disposal of all
intermediate-level waste; and the operation was considered sale, simple,
and economical. It had been determined that ruthenium was not completely
retalned by the soil. However, strontium retention was good; and, since
5790 was the controlling contaminart in the MPC,, consideration for the

106

river, there was little concern over the Ru release. Late in 1959

and early in 1960 large amounts of ruthenium were sent to the pits.

During one month the ruthenium release increased vy a factor of 100 over
the normal monthly aeverage, and at this time the river concentration began
to increase. Radiation ai the pit site also became a problem as the

radiation became too high to send personnel into the area for sampling or

other purposes (see Appendix A).
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A covered trench (No. 5) was put into operation in June 1960 as a
témporary expedient to eliminate the open-pit operation. This trench,
being covered, eliminated the problem of a high radiation background.

It was placed in an area vhere seepage to the surface was expected to take
& much longer time so that the Ru106 would be considerably reduced by
decay béfore it was released. |

Unfortunately, it was found, soon after the trench was put into oper-
ation, that the seepage rate was lower than expected; and the trench could
handle only about half of the intermediate-level waste generated by the
Laboratory. To get the additional seepage capacity another trench (No. 6),
similar in detail but longer (425 ft), was constructed and put into oper-
ation in September 1961.

The second trench was in operation for only a month when analyses of
samples taken from a seepage stream several hundred feet away from the
trench began to show radioactivity, including sr99. The indicated rapid
movement of strontium immediately ruled out the continued use of the trench
for waste disposal. Fortunately, only a small amount of strontium had been
put into the trench so that it did not present a problem of river contam-
ination. The reason for the leakage of the trench, the first failure of
this type, has not been definitely established.

The immediate pléns are to construct a third trench. This trench
will be made in several sections so that if a leak of radiocactivity is
detected from one section that section may be isolated while the others
are kept in operation. Tests made at the location chosen for the new

trench indicate that the seepage rates may be relatively high.
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At present, both the first trench and the open pits are used. The
use of the open pits must be continuved until the third trench is put in
operation, at which time the pits will be filled with earth. To reduce
the ruthenium seepage problem during this period, wastes containing high
concentrations of ruthenium are separated and permanently stored in uander-
ground tanks.

The Laboratory's long-term plan is to discontinue shallow ground dis-
posal of liquid wastes. To that end, an evaporator is being designed for
concentrating waste for storage. Its construction is scheduled for com-
pletion late in 1953, The final disposition of the concentrated waste is
being studied.

The main problem in operating the intermediate-level system is the
prevention of unnecessary dilution of the waste with water. The problem
is most frequently created through the difficulty in gaining the coopera-
tion of the large numbers of users of the waste system. Therefore, the
operators of the waste-disposal system must comstantly police the areas
vhere wastes are pgenerated and periodically re-educate the workers in
these areas.

The volumes of waste received in the monitoring tanks are measured
regularly to detect abnormal conditions in the wvarious areas. The liquid
level in every tank is telemetered and continuously recorded in one
building, the Waste Monitoring Contrcl Center. The tanks separate the
wagtes of the various operating and laboratory groups. After the waste~
disposal operator becomes familiar with the normal discharges from the
various aréas and the habits of the users, he can detect abnormal releases

and often go directly to the source of trouble.
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PROCESS WASTE

Process waste 1s generated at a rate of approximately MO0,000 gal/day.
It is water from process-vessel cooling systems and dfains in laboratory
and operating areas and may become contaminated with radioactive materials
through malfunction of process equipment, spills, or other accidents.
Under ideal conditions, process waste should contain little or no radioc-
activity.

The waste is collected from the sources and flows by gravity to a
common point, the diversion box (see flow sheet, Fig. 1). At the diver-
sion box the waste may be routed to an egualization basin for processing
through the Process-Waste Treatment Plant; or it may be sent directly to
the creek, without processing, by means of a valve controlled automati-
cally by the radioactivity in the waste. During the past year, because
of a reduction in volume, all process waste has been sent throqgh the
treatment plant and use of the diversion valve in the future is not
anticipated (see Appendix A). The equalization basin serves to level out
fluctuations in pH and volume of waste received. From the equalization
bagin, the waste is fed into the Process-Waste Treatment Plant where
approximately 75% of the activity is removed by a modified water-softening
process using lime, soda: ash, and clay.7’8’9'rhe waste 1s then released to
the creek, and the activity that is removed is transferred with the sludge
to a pit in the solid=-waste burial ground.

Current discharges of radiocactivity from this system into the creek
average 1 curie per month, with Sr90 accounting for about half the total.
Although the quantity of sr? is small compared with the amount of other

106

activity released intc the creek (mainly Hu from the intermediate-leval-
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waste pits), it is second in importance only to Rut®® from the standpoint

-

of health in considering the contamination of the river. When the use of

4

U

he intermediate-level -waste pits is discontinued, strontium will be the
most important contaminant released to the river. Practically all the
strontium in recent months came from the process-waste system, and the
ruthenium came from the intermediate-level~waste pits.

While the dilution of the river provides a considerable reduction
in concentration, the Laboratory's goal is to reduce the activity in the
creek so that at the point of its discharge into the river the activity
will be within the maximum permissible concentration for the exposure of
the residents in the neighborhood of an atomic-energy installation. Much
progress has been made thus far toward reaching this goal. As the permis-
sible concentrations have been lowered, the releases of radiocactivity
over the past 1l years have also been greatly reduced.

Controlling releases into the process-waste system involves persuad-
ing the users to eliminate unnecessary discharges of water into the sys-~
tem so that the total volume of wastz does not exceed the capacity of the
Process -Waste Treatment Plant and eliminating, insofar as possible, all
but accidental releases of activity into this system. Users are encour-
aged to keep the volumes of radioactive waste to a minimum and to dis-
charge it into the intermediate-level-waste system. The success in
reducing the releases to date is due mainly to intensive monitoring of
the rlows through the process-waste system tributaries and to prompt
identification of the releases with the Tacilities responsible. New
improved equipment installed in the system in recent months has improved
the eflectiveness of the monitoring work and may make additional treat-

ment of the waste unnecessary (see Appendix A).
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There are nine monitoring stations in the process-waste system. One
is located at the inlet to the equalization basin where all tributaries
join, and the rest are in the main tributaries of the system. Each sta-
tion is equipped with continuous-flow and radiocactivity-measuring devices
with telemetering connections to The Waste-Monitoring Control Center
wvhere the data is recorded. A proportional sampler is also installed at
each station. A typical monitoring station is shown in Figure 4,

One of the waste-disposal operator's most important duties is to
locate the source of abnormal discharges (volume and activity) into the
system. The data from the monitoring stations recorded at the Waste-
Control Center leads him to the general area where the discharges occur.
Knowledge of the normal releases from each area and the type of work being
done often enables the operators to identify a release with a specific
operation. Information thus obtained is immediately referred to those
responsible for the releases. C(orrective measures may, therefore, be
initiated promptly which otherwise might not be started until more dan-
serous quaentities of activity were released into the process-waste system.

Proportional samples taken at the inlet to the equalization basin
are analyzed for gross beta activity every I hours, mainly to be sure that
the monitor at that point is in good working order and to give a better
estimate of the total activity passing through the system. Samples taken
at the tributary monitors may be anslyzed when abnormal discharges occur
and there is need to kunow what nuclides are present in order to determine
the source of the material; otherwise, analyses are made only monthly

for inventory purposes.
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Fig. 4.

Typical Manhole Monitoring Station.
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CREEK AND RIVER MONITORING

Normally, all the racdioactivity discharged to the creek comes from
the intermediate-level and process~-waste systems. However, there are
other routes which bypass both systems through which activity may acciden-
tally get into the creek. One of these 1s the sanitary sewer system
vhich discharges its effluent from the sewage treatment plant into the
creek, and another is the storm sewer system which collects ground surface
drainage and discharges it at several points into the creek. Some activity
has gotten into both systems on several occasions by seepage into their
loosely joined underground pipes, from leaking intermediate-level-waste
lines, and by improper use of the systems. An incident occurred more
than two years ago when a leak from an underground radioactive-waste lire
channeled through the soil to the ssnitary sewer. This was not detected‘
immediately; and, conseguently, the sewage treatment plant became contam-
inated. The solid-waste burial grounds present another potential source
of activity for the creek, although the seepage from them hasvthus far
been insignificant and is not likely to become a serious problem,

To detect accidental releases from the potential sources Jjust men-
tioned and to maintein a complete inventory of activity releases to the
creek from these sources, from the intermediate-level-waste pits and
trenches, and from the Process-Waste Treatment Plant, monitoring stations
have been installed along the creek. A typical monitoring station is
shown in Figure 5. These stations measure the total flow and provide a
proportional sample. Results of the monthly analyses of these samples
are used to calculate the total radiocactivity discharge for the period

(see Appendix B).
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There are five stations such as this in use at present. The loca-
tions are shown in Fig. 6. Station 1 samples the activity discharged
from the processg~waste system only. Station 2 samples the activity from
Burial Grounds 3 and 4, from the process-waste system, and all activity
that may come from the sanitery and storm sewers. Statlion 3 samples
activity coming from Burial Ground 5 and the Homogeneous Reactor Test
site which is presently not in operation. Stations 4 and 5 sample the
seepage from the open pits; no continuous sampler is provided for the
seepage from the trenches sinece grab-samples have indicated that the act-
ivity is not significant. Station 6, located at Waite Oak Dam, samples
the entire release into the Climch River and is operated by the Health
Physics Division.

The weakest part of the monitoring system st present is the lack of
a stablon for the creek east of staticn 1, where storm sewers from the
main part of the Plant flow into the creek. The combined activity from
the storm sewers, Sewage-Treatment Plant, and the burial grounds may be
obtained by subtracting the activity measured at station 1 from that
measured at No. 23 but there Is no way to separate activity releases from
the storm sewer discharge. Another monitoring station is pleanned to cor-
rect this condltion.

Samples normally taken alt the creek menltoring stations cover an
operating period of one month. They are analyzed for Sr89'9o, 08137,

£~
Rulou, and gross~beta activity. A reasonably good material balance is

P

usually obtained tetween stations 1 through 5 and station & for all active

106

ity except Ru vhich comes mainly from the open pits. The ruthenium

discharge,; measured at White Oak Dam, has always been lower than the total

i
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of the ruthenium discharges Trom the individual sources. Holdup in the
lake ved may account for this (see Appendix A).

In addition to the sampling stations just mentioned, direct radia-
tion monitors are now installed in the Sewage Treatment Plant eifluent
line and in the creek between the burial ground in Melton Valley and the
main Laboratory area. The signals from these monitors, which measure
radiation only, are also telemetered and recorded at the Waste-Monitoring
Control Center. Their purpose is to instantancously notify the operators
of any significant amount of activity released through the sanitary and
storm sever systems.

GASEQUS WASTE

Radiocactlve gaseous waste produced by the Laboratory is derived Ircm
a wide variety of sources. Researrh and development grcups are involved
in experimental studies which include the reprocessing of reactor fuel,
the disposal of high-.level waste, purification amd isclation of trans-
vlutonic elements, and basic research in many other fields. The ORNL
Graphite Reactor (OGR), Low-Intensity Testing Reactor (LITR), and the
Oak Ridge Research Reactor (ORR) are operated on a conbinuous basis and
provide facllities for numerous experiments, including loops. The most
extensive radiocactive processing operation carried cut at the Laboratory
is in the irradiaticn and processing of numercus radiocactive isotopes.
Over one hundred different preparations are produced, ranging in guantity
from millicuries to kilocuries.

The bulk of the gasecus waste generated Uy all but the reactor oper-
ations 1s released to the atmosphere through the 3039 Stack. This dis-

charge is divided into two streams in & manner analogous to that used irn
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classifying liguid waste. Cell-ventilation air originating in areas such
as laboratory hoods and cells, which may contain process equipment, is
high in volume but low in activity. The off-gas system, handling a much
smaller but much more radioactive stream, is connected directly to the
operating equipment in instances where venting is required or a reduced
pressure 1s desired. DBoth systems are normally used in a proceséing area;
but, in the event of an off-gas failure, the cell-ventilation system will
provide secondary protection since it usually vents the area around the
equipment.

A schematic diagram of the cell~ventilation and off~gas systems is
shown in Fig. 7. Cell-ventilation air, at the rate of about 152,000 cfm,
is first filtered through roughing and sbsolute filters and then dis-
charged’by means of electric blowers to the 250-1% stack (see Appendix B).

Laboratory off-gas is handled &t the rate of about 2200 cfm through
a system of underground stainless?steel ducts from the point of generation
where, in some cases, 1t is given’an initial filtration, scrubbing, and/or
charcoal cleanup treatment. to the 3039 Stack area where it enters the
final-treatment facility and is exhausted to the stack. In certein areas,
such as the Fission-Products Development Laboratory where there is like-
lihood of radicactivity in the off-gas, scrubbers are employed to give an
initial decontamination.i® On reaching the stack area the off-gas is
passed through a caustic scrubber, where the bulk of the reactive gaseous
activity (primarily I131l) is removed. Filters then remove particulate
activity, and the gaé is delivered to the stack through an electric
blower (see Appendix B). Although the principal activity found in the

Laboratory gaseous waste is 1131, at least 24 other nuclides have been
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detected in stack emissions during the past year. It is estimated that
90% of the gaseous activity generated by the Laboratory is found in the
off-gas, and for this reason every effort is made to ensure maximom
decontaminaetion prior to release to the environment.

The equipment Just described was added Lo the system in April,l96l.
The off—gas cleanup equlipment in use priof to that date consisted of a
filter unit and & Cottrell precipitator. Mo attempt was made tc scrub
out gaseocus activity.ll

Two other stacks, the 3018 and 3020, also contribute to the dis-
charge of gaseous waste. The 3018 Stack discharges cooling air from the
Graphite Reactor. Air from the OGR, at the rate of 120,000 cifm, is
drawn through roughing and polishing filters similar in specifications
to those in use in the cell-ventiletion system. Particulate activity,
usually 1131 depesited on dust particles, is removed at this point. The
remaining activity, largely Aul resulting from the irradiation of
naturally occurring argon, is discherged into the atmosphere through the
200-Tt stack. The activity emitted here {excluding the argon, which is
not measured) comprises approximately 8% of the Laboratory discharge,

The 3020 Stack is located at the Chemical Pilot Plant and discharges
ventilating air from operating cell areas in the pilot plant and hood-
intake: air from an analytical laboratory. The volume discharged from
this area totals approximately 40,000 c¢fm; and, here too, the same type
of filters are used’as previously described to remove radioactive par~’
ticles. The activity discharged from this stack amounts to only 1 to 2%
of the measured total for the Léboratory and consists of small quantities

of I131 with traces of the thoron daughters.
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There are, throughout the Laboratory, processing areas and laboratories
which may be served by thé off-gas system but are not connected to the
cell-ventilation system. Such locations, in nearly every instance, pro-
vide individual filtering and/or scrubbing at each hood, dry box, or cell
before its discharge is released to the atmosphere. If there is any
doubt as to the complete decontamination of the gaseous discharge, pro-
visions are made for venting to the off-gas system.

It is felt that the gaseous-waste-disposal system for the Laboratory
has sufficient capacity to accommodate any reasonable demand which may be
placed on it. It is necessary, however, that users exercise care and
Judgment. The user is responsible Tor keeping activity releases at
levels which will not overtax the cleanup facilities. He must also be
kept infofmed of the volume restrictions which differentiate the cell-
ventilation system from the off-gas system. The former may be used as a
standby for the off-gas in emergencies, but its normal Tunction is to
dispose of large volumes of ailr at low-activity levels.

In order to provide informaticn for control and efficient operation
of the disposal system and in order that the users of the system may
always be aware of the activity which they are discharging to the gaseous
waste, a monitoring system has been installed.l2 This monitoring systen
provides, first, continuous asurveillance of the activity being discharged
through the system and, second, a continuous indication of the wvarious
characteristics of coperation, such as flows, pressures, mechanical
reliability of the various blowers, etc. Inasmuch as the monitoring of
activity in gaseous waste presents droblems unique to the nuclear
industry and of special interest in waste disposal, this aspect cf the

Laboratory monitcring system will be emphasized.
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Monitoring devices used at the Laboratory fall into two broad classi-
fications. There are devices which simply collect radicactivity cver a
period of time from a sample stream of gas, and there are devices which
give a continuous indication of the activity level of the gas stream
being discharged. The first of these types, called the inventory sampler,
consists of a membrane filter followed by a charcoal-filled cartridge
(see Appendix B). A l-cfm pump is used to draw the sample stream through
the ccllection assenmbly; metering of the flow is accomplished by use of
a rotameter. Figure 8 shows a typical duct installation used for moni-
toring the various branches of the system. A probe extends into the duct
to withdraw the sample; and, in operation, the filter and cartridge are
changed after a 2k-hr collection pericd. They are separately analyzed
by means of the gamma spectrometer; and, when the sampling rate and the
flow through the duct or cther passage are known, the total activity dis-
charge for the period mﬁy be calculated. This type of sampler is also
useful for back-checking to locate sources of known activity releases.

To provide continuous monitoring of the major flows discharging into
the stack, moving-tape particle monitors are provided. Figure § shows
the tape drive and detector unit. Radicactivity collected on the tape is
measured by the detector tube and count-rate meter, not shown here (see
Appendix B).

Figure 10 is a flowsheet showing the locations of these two types of
activity monitors throughout the gasecus-waste~disposal system. Each of
the four main cell ventilation ducts in the 3039 Stack area and the dis-~
charge from the off-gas facility 1s equipped with a tape monitor. Inven-

tory samplers are located at the off~gas discharge and on the cell-
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UNCLASSIFIED
PHOTO 57133

Fig. 8. Typical Duct Inventory Sampler.
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ventilation ducts serving the Isotopes Area; the 3500 Area, which includes
the Fission Products DevelopmentkLaboratory and the Transuranic Laboratory;
and the 4500 complex. Inventory samplers ave also located immediately
adjacent to certain areas of particular interest such as the Segmenting
Cell Facility, the Solid State Building, Building 4507, and the Isotopes
Evaporator Facility. In the event of an activity release into the gaseocus-
waste system, detection would probably be made first by the tape monitors
on the major ducts or by the stack-monitoring equipment. The upstream
samplers would then be checked to ascertain the origin of the activity.
The filters and cartridges in the outlying samplers are changed daily
but need be analyzed only in the event of a suspected release. In view
of the special hazard contributed by the off-gas system an additional
detector was added there. It consists of an ion chamber inserted into
the discharge duct from the coff-gas facility (see Appendix B).

Shown also on this flowsheet is a block titled "Stack Monitoring
Equipment". Since the stack is vaiously the last point of possible
radicactivity detection prior to release, every effort is made here to
provide the most complete and efficient monitdring array. ‘The first
sample~withdrawal probe to be installed in the stack was a perforated,
l-in. stainless .steel pipe inserted across the diameter of ‘the stack at’
the 50-ft level. This pipe continued down the side of the stack and con-
nected to monitoring and sampling devices located on the ground. Four
vieces of equipment were attached to this sampler and carried out the
stack -monitoring Tunction. They were: (1) a nonmoving-tape particle
monitor; (2) a moving-tape particle monitor, similar in operation to %he

one mentioned above; (3) a charcoal-trap iodine monitor; and (4) an
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inventory sampler. The nonmoving-tape monitor (Figure 11), which is
still in operation, collects a sample by drawing a measured volume of gas
through a portion of filter tape. The tape is simultaneously. monitored
by a detector unit and is advanced manually. This instrument represents
the first attempt at continuous monitoring of the 3039 Stack (see
Appendix B). The moving-tape monitor seen in Figure 12 was thought to be
a substantial improvement. In this device activity is collected on a
tape which automatically advances on a preset time cycle. The activivy
on the moving tape is not "seen" by the detector tube, however, until
after it is collected and advanced (see Appendix B).

The charcoal-trap iodine monitor (Figure 13) consists of an aluminur
cylinder filled with charcoal, and monitored by an ion chamber. The
stream of gas being monitored is drawn through the cylinder (see
Appendix B).

These four devices used in conjunction with the perforated sampling
probe represented major steps in the direction of reliable monitoring of
the 3039 Stack. However, it was evident that certain modifications needed
to be made if the system was to have the desired sensitivity for all types
of airborne activity and if a more accurate picture of the total discharge
was desired. The most obvious shortcoming was in the sampling probe with
its 80 ft of associated piping. Such a sample withdrawal system is grossly
inefficient for many types of activity found in a gaseous discharge and
is particularly useless in sampling large particles (greater than 50 u in
diameter. The first move was to eliminate the downcomer and bring the
detection eguipment as near to the point of sampling as possible. This

was accomplished by erecting a balcony on the 3039 Stack at the 50-Tt
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Moving Tape Particulate Monitor , Q-1950.
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UNCLASSIFIED
PHOTO 55559

Fig. 13. Charcoal-Trap Iodine Monitor with Ion Chamber.



34

level where there are three penetrations available for the introduction of
sampling and monitoring equipment. New probes were designed, fabricated,
and installed in two of the holes. The equipment was then brought up to
the 50~-ft level, thereby shortening the sample transport distance by at
least o0 fv. Numerous tests indicated that although the velocity within
the stack is low (slightly above 500 fpm) mixing is sufficiently good at
this level that a single withdrawal probe located anywhere within the stack
(out at least 3 £t from the wall) will "see" essentially an average gas
composition. Other criteria were also established: the curve at the probe
tip must be as gentle as possible 1l sampling losses are to be kept to a
minimun, and the velocity within the sample line should equal the stack
velocity if the sample is to representative with respect to particles.

The probe assembly is shown in Figure 1h. It consists of three
proves and a flange mounting assembly. 7Two arrays such as this were
installed with equipment attached as shown in Figure 15 (see Appendix B).

Tape monitors were installed on two of the probes: one containing a
G-M tube for beta-gamma detection, the other 2 scintillation crystal for
alpha detection. The charcoal-trap iodine monitor, described earlier,
was attached to a third probe. Two of the probes are of special design
and replace the inventory sampler for stack application.

Each of these special samplers is eguipped with a rabbit, or sliding
capsule, designed to hold a cartridge containing charcoal and a filter.
When sampling, the rabbit with cartridge is pushed to the inner end of the
guide tube; and the assembly is withdrawn completely when the cartridge is
to be changed (see Appendix B). Two of these in-stack samplers are pro-
vided in order that duplicate samples may occasionally be taken and also

to provide calibration for each of the sampling arrays.
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Fig. 14. Sampling Probe Assembly.
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Of the six probes installed, five are being used. The sixth is
reserved for specialktests or for additiocnal monitoring egulpment which
may be installed in the future.

A continuous record is kept of flow rates in the cell-ventilation
ducts, off-gas discharge, and stackm The data from these instruments is
not only necessary for calculating integrated discharges but is also a
valuablé check on the over-all copdition of the system.

Thé 3018 and 3020 Stacks, mentioned earlier, have not yet been
equipped with the variety of monitoring devices that are in service at
the 3039 Stack since they do not discharge large amounts of particulate
radioactivity. Inventory samplers and a number of other devices have
been installed. These furnish data for estimating the daiiy activity
emissions from the Graphite Reactor and the Chemical Pilot Plant. Since
most of the gaseous activity generated by the laboratory is routed to the
3039 Stack, it was originally felt that initial efforts at monitoring
and control should be directed at that stack.

The proper assembly of data for final recording and evaluation is
of great importance in gas monitoring. The Waste-Monitoring Control
Center serves this purpose for the gaseous~waste system ag it does for
the liquid-waste system. Information from the variocus instruments Jjust
described is telemefered to the center, reccrded or indicated, and kept
under close surveillance. An annunciator system alarms in the event of
an abnormal occurrence.

Radioactive-waste disposal, monitoring, and control has been sub-
stantially improved at ORNL during the past 15 years. While initial

efforts during that period were aimed at providing facilities and devising
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techniques for the handling of increasing volumes of waste and levels of
activity, more recent emphasis has been placed on better monitoring and
control and the reduction of the amount of activity released to the
énvironment (see Appendix A). The risk of an undetected release of any
magnitude to the river system or to the atmosphere has been reduced.
Likewise, the Laboratory is better able to audit its discharges to the
environment. Continuing research in the field of waste disposal, both
liguid and gaseous, will undoubtedly bring about further improvements in
the Laboratory's disposal methods and procedures. Advance in these areas
and constant effort on the part of the processing groups to reduce their
activity releases will eventually eliminate the problem of radicactive

waste disposal at ORNL and its associated hazards to our environment.
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APPENDIX A - OPERATIONS
Wastes From Reactor Operations

Reactor operations produce from 500 to 1500 gal/day of intermediate-
level waste or about 15% of the total volume at the Laboratory. This
waste usually contains about 1 curie of radioactivity and is derived pri-
marily from the regeneration of resin in the cooling-water demineralization
systems at the LITR and ORR. From 90,000 to 110,000 gal/day of process
waste comes from reactor operations. This is approximately 25% of the
total for the laboratory. Cooling water used in experiments and overflow
water from the OGR storage canal make up the bulk of this waste, and these
sources contribute approximately 30 millicuries/day of radiocactivity to
the Process-Waste System. The systems are arranged to handle much larger
guantities 1if the need should arise, however.

As noted in the text, cooling air from the OGR is released through
the 3018 Stack. The ORR, however, is connected to both the cell.ventila-
tion and off-gas systems which discharge into the 3039 Stack. Approxi-
mately 6000 cfm of air from building ventilation and from cell cubicles
pass through a caustic scrubber to the central cell-ventilation system.
However, the caustic solution in the scrubber begins to flow only when
the radioactivity level in the ORR building exceeds a preset limit and
then its startup is automatlic. Normally, no radicactivity is released
to this system and only trace amounts are ever detected; however, the
possibility of a release from experiments or from the reactor does exist.

The ORR is served by two off-gas systems. The central off-gas sys-
tem provides a capacity of 500 cfm and a second "pressurizable" system

is rated at 500 cfm. The pressurizable off-gas discharges through filters
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and a charcoal bed before being released to the 3039 Stack. This system
has its own blower and is completely independent of the central off-gas
facility which serves the remaindér of the Laboratory. This is to prevent
accidental releases into other areas or dbuildings due to préssurization
of a commou sysbtem in the event of equipment failure. Normaelly, only
small amounts of radicactivity sare released through these off-gas systems;
however, potentially large guantities could be released if an experiment
failed.
Conditions Affecting the Operation
of the IntermediateQLevel—Waste Disposal Pits

Uﬁtil late in 1959, open pits were used exclusively for the disposal
of all intermediate-level waste. Samples of water taken from the creek
and wells near the pits confirmed that Ruloe was the only nuclide moving
in any significant gquantity and that sr90 was being retained in the soil
near the pits with no apparent danger of its moving into the seepage.
The operation was simple and appeared to offer economy as well as safety.
Although some Ru106 was being releassd into the Clinch River, 5rI0
released from the process-waste system and other sources {not the pits)
was still the controlling contaminent in MPCy considerations. Late in
1959 and early in 1960, however, several large releases prompted 2 criti-
cal reappraisal of the waste-disposal practices. One of these was a very
high discharge of Rulo6 to the pits in September. During that month,
Ru106 transfer to the pits was mofe than one hundred times greater than
the monthly average for ihe previous four years. This caused a signifi-

106

cant increase in the Ru concentration in the river.
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Although the increase in ruthenium contamination of the river water
did not create a health problem to the users downstream, the increcase was
detected at the AEC's Oak Ridge Gaseocus Diffusion Plant, the first user
of the river water downstream from the Laboratory, where a continuous
gross activity monitor and recorder had been installed on the water intake.

At this time also, the growing inventory of other nuclides on the
s0il made it necessary to re~examine the soil disposal operation. By the
end of 1959, a considerable inventory of 5190 nad veen placed in the
cpen pits. None of the samples taken from seeps and wells gave evidence
of any significant movement of strontium activity. However, there appeared
to be no way to account for the location of every portion of the activity
end to predict with certainty its future behavior. If, for example, local
changes should cause the soil to become acid in a region containing
radicactivity it is possible that the radiocactivity might be leached and
gradvally move through the soil with some finally appearing in the surface
streams.

High radiation background in the vicinity of the pits also became
a2 problem. Exposure of personnel during normal operations had veen minor;
it became more serious after the high release of ruthenium. A proposal
to drill sample wells adjacent to the pits could not be considered
because the background was as high as 1500 mr/hr.

Retention of Ruthenium in White QOak Lake Bed

106

The Ru measured at station € is always lower than the combined
discharge from the pits measured at stations 4 and 5--the average dif-

ference over a long time being roughly a factor of two, with peak varia-

tions &s high as 125. The greatest discrepancies occur during dry seasons.
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There is no sharply defined stream between the waste pits and White Oak
Creek sb the ligquid seeping from the pit must move toward the creek throﬁgh
a wide swampy area. During the dry-weather periods, the retention time
by the soll and vegetation in this area is greatest. Méasurements made
by the ORNL Health Physics Divigion indicate that the subsurface activity
in the swempy area is moving toward the creek very slowly, so that the
swamp area serves as. a long-term storage area which permits a large por-
tion of the Rulo6 to decay.
Process-Waste Control

Progress in the control of process waste has been accomplished in
two ways: by the installation of the Process -Waste Treatwent Plant in
1957 and by reducing discharges at the many sources. Two sources, the
Gravhite Reactor storage canal an& the Isotopes Area, presently contribute
about 75% of the activity carried by the process waste system; and cor-
rective measures are being taken to eliminate the discharges from both
of these areas. It 1s hoped that:further reduction of radioactivity
necessary to reach the goal set for the Laboratory will be accomplished
by stricter control éf releases into the system by the users. If this is
found to be inadeguate, plans are’being made to remove the activity in
the waste by additional processing. One method being developed uses a
resin-bed ion-exchange process. Another method being considered is
evaporation.

Reporting of Information

To complement the dally monitoring and contacts with the users, a

daily record 1s kept of the significant volumes of intermediate-level

vaste receilved in the monitoring tenks, the volume of process waste
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generated by each area, and the total release from each of the three
stacks, This record is sent weekly to the main contributors, their super-
visors, and the Radiation Safety and Control Office. Each month a com-
plete summary of this information is prepared, together with data on
discharges to the creek and to the river. Comparison with past perform-
ances is made, and abnormalities in operation are discussed. This regort
is for the information of Laboratory management and is distributed among
all those interested in waste disposal.

Wide dissemination of this information aids in keeping all levels
of operation and management constantly aware of waste disposal problems

and in holding the discharged waste volume and activity to a minimum.
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APPENDIX B - EQUIPMENT
Diversion Box |

The Diversion Box, which routes the process waste water [low either
through the Weste Treatment Planf or around 1it, is equipped with {low-
measuring equipment; a proportional sampler, and radiation-detection
devices. Flow is measured by means of & weir and bubble-type level
sensing device.

This level is recorded as flow on a circular chart, and an integrator
totalizes the volume passing over the weir. The integrator also actuates
the power supply for a systolic-type sampling pump so as to provide a
sample which is proportional to ﬁhe flow being measured. At the same
time, a current pulse is telemetered to a receiver at the Waste-Monitoring
Control Center, where the flow i3 again recorded.

A submersible pump, located in the pool above the weir, pumps a
continuous stream of liguid through a shielded container housing a G-M
tube detector. The count-rate meter, which receives and amplifies the
signal from the detector, also actuates a pulse-type telemeter trans-
mitter, sending a signal to the Control Center Building in the same
manner as the flow measuring system.

The radiation sigrnal also cdntrols the action of the diversion valve.
By presetting a radiation limit, the diversion valve can be made to change
position in case of radiocactivity rise thereby channeling the process
waste through the Waste~Treatment Plant. When the radiation level dropé
below the limit, thé valve autometically changes to ite first position
and the waste is sent directly to White Oak Creek. By use of a "manual’
setting, the flow can be permanently set in either position. For over a

vear the volume of process waste received at the diversion box has been
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low enough to permit continuous flow through the treatment plant, and
the valve has been manually held in that position.
Stream Monitors

Flow in the streams is measured by either V-notch weirs or
Cipolletti trapezoidal weirs used in conjunction with bubble-type level
sensors. This eguipment is similar to that found at the manhole monitor-
ing stations and described earlier. Instrumentation at the site provides
a continuous recording of the flow and also indicates the total flow
vassing over the weir. This integrator also operates a sampling pump thus
providing a sample proportional to the flow in the stream. The sample
container is emptied daily into a large vessel; and, at the end of each
month, the resulting composite sample is analyzed. When the total volume
flowing by the station during the month and the sample-to-flow ralio are
known, the total radiocactivity discharge for the period can be deter-
mined. No radiation detection is provided in these stations nor is
information telemetered.

Cell~Ventilation Equipment

Cell-ventilation air is carried through a network of underground
concrete and steel ducts to the 303C Stack area where it reaches the
blowers. These discharge through three 4- by 6-ft breeches into the
250-ft stack. Filters are installed in branches of the cell~ventilation
system. These consist of glass-fiber roughing filters followed by
absolute filters that have a removal efficiency of 99.95 for 0.3 n
varticles. 'The air is moved through the ducts by means of three elec-
trically driven, high-capacity, low-vacuum exhausters. Two steam-

driven units are avallable as standbys and are put into service auto-
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matically in the evént of a power failure of the loss of cell-ventilation
negative pressure. The capacity of the system is 200,000 c¢fm with the
curren£ usage being gbout 152.000. A minimum negative pressure of about
B-in. water gauge is maintained at the fan suction at all times.

Off-Gas Equipment(l3)

The off-gas stream, on reaching the stack area, is first passed
through a multi-cell, absorber-type ailr washer where it is scrubbed with
a 0.5% caustic solution. The temperature of the gas is then raised to
llOOF, and it is filtered through rcuging and absolute filters for
particle removal and then is passed through silver-plated copper mesh
for final removal of iodine. The roughing, or prefilter, is of fiber
glass; the polishing filter is a pleated, Canmbridge, absolute, paper unit
having an efficiency reting of greater than 99.95% for 0.3 n particles.
The over-all efficiency is estimated at about 50% for gaseous activity
and 99% for particulate activity. The off-gas is exhausted to the stack
by means of an electrically driven, Roots-Connersville, positive displace-
ment blower with a total capacity of 4000 cfm at a negative pressure of
55 in. water gauge. Current usage of off-gas is about 2200 cfm. An
automatically operated steam-driven blower i1s also installed for emer-
gency use during electric power failure.

This system is new, having been placed in'operaﬁion in April, 1961.
The system it replaced consisted of filters and a T5-kv, Cottrell, electro-
static precipitator. This equipment is still operable and is maintained
as an suxiliary in the event of a forced shutdown of the>new equipment;
howeveé, the capacity of this system is only 2000 cfm at a negative pres-

sure of 45 in. water gauge.
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Inventory Sampler

A 2-in. Gelman-type Green~7 membrane filter 1s being used at present.
The cartridge is 1 1/2 in. long, 3/8 in. in diameter and contains approx-
imately 3 gm of coconut charcoal. A l-cfm Gast pump is used to draw the
sample stream through the collection assembly; metering of the flow is
accomplished by use of a rotameter.

Moving-Tape Particle Monltor, Q-~2323

An air sample stream is drawn through a 3~in. paper tape for a preset
period of time; the accumulating activity, primarily particles, is mon-
itored during this time by a side~window G-M tube or other type of
detector held in a shielded enclosure. The activity "seen" by the detector
and its count-rate meter is recorded. After the preset time has elapsed,
the tape automatically advances. The tape may also be advanced remotely,
on demand, by the operator. Guard switches on the unit signal a tape
break or a shortage of tape supply.

Off«Gas Discharge Ilon Chamber

A Reuter Stokes Company, Type BSG-1, ion chamber is used here. This
instrument, which is quite sensitive to gamma radiation, transmits a signal
first to an electrometer and then to & recorder. Since its installatior,
this device has performed reliably and with a minimum of maintenance.

Nonmoving-Tape Particle Monitor

The nonmoving-tape particle monitor was the first continuous monitor
to be developad for an CORNL stack. A measured stream of sample gas is
drawn through a 2-in. filter tape located adjacent to a side window G-M
tube. Buildup of activity, thus detected, is recorded and serves as a
measure of stack behavior. The tape is changed daily by pulling through

the collection block, and the deposited radiosctivity is analyzed.
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Moving-Tape Particle Monitor; Q-~1950

The moving-tape particle monitor is an early model and employs a
1 l/2-in. filter tape which is normelly advanced on a 30-minute time
cycle., The detector used here is a 2 mg end-window, G~M tube which has
a high sensitivity to beta-gamma activity.

Charcoal-Trap Iodine Monitor

The charcoal-trap lodine monitor consists of an aluminum cylinder
14 in. long x 4 in. in diameter, filled with about 750 g of llh-mesh
charcoal. An ion chamber (Reuter Stokes Company, Type RSG-1l) is inserted
into a well through the center of the cylinder. Any absorbable activity
is retained on the charcoal, and the accumulation is detected by the ion
chember. The signal is sent to an electrometer and recorder. This
instrument is very sensitive and has required little maintenance.

3039 Stack-Sample Withdrawal Probes, Q-2285

The probes are of l-in. stainless-steel tubing which extend 4 ft
into the stack and curve downward on a L4-ft radius. The collecting ends
are bevelled to a sharp edge. A set of probes was installed in each of
two holes spaced 45° apart.

Operation of In-Stack Sampler

When the in-stack sempler is operating, the "rabbit" carrying the
filler and charcoal cartridge seats [irmly ageinst the inner tip of the
prcoe and iz connected to a pumping system with flexible plastic tubing.
When the cartridge ie changed, as it is daily, the tubing is Treed from
the pump by means of gulck-disconnect couplings; and the rabbit is drawn

outside the probe assembly. The used carbridge is replaced with & new



Lso-
one and is pushed back down the guide tube, after which the flexible
tubing 1s reccnnected and sampling started once again. During the
removal operation, seals at the exit end of the guide tube prevent the
release of contaminated air to the outside.

This device, with the withdrawal probes previously described, makes

up the complete sampling array.



1-200.
201 .
202-203,
204-206.
207 .
208-222.

DISTRIBUTION

J. A. Cox

Document Reference Library
Central Regearch Library
Laboratory Records

ORO

Division of Technicel Information Extension





