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ABSTRACT

A detailed study has been made of the radiological hazards associated with
operation of the ICPP Waste Calcining Facility. Inaddition to the normal release
of small amounts of radioactivity with the process off-gas, possible accidental
releases of larger amounts of radioactivity through operational error or equip-
ment failure have been examined. Bypassing of off-gas cleaning elements,
uncontrolled chemical reactions, overheating by fission product heat, corrosion,
abrasion, vibration, overpressure, utility failures, and major catastrophes
have been studied as possible causes of accidental radioactivity releases. No
major safety deficiencies have been found, and the facility appears satisfactory
for processing of high-level radioactive wastes. Details of the safety analysis
and extensive information on the process, equipment, and operation procedures

are furnished in the report.
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. SUMMARY

The ICPP Waste Calcining Facility (WCF) is scheduled to begin processing
existing ICPP high-level radioactive wastes in late 1963. In preparation for
this operation, an analysis of the radiological hazards associated with operation
of the facility has been made. No major safety problems, only the need for
several minor equipment and procedure changes to minimize possible hazards,
were uncovered during the course of the analysis. All of these changes are being
made and will be in effect when the processing of radioactive waste begins. This
report presents a description of the facility, including the process, equipment,
and operating procedures, and describes the analysis of the safety aspects of
operating the facility. A summary of the radiological problems considered and
safety aspects of the facility is given in the following paragraphs.

The calcination process possesses considerable inherent safety in that the
primary decomposition reactions are not exothermic and process changes develop
slowly. No organic materials, which could lead to explosions similar to those
experienced at Oak Ridge and Savannah River, arenormally used in the process,
nor is the process itself such as to be susceptible to catastrophic results from
inadvertent introduction of organic material into the process system. Ammonium
nitrate, present in small quantities in the ICPP first cycle wastes, decomposes
irreversibly in the calciner, releasing but a small fraction of the heat required
for the calcination reactions. Criticality is not a problem. Significant measures
of safety are provided by the use of many design features already thoroughly
tested in nuclear fuel reprocessing plants and by the use of operating crews,
health physicists, and supervisors who have had previous experience operating
the Idaho fuel reprocessing facilities. These personnel have already gained
experience at the WCF through approximately 4000 hours of test operation
prior to the start of radioactive operation.

Several process operations, ie, the cleanup of large volumes of contaminated
off-gas, the use of a highly reactive liquid metal (NaK) as a heat transfer
medium in the fluidized bed, and the handling and storage of large quantities
of contaminated particulate solids, areunusual, and as such have been the subject
of the major safety questions posed in connection with the facility. A careful
study has revealed no extreme hazard or undue risk connected with these

operations.
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Estimates of the atmospheric concentrations of allfission products released
during the calcination of existing waste tank contents in the WCF are below the
allowable limits set by NBS Hanpbeoox 69 under all historical weather conditions.
These estimates are based upon the particulate release rate determined through
the WCF test program and upon ruthenium decontamination factors achieved in
ICPP and ANL laboratory and pilot plant testing. The estimated maximum
instantaneous atmospheric concentrations of ruthenium when calcining 200-day
cooled waste (=~ 800 curies/gal), exceed the continuous exposure limits (by
factors no greater than eleven) for weather conditions which occur approxi-
mately 20 percent of the time at the NRTS, and are within the limits during the
remaining 80 percent of the time. More accurate data on ruthenium emission will
be obtained during initial operation of the WCF with present wastes (five years
old) having a relatively low radioactive ruthenium content. Increase inthe ground
activity surrounding the ICPP as a result of the off-gas release is expected to
be very little. The activity release to the atmosphere will be monitored by
stack-gas activity detection equipment and through site radiation surveys
continuously conducted in the area by the AEC Health and Safety Division.

An examination of the consequences of failures inthe off-gas cleanup system
shows that the adsorbers are the most critical cleanup element, primarily
because of the large ruthenium decontamination factor (103) attributed to the
silica gel. Failure of the off-gas scrubbing system would not result in a major
release because most of the radioactivity passing the scrubbing system would
be trapped in the silica gel beds and off-gas filters.

NaK released into the calciner as a result of a tube failure in the fluidized
bed heater would reactimmediately with the oxygen, water, and nitrogen oxides
present. The rate of heat release is limited by the amount of oxidizer and water
available. In a hypothetical worst situation where the NakK leaks at a rate
(14.8 gpm) just sufficient to react with all the water and oxidizer present in
the fluidizing air, purge air, and feed - and in which no heat losses are
considered - the calciner vessel walls would reach the design temperature
limit in 13 minutes but would never reach the melting temperature. Using the
emergency shutdown circuitry provided, the NaK canbe dumped from the system
in 90 seconds, well before the time these conservative estimates indicate the
integrity of the calciner vessel would be threatened. Both lower and higher leak
rates would result in lower maximum calciner temperatures and in longer

times to attain any given temperature. At higher leak rates, excess NaK

i-2



accumulating in the bed would begin vaporizing in approximately nine minutes
and would be carried into the off-gas scrubbing system where the reaction with
the scrubbing solution would evolve considerable steam and hydrogen. A hydrogen-
oxygen explosion occurring in the scrubbing system would not release large
amounts of radioactivity because of the low inventory of contaminated particulate
material in the equipment likely to be ruptured. NaK leak rates of 14.8 gpm and
greater require simultaneous small leaks in severaltubesor a sudden, complete
break of a single tube - both highly unlikely occurrences.

Overheating of the calciner vessel by fission product decay heat during a
shutdown will not occur with waste of the activities to be processed in the WCF,
During shutdowns, the decay heat can be removed easily by passing purge air
through the bed or by circulating cold NaK through the fluidized bed heater.
In the unlikely event that neither of these cooling modes can be used, the tempera-
ture of the walls of the calciner will still not exceed their melting temperature.

Overheating of the solids storage bins also is impossible, except in the
event of a major catastrophe which could disrupt the cooling air ducting; no
mechanical equipment is required in the solids storage cooling system for the
waste solids scheduled for storage in the present bins; natural circulation of
the cooling air will provide sufficient cooling, A filter is provided to remove
radioactive particulates released into the cooling air in the event of a small
fracture in the walls of the bins. A closed loop cooling system is being designed
as an alternative measure if a bin failure occurs and filter replacement costs
become excessive. Such a system can be installed after radioactive operation
begins.

All of the equipment at the WCF is ordinarily under only a small fraction
of the allowable material stress limits. Breaks in equipment occurring from
corrosion, erosion, or vibration, therefore, should be slow and progressive
and have a high probability of detection before any activity release becomes
serious. No failure in any of the utility systems would create an immediate
crises in the facility. Valves in the off-gas lines to the stack would remain in
the open position on loss of either air or electricity, allowing the process and
vessel off-gas to continue flowing to the ICPP stack. Operating personnel then
have time to take remedial measures to prevent equipment damage (primarily
off-gas filter wetting) which might eventually occur if these measures were

not taken,
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Major catastrophes such as bombings and earthquakes could result in
significant release of activity, but the magnitude of and hazard from such a
release is no worse if the WCF is operated than if it is not.

Several accidents that would result in a release of radioactivity were postu-
lated for the facility. The chance of any of these accidents, especially those
resulting in the greatest activity release, is so remote their “credibility” is
questionable. In all such accidents, except major catastrophes, the radioactivity
would be released through the 250-foot high ICPP stack. The greatest hazards
accompanying a release are inhalation of the radioactive dust and ground
contamination. Radiation from the stack plume is a lesser problem. Of the
fission products, strontium-90 presents the greatest hazard because of its
solubility and long retention in the body.

The worst postulated accident from the standpoint of release of radioactive
solids is a hydrogen-explosion in the scrubbing system following an unchecked
gross failure of the liquid metal heating coil in the fluidized bed. Following
such an accident, some ICPP personnel could inhale sufficient strontium-90
that the maximum weekly dosage from the material retained by the bone
would be approximately 10 percent of the Radiation Concentration Guide limit
of 0.56 rem/week. Persons in surrounding communities would receive far
smaller doses. Deposition by fallout or washout from the plume also could
contaminate some areas, but these areas could be isolated to prevent hazardous
exposure of personnel. Considering the severe assumptions made in postu-
lating this accident and in the dose calculations, the figure quoted is believed
to represent the maximum exposure possible from operation of the WCF,
Furthermore, a series of highly unlikely events must take place for such an
accident to occur. Therefore, operation of the WCF does not appear to present
any undue hazard, and through its operation, large quantities of high-level

radioactive waste solutions will be converted to a safer, solid form.



1. INTRODUCTION

The ICPP Waste Calcining Facility (WCF), for which this safety analysis
report has been prepared, is the world’s first plant-scale facility built in an
effort to achieve safe, efficient disposal of high~activity radioactive wastes
resulting from reprocessing of nuclear fuels. Thisdisposal problem is receiving
wide attention by atomic energy agencies throughout the world [1]; none of the
techniques suggested as yet, however, offers the high degree of safety with low
overall cost necessary to the optimum solution. The greater portion of the effort
on this problem, particularly in the United States, is being directed toward the
conversion or incorporation of the wastes (generally liquid) into stable, solid
media. Many processes for accomplishing this, eg, fluidized bed calcination, pot
calcination, spray calcination, fusion in glass, have been studied and a few have
reached the pilot plant or demonstration stage [2], The fluidized bed technique
is employed in the WCF, anditisthe most advanced of these processes. Because
of the uniqueness of this application of fluidized bed technology, and the potential
problems in dealing with large volumes of radioactivity contaminated gas, a quite
detailed safety analysis of the process and the WCF equipment has been made.

1. HISTORY

The fluidized-bed calcination process was conceived at the Argonne National

Laboratory [3, 4], and has been under development by the Atomic Energy

5 [5-9] [13] [15-17] as a means of

Division of Phillips Petroleum Co. since 195
converting to solids the high-level aluminum nitrate wastes stored at the Idaho
Chemical Processing Plant (ICPP). Additional contributions to fluidized bed
technology were made by the Hanford Laboratories in 1959 [10, 11]. Because
of the encouraging results obtained in the early work, a proposal to demonstrate
the fluidized bed processona relatively large scale was accepted by the U.S. AEC
in 1956, The Fluor Corporation of Los Angeles, California, designed and con-
structed the WCF at an approximate cost of $6,000,000. Construction, started
in 1958 at a location adjacent to the ICPP, was completed in 1961. “Cold” testing
with simulated wastes was started by the operator, Phillips Petroleum Co.,in
1961. Process problems and equipment deficiencies encountered during the test

program were overcome or defined by the conclusion of the final “cold” test
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in 1962, and operational control of the process has been shown to be reliable [14].

Final modifications to correct deficiencies are presently underway and processing

of radioactive wastes is scheduled to begin in the fall of 1963,

2. PROCESS DESCRIPTION

The WCF is designed to process 60 gph of the high activity wastes resulting
from the reprocessing of aluminum-uranium fuel elements [12]. The primary
reaction taking place in the calcination process, aside from the evaporation
of liquids, is the thermal decomposition of aluminum nitrate (29 percent of
the waste solution) into aluminum oxide. This is accomplished by spraying
the waste solution into a bed of alumina particles which have been fluidized
with air and heated to 400°C by liquid metal (NaK) flowing through a heat ex-
changer immersed in the bed (Figure II-1). The aluminum oxide, together with
chemically stable forms of the fission products and other elements in the waste
solution, builds up on the outside surfaces of the bed particles. Product is

removed continuously and transported pneumatically to solids storage bins.
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FIG., 11=1 FLUIDIZED BED WASTE CALCINING FACILITY,
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Entrained dust inthe fluidizingand reaction gases leaving the calciner is removed
in a series of cleaning elements, ie, cyclone, venturi scrubber, silica-gel
beds, and high-efficiency filters, in the off-gas system. Radioactive ruthenium,
which presents a special problem because of the volatility of ruthenium tetroxide
at the calcination temperature, is removed by adsorptionupon the silica gel beds,
Water, which constitutes 67 percent of the waste solution, is discharged to the
atmosphere as a vapor along with the clean process off-gas.

Four stainless steel bins, located in an underground concrete vault, provide
storage for approximately 7800 £t3 of solid wastes (roughly equivalent to 580,000
gallons of liquid wastes). Heat generated in the stored solids by fission product
decay is removed by passing air over the metal bin surfaces. Because of un-
certainties at the time of design regarding the migration of fission products at
higher temperatures, the bins and the cooling system are sized to prevent
temperatures from rising above the calcination temperature of 400°C anywhere

in the bins.,

3. SITE AND FACILITY DESCRIPTION

The Waste Calcining Facility (WCF) islocated adjacent to the Idaho Chemical
Processing Plant at the National Reactor Testing Station in Idaho. The area
surrounding the Site is flat and arid; the ground structure underlying the area
consists of porous lava flows. The depth of the water table under the NRTS
varies from 200 to 500 feet, and the ground waters are believed to drain under
sparsely populated territory to the Thousand Springs area approximately 150
miles southwest. Principal centers of population near the site are Arco (population
of 1700, 25 miles west of the site), Blackfoot (population of 7500, 40 miles
southeast of the site), and Idaho Falls (population of 33,000, 50 miles east of the
site).

The facility isa concrete structure similar to the ICPP itself. The processing
cells lie underground in two banks with the service corridors lying between them.,
Non-radioactive service areas for the facility are located in a concrete block
structure above the processing cells,

As is the case withthe ICPP reprocessing facilities [18], the WCF is designed
for direct maintenance of equipment during periodic shutdowns.Insurance against
unexpected shutdowns in plants of this type is gained by elaborate testing and

inspection of equipment before ¢“hot” operation begins. Critical equipment
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items are either installed in duplicate or placedin lead shielded cubicles outside
the process cells. Sprays and piping are provided so that both equipment and
process cells can be decontaminated remotely; ladders and platforms facilitate
access to equipment for maintenance. With few exceptions, process equipment
items are fabricated from stainless steel because of the corrosiveness of the
acidic process and decontaminating solutions.

Shielding at the WCF is provided by the concrete cell walls, or, in a few
cases, by lead or steel housings where process equipment lies outside the cell
walls. The processing part of the WCF has been designed to handle wastes having
an activity as high as 1400 curies per gallon (120-day to 200-day cooled waste).
The solids storage area, on the other hand, was designed with lighter shielding
to accommodate material aged a minimum of two years, since older materials will
be processed first. Future storage bins, for useafter the present ones have been

filled, may be built with shielding to accommodate higher-activity wastes.

4. OPERATION

The responsibility for operation of the WCF has been assigned to the
Atomic Energy Division of Phillips Petroleum Co. The plant will be operated by
the existing operating group of the ICPP, with the necessary support from ICPP
Special Maintenance, ICPP Technical,ICPP Design Engineering, ICPP Analytical,
and ICPP Health Physics. The total work force presently assigned at the ICPP is
approximately 250. A minimum of 20 men per shift, including two technically
trained supervisory employees, will be engaged in operatingthe WCF and support-
ing facilities on each shift.

Safety will play an important part in the operation of the WCF as it does
in operation of the ICPP itself; no safety precautions will be bypassed in order
to meet production commitments. Enforced compliance with standard approved
procedures and development of skilled personnel are the primary means used
to promote safety. All procedures, as well as the initial design of a process
installation, are reviewed for nuclear safety problems by the ICPP Engineering
Safeguard Committee, composed of five experienced Operations and Technical
personnel. Assistance and/or guidance on non-nuclear safety problemsis provided
by a safety engineer assigned to the ICPP., Radiation monitoring is provided by

a Health Physics group on a round-the-clock basis. Training of personnel is
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accomplished both through close supervision on the job and through periodic

training programs.

5. SAFETY ANALYSIS

Since it is the first large-scale plant of its kind and incorporates a process
new to the nuclear field, the WCF poses many safety problems that cannot be
analyzed in the light of previous experience. The handling and containment of
large quantities of radioactive particulate matter will be demonstrated for the
first time in the WCF. Of special interest also is the decontamination of the
process off-gas to the very low activity levels required for safe release to
the atmosphere. Other safety questions that are raised from time to time re-
garding this particular facility concern the probable consequences of a NaK
tube rupture in the calciner vessel and the possibility of overheating the calciner
bed (from fission product heat) after a shutdown when the bed cannot be unloaded.
These questions and many others are discussed in detail in Section IX, “Hazard
and Accident Analysis?®,

Safety was given prime consideration during development of the process and
design of the WCF'; however, many changes have been made in the equipment and
process as a result of subsequent non-radioactive testing. It is the purpose of this
safety analysis to review all aspects of the process and facility in the light of
current knowledge to make certain that no unsafe radiological hazards exist and
that the WCF is ready to operate. The proposed AEC guide for reactor hazards
summary reports was followed to a great extent in establishing the report outline,

Examination of the radiological hazards was made for two types of wastes -~
that presently in WM-185 waste tank atthe ICPP and a theoretical waste resulting
from reprocessing of 200-day cooled MTR-type fuel elements. The activity of
tank WM-185 waste has been determined by radiochemical means; the activity
of the theoretical waste was estimated by conventional nuclear formulae. The
original design calculations for the facility also used a theoretical waste compo-
sition and a calculated activity as designbases. Readers familiar with the original
design work will note differences in activities quoted for wastes aged the same
period of time. The values used in this report are believed more accurate because
of the more accurate nuclear data now available,

During the safety analysis of the WCF, no major oversights were found, but

the need for several minor equipment changes was uncovered. All of these
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changes will be made prior to start of radioactive operation. The analysis also

proved valuable in that it established guides for emergency operating procedures

at the facility and served to focus attentionon the more critical equipment items

and procedures.

10.
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111, SITE DESCRIPTION

1. DESCRIPTION OF SITE AND ADJACENT AREAS

The Waste Calcining Facility (WCF) is located at the National Reactor
Testing Station (NRTS) near Arco, Idaho. The NRTS covers about 894 square
miles of the central-northern edge of the semiarid Snake River Plain, and consists
of portions of the counties of Jefferson, Bingham, Bonneville, Butte, and Clark
in southwestern Idaho. The terrain is predominantly flat with a one percent slope
from southwest to northeast. The average elevation is 5000 feet above sea level.
Three large volcanic buttes are prominent land marks. The highest, Big
Southern Butte, is three miles south of the NRTS boundary at an elevation of
7576 feet. The other two, Middle Butte (elevation 6394 feet) and East Butte
(elevation 6605 feet), lie within the southern boundary.

The WCF is constructed at the installation known as the Idaho Chemical
Processing Plant (ICPP). The ICPP is an exclusion area of approximately 95
acres within which are located facilities for storage and reprocessing of reactor
fuel elements, and for treatment and storage of liquid and gaseous radioactive

wastes. Research and technical assistance groups also are located at the ICPP.

2. POPULATION DISTRIBUTION

The working forces at each NRTS installation are variable, depending upon
the status of the various programs. For the month of February 1963 there
were 241 employees assigned to the ICPP area. Operation of the WCF will not
change this work force. The Materials Testing Reactor Area (MTR-ETR),
the closest facility to the WCF (two miles), had 705 persons permanently
assigned for the same month. The number of employees at the Central Facilities
Area (CFA), which is approximately three miles from the WCF, was 618 for
the same period. The total NRTS working force is approximately 5000.

The area around the NRTS includes a few small towns and villages. The
closest large towns and cities are located along the Snake River which is
approximately 40 miles southeast of the WCF site, The distance from the WCF
and the population of towns within a 50-mile radius of the NRTS are listed
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in Table III-1. Figure III-1 shows the location of the ICPP and WCF site with
respect to other sites at the NRTS. The area surrounding NRTS is shown on
Figure III-2,

TABLE ITI-1

POPULATION DISTRIBUTION AROUND NRTS

Location Distance from WCF (mi) Population Direction from WCF
Atomic City 10 to 15 14 SE
Howe 15 to 20 20 NNwW
Arco-Butte City 20 to 30 1,670 W
Taber 30 to 40 5 SE
Darlington 30 to 40 10 NW
Mud Leke 30 to 40 187 NE
Mackay 30 to 40 650 NW
MonteView 30 to 4O 10 NE
Moore 30 to k4O 358 WNW
Terreton 30 to 40 10 NE
Idaho Falls 40 to 50 33,100 E
Blackfoot 40 to 50 7,378 SE
Shelley 40 to 50 2,612 ESE
Roberts 4O to 50 ko2 ENE
Firth 40 to 50 322 ESE
Basalt 40 to 50 275 ESE

A considerable fraction of the groundinthe area within and around the NRTS
is covered with lava flows. This makes the area unsuitable for agriculture and

there appears to be no other reason for a change in the population density.

3. METEOROLOGY

Topographic features which affect the meteorology at the NRTS are the
northeast-southwest orientation of the plain, and the continental divide to the
north and east. The predominant surface winds are either southwesterly or
northeasterly. All air masses that enter the plain must first cross a mountain
barrier, regardless of the direction from which they enter. Being subjected to
lifting, these masses usually precipitate moisture over the mountains and
enter the plain sufficiently dry to give the region its desert-like characteristics.

The average annual precipitation at the NRTS has been 7.57 inches per year
over an adjusted 30-year period. May is the wettest month, averaging 1.30
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inches, while November is the driest, averaging 0.37 inch. The maximum
expectable rate of precipitation is approximately 1 inch per hour and about 2
inches in a 24-hour period; this would normally occur as summer rain. The
greatest recorded rainfall in 24 hours was 1.73 inches in June 1954, and the
greatest recorded 24-hour snowfall was 8.5 inches, occurring in January 1957.

A very wide range of daily temperatures can be expected. The average
range is greatest (about 37°F) in the summer and the least (about 23°F) in the
winter. The maximum recorded temperature is 102°F in July 1951, and the
minimum recorded temperature is -42°F in January 1962, The annual mean
temperature is 42.2°F,

The NRTS is in the belt of prevailing westerly winds which are channeled
before reaching the station. This channeling causes a southwest wind to pre-
dominate at the south end of the NRTS while a south-southwest wind occurs
most frequently at the north end. However, the winds generally rotate around
the compass every day with northerly winds occurring most frequently at night
during inversions while southerly winds occur most frequently during the day.
The wind frequency patterns for the NRTS, as determined by the U. S. Weather
Bureau Office at CFA, are shown in Figures III-3 through III-8.

It has long been recognized that the ability of the atmosphere to disperse
pollutants, such as the discharge of fission products from a stack, covers a
wide range. It varies not only with the time of day, but with geographical
location. Several relationships have been developed which describe the at-
mospheric dispersion of material; perhaps the best known is O. G. Sutton’slg],

. . . . X _{curies per cubic meter at ground level
which defines the diffusion parameter Q- curies released per second
as a function of the weather conditions. As the result of many tests, Sutton’s

equations generally have been found applicable at the NRTS. Table IlI-2 presents
the values of wind speed (1-1), stability index (n), and lateral (Cy) and vertical (Cyp)
diffusion coefficients to be used in the Sutton equations for four conditions that
constitute approximately 80 percent of the weather at the NRTS. Except near the
stack, the strong inversion generally represents the worst of these cases; the
strong lapse generally represents the bestdispersioncase. The neutral lapse and
slight inversion cases fall within these extremes. Two special conditions,
fumigation and looping, account for the remaining 20 percent of the weather at the
NRTS. Poorer diffusion, especially near the stack, accompanies both of these

weather conditions.
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TABLE III-2

DIFFUSION PARAMETERS AT THE NRTS FOR 30 MINUIES OR LONGER fa]

Lateral Vertical
"Effective" Diffusion Diffusion
Weather Mean Wind Speed Stability Stack Height Coefficient Coefficient
Condition (m/s) Index (n) (cy) (cg)
Strong Lapse u="7.0 n = 0.20
2 meters 0.350 0.350
45 meters 0.273 0.273
75 meters 0.251 0.251
100 meters 0.236 0.236
Neutral Lapse u = 5.0 n = 0.25 2 meters 0.193 0.193
45 meters 0.129 0.129
T5 meters 0.119 0.119
100 meters 0.115 0.115
Slight Inversion o = 3.0 n = 0.33 2 meters 0.292 0.073
45 meters 0.264 0.066
75 meters 0.24k 0.062
100 meters 0.232 0.058
Strong Inversion u=2.0 n = 0.50 2 meters 0.280 0.035
45 meters 0.264 0.033
75 meters 0.248 0.031
100 meters 0.232 0.029

[a] For releases occurring over periods less than 30 minutes, Cy should be set equsl
to Cz.

The rate of decrease of temperature with elevationis usually referred to as
its lapse rate; the normal rate of temperature decrease with height is
5.4°F/1000ft. During a strong lapse, the temperature decreases at a rate greater
than 5.4°F/1000 ft. Looping occurs with a strong lapse condition and is
characterized by very strong but localized concentrations from the plume
occurring momentarily at the ground near the stack. A weak lapse signifies that
the rate of temperature decrease with height is between the normal lapse rate
and isothermal, where no change of temperature occurs with altitude. Weather
conditions of strongand weak lapses, where the air turbulence ranges from high to
average, are indicative of good to fair atmospheric dispersion of contaminants,
respectively. The surface wind speed is correlated somewhat with the lapse
rate, following a fairly regular pattern regardless of the season. At the NRTS,
the wind speeds usually attain their maximum during the afternoon when the
most intense lapse conditions exist, and then generally decrease gradually to
a minimum at the time when inversions reach their greatest intensity - usually

in the early morning, just before sunrise[6] .

1ii-12



A condition involving a layer of air with a negative lapse rate is called an
inversion. The stratification is stable, and turbulence is at a minimum under
these conditions since warm air lies over the denser, relatively cold air. From
the standpoint of air pollution, stable surface layers are undesirable because they
minimize the rate of dilution of contaminants in the atmosphere. Generally, an
inversion forms shortly before sunset and breaks an hour or two after sunrise.
The usual duration of an inversion is about one hour longer than the number of
hours between sunset and sunrise.

At the NRTS, inversion conditions exist for some length of time during 92
to 98 percent of the days in a year. These inversions last at least 10 hours on
61 percent of the nights. Long periods of inversion (>15 hours) have only a
0.2 percent probability of occurrence during summer months. The probability
increases for the spring, fall, and winter seasons with the winter probability
being 50 percent. An inversion lasting 20 hours has a five percent probability
in the winter but has never been recorded in the summer. When an inversion
breaks, there is a period called fumigation. It involves a lapse below and an
inversion aloft that might limit the dispersion of a stack effluent and create
strong concentrations at ground level. Measurements of this period indicate
that it is always of short duration, lasting usually less than one to two hours.

The approximate locations of various population centers are given in
Table III-3. Radioactivity transport times from the WCF to various sites are
given in Table III-4. Values of the diffusion parameter, calculated by Sutton’s
equation, for both strong lapse and strong inversion weather conditions, are
given in Table III-5. The strong lapse and strong inversion together comprise
about 60 percent of the prevailing weather at the NRTS. During a period of
fumigation, lasting for a short period (one to two hours) each day, the point
of maximum concentration would be near the stack (approximately 150 meters).
The parameter (x/qQ) for this condition is 2.5 x 10™%and decreases with distance
(MTR =1.6 x 1072, CFA = 1.1 x 1079, Arco = 2.2 x 1076, and Idaho Falls =
9.9 x 10'7). For periods of looping, which occur on the average about 15 per-
cent of the time, the entire stack effluent may touch the ground momentarily
within approximately 75 meters of the stack. The parameter (x/Q) at this distance
is 1.6 x 1073 and decreases rapidly with distance (MTR = 4.2 x 1076),

A more comprehensive study of meteorology at the NRTS can be found in

Reference 6, listed in the bibliography at the end of this section.
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TABLE ITI-3

LOCATION OF POPULATION CENTERS FROM WCF

Approximate Distance

Center (feet} (meters) Approximate Direction
NRF 29,000 8,800 N
TAN 118,000 35,000 NNE
Terreton 150,000 45,600 NE
EBR II 73,500 22,400 E
Idaho Falls 225,000 68,500 E
Atomic City 57,000 17,300 SE
CFA 16,000 4,800 S
EER I 29,000 8,800 SW
Arco 108,000 32,800 WNW
MTR 10,000 3,050 NW

TABLE III-k4

RADTOACTIVITY TRANSPORT TIME FROM THE WCF TO NRTS SITES

Approximate Arrival Time

(minutes)
Site Tnversion Conditionslel Lapse ConditionslP]
NRF 22 13
TAN 91 5k
EBR II 56 33
CFA 12 T
EBR I 22 13
MTR 7 L

[a] 15 mph wind speed assumed for inverse conditions

[b] 25 mph wind speed assumed for lapse conditions
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TABLE III-5

WCF DOWNWIND METEOROLOGICAL PARAMETERS[a]

Strong Inversion [b] Strong Lapse [c]
Location Diffusion Parameter Diffusion Parameter
(x/Q) [a] (x/Q) [al
MTR Ll x 10721 1.17 x 1076
CFA 3.76 x 10713 4.90 x 10~7
EER T 2.96 x 10-8 1.49 x 1077
NRF 2.96 x 10-8 1.49 x 1077
Atomic City 1.27 x 1076 5.13 x 10°8
EBR II 1.97 x 1070 3.38 x 10°8
Arco 2.60 x 107 1.62 x 10-8
TAN 2.61 x 1076 1.31 x 1078
Terreton 2.38 x 1O'6 8.76 x 1079
Tdsho Falls 1.80 x 1076 4,21 x 1079
Maximum Concentration 2.62 x 1070 (22 mi) 9.30 x 106 (1/3 mi)

[a] Release height 75 meters (no momentum or thermal rise considered)

[b] Strong inversion:n = 0.50; Cy = 0.240; Cz = 0.03
U= 2.0 mps or 4.5 mph

[c] Strong lapse: n = 0.20; Cy = 0.260; C, = 0.260
U= 4.5 mps or 10 mph

[d] Sutton's continuous point source equation
a

4. GEOLOGY

The Snake River Plain was formed by the eruption and emplacement of great
masses of volcanic rock. Successive flows of basalt underlie the entire NRTS
but this is mantled by sediments in large areas. The depth of the basalt is
unknown, the greatest depth penetrated by drilling being 1500 feet., A complex
network of communicating voids, formed by contacts between individual lava
flows, exists in the basalt. The principal types of geologic materials that occur
at the surface in the NRTS are basalt, alluvial lake beds, slope wash sediments
and talus, silicic volcanic rocks, and ancient sedimentary rocks.

Windblown sediments cover much of the basalt and some of the older
sediments. The two principal types of windblown material present are loess
and wind-drifted sand and silt. The thickness of these sediments varies in
depth from a few inches to over 100 feet.

Relatively recent volcanism (within the past 2000 years) has occurred
in Craters of the Moon National Monument, 20 miles to the southwest,and at

other locations in the Snake River Plain. There is no way of determining
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whether the present period is a cessation of activity or merely a period of
quiescence. The inactivity has endured for some hundreds of vears at least,
longer than is ordinary for areas of active volcanism, and renewed activity

seems remote[‘]’].

5. SEISMOLOGY

The seismic record of the Snake River Plain is short, with the first
earthquake being recorded in 1884. Since this time there have been 21 quakes
with sufficient epicenter intensity to be classed in category V, ie, of sufficient
intensity to be noticed by nearly everyone within the area. The chief epicenters
have been more than 100 miles from the NRTS. The strongest recorded quake
occurred in August 1959, with an epicenter estimated to be near the north-
western part of Yellowstone Park approximately 100 airline miles from the
NRTS, This quake produced shocks of 7.5 to 7.8 on the Richter Scale but
did not damage any structures at the NRTS. The earthquake classification of
the NRTS is listed as zone 2 (area subject to moderately damaging earthquakes)
by the U. S. Coast and Geodetic Survey.

6. HYDROLOGY

Very little water enters the NRTS by surface inflow and no water leaves
the NRTS by surface outflow except for minor local slope runoff. The named
drainage ways into the NRTS are the Big Lost River, Little Lost River, and
Birch Creek. Most of the water in these drainages has been diverted for
irrigation purposes and only the Big Lost River flows into the NRTS occasionally
during the winter months. This flow disappears into a number of sinks within
the NRTS area. Flood hazard on the NRTS is relatively small, although a local
cloudburst might produce heavy flash runoff. Flooding hazard from the Big
Lost River has been largely eliminated by providing an alternate path for
the water to a holding basin at the south end of the station. The WCF is located
approximately 1/2 mile from the river and is approximately 11 feet above
the river bed.

The depth of the ground water table ranges from about 200 feet in the
northern NRTS to more than 800 feet in the southeastern part near Twin

Buttes. This water occurs in individual aquifers formed by voids between
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basaltic flows. The water table gradient is about five feet per mile toward
the southwest. Crude estimates place average velocities in the range of
5 to 30 feet per day. A rough approximation establishes water flow southward
to southwestward through the station at a flow of not less than 300 million
gallons per day.

The two wells which supply water to the WCF and the ICPP Area are
located several hundred yards north of the nearest ICPP facility. Well ICPP-1
is 585 feet deep and has delivered 1500 gpm through a 16-inch casing. Well
ICPP-2 is 605 feet deep and has delivered 1940 gpm through a 16-inch casing.
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IV, FACILITY DESCRIPTION

1. WCF AREA LAYOUT

Figure IV-1 shows the location of the WCF and associated facilities in
relation to the other buildings within the confines of the Idaho Chemical Proc~
essing Plant complex. The major source of electrical power is the NRTS
distribution loop. Steam, air, water, and emergency electrical power are supplied
from the ICPP powerhouse, ICPP-606. Fuel oil is supplied from two storage
tanks located at ICPP-702.

2. PROCESS BUILDING, ICPP=-633

2.1 General

The process building is a single unit 110 feet long and 70 feet wide. This
building houses all components of the WCF system with the exception of two fuel
oil storage tanks and the solids storage vault. The building design follows the
basic concepts used in existing ICPP processing structures. Since the waste
material to be processed is highly radioactive, all waste processing equipment
is located below grade level inunderground cells. Radiation shielding is provided
by the thick reinforced-concrete walls of the “hot” process cells. The thickness
of individual walls, floors, and ceilings is based on a design assumption that
the feed material would be 200-day cooled and would contain 1400 curies/gallon
of liquid or 1580 curies/pound of calcined solid material (Section V-6).

Processing equipment and utilities not in radioactive service are housed
above grade level in a steel-framed, hollow pumice-block structure lying above
the process cells.

Several types of covering are used to protect the interior walls in the
WCF from chemical attack and radioactive contamination. The criteria for
determining which covering to use were radiation levels, severity of the
decontamination methods to be used, and the type of chemicals used in decon-
tamination operations. The coverings used include stainless steel sheet, acid-
and radiation-resistant paint, asphalt tiles, high-temperature paint, flat wall

paint, and hardened cement surfaces.
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The building has six levels: the main floor, the operating corridor floor,
and the access corridor floor; plus three intermediate access levels designated
as the pipe room level, the adsorber cell level, and hot sump level. These six
floors, or levels, provide access to all rooms and cells in the WCF process
building.

2.2 Main Floor Level

The main floor level lies four feet above grade level at a reference elevation
of 0'-0" (Figures IV-2 and IV-6) and provides access to the following rooms:
Health and Safety field office, switch gear room, decontamination room, locker
room, heating and ventilating room, the NaK equipment room (furnace room),
and the filter removal room.

These rooms overlay the various “hot” cells. Shielding is provided between
the rooms and the lower cells by concrete floors of sufficient thickness to reduce
the radiation to insignificant levels. The walls and room dividers are of structural
steel and pumice-block construction. The roof is a “built-up” aggregate-type
cover,

2.21 Health and Safety Field Office. This room is 16~1/2 feet wide, 21-1/2
feet long, and 11-1/2 feet high. It is located directly over the off-gas blower cell

and is shielded from it by a three-foot-thick concrete floor (Figures IV-2 and
IvV="7).

In addition to providing work space for the Health Physics activity, this
room also houses an off-gas sampling station in a shielded cubicle, an off-gas
flow recorder, and an off-gas temperature recorder.

Heating and ventilation air is supplied through a branch duct from the main
heating and ventilation duct system. A thermostatic controller in this room
regulates the air temperature in the branch duct.

The floor is covered with a grade C asphalt tile, The walls and ceiling are
covered with two coats of flat wall paint.

2.22 Switch Gear Room. The switch gear room is a small room 6 feet wide,
21-1/2 feet long, and 11~1/2 feet high, located adjacent to the Health and Safety
field office (Figures IV-2 and IV-7), All the calciner switch gear, with the excep-
tion of the switch gear for WC=-251A and WC~-251B off-gas blowers, are located

in this room.

Heating and ventilation air is furnished through a branch duct from the Health
and Safety field office ventilation ducting.

A three-foot-thick concrete floor separates this room from the off-gas
blower cell below. The floor is bare concrete and the walls are covered with two
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coats of flat wall paint.

2.23 Locker Room. This room is 15 feet wide, 22feet long, and 11-1/2 feet
high and is located adjacent to the north stairwell “A” (Figure IV=-2). These
facilities provide the locker and sanitary requirements for building personnel

and also can serve as a temporary personnel decontamination room, should
the need arise. Space is provided for a hand and foot counter.

Heating air is supplied through a branch duct from the main Health and
Safety field office ventilation ducting. A ceiling fan exhausts the air to the
outside.

Since the room is not adjacent to any “hot” process cells, no radiation
shielding is necessary. The floors are covered with grade C asphalt tile, and
the walls and ceiling are finished with two coats of flat wall paint.

2.24 Decontamination Room. The decontamination room occupies the south

half of the main floor level and is oriented directly over the operating corridor
(Figures IV-2 and IV-9). The room is 26-1/2 feet wide, 43-3/4 feet long, and
27 feet high.

The calciner start-up hopper (WC-106), two decontamination solution
tanks (WC-117 and WC-118), a compressed air surge tank (WC-120), an ad~
sorber-regeneration air-heater (WC-351), steam and decontamination manifolds,
two decontamination-solution transfer-pumps (WC-217 and WC-218), and air
manifolds for operations involving the silica gel adsorbers are housed in this
room.

Heat to the room is supplied by four steam space heaters; a two-
speed roof exhaust fan provides ventilation.

A stainless steel drip pan, 12 feet wide x 18-1/2 feet long x 4 inches high,
covers the floor area under the chemical makeup area. The rest of the floor area
is exposed concrete. The floor drains in this room drain to the hot sump tank
(WC-119) through a 40-inch seal loop.

The east floor, overlaying the calciner and off-gas cells, is of four-foot-
thick reinforced concrete to provide radiation shielding from the cells below.
The floor over the operating corridor is of nine-inch~thick reinforced concrete.

The walls, ceiling, and exposed carbon steel surfaces are coated with
three coats of acid-resistant paint.

2.25 Heating and Ventilation Room. This room houses the main building heating
and ventilation system. Outside air enters the supply unit and is filtered, heated,

washed, and reheated. The conditioned air is then distributed to three areas:
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the main floor, the operating corridor, and the access corridor. From these
areas, the air flows to the process cells and from these cells through cell
exhaust ducts to the cell exhaust blower (WC~G-3302) and on to the ICPP stack.

The heating and ventilation room is 15 feet wide, 26~1/2 feet long, and 27
feet high and is located adjacent to the north end of the decontamination room
(Figures IV-2 and IV-6),

The east part of the room overlays the calciner cell and is shielded
from it by a four-foot-thick concrete floor. The floor is uncovered and the walls
are finished with two coats of flat wall paint.

2.26 NaK Equipment Room (Furnace Room). The NaK equipment room is

located just above grade level, but 3-1/2 feet lower than the main floor level.
Because of this elevation difference, the floor constitutes a pit lower than any
room or cell entry in the upper part of the WCF building. The entrance to the
NaK pipe chase, which extends from the NaK room floor t{o the calciner cell, is
surrounded by a 5-1/2-inch-thick concrete curbing. The low floor level plus
the concrete curbing prevents NaK from entering any other room or cell in the
building should a leak occur in this room. Further isolation of this room is
provided in that the room is actually a separate building connected to the main
level by a hallway, sealed by two doors (Figures IV-2 and IV-6).

The room is 20 feet wide, 21-1/2 feet long, and 30 feet high, and houses
the NaK furnace (WC-304), two NaK expansion tanks (WC-103 and WC-103-A),
two fluidizing air blowers (WC=-250A and WC-250B), an electromagnetic pump
(WC-204), a NaK plugging indicator (WC=-903), a NaK cold trap (WC=904), and
the helium manifold system.

Ventilation and combustion air enters the room through three adjustable
louvered windows. Hot room air is exhausted through the roof by means of an
8700-cfm fan. Heat is supplied hy two steam space heater units.

Radiation shielding is not provided since this roomis separate from the main
process areas,

The floor is uncovered concrete and the walls and equipment are painted
with three coats of heat-resistant paint.

2.27 Filter Removal Room. This room is located directly over the three

off-gas filter cells. It is provided with a 20-ton bridge crane for lifting the off-
gas filter-cell hatch covers, removing the spent filter units in a shielding cask,
and installing new filter units. The crane extends 20 feet beyond the building
so the shielding cask containing the spent filter elements can be loaded on a
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truck for removal to the NRTS burial ground. A stainless steel decontamination
pan is provided in the room so the cask may be washed prior to loading on the
truck. The decontamination pan drains to the hot sump tank (WC~119) through
a valved manifold system.

The room is 20 feet wide, 21-1/2 feet long, and 17-1/2 feet high. Entrance
to the room is made through an exterior roll-up door on the west side of the
room (Figures IV-2 and IV-8).

The filter-cell hatch coversare 3-3/4 feet thick and provide radiation shields
for the operating area above the filter cells.

The entire room, with the exception of the decontamination pan, is painted
with three coats of acid~- and radiation-resistant paint to facilitate decon-
tamination.

Heat is supplied by one steam space heater.

2.3 Operating Corridor Level

The operatingcorridor (FiguresIV-3 andIV=-8)lies over the access corridor,
and the floor is 12 feet, 3-1/4 inches below the main floor level (elevation =
0' -0"). This corridor is oriented adjacent to and between process cells on the
east and west sides. The operating corridor is 15 feet wide, 77-1/4 feet long,
and 11 feet high. A 9-1/2- x 8-foot glass-partitioned office is provided at the
south end of the corridor. The main instrument control panel, 28 feet long x 2
feet, 2 inches wide, is centered in the corridor. Much of the service piping for
the cells is located on both sides of the corridor, conveniently combining the
piping and controls in a central area. Two floor drains in the corridor are
connected to the hot sump tank (WC-110) through a 40-inch water loop seal.

The operating corridor provides access to the off-gas blower cell, the
transport air jet cell, the sample room, the filter removal access corridor,
and the pipe room and vent air duct. The off-gas filter cells and cell ventila-
tion blower pit are located at the operating corridor level, but access can be
gained only through exterior building entryways and hatches.

Thick reinforced-concrete walls on each side and on the north end of the
operating corridor will reduce radiation levels to less than 1.0 mr/hr in the
corridor.

The operating corridor floor is covered with grade C asphalt tile; the walls,
ceiling, and equipment are painted with three coats of acid- and radiation-
resistant paint.
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2.31 Sample Room. The sample room is 9 feet wide, 24-1/2 feet long,

and 11 feet high, and is located betweenthe transport air jet cell and the calciner
cell, and above the waste hold tank cell (Figures IV-3 and IV-6).

This room houses one sample blister (which contains five liquid-sample
stations and one solid-sample station), a sample elevator for transporting lead
sample “pigs” from the sample room level to ground level, and a stainless steel
“hot” sink. Three electromagnetic flowmeters, which control the feed rate to the
three calciner feed nozzles, are located in a shielded cubicle in the sample
room.

The floor drain and the sample blister drain discharge to the hot sump
tank through a 40-inch water seal loop.

This room is shielded from radiation from the adjacent “hot” cells by
reinforced concrete walls of the following thicknesses: transport air jet cell,
4 feet; calciner cell, 4-1/2 feet; waste hold tank cell, 4-1/2 feet. The outer wall,
which is below grade level, is two feet thick.

Entry to this room is normally made through a door from the operating
corridor. Two concrete hatches are located in the ceiling directly above
identical hatches in the sample room floor. These provide access for heavy
objects from the outside ground level to thiscell or to the waste hold cell below.

The floor is covered with grade C asphalttile, The walls, ceiling, and equip-
ment are covered with three coats of acid- and radiation-resistant paint.

2,32 Transport Air Jet Cell. This cell is located adjacent tothe sample

room at an elevation 2 feet, 7 inches below the operating corridor level. This
cell originally was designed to house two transport air blowers (WC-202A and
(WC-202B). The cell now contains piping for returning transport air to the
calciner vessel, and the transport air jet (WC-521), which will be used to pro-
vide additional motivating force for transporting the calciner bed to solids
storage whenever the bed is to be completely removed from the calciner vessel.

The cell is 12 feet wide, 21 feet long, and 10-1/2 feet high. Access to the
cell is made from the north end of the operating corridor through an “L”-shaped
labyrinth. Access also may be gained through a removable concrete hatch
3 feet wide x 4-1/2 feet long x 4-1/2 feet thick in the cell roof (Figures IV-3 and
1V-6).

The cell ventilation system pulls air from the operating corridor through
the cell to a 24-inch exhaust duct in the cell wall. Air enters the cell from the

operating corridor through louvers in the cell door.
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Access and working areas around this cell are shielded with reinforced
concrete as follows: roof, 4 feet; wall common to sample room, 4 feet; “L”-
shaped labyrinth, 2 and 2-1/4 feet. The outer walls and the floor are two feet
thick.

The cell floor is covered with a stainless steel liner which extends up the
‘walls for six inches. The ceiling and the remaining part of the walls are covered
with three coats of acid- and radiation~-resistant paint. The floor drain discharges
to the hot sump tank (WC-119) through a manual valve operated from the access
corridor.

2.33 Off-Gas Blower Cell, This room is 24 feet wide, 26 feet long, and
8-3/4 feet high and is located north of the filter removal corridor (Figures
IV-3 and IV-7). This room contains two off-gas blowers (WC-251-A and
WC-251-B), the equipment vent blower (WC-252), the equipment vent filter
(WC-F-2722), and the equipment vent heater (WC=-356).

Entry to the cell is made from the north end of the operating corridor

through a labyrinth and a door. Two concrete ceiling hatches, one 4-1/2 feet
wide x 8 feet long x 3 feet thick and one 3 x 3 x 3 feet, are provided for equipment
removal and filter changing. Radiation shielding between this cell and other
operating areas is provided by concrete walls of the following thicknesses:
roof, 3 feet; labyrinth, 2-3/4 feet; filter removal corridor, 2-1/2 feet. The
outer walls and the floor are two feet thick.

Two openings are provided from this cell to the cell exhaust duct system.
A louvered door permits air to enter the cell from the operation corridor.

To facilitate decontamination, the cell floor is covered with a stainless
steel liner extending six inches up each wall, The walls and ceiling are painted
with three coats of acid- and radiation-resistant paint. The floor drain discharges
to the hot sump tank (WC~119) through a manually operated valve.

2.34 Filter Removal Corridor. The filter removal corridor is 3-1/2 feet
wide, 24 feet long, and 9 feet high. It is located adjacent to the three off-gas
filter cells (Figures IV-3 and IV-7), Access tothis room is made from the north
end of the operating corridor.

This room provides a shielded observation and control point for remotely
removing and replacing the off-gas filter units. The room has three lead-glass
windows (18 inches square on the hot side, 12 inches square on the cold side,
and 40 inches thick), each providing a viewing port for one cell. A control
console for the 20-ton crane located in the filter removal room, extension
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handles for coupling or uncoupling the filter boxes, and handles for opening the
valves on the inlet and outlet lines on the filter housings also are located in

this corridor.
This room is shielded from the final filter cells by a 3-1/2-foot~-thick

concrete wall and from the off-gas blower cell by a 2-1/2-foot-thick concrete
wall. The floor, which is over the pipe room and ventilation air duct, and the
outer wall are two feet thick.

Asphalt tile covers the floor. The walls and ceiling are painted with three
coats of acid- and radiation-resistant paint.

2.35 Off-Gas Filter Cells. Each of thethree off-gasfilter cells is 9-2/3 feet
wide, 18-1/2 feet long, and 8-1/2 feet high and one filter unit is located in each

cell (Figures IV-3 and IV-8). Access to these cellsis made from the filter
removal room. Each cell is covered by a concrete hatch cover 6 feet wide, 11 feet
long, and 3-3/4 feet thick. These can be removed by the 20-ton overhead bridge
crane.

During operation, the three cells are heated to ~60 - 70°C so that conden-
sation will not occur in the piping orfilter units. Air from the access corridor is
pulled through a steam space heater into the pipe room and then through 3-inch
ventilation ducts into each cell. Air from the cells is exhausted to the 18-inch
cell ventilation duct system onthe west side of the WCF building, thus maintaining
a positive air flow from the access corridor through the cells and out the ICPP
stack.

These cells are shielded from the operating areas by concrete walls and
ceilings of the following thicknesses: filter removal room, 3-3/4 feet; filter
removal corridor, 3-1/4 feet; operating corridor, 7 feet. The divider walls
between filter cells are constructed of one-foot-thick steel plate. Other wall
and floor thicknesses are: north adsorber cell, 2-1/2 feet; pipe room and
ventilation air duct, 2 feet; and outer wall, 2 feet. The cell floors and walls are
completely lined with stainless steel sheet. The cell ceilings (bottom of cell hatch
covers) are coated with three layers of acid- and radiation-resistant paint.
The floor drain in each cell discharges to the hot sump tank (WC=-119) through
a manually operated valve located in the access corridor.

2.36 Blower Pit. The blower pit is located at the north end of the WCF
process building (Figures IV-3 and IV-7). This pit is 7-1/4 feet wide, 11-1/2
feet long, and 8-1/2 feet high, and houses the main cell exhaust blower (WC-G-
3302). This blower is connected to the process cells by a buried tile ducting

system lying outside the building. A positiveflow of air from the non-radioactive
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corridors to the “hot” cells, which are individually connected to the duct, and
thence to the ICPP stack is maintained by this cell exhaust system.,

A two-foot-thick concrete wall provides radiation shielding between this
pit and the off-gas blower cell. The outer walls and floor are six-inch-thick
concrete for structural purposes only. A 3/8-inch steel plate covers the
pit for protection from the weather. The concrete surfaces are uncovered.

2.4 Access Corridor Level

The access corridor is located directly below the operating corridor
(Figures IV-5 and IV-10). This corridor is 15 feet wide, 59 feet long, and
21 feet high, and is oriented between hot process cells on either side. This
corridor provides direct access to the calciner cell and the off-gas cell through
a labyrinth at each cell entry. The adsorber manifold cell can be entered through
a labyrinth located between the operating and access corridor levels. Special
access openings to the north and south adsorber cells (from the adsorber mani-
fold cell), the waste hold tank cell (from the access corridor), and the filter
piping tunnel were left open for the cold test program; these will be sealed
prior to “hot” processing. Entry to the hot sump cell, located below the access
corridor, is made through a hatch, 2-1/4 feet square x 4 feet thick, in the floor
at the north end of the access corridor.

Equipment housed in this corridor includes the NaK system dump valve,
two NaK tanks (WC-104A and WC-104B), extension handles for manual valves
in the drain lines to the hot sump (WC-119), a condensate collection tank,
and two condensate pumps.

The concrete walls and labyrinth, which furnish radiation shielding between
the adjacent cells and the access corridor, are described under the individual
cell descriptions. Three pipe tunnels, fabricated from surplus 16-inch Navy
gun barrels, provide radiation shielding for process lines which cross the access
corridor between the off-gas scrubbing cell and the adsorber manifold cell.

Grade C asphalt tile covers the access corridorfloor. All walls and surfaces
have been covered with three coats of acid- and radiation-resistant paint. Two
floor drains discharge to the hot sump tank (WC-119) through a manual valve.

2.41 Waste Hold Tank Cell. The waste hold tank cell is located on the east
side of the access corridor directly below the sample room (Figures IV-5 and
IV-6). This cell is 12 feet wide, 21 feet long, and 17-1/2 feet high, and houses
the two waste hold tanks (WC-100 and WC-101). A sump 3 feet wide, 4 feet
long, and 5-1/2 feet deep, containing the two feed air lifts (WC-500-4 and
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WC-501-4) is located in the cell floor.

Access to this cell is provided by two ceiling hatches 2 feet square x 5-1/2
feet thick located directly below the two access hatches in the sample room ceil~
ing. A manway provided at the access corridor level will be sealed before
“hot” operations begin.

The following thicknesses of concrete radiation shielding are provided
between the cell and the adjacent areas: “A” stairwell and access corridor,
4-1/2 feet; calciner cell, 4-1/2 feet; sample room, 4-1/2 feet. The outer walls
and cell floor are two feet thick.

A stainless steel liner covers the floor and extends seven inches up the
wall. The walls and ceiling are covered with three coats of acid- and radia-
tion-resistant paint. The air lift pit drains to the hot sump tank (WC-119) through
a manual valve operated from the access corridor.

2.42 Calciner Cell. The calciner cell is located adjacent to the waste hold

tank cell (Figures IV-5 and IV-6) and contains the following major equipment
items: the calciner vessel (WC-102), the NaK heat exchanger (WC-302), the
calciner cyclone (WC-131), the feed metering pot (WC-105), and the equipment
vent condenser (WC-130). The cell is 15-1/4 feet wide, 21 feet long, and 29-1/2
feet high.

Direct maintenance of equipment located in this cell is facilitated by
direct entry via an “L”-shaped labyrinth at the access corridor level and a
hatch 7 feet wide x 10 feet long x 4-1/2 feet thick located in the cell ceiling.

Adjacent areas are shielded from the high-radiation sources in this cell
by concrete walls and ceilings of the following thicknesses: access corridor,
4-1/2 feet; labyrinth, 3-1/2 feet and 4 feet; operating corridor, 4~1/2 feet;
sample room, 4-1/2 feet; waste hold tank cell, 3-1/2 feet; off-gas cell, 3-1/4
feet; and the ceiling, 4-1/2 feet. The outer wall and the floor are two~foot~thick
concrete.

Air is exhausted from the cell through an opening to the 24-inch cell
exhaust duct on the east side of the WCF building. Air flows from the access
corridor through door louvers into the cell.

The cell floor and walls are completely lined with stainless steel sheet.
The ceiling is covered with three coats of acid- and radiation-resistant paint.
The floor drain discharges to the hot sump tank through a manual valve.

2.43 Off-Gas Cell. This cell houses all equipment in the off-gas quenching

and scrubbing systems plus a hold tank for solutions used in regenerating the
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silica gel adsorbers. The main equipment items in the cell are the quench tower
(WC-107), the scrubbing solution surge tank (WC-108), two scrubbing solution
pumps (WC-208A and WC-208B), the regeneration solution surge tank (WC-114),
and off-gas heater (WC-305), a scrubbing solution cooler (WC-307), the venturi
scrubber (WC-907), and two liquid-entrainment separators (WC-908 and WC-910).

The cell is located on the east side of the process building adjacent to the
calciner cell (Figures IV-5 and IV-6). It is 21 feet wide, 35 feet long, and 30 feet
high. A cell equipment-removal hatch (8-1/2 feet wide x 11 feet long x 4 feet
thick) in the ceiling, and an entryway shielded by an “1”-shaped labyrinth at the
access corridor level permit access for direct maintenance on the pumps and
valves.

Air is exhausted from the cell through two openings to the 18~inch cell
exhaust duct on the east side of the WCF process building. Air from the access
corridor flows into the cell through louvers in the cell door.

Concrete walls and ceilings of the following thicknesses provide radiation
shielding between the cell and the following adjacent areas: access corridor
and “B” stairwell, 4 feet; operating corridor, 4 feet; calciner cell, 3-1/4 feet;
ceiling, 4 feet. The outer walls and the cell floor are two-foot-thick concrete.

The cell floor is lined with stainless steel sheeting which extends seven
inches up the wall, The walls and ceiling are painted with three coats of acid-
and radiation-resistant paint. A cell floor drain discharges to the hot sump tank
(WC-119) through a manual valve.

2.44 Hot Sump Tank Cell. This cell is located below the north end of the
access corridor (FiguresIV-6andIV-8), The cellis 9-1/2 feet wide, 25 feet long,
and 20-3/4 feet high, and contains the hot sump tank (WC-119). All floor and
process drains discharge to this tank. Solution in the tank can be jetted either

to the liquid-waste evaporation system at ICPP-604, or to the waste hold tanks
(WC=-100 or WC-101) for recycle to the process. A floor sump and sump jet
are supplied to return liquid from the floor of this cell to the hot sump tank.

This cell is normally isolated, but access canbe made by removing a 2-1/4-~
foot-square x 4-foot-thick hatch cover in the access corridor floor. A four-
foot-thick concrete ceiling provides radiation shielding between the cell and the
access corridor. The walls and floor are two-foot-thick structural concrete.
The floor is lined with stainless steel sheeting which extends six inches up the
walls. The walls and ceiling are protected with three coats of acid- and radia-
tion-resistant paint.
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2.45 Adsorber Manifold Cell. This cell is located on the west side of the
process building between the north and south ruthenium adsorber cells (Figures

IV-4 and IV~T7). The cell houses all the valves on lines entering and leaving the
adsorber vessels, the off-gas reheater (WC-354), and the off-gas knock=-out pot
(WC-133).

The cell is 17 feet wide, 22-1/3 feet long, and 20-3/4 feet high. Entry is
provided at the -24-feet, 6-1/2~inch level through a shielded concrete labyrinth.

This cell is connected to the 18-inch cell exhaust duct system indirectly.
The adsorber cells on both sides of the manifold cell are connected to the
18~inch cell ventilation duct. One openingis provided to each ruthenium adsorber
cell from the manifold cell. Heated air from a steam space heater enters the
adsorber manifold cell through a 12-inch duct from the access corridor. During
operation, this cell and the adsorber cells are heated to ~ 60 -70°C to prevent
condensation in the vessels and piping.

Concrete shielding walls of the following thicknesses are provided to shield
the adjacent areas: access corridor and “B” stairwell, 3-3/4 feet; operating
corridor, 3-3/4 feet; north and south adsorber cells, 3-1/4 feet; ceiling, 3-3/4
feet; labyrinth, 3 and 2-1/2 feet. The outer wall and the floor are two-foot-thick
concrete.

The cell floor and walls are protected as follows: floor and lower seven
inches of the walls, stainless steel sheeting; walls and ceiling, three coats of
acid- and radiation-resistant paint. The cell floor drain discharges to the hot
sump tank (WC-119) through a manual valve.

2.46 Adsorber Cells. A ruthenium adsorber cell is located on each side of
the adsorber manifold cell(Figures IV-4 and IV-7). Each cell is 11 feet wide,
21 feet long, and 20-3/4 feet high and houses two adsorber vessels. The north

adsorber cell contains adsorbers WC-110 and WC-111, The south cell contains
adsorbers WC-112 and WC-113. Two-feet-square x 2-1/4-feet-thick concrete
manway openings provided between the adsorber manifold cell and each adsorber
cell for “cold” testing will be sealed prior to “hot” operation. Access
to these cells can then be made only by removing an 11-foot-wide x 12-foot-long
x 4-1/2-foot~thick concrete access hatch above each adsorber.

Radiation shielding is provided by the following thicknesses of concrete
between these cells and the surrounding areas: adsorber manifold cell, 3-1/4 feet;
access corridor, 5 feet; operating corridor, 5 feet; final filter cell, 3-1/4 feet:
roof top, 4-1/2 feet. The outer walls and the floors are two-foot-thick concrete.

iv-12



A stainless steel liner covers the floor and extends seven inches up the
walls. The walls and ceiling are covered with three coats of acid- and radiation~
resistant paint. The cell floor drain in each cell discharges to the hot sump tank
(WC-119) through a manual valve.

2,47 Filter Piping Tunnel. This room is located directly below the off-gas
filter cells (Figures IV-4 and IV-8). The room is 6~1/2 feet wide, 23-1/2 feet
long, and 3-3/4 feet high and is accessible only through a 2-foot-square x 2-1/2-

foot-thick hatchway located inthe filter removal corridor. No equipment is housed
in the tunnel.Heated airfromthe vent duct heater enters this chamber and is dis-
tributed to each of the off-gas filter cells and then exhausted to the exhaust duct

system.

Shielding walls and ceilings of the following thicknesses are provided:
access corridor, 2-1/2 feet; final filter cell and filter removal corridor, 2 feet;
north adsorber cell, 2-1/3 feet. The outer wall is two-foot-thick concrete and
the floor is one-foot-thick concrete. The concrete surfaces are finished with
three coats of acid- and radiation-resistant paint. No drains are provided in
the room,

3. SOLIDS STORAGE FACILITY

The WCF solids storage area is located 75 to 100 feet east of the main
WCF process building (ICPP-633). The facilities in this area are the solids
storage vault (ICPP-729), the solids cooling blower building (ICPP-639), and
the solids cooling air stack (ICPP-732). The overall layout of the solids storage
area is shown in Figure IV-1.

3.1 Solids Storage Vault (ICPP-729)

The solids storage vault is a reinforced concrete structure which houses

four 3-bin units for storage of solids, the solids separation cyclone and dis-
tribution piping to the bins, and the solids off-gas cleanup equipment. The
structure is divided into two main sections, a lower section which houses the
storage units and an upper section which houses the balance of the equipment
(Figures IV-11, IV-12, and 1V~13).

The lower section is 25-1/2 feet square x 41-1/3 feet high (inside dimen-
sions). The walls are 2-1/2 feet thick, the bottom is 2 feet thick, and the ceiling
(partition between upper and lower sections) is 1-3/4 feet thick. The top of the
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ceiling slab is approximately at ground level,

The upper section, which houses the off-gas equipment, is 16~3/4 feet long
x 10 feet wide x 8 feet high (inside dimensions). The walls are 1-3/4 feet thick;
the bottom (partition between upper and lower sections) is 1-3/4 feet thick, and
the ceiling is 1-3/4 feet thick.

Cooling air inlet ducts run outside of the north and south walls of the upper
level of the vault. The ducts then continue down inside the walls of the lower
level of the vault to the vault floor. Each duct (a 24-inch~diameter spiral-
wound carbon steel pipe) then connects to an 18-inch-square distribution duct
on the vault floor which distributes cooling air to the bottom of the concentric
solids storage bins. The air rises through annuli between the bin sections.

Located directly beneath a central solids distribution stand pipe, in a sump
in the vault floor, is a steam syphon jet. This unit is provided for removing
liquid matter that enters the vault from wall seepage or the condensing water
vapor. The jet has a one-inch suction line, a one-inch discharge line, and a
one-inch steam inlet line. It is rated for 10 gpm at 100°F using 110-psig
steam. The jet is constructed of type 304L stainless steel.

The sump is equipped with a liquid-level-indicating alarm instrument to
indicate the presence of condensate in the sump. This instrument is located
on the panel board in the solids storage control room.

3.2 Solids Cooling Blower Building (ICPP-639)
The main solids cooling blower building is 12 feet, 10 inches wide x 13

feet, 2 inches long x 9 feet high. This room houses the cooling air blower and
the instrument panel for solids storage instrumentation. An addition, 5-1/2 feet
wide x 6-1/2 feet long x 9 feet high, was constructed on the north side of the
building to house a 40-point rotary-switch temperature indicator. The control
room is located directly above the process equipment level of the storage vault.

The wall and roof framing are of structural steel. The wall and roof covering
consists of corrugated asbestos cement sheathing. Internal and external wall
angles are flashed or covered to provide watertight joints. The floor slab of

the control room is constructed of reinforced concrete 1-3/4 feet thick.
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The local control panel is 6-1/2 feet high x 3 feet wide; has a 50-pound
air supply manifold for supplying air to the instruments, purge rotameters,
etc; and holds pressure indicators, pressure alarms, pressure difference
indicators, liquid-level indicator alarms, and purge rotameters.

Heating of the solids-storage control room is provided by two 3-kw Electro-~
mode Model AN-30-A unit heaters with a heat capacity of 10,245 Btu/hr/heater.

Louvers in the door permit entrance of air required for ventilation.

4. UTILITIES

4.1 Electrical System
Electrical power for the WCF can be supplied from either the NRTS power

system or the ICPP emergency power generator located in the emergency power
building (ICPP-644). Normally, electrical power is taken from the NRTS power
system. This power enters the area at the ICPP substation building (ICPP-~
613). From there, 2400-volt power is supplied by underground lines to a sub-
station adjacent to the WCF process building (ICPP-633). The distribution net-
work is shown in Figure IV-14.

The normal power feeder connects to a 2400-volt automatic transfer switch
in the ICPP-633 substation. The load side of the transfer switch is connected
to a 2400-volt motor control center supplying the two off-gas blowers and a
300-kva transformer. A 480-volt motor control center located inside building
ICPP-633 is supplied from the 300-kva transformer. The 480-volt motor control
center is split for normal and emergency service, the two sections being con-
nected through a contactor. This contactor is held closed when the system is
on normal service and will open automatically whena transfer is made to emer-
gency power, dropping off services supplied with normal power only. All essential
motors, emergency lighting, instrumentation, and alarms are cbnnected to the
emergency section of the motor control center. !

A 2400-volt emergency-power feeder originates at the emergency power
building (ICPP-644) and runs underground to the substation adjacent to building
ICPP-633. The emergency feeder connects to a 2400-volt automatic transfer
switch which, onloss of normal service, transfers automatically to the emergency
service line and also starts the emergency generator located in building ICPP-

644. Upon restoration of normal power, the transfer switch must be returned to
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normal service manually by a remote pushbutton located on the main instrument
board in the WCF operating corridor. After the return to normal power, motors
connected only to normal power must be restarted manually.

Electrical power to the emergency power bus is obtained from a diesel-
driven generator. The dieselunitis anin-~line, cylinder~type engine manufactured
by Fairbanks-Morse Motor Co. This unit is rated for 2400-volt, 3-phase,
60-cycle operation. The generator is capable of delivering 1200 to 1250 kw
continuously at 80 percent power factor at an altitude of 4900 feet. In the
event of a commercial power failure, the load will be transferred automatically
to emergency power in approximately 11 seconds. The emergency-power
system is tested once a week.

4.2 Raw Water System
All water used at the WCF is supplied from the ICPP area raw water

system. A six-inch raw water line for the WCF originates from the under-
ground fire water loop at fire hydrant 5 near building ICPP-702. This six-inch
line runs underground eastward some 250 to 260 feet from the hydrant at which
point a three-inch line tees off and runs south to the calciner building (ICPP-
633). The six-inch line then turns to the north for seven feet before continuing
another 80 to 90 feet to where it reduces to a 1-1/2-inch line which continues
on to the solids storage blower building (ICPP-639). A fire hydrant located
northeast of building ICPP-633 connects to the six-inch water line before it
reduces to 1-1/2 inches. A block valve is located in the water line at a point
about 28-1/2 feet east of ICPP-702. The valve is operated by a handwheel
extension from the valve located below the ground. This valve is always
kept open during operation of the calciner.

The three-inch raw water line which supplies ICPP~633 enters the building at
the north wall of the NaK pipe tunnel and runs through the pipe tunnel to the access
corridor, The line passes through the ceiling of the access corridor to the operat-
ing corridor where it connects to a pressure-control valve. From the control
valve the water line drops through the floorback to the access corridor where it
splits for distribution to various parts of the building. Figure IV~15 shows a
schematic layout of the water supply system and the main distribution headers.

Normally, water is supplied to the fire water locop by one or more of three
parallel-connected water pumps located in the ICPP service building (ICPP-
606). Each pump has a rated capacity of 1000 gpm at 90 psig. In addition, two

fire pumps (one for normal service and one for emergency service) are avail-
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able for use if needed. Each of these pumps has a capacity of 2000 gpm at
125 psig. Pressure on thefire water loopis normally maintained at 80 to 90 psig.
This pressure could be boosted during tests or for a fire.
4.3 Steam System

Steam is required for ejectors, process heating units, decontamination of

process equipment, and for space heating throughout the WCF. The average
steam usage is about 6800 lbs/hr and the maximum usage during cold weather
is about 10,900 Ib/hr. The line which supplies steam to the WCF was designed
for a capacity of 40,000 Ib/hr.

Steam for the WCF is supplied from independent facilities located in the
ICPP service building (ICPP-606). The facilities consist of four existing boilers
with a combined rating of 112,500 lb/hr steam at 250 bsig. Individual units
are operated at about 145 psig. Normally, two boilers will supply sufficient
steam for the ICPP area.

An eight-inch steam line for the WCF and other plant facilities originates
in the service building (ICPP-606) from an existing 10-inch steam header. The
main block valve for the WCF and the other facilities is located in this 10-
inch line on the north side of building ICPP-606. The eight-inch line runs
through the service building some 40 to 50 feet to a point on the south side of
the building where it drops underground. It then runs eastward some 100 to
150 feet at which point a four-inch line tees off and continues eastward to supply
existing equipment in ICPP-619,-628,-634, and-635. A block valve is located
in the four-inch line at a point near the control house (ICPP-619). The eight-
inch line turns southward at the tee and runs approximately 10 feet to a valve
box, located near the laboratory building ramp of building ICPP=-602. A block
valve at this point permits steam shutoff to the calciner without dis-
rupting the supply to other areas. The eight-inch line continues south and then
turns east to a point opposite building ICPP-604 where it is reduced to a six-
inch line that continues on to the calciner building (ICPP-633). The steam line
is buried approximately six-feet below ground, and is covered with six inches
of Gilsulate insulation.

The calciner steam line enters building ICPP-633 at the north wall of the
NaK pipe tunnel and continues to the access corridor where a chain-operated
block valve is located. Downstream of the blockvalve the line splits to distribute
steam to various parts of the building as shown in Figure IV-16.
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There are several pressure-reducing stations on the steam line throughout
the calciner building where lower pressure steam is required.
4.4 Compressed Air System

Air at 100 psig is supplied to the WCF from existing facilities at the ICPP
service building (ICPP-606). This system furnishes clean, dry compressed air
for the utility, process, and instrument needs. Normal WCF requirements range
from 400 to 600 scfm.

The facilities at the service building (ICPP-606)for supplying compressed air
to the entire ICPP area consists of two compressors, each rate at 950 scfm at 125
psig, and an air dryer with a rated capacity of 1000 scfm at an exit dew point of
-20°F. Both of the air compressors are connected to emergency power but must
be manually switched to emergency power when a power failure occurs.

A four-inch line, originating from air receiver D-609 in building ICPP-606,
carries compressed air to the WCF, The main block valve in the air supply line
is located in the service building.

The compressed air piping is buried approximately sixfeet below ground and
is covered with six inches of Gilsulate insulation. This line follows the same
route as the steam line from building ICPP-606 to WCF.

Figure IV-17 shows the main air distribution network in the WCF. The
supply line enters the calciner building through the NaK pipe tunnel and con-
tinues into the access corridor. The air line is split with a portion of the air
distributed as 100-psig plant air to serve various process requirements. Plant
air (100 psig) is reduced to 5 psig at the off-gas filter cells for use in clearing
contaminated dust from the off-gas piping, the filter housing, and block valves,
prior to filter replacement. The other portion is sent through an instrument
air receiver (WC-120) located in the decontamination room. Air downstream
of the instrument air receiveris reducedto 50 psig for high-pressure instrument
air. A portion of the 50-psig instrument air is in turn reduced to 20 psig for
low-pressure instrument air used for pneumatic instruments on the control
boards.

4.5 Service Waste System
Condensate, from the heating and ventilating system and steam traps located

in the access corridor, drains to a condensate collection tank (E-3310) located
under the stairwell at the southeast corner of the access corridor in building
ICPP-633. The condensate collection receiver consists of a 40-gallon tank,
20 inches ID x 30 inches long, mounted on a common base with two centrifugal

pumps. Each pump has a capacity of 30 gpm at a discharge pressure of 30 to 35
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psig and is driven by a 440-volt, 3-phase, 60-cycle electric motor. The pumps
operate from two float switches of the automatic alternating type that alternate
the operation of the two pumps on successive cycles. The float switches also will
bring the second pump into service if, under peak load conditions, one pump

is not capable of handling the condensate.
The condensate received in the collection tank is pumped directly to

the main service waste header in building ICPP-633. Cooling water from
process equipment, and condensate from steam traps located in the operating
corridor and decontamination room, also discharge directly into the main
service waste header. The header, a three-inch line, runs the length of the
building and leaves the building underground on the north side of the building.
A 1-1/2-inch service waste line from building ICPP-639 connects into the three-
inch line at the north side of building ICPP-633., The three-inch line is then
routed to manhole ICPP-309 east of building ICPP-709. The water passes into
the monitoring station (ICPP-709) where it is monitored prior to its discharge
to the ground via the service waste disposal well, (ICPP-304).
4.6 Heating and Ventilation System

Under the general arrangement of the heating and ventilating equipment in

the WCF, air flows from the occupied operating areas toward the process cells.
Air flow in this direction reduces the possibility of exposing personnel to radia-
tion should active material be released in a cell. Motivation for the ventilating
air is provided by a forced-draft blower in the ventilating unit on the main
floor level and by an induced-draft blower in a pit outside the process building.
With this arrangement, a positive pressure of 0.25 inch of water is maintained
in the operating corridor while a negative pressure of 0.75 inch of water is
maintained in the process cells. All doors in the process building are normally
kept closed, and the flow distribution to the cells is determined by the position
of louvers in the cell doors.

The outside air entering the process building passes through a central
supply unit on the main floor level and is distributed through duct work to areas
requiring ventilation. In addition to the forced draft blower (WC-G-3301), the
unit contains a preheat coil, a spray coil, and a reheat coil. The blower is a
two-wheel unit rated to deliver 13,200 cfm at two-inch water pressure. It is

driven by a standard enclosure motor with a V-belt drive. The motor is rated
for 440-volt, 3-phase, 60-cycle operation. The preheat, spray, and reheat coils
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are large-face-area types designed for a flow of 13,200 cfm at a 600-fpm face
velocity and entering and leaving air temperatures of -20°F and 90°F, 90°F
and 112°F, and 112°F and 135°F, respectively. Anair washer, complete with spray
unit, spray eliminators, sump, and recirculating pump also is provided. The
spray coil and washer unit have been found unnecessary and are not being used.
The air enters the supply unit through a heavy-duty filter box with removable,
cleanable, permanent viscous filters. Air enteringthe duct work from the central
supply unit is routed to the upper level of the building (except for the NaK furnace
room and the decontamination room), the operating corridor, and the access
corridor via the south stairwell. Air passes from the operating and access
corridors into the process cells and is exhaustedfrom the cells by the main cell
exhaust fan. The main cell exhaust blower (WC~G-3302) has a rated capacity of
11,000 cfm at seven inches of water pressure. The exhaust blower discharges
through an underground vitrified clay pipe to the main ICPP stack.

Air enters the adsorber manifold cell and the filter pipe tunnel from the
access corridor through steam heaters and pipe ducts. The heater for the
adsorber manifold cell air (WC-E-3301) is designed for an air flow of 1440
cfm with air entering at 80°F and leaving at 230°F. The heater for the air to the
pipe tunnel (WC-E-3304) is designed for an air flow of 170 cfm and air entering
at 80°F and leaving at 190°F. The air circulated through these areas is heated
to maintain the ambient temperature above the dew point of the gas passing
through the process lines and equipment, and thus prevents moisture condensation
due to loss of heat to the environment, The air is exhausted from the adsorber
cells and pipe tunnel through louvered outlet ports which connect to the common
suction line of the main cell exhaust blower.

A steam space heater with fan (WC-E-3309), designed for an air flow of
13,200 cfm with entering air at 112°F and leaving air at 135°F, provides heat
in the filter removal room directly above the off-gas filter cells.

The NaK and decontamination equipment rooms are ventilated by outside air
and heated by recirculation-type steam space heaters. The space heaters will
maintain these rooms at 70°F or higher. The decontamination room is equipped
with a two-speed, roof exhaust fan ratedat 16,200/8100 cfm for rapid removal of
chemical fumes. There also are four fan-circulating steam space heaters
(located in the decontamination room) with a total rated output of 203,000 Btu/hr.
The NaK room is equipped with a similar but less powerful exhaust fan rated

at 8700 cfm and two fan-circulating steam space heaters with a total rating of
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125,000 Btu/hr,
4,7 Fuel Oil System

No. 2 fuel oil, brought in by tank truck, is used in the WCF to fire the NaK
heater (WC=-304). Two tanks, located in a separate earth-dike enclosure directly

south of the fuel oil pump house (ICPP-702), provide storage capacity for
26,400 gallons. A transfer pump unloads the fuel oil from a tank truck to the
appropriate storage tank. This pump is a cast iron, rotary pump, driven by a
7-1/2-horsepower, 440-volt, 3-phase, 60-cycle motor. It unloads tank truck
shipments at a rate of 100 gpm.

Each fuel oil storage tank contains a set of steam heating coils located
at the bottom of the tank to facilitate pumping oil in cold weather. Fuel oil is
drawn from either tank through a suction header by one of two rotary pumps
(WC-3305A or WC-3305B). WC-3305A is a screw-type pump driven by a
5-horsepower, 440-volt induction motor. WC-3305B is a gear-type pump
driven by a l-horsepower, 440-volt induction motor. Both pumps are cast iron.
WC-3305A and WC-3305B deliver fuel oil at 7 and 2 gpm, respectively, to
a recirculating oil loop as shown in FigurelIV-18, Start-stop buttons in either
the fuel oil pump house or on the NaK heater control board in ICPP-633 can be
used to operate the pumps. A pressure control valve in the NaK furnace room
maintains the fuel feed line pressure at 30 psig and returns the excess flow to
the storage tank.

4.8 Sewer System
All sanitary waste from the WCF is disposed of in a leaching cesspool.

Effluent from the service sink, rest room, water cooler, and floor sink flow
by gravity in a four-inch cast iron line to two septic tanks located north of
building ICPP-633. The two concrete tanks, each having 1000-gallon capacity,
are connected in series and are located about 12 feet below ground level. From
these septic tanks, the effluent goes directly to the leaching cesspool.

The leaching cesspool is a 10-foot-diameter vault, 17 feet high, with a
capacity of 5000 gallons. The walls are constructed of eight-inch pumice blocks.
The walls above the effluent entrance are blocks laid in a mortar bed, while
below the effluent entrance the blocks are laid flat with no mortared joints.
Gravel one foot thick surrounds the sides and bottom of the vault to permit
filtered seepage. A four-inch cast iron line connects the septic tanks to the
cesspool.

Four vent lines are provided in the sanitary waste system and vent through
the roof of building ICPP-633. Also, all facilities on the waste system are
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equipped with cleanout traps.
4.9 Fire Protection System

The ICPP fire water distribution system services the WCF and consists of

a water loop which supplies nine fire hydrants throughout the plant area. Water
pressure is normally maintained at 90 psig by the raw water pumps. Should the
fire water system pressure decrease to 75 psig, automatic switchgear will start
the electric fire water pump. This is a centrifugal pump which will deliver
2000 gpm at 125 psig and is driven by a 200-horsepower motor. The switchgear
for this pump is located in the service building (ICPP-606).

The electric fire water pump is backed up by a diesel fire water pump
which will deliver 2000 gpm at 125 psig and is driven by an 1875-rpm, General
Motors diesel engine. Fuel for the diesel-driven pump is supplied from a
1000-gallon steel storage vessel.

Both the electric and diesel fire water pumps are test-operated weekly
to insure their readiness at all times.

4,91 Fire Hydrants and Hose Stations. The WCF may be reached from
two fire hydrants, one located by the northeast corner of building ICPP-633, and
one located west of building ICPP-633 by the hose house (ICPP-702). In addition,
there is one hose station located on the west wall of the heating and ventilating

room.
4.92 Fire Alarm System. The WCF fire alarm system is a manual system.

The alarm can be actuated at any of four pull-lever fire boxes located through-
out the facility. The fire alarm boxes are the coded, shunt, non-interfering
type capable of transmitting at least four rounds of signals. Code alarms are
transmitted to the ICPP guardhouse, thence to the CFA fire station and the
CFA communications room.

The evacuation alarm system 1is not a specific part of the fire alarm
system; however, it can be utilized incase of extreme emergency resulting from
a fire,

4.93 Fire Extinguishers. In addition to the fire protection facilities
described above, there are several portable fire extinguishers, listed on the
following page, which are strategically located throughout the WCF building. Not
listed is a stationary Met-L-X system which is actuated from the operating
corridor and which provides protection against NaK leakage from the drain
and charge tanks (WC-104A and WC~104B).
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WCF FIRE EXTINGUISHERS LOCATED IN ICPP-633

Number Location Capacity Type
203 NaK Furnace Room 301b Met-L-X
204 NaK Furnace Room 30 1b Met-L-X
205 NaK Furnace Room 30 1b Met-L-X
206 North Entrance 2-1/2 gal Water
207 North Entrance 15 1b COqy
208 Heater Room 15 1b COq
209 Decontamination Room 2-1/2 gal Water
210 Decontamination Room 15 1b COg
211 Operating Corridor, South 2-1/2 gal Water
212 Operating Corridor, South 15 Ib COg
213 Operating Corridor, North 2-1/2 gal Water
214 Operating Corridor, North 15 1b COg
215 Access Corridor 301b Met-L-X
216 Switch Gear Room 15 1b COg
217 Crane Room 15 1b COo
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V. PROCESS DESCRIPTION

1. FEED COMPOSITION

The radioactive waste solutions to be processed initially through the WCF are
produced during the reprocessing of aluminum-type fuel elements at the Idaho

[1. 21 consists of three steps:

Chemical Processing Plant. The reprocessing
(a) dissolution of the uranium-aluminum elements in nitric acid, (b) adjustment
of the dissolver solution to a composition suitable for solvent extraction of the
uranium, and (c) separation of the uranium fromthe aluminum, fission products,
and transuranic elements with which it is associated in the fuel elements. The
separation is done by continuous liquid-liquid extraction employing a suitable
solvent, Three extraction cycles are normally used; however, the bulk of the
fission products is accumulated in the first~-cycle waste solutions which
constitute feed material for the WCF. Aluminum nitrate, water, and nitric
acid are the major components of the first-cycle waste-solutions. Other
components, in addition to the fission products, include: (a) mercury, added in
the process to catalyze the aluminum dissolution, (b) iron, added as ferrous
sulphamate to aid separation of transuranics, (¢) ammonia, added to control
acidity, and (d) sodium, added as sodium carbonate to aid in removing solvent
decomposition products. The first extraction process installed at the ICPP
employed methyl isobutyl ketone (hexone) as the solvent. The high ammonia
and low acid concentrations in WM-180 waste tank resulted from the use of
ammonia to maintain low acidity in the process. In 1955, the first cycle solvent
was changed to tributyl phosphate (TBP) and the acid level of the process was
raised; this accounts for the low ammonia and high acid concentrations in the
remaining first-cycle waste tanks, WM-182, WM-183, WM-185, and WM-187.
Similar high acid wastes will be stored intwo new tanks, currently being installed.

The chemical and radiochemical analyses made on samples taken from the
first-cycle waste~tanks are given in Table V-1. The wastes presently in storage
are considerably older - varying from three to eight years in age - than the
wastes for which the WCF was designed. The processing portion of the facility was
designed for wastes containing fission products aged for only 200 days. In
anticipation of the lack of fresh wastes at the time of the facility start-up, a
fission product activity after a two-year aging period was used as a basis for
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TABLE V-1

ANATYSES OF FIRST CYCLE WASTE TANKS AT THE IDAHO CHEMICAL PROCESSING PLANT

Analysis

Chemicals

Sp. Gr. @ 25°C

H+

Al+++, molar

Hg++, g/l

NHY, molar

Ru, g/1

NO3, molar

Fe, g/1

cl-, g/1

Te, g/1

Mo, g/1

Na, g/1

si, gfl

PO)=, &/l

sos; e/l

Te, E/ 1

(2) Pu, S/l

(1) Radiochemical

(3) Gross 7, 7/min-ml
(3) Gross B, B/min-ml
(3) Gross @, o/min-ml
sr90, dis/min-ml
3559, dis/min-ml
71, ais/min-ml
zr95, dis/min-ml
Nb95, dis/min-ml
Rulog, dis/min-ml
cs137, dis/min-ml
celbd) qis/min-m
dis/min-ml
N 3’7, dis/min-ml
Ho, pc/ml

28.

35.

- 30
=290

yr

50.% 4
58.0 a
63.3 d

da

1.0 yr

yr
d

- 5.27 yr

- 2.2 x 106 yr.

- 12.26 yr

(1) Dates of radiochemical analyses are given in perentheses. Half-lives are given immediately following isotope listing.

(2) =~ 95% PuR39-240

Waste Tank
WM-180 WM-182 WM-183 WM-185 WM-187
1.286 1.315 1.263 1.29% 1.287
0.13 N (base) 1.26 N (acid) 0.82 N (acid) 0.59 N (acid) 0.98 N (acid)
1.65 1.72 1.5 1.74 1.61
5.52 4,02 L1 2.14 2.47
1.37 <0.05 <0.05 0.059 <0.25
0.019 0.027 0.034 0.04 0.01h4
7.10 6.60 5.50 5.40 5.60
0.07 0.16 0.29 0.60 1.2
<0.005 <0.005 <0.005 <0.012 <0.01
0.0022 0.0061 0.008 0.0077 None Detected
0.161 0.067 0.079 0.060 0.06
0.22 2.4 1.15 0.89 0.12
0.15 0.76 0.05 - ---
<0.020 1.85 0.97 — --
1.1 1.94 1.24 -—- -
“— 0.0074 0.010 0.010 -
0.0000814 0.000079% 0.000328 0.000453 -
1.73 x 109 (3/1/60) 5.35 x 109 (2/26/60) 1.15 x 109 (2/29/60 1.25 x 1010 (2/18/60) 4.26 x 109 (3/30/62)
6.48 x 109 (3/1/60) 2.18 x 1010 (2/25/60) 3.77 x 1010 52/29/603 4.9% x 1010 (2/19/60) /30/
3.30 x 105 (3/1/60) 6.23 x 105 (2/26/60) 1.20 x 106 (2/29/60) 1.63 x 106 (2/19/60)
1.h4o x 109 (2/23/62) 2.38 x 109 (2/26/62; 2.98 x 109 (2/27/62) 3.34 x 109 (2/27/62) 2.11 x 109 (3/16/62)
1.0 x 108 (2/26/60 9.65 x 108 £2/9 %)))
1.59 x 1 3/21
7.02 x 105 (3/10/60)} 2.7h x 108 (3/1/60) } k.27 x 109 (3/1/60) 7.63 x 107 (2/19/60)} 2.03 x 108 (u/u/62)
1.27 x 106 (3/10/60) 1.41 x 1 2/19/60)
6.81 x 107 (3/8/60) 6.37 x 108 (3/8/60) 9.48 x 108 (3/8/60) 1.62 x 109 (2/18/60)
1.62 x 109 (3/19/62) 2.55 x 107 (3/19/62) 3.45 x 109 (3/19/62) 3.75 x 109 (3719/62) 1.62 x 109 (3/19/62)
6.43 x 108 (3/18/60) 6.83 x 10 23/17/60) 1.69 x 1010 (3/17/60) 2.91 x 1010 (2/2h/6o; 474 x 109 (4/4/62)
3.13 x 105 (3/10/60) 7.88 x 107 (3/11/60) 1.3k x 106 é3/11§6o) 1.02 x 106 (2/23/60
3 x102 23/62) 1.0k x 107 (3/62) 1.54 x 103 (3/62 1.23 x 103 (4//62)
1.73 2/26/62) 1.28 (2/26/62) 2.93 (2/26/62) 1.57 (2/26/62)

(3) An average counting efficiency was used to calculate gross activities from measured values. Since counting efficiency is energy dependent, the gross values given serve

only to show relative activities of the various tanks.




designing the shielding and cooling system for the first storage bins. The first
tank destined to be processed through the WCF is WM-185, having an estimated
age of five years by September 1963.

Samples taken at various levels in WM-182 (Table V-2) show little variation
in specific gravity or the major constituents, indicating no stratification. No
visual evidence of a sludge layer on the tank bottom or a hydrocarbon layer
on the liquid surface was obtained while taking any of the tank samples.
Foaming, which would be expected if hydrocarbons were present, was not
observed when a sample of waste solution from tank WM-185 was boiled for

[3]

one hour" .
TABLE V-2

WASTE TANK WM-182 SAMPLING RESULTS

Approximate Distance

of Sempling Point Analytical Results
Sampling From Bottom Analysis Specific
Date Riser (£t) Number Gravity g, N ALY M B, g/1 wet, g/1

2/24160 sW 2 1 1.305 1.32 1.7h 3.96 2.2
2 1.316 1.22 1.73 3.41
3 1.317 1.23 1.73 3.50
L 1.317 1.22 1.73 3.45

4/1/60 NE 1/2 1 1.316 1.25 1.73 k.07 2.4
2 1.26 1.72 k.07

4/1/60 SW L4 1 1.314 1.27 1.71 b2l
2 1.28 1.72 4.19

4/1/60 NE 1 1.316 1.27 1.72 L4.06
2 1.28 1.72 L.o4

k/1/60 W 8 1 1.315 1.28 1.72 4,13 2.4
2 1.29 1.71 4,08

4/1/60 SW 12 1 1.316 1.27 1.73 4,10
2 1.28 1.72 k.21

4/1/60 NE 14 1 1.316 1.27 1.72 4.0k
2 1.27 1.71 k.10

4/1/60 NE 16 1 1.315 1.25 1.72 h.21
2 1.25 1.72 h,21

4/1/60 W Top 1 1.315 1.25 1.72 4,21 2.4
2 1.25 1.72 4,19

Average of all analyses 1.315 1.26 1.72 4,02

The total activities in curies per gallon as determined from the analyses
of tanks WM-180, WM-182, WM-183, and WM-185 are shown in Figure
V-1. No activities are presented for tank WM-187 as this tank is not full and
will receive additional waste from the processing plant before being processed
through the WCF.

The activity and fission product distribution of more recent waste solutions
can be estimated from Figure V-2. The data for this plot were calculated by the
method of Blomeke and Todd[4] for an MTR~type fuel having an aluminu:ir‘x1 to
uranium ratio of 21. A burnup period of 20 days at a flux level of 2.6 x %g-z-s%z

and an aluminum dilution of five percent inthe reprocessing were assumed for the
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calculations, A comparison of the measured and calculated activities at the
apparent ages of the ICPP waste tanks indicates that the assumptions used in
the calculations are conservative; the measured activities are considerably lower

than the calculated activities. The calculations are summarized in Appendix A.

2. CALCINATION REACTIONS

The primary reactions takingplace in the calcination process are the decom-
position of nitric acid, the evaporation of water, and the conversion of the
aluminum nitrate portion of the waste solution to aluminum oxide. At the same
time, the remaining elements present inthe waste solutions, including the fission
products, are converted into an oxide form if the nitrate is unstable at the
calcination temperature. The final form sodium takes inthe product is uncertain;
sodium nitrate begins to decompose at 380°C [5], but does not decompose
completely in the calcination process as it hasbeen detected in the product from
both pilot plant and WCF tests (6 7]. Mercuric nitrate decomposes into mercuric
oxide upon heating, and into mercury and oxygen upon further heating.
Experiments [8] indicate that 20 percent of the mercury volatilizes and is
carried as a vapor from the system by the fluidizing gas. The chemical reactions

taking place in the calcination process are:

2 AL(NO,) 5°nH,0 ——-— AL,0; + 6NO, + 3/2 0, +2n Hy0
2HN03 B 2NO2 +1/2 O2 + H20
NO,, —=———= NO+1/20,
Hg (NOj), ———— HgO + 2NO,, + 1/2 0,
HgO - Hg+1/2 02
NaNO3 — NaNO3/Na20

Fission Product Nitrates —— Fission Product Nitrates/Oxides

2H,BO

3BO, —_— B203 + 3H20



3. PROCESS FLOWSHEET

The process operating conditions and a material balance are shown on the
flowsheet, Figure V-3, for a processing rate of 60 gph of waste solution. The
operating conditions shown are those anticipated for radioactive operation and
which were found most satisfactory during the test runs (Section VII-1). The
degree of off-gas cleanup shown is that achieved in the final test run
(Section VII-2). The process flowsheet, Figure V-3, also identifies equipment
mentioned in the following discussion.

Waste solution to be processed in the WCF is transferred by steam jet from
the 300,000 gallon underground storage tanks into the two holding tanks (Waste
Hold Tank, WC-100 or WC-101) where it is blended with scrubbing solution
recycled from the scrubbing system; boric acid is added to prevent the
formation of alpha alumina (Section VII-1). An air lift raises the combined
waste-scrubbing solution to an overhead tank (Feed Tank, WC-105) from which
the mixture drains by gravity to the feednnozzles in the calciner vessel (Calciner
Vessel, WC-102).

The calcination is done by spraying the waste solution into a bed of alumina
particles fluidized with air in the calciner vessel. The solid reaction products
from the thermal decomposition of the waste solution build up in layers on the
bed particles, while the gaseous products are swept from the vessel with the
fluidizing air. A stable bed height of approximately 72 inches is maintained by
adjusting the product drawoff rate. The average size of the bed particles is
controlled within the range of 0.4 - 0.6 mm by adjusting the air rates to the feed
nozzles. Raising the nozzle air rate increases the particle breakup and reduces
the average particle size in the bed.

Bed temperatures from 300 to 600°C have been used in pilot plant tests (see
Section VII for effect of temperature); 400°C was used through the WCF cold
tests and will be used for the initial stages of operation. When operating at
this temperature, the product will contain approximately seven percent residual
volatiles (nitrate and water). The heat necessary for the decomposition and
calcination reactions is supplied by heated NaK flowing through a heat exchanger
(Fluidized Bed Heater, WC-302) in the fluidized bed. The NaK is heated in an
oil fired furnace (NaK Furnace, WC-304) and pumped through the exchanger
with an electromagnetic pump (NaK Circulating Pump, WC-204).
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The fluidizing air, which is supplied by a positive displacement blower
(Fluidizing Air Blower, WC-250A or WC-250B), is preheated to 400°C in the
convection section of the oil fired NaK furnance prior to introduction into the

[*]

optimum from experience gained in the test runs. A vacuum is maintained

calciner vessel. A fluidizing velocity of one ft/sec has been selected as
in the calciner vessel and in the off-gas system by a centrifugal blower (Off-
Gas Blower, WC-251A or WC-251B) discharging to the main ICPP stack.

The alumina withdrawn from the bed, together with the fine solids collected
in the scalping cyclone (Calciner Cyclone, WC-131), is transported
pneumatically to the solids storage bins. A jet (Cyclone Fines Jet, WC~521)
provides sufficient differential pressure to discharge solids from the cyclone
into the solids transport line. Since the jet also introduces saturated process
gas into the solidstransportline, thetransportair is preheated in a steam heater
(Transport Air Heater, WC-352) to prevent condensation in the transport lines.
The solids are removed from the transport air at the storage bins by a cyclone
(Solids Storage Cyclone, WC-915) and the transport air is returned to the
calciner vessel where it mixes with the fluidizing and reaction gases.

The initial product storage vault furnished with the WCF contains four bins,
having a total storage capacity of ~7800 ft3. This capacity is adequate for
approximately 400 days of operation at flowsheet conditions and is approximately
equivalent to the contents of two 300,000 gallonliquid waste tanks. Heat, generated
in the product by decay of the fission products, is removed by passing air over
the bin surfaces. The bins and the cooling system have been designed to prevent
the temperature anywhere in the bins from exceedingthe calcination temperature
(=400°C).

Five elements; ie, a scalping cyclone, a spray cooling tower, a venturi
scrubber, silica gel beds, and high efficiency filters, have been installed at the
WCF to clean up the calciner off-gas before being discharged to the atmosphere.
The calciner cyclone, located above the calciner vessel, removes dust particles
larger than 20 to 40 microns in size. After leaving the cyclone, the gases are
cooled to near 60°C in a countercurrent spray tower (Quench Tower, WC-107)
and cleaned further in a venturi scrubber (Venturi Scrubber, WC-907), The

[*] The fluidizing velocity is the linear velocity that would be attained by
the fluidizing gas in the empty calciner vessel at the operating temperature and
vapor space pressure. The fluidizing gas includes only the fresh air passing
through the distributor plate.



scrubbing solution is continuously recirculated by a pump (Scrubbing Solution
Pump, WC-208A or WC-208B) to both the quench tower and venturi scrubber from
a surge tank (Scrubbing Solution Surge Tank, WC~108), The absorption of nitrogen
oxides and dissolution of the alumina results in an acidic aluminum-nitrate
scrubbing solution, The aluminum nitrate concentration in the scrubbing solution
is controlled by adjusting the amount of scrubbing solution pumped back to the
waste hold tanks to be mixed with each batch of waste feed solution. The liquid
level in the scrubbing solution surge tank is controlled by adjusting the gas
temperature at the outlet of the venturi scrubber; increasing this temperature
raises the water content of the gas stream and lowers the level of the scrubbing
solution in the surge tank. Two separators (Primary De-entrainment Cyclone,
WC~908, and Secondary De-entrainment Cyclone, WC~910) have been provided
after the venturi scrubber to minimize liquid entrainment into the following
heater (Off-Gas Heater, WC-305), This heater adds 5 to 10°C superheat to the
gas stream to prevent condensation in the downstream piping and vessels.

The only fission product found in the volatile form (Section VII-3) at the
temperatures of the calcination process was ruthenium whose tetroxide has
a normal boiling point of 135°C. To remove the volatile ruthenium from the
off-gas, four silica gel beds (Ruthenium Adsorbers, WC-110, WC-111, WC-112,
and WC-113) have been provided. The volatile ruthenium tetroxide is adsorbed
on the surface of the silica gel. The absorbers also remove a considerable
portion of the fine solids escaping the entrainment separators following the
venturi scrubber. Periodically, the silica gel is cleaned and regenerated by
flooding with water, agitating with air, draining, and drying with heated air. The
wash liquid, which is accumulated in a holding tank (Regeneration Solution Tank,
WC-114) can be returned to the waste hold tanks or transferred to the main
plant for evaporation and subsequent storage as low activity level waste.

Three filter units (Off-Gas Filters, F-2718, F-2723, and F-2724), each
consisting of a prefilter and an AEC-type high efficiency filter housed in a
stainless steel case, have been installed for final cleanup of the process off-
gas. Protection against filter damage by liquid carryover from the adsorbers
during regeneration or condensation in the lines ahead of the filters is provided
by a liquid separator (Off-Gas Knockout Pot, WC-133) and a steam heater
(Off-Gas Reheater, WC-354) downstream of the adsorbers. Both the adsorber
regeneration and filter replacement operations are carried out remotely while
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the plant is operating. From experience gained during the cold testing, it is
anticipated that each adsorber will be regenerated about every 120 days
while the filters will be replaced every 2500 hours. Pressure drop and activity
buildup will be used as guides for determining the adsorber regeneration and
filter replacement frequency.

All process vessels and cells drain into a common tank (Hot Sump, WC-119)
in the WCF. The contents of this tank can be returned to the waste hold tanks or
transferred to the main plant for evaporation and storage as low level activity
waste. The hot sump, along with other vessels and equipment not connected
directly to the process off-gas system; ie, waste hold tanks, feed tank.
regenerating solution tank, and sampling cubicles, are vented to the ICPP stack
through a centrifugal blower (Equipment Vent Fan, WC-252) which maintains a
vacuum on the system. A condenser, liquid separator, superheater, and high
efficiency filter have been provided in this system to clean up the gases before
they are discharged to the stack.

Remote sampling stations have been provided for sampling the waste hold
tanks, the scrubbing solution surge tank, the regeneration solution tank, and the
hot sump tank. Samples of the caiciner bed can be obtained with the small
solids sampler (15 cc) or the bulk solids sampler (one quart). A permanent
gas sampling station has been installed to sample the off-gas going to the

ICPP stack; another is installed at the ninety-foot level in the main stack.

4. PRODUCT PROPERTIES

4.1 General Product Description

Typical product expected to resuit from calcination of first cycle waste
from WM-185 tank will contain approximately 91 percent A1203; volatiles and
chemically stable forms of the fission products and other elements in the waste
make up the remaining nine percent.

Properties of the radioactive product are expected to be similar to those
of the non-active product generated in pilot plant calciners and in the WCF
to date. Ranges of these product properties measured during pilot plant and WCF
testing are shown in Table V-3; values anticipated for radioactive operation of
the WCF also are shown. The granular product of this process consists of
spheroidal particles varying in size, mostly from 0.1 to 1.5 mm; it is free

flowing and is readily conveyed pneumatically through long pipe lines. Product
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RANGE OF PROPERTY VALUES FOR ALUMINA CALCINER PRODUCT

TABLE V-3

GENERATED IN WCF AND PILOT PLANT CALCINERS

PRODUCT PROPERTY

Mass Median Particle Diameter, millimeters
Alpha Alumina Content, percent
Bulk Density, g/cc
Particle Density, g/cc
Absolute Density, g/cc
Intra-Particle Porosity, percent voids
Nitrate Content, percent
300°C
Loo°c
500°C
Water Content, percent

Mercury Content, percent of feed mercury re-
tained in product

Loo°c
500°C

Ruthenium Content, percent of feed ruthenium re-

tained in 400°C product
Thermal Conductivity, (amorphous alumina)
BrU/(br) (£t) (°F)
@ 4o°c
@ 800°C
Attrition Resistance Index, percent

ANTICIPATED
FOR WCF
PILOT PLANT TESTING[10,13,1%,15]  wcp estmvg [9) OPERATION
0.25-1.35 0.2-0.7 0.55
0-85 0-80 0
0.54-1.6 0.9 -1.6 0.95
0.9 -2.7 1.5 -2.7 1.5
2,6 -3.8 2.5 -3.8 2.6
5-60 25-55 1
9-13
4-8 2-5 5
3-6
1-2 1-2
60-70 60-T0
less than 15
nil to 67 50-75
0.08
0.25
5-98 40-95 95

bulk density is in the range 40 to 95 percent of actual material density, and both
amorphous and crystalline forms of alumina can be produced. The volume of the
stored granular product of the WCF is expected to be in a range 1/10 to 1/20
that of the original waste solutions. The analytical methods used to determine
properties of non-radioactive product from the pilot plant calciners and the
WCF, including those which will be used for radioactive product from the WCF

are listed in Table V-4. Specific information on the various product properties

follows.
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TABLE V-4

ANATYTICAL TECHNIQUES FOR IDENTIFICATION OF
PRODUCT PROFPERTIES

Anelytical Technigue

Product Property Used For Non-Radioactive Product To Be Used For Radioactive Product
Product Size Tyler Sieve [24] Remote Elutriation ?gvﬁce Similar
to Roller Anelyzer (25
Alumina Structure X-Rey Diffraction Remote X-Ray Diffraction
Bulk Density Untapped Bulk Denslty Techniquesle] Remote Weilghing
Particle Density Mercury Displacement Will Not Be Determined
Absolute Density Carbon Tetrachloride Displacement, Later
Replaced By Modified Beckmen Air Pycnometer Will Not Be Determined
Porosity Celculation Will Not Be Determined
Volatile Material Weight Loss on Heating to 1000°C Will Not Be Determined
Nitrate Content Kjeldsh1[24] Remote Kjeldahl [24]
Sodium Nitrate X-Rey Diffraction Will Not Be Determined
Sodium Flame Will Not Be Determined
Thermal Conductivity Experimental Apparatus (sl Will Not Be Determined
Leachability Experimentel Apparatus [19] Will Not Be Determined Except

During Special Studies

4,2 Product Size

The mass median particle diameter of calciner product has been found con-
trollable within the desirable range of 0.25 to 0.60 millimeters!®, although
product with an average size up to 1.35 millimeters has been produced[lol.
The average particle size of product is influenced by a complex mechanism
of particle growth and attrition as discussed in Section VII-1.

When the mass median particle diameter of product in a bed becomes
significantly greater than 0.6 millimeters, the resulting decrease in the overall
heat transfer coefficient causes a reduction in the calciner throughput capacity.
A mass median particle diameter less than 0.25 millimeters results in excessive
elutriation of bed material, which in turn, can deplete the bed and expose the
feed nozzles. At the WCF, fines elutriated from the calcination vessel and
captured by the calciner cyclone will be combined with product on its way to
solids storage to result in a stored material somewhat finer than the bed
material, Typical size distribution data for the bed and stored material are
presented on Figure V-4.
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4.3 Structure of Alumina

The principal constituent of calciner product, alumina, has been produced
as a mixture of varying proportions of amorphous and alpha crystalline forms,
up to 85 percent alpha alumina [6]. The gamma and iota crystalline forms also
have been produced on rare occasions in very small amounts.

Although less dense, the amorphous form of alumina is favored because it
is soluble in dilutenitric acid ~ alpha alumina is not - and because the amorphous

[

to date, formation of alpha alumina in a calciner has been accompanied by a

alumina is less frangible than the alpha form 10]. During all development work
reduction in the mass median particle diameter of particles in a fluidized
bed and an increase in the elutriation rate of fines from the calcination vessel.
High concentrations of alpha alumina fines in the off-gas scrubbing solutibn
on early WCF runsl 9] resulted in significant equipment erosion.

Although the extent and rate of formation of the alpha form is a complex
function of temperature, product residence time, and probably other factors,
satisfactory promotion and inhibition of the formation of alpha alumina have
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been found possible by addition of nominal quantities of inexpensive chemicals,
eg, sodium nitrate or boric acid, to the feed (Section VII-1). The formation of
alpha alumina with respect to fluidized bed calcination has been studied in detail
at the ICPP as well as at the Stanford Research Institute[u’ 12].

4.4 Product Densities

Bulk density is perhaps the most important factor affecting the economics
of calciner product storage and, as applied in this work, is defined as the
weight, in grams, of a cubic centimeter of poured, unpacked solid product. It
is dependent on the inter-particle voids (essentially a constant for fluidized-
calciner bed product), the absolute material density, and the intra-particle
porosityllo]. For material in a bed, bulk density[ 6i]s independent of product
d

material when combined with elutriated fines from the WCF occasionally

size over the size ranges normally encountere . Some samples of bed
have had bulk densities as high as 10 percent greater than the bed material;
this indicates an optimum product size distribution does exist. However,
because it would not be practical to attempt to control the exact size distriubtion
of product transferred to storage, product bulk density can be optimized best
by generating a material having a high absolute density with a minimum intra-
particle porosity.

The inter-particle void fraction, or that volume not occupied by particles
of “as-poured’’ granular alumina product, has been remarkably constant at a
value of about 41 percent. This fact has been established by relating particle
density values to those of bulk density, as shown in Figure V-5, for hundreds
of samples of calcined alumina product of widely varying size ranges which
were produced under widely varying operating conditions.

Apparent particle density is defined as the density, in g/cc, of the material
which would be observed if the particles were covered with a weightless,
dimensionless, impermeable membrane which would follow the surface contour,
including the surface cracks and pores. The volume of intra-particle pores
would thus be included in the volumeusedto compute this density value. Particle
densities are obtained by measuring the volume of mercury forced into a
volumetric container of product. The high interfacial tension between the
mercury and the alumina minimizes penetration into the intra-particle voids;
hence, the volume of mercury used in a test is actually a measure of the inter-
particle void fraction. From this volume and the weight of the sample, particle
density can be calculated.
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The absolute density - that density of the basic material from which a
product particle is formed, excluding all particle voids ~ of pure alpha alumina
is 3.95 g/cc, while that of the amorphous alumina generated during development
studies has beenabout 2.60 g/cc. The absolute density of the two forms of alumina
has been found to vary essentially in a linear manner with the alpha alumina
content[w]. Bulk density of the product, therefore, is significantly affected by
its alpha alumina content. Absolute densities are determined currently by
measuring the total void space, both inter and intra, of the product by a Beckman
Air Pycnometer modified to use a helium purge.

Intra-particle porosity, the third factor affecting bulk density, was found
during an extensive study to range from 5 to 60 percent depending on bed
temperature and feed aluminum concentration[13]; although values in the range
of 40 to 55 percent can be expected when calcining ICPP wastes in the WCF.
Low porosity alumina results through use of an appropriate combination of low
bed temperature and dilute aluminum concentration in accordance with the
quantitative relationship shown on Figure V-6. Intra-particle porosities are

calculated from values of particle and absolute densities[]‘s].
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4.5 Nitrate and Water

The nitrate plus water content (determined by weight loss upon heating
to 1000°C) of calciner product is affected both by the calcination temperature
and by the crystalline form of the alumina. The relative amounts of nitrate-
to-water in calciner product are abouttwo toone. Figure V-7 shows the variation
of nitrate content with calcination temperature and crystalline form.

In addition, scanty data indicate a slight but noticeable effect of residence
time in a calciner and sodium content of the feed on the nitrate content of
a product. The relative magnitude of these effects has not been established.
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N RAaTURE T H CALCINATION 4,6 Ruthenium and Fission Products in
Solids

The ruthenium content of calciner product is highly dependent on the
operating conditions employed. Experimental studies show that retention of
ruthenium in the product is significantly affected by both the calcination
temperature and calcining atmosphere (Section VII-3). In the WCF, between 50
and 75 percent of the ruthenium is expected to remain in the product and be
retained in the storage bins at the planned operating conditions,

Fission products other than ruthenium are expected to remain entirely with
the product at WCF calcination and product storage temperatures. Ignition tests
of alumina produced from high-level wastes at Argonne [14]
gamma activity when heated to 700°C; when heated to 1000°C, depending on the

show no loss in gross

original bed temperature and time of ignition, gamma losses between 1 and 11
percent were observed. When heated to 1200°C, the calciner product showed a loss
of up to 86 percent in gross gamma activity.
4.7 Mercury Content

Experimental data obtained at the ICPP
70 percent of the feed mercury is retained by calciner product created at
400°C; at 500°C, less than 15 percent is retained by the product. The mercury

content of calciner product appears to be independent of the feed mercury

[21] indicate that between 60 and
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concentration and is believed, therefore, to be solely temperature dependent.
No effect on calciner product or operating conditions have been linked to
mercury in feed solutions.
4.8 Thermal Conductivity

Thermal conductivity is a property of considerable importance with respect

to solids storage because the product must be maintained below some maximum
temperature to prevent the volatilization of fission products and maintain the
integrity of the bins. This temperature is a function of the specific activity and
thermal conductivity of the solids, the configuration of the storage vessel, and
the rate of heat dissipation from the vessel. The thermal conductivity of
bulk amorphous alumina having a high intra-particle porosity has been found
to vary linearly from 0.08 Btu/(hr)(ft) (°F) at 40°C to approximately 0.25 Btu/(hr)
) CF) at 800°C 19 as shown by Figure v-8 [19], studies to establish quanti-

tatively the thermal conductivity of alpha alumina and of low porosity amorphous
Y04

Alpha & Beta AluminoX’
‘0.3

alumina have not been completed for the

temperatures encountered in the WCF.

However, based on typical conductivities
0.2

of other materialsas reported by various

THERMAL CONDUCTIVITY (BTU/hr-ft

xAmorphous Alumina
investigators [16, 17, 18], it is believed o /
oI
that their conductivities will be higher
than that of porous amorphous alumina. % 500 1000 1500

TEMPERATURE (°C)

FIG. V=8 VARIATION OF CALCINE THERMAL

4.9 Leachability
In general, it is possible to leach Fore. CTIVITY WITH TEMPERA=

certain fission products from calciner product. It may be desirable to do so, at
some future time, in order to minimize the possibility of contamination of
ground water, to reduce heat generation in the stored product, or to utilize the
fission products for commercial or experimental purposes.

Substantiating earlier work by McLain and Rhodes[w] , Grimmett and

Brownlzz’ 23]

report that up to 60 percent of the cesium-137 and up to 80 percent
of the strontium-90 in WCF calciner product canbe leached with 0.5M nitric acid
in a single stage of a countercurrent leaching process. McLain and Rhodes
worked with spiked product having less than one percent of the cesium and
strontium that will be in WCF calciner product while Grimmett and Brown used

concentrations corresponding to the waste in WM-182. Grimmett and Brown show
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that removal of up to 99.9 percent of the cesium and strontium can be effected
by using 7.6 and 2.8 theoretical contact stages, respectively. The leachability
of fission products in various solutions with respect to water was determined
by McLain and Rhodes, and is summarized in Table V-5,

TABLE V-5

LEACHABILITY OF GAMMA EMITTERS FROM CALCINER
PRODUCT BY VARTOUS SOLUTIONS

Leaching [2] Leachability of Gross Gamma Emitters

Solution Molarity Relative to Water
Water 1.00
Hydrochloric Acid 0.5 1.23
Nitric Acid 0.5 1.19
Ammonium Acetate 1.0 1.16
Ammonium Acetate 8.0 1.15
Sulfuric Acid 0.5 1.12
Hydrofluoric Acid 0.5 L.07
Versene 0.001 1.04
Versene 0.01 0.97
Cyquest-L40 1% by Volume 0.92

[a] Calciner product produced at 4OO°C, contacted by leaching solution
at 250°C for one hour.

4,10 Attrition Resistance

Product attrition occurs mostly as a breaking off of small irregularly
[10]
d L

shaped particles from the outer portion of granules in the fluidized be
In order to compare the relative attrition resistance of various calciner products
generated under different conditions, a standard empirical test for attrition
resistance index was developed, based on a method advanced by Forsythe and

[20]. The attrition resistance index is the percent original material

Hertwig
that remains unchanged in size after the test. Although there is significant
scatter in the data, the attrition resistance index for a high-alpha content
alumina is much lower than for a low alpha content alumina, indicating a
greater breakup of particles. Typical index values for amorphous alumina

produced from feed solutions containing boric acid have been in a range 92 to
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98 percent unchanged in size; material with less than 10 percent alpha has an
index in the 80 to 96 percent range, and material having an alpha content

greater than 30 percent has an index in the 5 to 75 percent range.

5. ACTIVITY OF AND HEAT GENERATION
BY FISSION PRODUCTS IN WCF PRODUCT

Except for ruthenium, which is volatile in the calciner, the fission products
will appear in the WCF product at the same ratio of aluminum to fission products
that exists in the waste being processed. Using this basis and an estimated
alumina content in the solids of 91 percent, the fission product activities of the
present ICPP wastes and a theoretical fresh waste (Section V-1) have been con-
verted to curies per pound of solids in Appendix A. The total activities of solids
produced from existing first-cycle wastes are presented on Figure V-9; the total
activity and individual fission product activities in solids produced from the
theoretical fresh waste are presented on Figure V-10. In these calculations,
it was assumed that 100 percent of the ruthenium would appear in the product.
The actual activities of the solids would be lower than the calculated activities,
the extent depending upon the degree of ruthenium volatilization (Section
VII-3).

The rate of heat generation by the decay of fission products in the solids
is an important factor determining the design of the solids storage bins, and
also is of interest when analyzingthe hazards of shutting the calciner down without
unloading the bed. The heat generation rates for the solids have been calculated
in Appendix B using fission product decay energiestaken from the literature and
assuming that all the radiation is dissipated within the solids. The heat generation
rates calculated onthis basis would be higher than actually experienced; the error
decreases as the bulk of solidsincreases. The assumption that 100 percent of the
ruthenium appears in the solids would also contribute to the difference between the
calculated rate and actual rates. The heat generation rates for solids produced
from the existing first cycle waste solutions are shown on Figure V-11; the

same data for the theoretical fresh waste are shown on Figure V-12.
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6. RADIOACTIVITY LEVELS IN WCF PROCESSING CELLS

The estimated amounts of activity that will be present in each of the WCF
process cells during radioactive processing are shuown in Figure V-13. Three
cases were considered: (a) processing WM-185 waste tank, (b) processing an
MTR-type waste containing fission products two years out of the reactor, and
(c) processing an MTR~type waste containing fission products 200 days out of
the reactor. The processing portion of the facility is designed to handle a 200~
day cooled waste while the first storage bins were designed for a two-year cooled
waste.

The activity levels shown in the solids storage vault were determined for
the completely full bins. The activity levels inthe adsorber cells were calculated
for an adsorber solids and ruthenium loading correspondingto a 150 day interval
between adsorber regenerations. The activity levels in the filter cells are based
upon a filter loading of 0.6 1b of solids on each filter (50 percent of an estimated
maximum of 1.2 1b per filter).

The activity levels in the other cells are based upon the maximum solids

or liquid levels expected in the process vessels during normal operation.

7. RADIOACTIVITY LEVELS IN WCF OPERATING AREAS

A tabulation of the radiation levels expected at the critical external
surfaces of the cells is given in Table V-6 for three types of waste solutions:
200-day cooled, two~year cooled, and tank WM~-185 on October 1963. The shielding
calculations are presented in Appendix I.

Radiation shielding at the WCF is furnished primarily by the process cell
walls. All cells containing radioactivity are located underground and are
enclosed by concrete walls varying from two to five feet thick. A Type C 3000
pound concrete was used in the walls. Direct radiation beams from the cells to
personnel areas are prevented by the use of labyrinth-type doorways, off-set
pipe sleeves through the process walls, and stepped hatches (Section IV). In
a few instances where radioactivity-containing equipment lies outside a regular
process cell, special shielding means have been employed. Lead is used around
the sample gallery, around the electromagnetic feed meters, and in the access
holes into the waste hold cell and the filter pipe tunnel. Surplus 16-inch naval
gun barrels provide shielding for process lines between the off-gas scrubbing
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TABLE V-6

SHIELDING AND CALCULATED RADIATION LEVELS AT CRITICAL LOCATIONS IN WCF

Wall Thickness, ft; Dose rate,mr/hr

Equipment Feed at Each Location
(Ref: Figure Age Operating Access Floor or Ad jacent Remarks
v-3) Corridor Corridor Roof Cell
(ft) mr/hr (ft] (wr/hr) (£ft) (wr/hr) (ft) (wr/br)
WC-100-101 200-day 5.0 <0.06 k.5 0.4 4.5 0.5 4.5 23
2 yr <0.006 0.0k 0.005 2.3 [1] wM Tank-185 @
mx 185(1] 0 0 0 0.0k 10/63
WC-102 200 day k0 0.5 k0 3.8 3.5 2.0 3.25 490
2 yr 0.05 0.38 0.2 L9
Tk 185 0 0.05 0 0.9
WC-105 200 day 4.0 0.4 4.0 0.3 3.5 0.3 4.5 0.7
2 yr 0.0k 0.03 0.03 0.07
Tk 185 0 0 0 0
Wc-108 200 day 4.0 0.03 4.0 0.4 3.0 0.1 3.25 0.6
2 yr 0 0.0k 0 0.06
Tk 185 0 0 0 5}
WC-110-111- 200 dey 5.0 0.1 5.0 0.1 5.2 0.5 3.25 122 [2] Based on 150-day
112-113 (2] 2 yrB 0.01 0.01 0.5 11.5 regeneration
Tk 185 0 0 o 1.1 interval
F 2718-wc (3] 200 aay 7.0 0.25 3.25 3.7 3.75  0.25 3.25 4.9 [3) Assumed 0.6 pound
2 yr 0.03 [4] 0.37 0.03 0.49 of dust on filter
Tk 185 [¢} 0 0 0 [4] Filter operating
we-2514 & BI5] goo day 2.75 8.2 2.75 2 2.5  0.25 3.h " . (5] Kzz{;:gro.l rount
Tkyi‘BS o 5 g'2 3'03 8' of dust trapped in
blower cases
Wwc-119 200 day 4.5 o] 4.0 2.5 4.0 o] -- --
2 yr 0 0.25 0 - -
Tk 185 0 0 0 -- -
WC-908 200 day 4,0 o.hh 4.0  0.06 4.0 8.3 3.25 2
2 yr 0.0 0 . 0.2
’I'ky185 0 ¢} 0 3 0
We-115
Solids Tk 185 - - - - 3.5 7 1.75 480l6] [6] WC-915 cell floor
Storage above bins
Vault

cell and the adsorber manifold cell. The only viewing ports provided at the
WCF are three in the off-gas filter cells. The windows in these ports are of
conventional design for radioactive service; ie, stepped construction, non-
browning leaded glass. Outside walls of the processing cells and of the solids

storage vault, which face the earth, are two-feet thick.

8. TEMPERATURE DISTRIBUTION OF STORED SOLIDS

The primary factor determining the shape of the storage bins for the WCF
product is the need for removing heat generated by the attenuation of beta and
gamma radiation resulting from the decay of fission products. The WCF bins
(see Section VI for description of bins) have been designed to maintain all stored
material, two-year cooled and older, belowthe calcination temperature (~400°C);
this was done because of the uncertainty regarding the behavior of fission

products at higher temperatures. Subsequent pilot plant data indicate that the
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solids can be raised to 700°C before any fission products begin to volatilize.
The maximum temperature will occur in the center of a bin and depends upon
the heat generation rate, the thermal conductivity of the alumina, the bin
thickness, and the heat removal rate from the bin wall. Each of the four WCF
bins consists of a 36-inch-diameter standpipe nested in two concentric 24-inch-
wide bins. Heat is removed from the bin surfaces by air flowing in the cooling
air channels between the bins, Either natural convection or forced circulation can
be used to move the cooling air; a 9000 scfm blower is installed to provide the
forced circulation. It is anticipated that forced circulation will be necessary to
hold centerline temperatures below 400°C in the case of wastes less than about
three years out of the reactor; natural convection will provide sufficient cooling
for older wastes.

The temperature distribution of the stored solids has been calculated in
Appendix C. To simplify the complex calculations, heat losses from the bin
ends and radiation losses from the bins were ignored; therefore, the calculated
temperatures would be somewhat higher than the actual temperatures.

Calculated temperature profiles with forced air circulation are shown in
Figure V-14 for both two-year cooled solids and solids from WM-185 tank
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wastes - the first to be processed through the WCF. The maximum temperature
obtained for a two-year cooled waste is 345°C; that of wastes from WM-185
tank is 128°C, These values are higher than those actually expected because
of the conservative assumptions made to simplify the calculations.

Calculated temperature profiles with natural convection coolingare shown in
Figure V-~15 for both two~year cooled solids and solids from WM-185 tank wastes.
The maximum temperature obtained with two-year cooled solids is 459°C; that
of wastes from WM-185 is 176°C.
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Vi. EQUIPMENT DESCRIPTION

1. GENERAL DESIGN CONSIDERATIONS

Maintenance, corrosion, and radiation are the major factorsdictating the
selection of construction materials and design features for the processing
equipment used at the WCF, A “direct maintenance” concept is employed at
the WCF, much the same as in the Idaho fuel reprocessing facility. This means
that access must be provided so that maintenance personnel can work in the
process cells. Exposure limitations on personnel greatly increase the cost of
maintenance work performed under these conditions; therefore, all equipment
must be as trouble-free as possible. Extensive quality control measures during
fabrication, and the installation of duplicate systems are employed to achieve
this high reliability.

Corrosion resistance is an important design consideration as the materials
used must withstand not only the nitric acid atmosphere of the process but also
the corrosive solutions used to decontaminate equipment. In the WCF, solids
introduce a special problem of abrasion in a number of locations. The selection
of materials for corrosion resistance at the WCF was made primarily from
previous experience at the ICPP and other sites. Materials selected for both
corrosion and abrasion resistance were selected generally upon experience
gained during pilot plant or WCF testing of the calcination process. A summary
of this experience at the WCF is given in Appendices H and J.

Radiation protection at the WCF isprovided primarily by the thick, concrete
walls of the processing cells. Many other features of the facility and equipment
also have been added for radiation safety. Welded construction with few flanges
and operation of the process under a vacuum are two features that minimize
opportunities for radioactive materials to leak into the cells. More equipment
features and the general design considerations are presented in the following
paragraphs.

1.1 Materials of Construction

Stainless steel is used extensively in the WCF process cells as a material
of construction because of the corrosive nature of the acidic process and
decontamination solutions. Compositions of the process solutions are shown
on the process flowsheet (Figure V-3). While the problem to be met in

decontaminating equipment containing large amounts of radioactive particulate
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matter remains undefined, experiences at the ICPP processing facility indicate
that any of the following solutions [1] may be used for decontamination at some
time: (a) 10 percent nitric acid, (b) 10 percent citric acid, (¢) 10 percent oxalic
acid, (d) 10 percent sodium hydroxide-2.5 percent tartaric acid, (e) 0.003 molar
periodic acid, and (f) 20 percent nitric acid-3 percent sodium fluoride. Most
of the process vessels and piping are fabricated of a low carbon stainless
steel (type 304L) which has demonstrated satisfactory corrosion resistance and
favorable economics in use in the Idaho reprocessing facility. In-cell valves
are fabricated of either type 304L or type 347 stainless steel. Floor and wall
liners, where used, also are made of type 304L stainless steel. Cell walls
not covered by stainless steel have been covered with three coats (10 mils total
thickness) of a modified phenolic paint, alsoused in the fuel reprocessing facility
under similar service conditions.

The calciner vessel and cyclone, which are exposed to high temperatures
over long periods of time, are fabricated of type 347 stainless steel. The presence
of small amounts of columbium and tantalum in this type of stainless steel
prevents carbide precipitation at high temperatures and the subsequent inter-
granular corrosion to which the type 304 stainless steel is subject. Type 316
stainless steel was selected for use incontact with liquid metal (NaK), primarily
upon the experience and recommendations of other companies using such
systems (Appendix E). Those surfaces of the NaK heat exchanger in contact
with the fluidized bed are made of type 347 stainless steel or type 316 stainless
steel also stabilized against carbide precipitation by the addition of columbium
and tantalum. A cold trap is provided at the WCF to maintain the oxygen content
in the NaK between 30 and 50 partsper million. If the oxygen content is maintained
below 100 parts per million, no intergranular attack will occur and surface
corrosion rates will be less than 10 milligrams per square decimeter per month
(less than 0.65 mil per year) [5], Thus unlimited life of the NaK piping system,
from the corrosion standpoint, is expected. A NaK heating system containing
several alloys, types 304 and 316 stainless steel and Carpenter 20, has been
operated over 13,000 hours in a pilot plant calciner at the ICPP Chemical
Engineering Laboratory with no evidence of corrosion. Two leaks that have
occurred have been attributed to stress cracking (21,

In several locations throughout the processing cells, special materials

are used in equipment subjected to abrasion. These include:
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(1) Type 440-C stainless steel - Early tests of a WCF feed nozzle

in a pilot plant calciner indicated that abrasion of the feed nozzle
cap (Figure VI-7) would be a problem. In WCF service, however,
caps fabricated of titanium, type 347 stainless steel, and hardened
440-C stainless steel endured approximately 2000 hours of service
with little abrasion taking place. Even so, caps of hardened 440-C
stainless steel (Rockwell C = 60) have been installed for “hot”
operation.

(2) ARMCO 17-4 PH and 17-7 PH stainless steels -~ Although not used
anywhere in the facility as originally built, these hardened stainless

steels were the best materials found for most applications requiring
both abrasion and corrosion resistance, and have been used in a
number of critical locations, eg, air distributor plate caps, valve
trim. These applications are discussed in detail in Appendix H.

(3) Boron carbide - During cold testing of the WCF, it was found

desirable to transfer fines removed from the off-gas by the primary
cyclone directly to solids storage, rather than returning the fines
to the bed (4. A jet (Figure VI-29) was subsequently designed to
effect this transfer. Parts of the jet which are subjected to the
severe abrasive action of the fines have been lined with boron
carbide. The jet operated satisfactorily for 700 hours in the tenth
WCF test run, experiencing no abrasion of the boron carbide [31.

(4) Silicon carbide - During the cold runs in the WCF, periodic

inspections of the off-gas quench tower revealed that the type 347
stainless steel spray nozzles were worn severely by abrasion from
solids carried in the off-gas scrubbing solution. These nozzles were
replaced with nozzles having the same design but fabricated of
silicon carbide. Inspection of the silicon carbide spray nozzles
after 700 hours ofuse inthe tenth WCF test run revealed no evidence

of abrasion or other deterioration.

As an economy measure, the operator housings for all remotely operated
valves have been fabricated of carbon steel or cast iron. These have been
protected, however, by completely enclosing the housings in type 304 stainless
steel cans as shown in Figure VI-1. Vessels and piping located in non-radioactive
areas and not used in corrosive service also are fabricated of carbon steel. A

straight chrome stainless steel, type 405, was selected over the austenitic
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18-8 alloys for the storage bins because of the lower corrosion rates anticipated
under the dry storage conditions.

Several types of gasket material are used in the WCF, In the most critical
process location, the flanges on the scrubbing solution pumps, spiral-wound
stainless steel gaskets using a Marlex [*] filler material will be installed.
Flanges on the waste hold tanks, the quench tower, and the hot sump tank,
also use a gasket of this type. In less critical locations with lower radiation
exposure, eg, check valve bonnets, and off-gas blower piping, gaskets fabricated
of calcium fluoride filled Teflon are employed. Unplasticised polyvinyl chloride
gaskets are used on the flanges for the off-gas filter housings and the solids
storage off-gas filter. Many factors - ease of decontamination, corrosion

resistance, radiation resistance, effectiveness as a seal - were considered

[*] A trade name of Phillips Petroleum Company for its family of polyolefin

plastics.
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when selecting the gasket materials for WCF service. Because of the limited
data available on gasket decontamination and radiation deterioration, the
gasket materials being used cannot be considered fully proved until actual
service has shown them to be satisfactory.
1.2 Quality Control

During construction of the WCF and during the subsequent equipment modi-

fications, extensive quality control measures were followed to minimize equipment
failures which could lead to costly shutdowns and hazardous activity releases.
These include:

(1) Specifications ~ All fabrication and material acquisitions were

covered by specifications written by the construction contractor
and approved by appropriate engineering-construction personnel
of both the USAEC and the operating contractor. The requirements
in the specifications, for the most part, conform to industrial
standards, eg, ASME Boiler Code, Uniform Building Code, National
Electrical Code. Requirements peculiar to the WCF were originated
during the design phases by a special committee composed of
technical representatives from the AEC, the operator, and the
contractor. Inspection personnel, supplied by the construction
contractor, checked for adherence to the specifications during the
construction work. Included among these checks were the 100%
radiographing of process vessel welds and the dye penetrant
tests on the welds in the process piping.

(2) Pressure Testing -~ All process vessels conform to the ASME

Code for unfired pressure vessels, which includes a pressure test
requirement, generally at one and one-half times the vessel design
pressure, In addition, all piping systems incontact with radioactive
material underwent a pressure test after the piping installation
had been completed. Hydrostatic or air tests were made at pressures
between 20 and 200 psi depending on limitations of equipment con-
nected to the line. These were followed by halogen snifter tests
in which Freon-12 with air was used for checking leaks.
1.3 Special Equipment Features

Certain features, common to most processing operations where radiation
is a problem, have been utilized in the WCF, These include:
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(1) All valves located in a processing cell, or directly connected
to equipment containing radioactive material, use a bellows seal
over the stem packing to prevent leakage (Figure VI-1).

(2) Each line entering a process cell is provided with a bellows-
sealed block valve on the non-radioactive side of the cell wall.,
(3) All piping sleeves through a cell wall are installed with an
off-set within the wall so a direct radiation path is not formed
by the pipe.

2. FEED SYSTEM

2.1 General Description

The feed system receives waste from the underground storage tanks, blends
this liquid with recycle solution generated in the off-gas scrubbing system, and
meters the blended feed to the fluidized bed in the calciner vessel through atomiz~

ing feed nozzles. The system includes the following equipment (Figure VI-2)

described later in more detail:

(1) Two waste hold tanks to receive and blend waste, recycle
solutions, and to serve as a starting point in the feed loop.

(2) Two air lifts, one for each waste tank, transfer feed from the
waste hold tank to a constant head gravity feed tank.

(3) A feed tank which provides a continuous source of feed at a
constant head. The feed tank allows switching of the waste hold
tanks without disrupting feed operations and acts as a disengaging
pot for the airlifts,

(4) Three feed flow meters which measure and provide means of
controlling the feed rate to each nozzle,

(5) Three feed control valves, one to control feed rate to each
nozzle,

(6) Three feed nozzles which atomize the feed as it enters the

calciner vessel.

A two-inch steam jet at each 300,000-gallon underground waste tank is used

to transfer the waste through a three-inch underground line to an empty waste
hold tank. The transfer rate is approximately 40 gal/min, Recycle from the WCF
scrubbing solution tank is pumped into the waste hold tank and mixed with waste

feed in a ratio of about three parts waste to one part recycled scrubbing solution.
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Mixing is accomplished by spargingthe tank withair. The feed solution is sampled
and, unless further adjustment is needed, is ready for transfer to the feed tank.
A tank of blended feed is sufficient for about 20 hours of operation.

Feed is transferred from a waste hold tank to the feed tank by an air lift.
A constant head is maintained in the feed tank by an overflow; excess feed over-
flows back to the appropriate waste tank. Continuous operation is maintained
by blending in one waste hold tank while the other is being emptied.

Solution leaves the feed tank through a single side outlet. The outlet line
splits into three individual lines, in which the feed flows by gravity, at up to
40 gal/hr per line, through a magnetic flowmeter, through a control valve, and
finally through a feed nozzle into the fluidized bed. Air, introduced at the feed
nozzle, atomizes the feed in the calciner vessel.

2.2 Waste Hold Tanks
Two waste hold tanks, WC-100 and WC-101, permit blending feeds of different

history, provide a point for sampling the calciner feed, and function as surge

tanks to insure continuous operation of the calciner. The tanks are located
in the waste hold tank cell and are mounted in a vertical position with the
bottom tangent line approximately 3-1/2 feet above the floor.

The waste hold tanks are vertical, cylindrical vessels, eight feet tangent to
tangent, and 72 inches in diameter, equipped with standard flanged and dished
heads. The tanks are constructed from 3/16-inch-thick type 304L stainless
steel plate. All welds were radiographed and the tanks were hydrostatically
tested at 122 psig. Design volume is 2090 gallons and operating volume is 1672
gallons, which is enough for 20 hours operation. The tanks are designed for
pressures between -1.5 and +30 psig at 175°C. The normal operating pressure
is about -0.5 psig. Each tank is equipped with a cooling coil having a capacity
of 43,000 Btu/hr to remove any heat generated by steam jets or fission product
decay. Steam also can be supplied to the coil to heat the vessel contents. Each
vessel has an air-steam sparger in the lower section and a decontamination
sparger in the upper section. The tanks are vented to the equipment vent system
which maintains the operating vacuum.

Sampling lines from the tanks to sample stations in the sample corridor
permit samples to be drawn from either tank. Each tank is equipped with dip
tubes for measuring liquid level and specific gravity and a thermocouple for

measuring solution temperature. WC-100 also is equipped with a pressure
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indicator. The recording and indicating instruments are located on the main
instrument panel in the operating corridor.

Each waste hold tank can be emptied by a steam jet to the hot sump tank.
An overflow line also drains to the hot sump tank. By proper valving, the
solution can be returned to the waste storage tanks or circulated within or
between the hold tanks by steam jets. Each tank has a valve in the inlet line
from the waste storage tanks which automatically closes at a high liquid level
to prevent overfilling the tank.

A drawing of the waste hold tanks is shown in Figure VI-3.
2.3 Airlifts

Two air lifts, WC-500-4, and WC-501-4, one for each tank, are used to
transfer feed from the waste hold tanks to the feed tank. The air lifts are in
a pit about five feet below the floor level in the waste hold tank cell. The low
level of the pit provides enough submergence for good operation of the air lifts.
A remotely operated block valve is located on the inlet and outlet of each air lift
to permit the lines from the waste hold tank or to the feed tank to be flushed.
Air flow to the air liftis regulated through a rotameter in the operating corridor.

The air lifts and associated feed piping are fabricated of type 304L stainless
steel. The feed line is two inches in diameter from the waste hold tank to the
upward bend from the pit. A 2- x 1-1/2-inch reducer is welded in the line
at this point, A 3/4-inch air supply line reduces to 1/2 inch about 4 inches before
entering near the bottom of the 2-inch feed line. The air line extends about 4
inches upward in the feed line to direct air flow in that direction.

A sketch of an air lift and its associated piping is shown in Figure VI-4,
2.4 Feed Tank

Feed is normally transferred from the waste hold tanks to the feed tank,
WC=-105, by the air lifts through a 1-1/2-inch line. A steam jet on each waste
hold tank serves as an alternate feed transfer device. The feed tank provides
a constant head of liquid feed at the calciner feed nozzle control valves. This
is accomplished by overflowing excess feed back to the waste hold tanks.

The feed tank is located in the northwest corner of the calciner cell,
The elevation of the feed inlet line is about 33 feet above the air lifts from
the waste hold tanks. The feed tank is a vertical, cylindrical tank with a semi-
elliptical head and a conical bottom. The straight sides are 3-1/2 feet tangent
to tangent, and the inside diameter is 18 inches. It is constructed of 3/16 inch
type 304L stainless steel. The volume at overflow to the waste hold tanks is
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about 39 gallons. It was designed for a pressure range of -1.5 to +30 psi‘g and
for temperatures up to 175°C. The normal operatingpressure is about -0.5 psig.
There are steam and decontamination spargers in the top section of the vessel.
The air lifts discharge into the feed tank about six inches above the overflow
level and six inches below the top tangent line. The outlet from the feed tank is
located about six inches above the bottom tangent line of the tank to permit
solids present to settle in the bottom of the vessel. The outlet line extends 15
inches inside the feed tank and is perforated with 7/32-inch holes on a 3/8-inch
triangular pitch to strain out any large particles which might otherwise plug the
atomizing feed nozzles. A steam jet having a dip tube at the bottom of the feed
tank is operated periodically to remove solids to the hot sump tank. The feed
tank has a level indicator alarm and a temperature indicator. The indicating
and alarm instruments are located on the operating corridor panel board. The
tank is vented to the equipment vent system through waste hold tank WC-100,
The feed tank is shown in Figure VI-5.
2.5 Magnetic Flowmeters

Three Fischer Porter Model 10D1415A magnetic flowmeters are used for
feed rate measurements. The flowmeter is a volumetric fluid flow rate device
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which utilizes the characteristics of the metered fluid to produce an individual
voltage when flowing through a magnetic field. The operating principle is based
upon Faraday’s Law of Induction which states the “the voltage induced across any
conductor as it moves at right angles to a magnetic field is proportional to the
velocity of the conductor.” Essentially the magnetic flowmeter constitutes a
modified form of an AC generator. The amplitude of the voltage generated is
directly proportional to the flow rate of the metered fluid.

The flowmeter consists basically of an unobstructed pipe section. The inner
pipe (inconel) surface is lined with a vitreous enamel insulator, Two platinum
cylindrical electrodes are mounted, diametrically opposed, inthe central portion
of the pipe section and are completely insulated from the pipe. The end surfaces
of the electrodes are flush with the inner surface of the insulating liner and come
in contact with the fluid to be metered. A field coil assembly, consisting of two
square magnet coils which surround the central arms of two E-shaped laminated
iron cores, completely encompasses the central portion of the pipe section.
The field coil assembly is designed to produce a linear and uniform magnetic
field through the metering section of the flowmeter.

The flowmeter assembly is about 8-1/8 x 8-1/8 x 9-5/16 inches, exclusive
of the terminal boxes. The meters are limited to operation at temperatures
below 180°C and to pressures below 275 psig at 40°C or 190 psi at 180°C,

The signal from the flowmeter is transmitted to a flow recorder controller
which controls a throttling valve downstream of the flowmeter.

The flowmeters are located in a shielded cubicle in the sample corridor
so that only the flowmeters need be decontaminated before maintenance can be
performed on them.

A cut-away view of the magnetic flowmeter is shown in Figure VI-6.
2.6 Feed Control Valves

A pneumatically operated throttling valve is installed in each of the three

feed lines to regulate flow to the calciner nozzles. The valve has an angle type
body with a percentage parabolic plugand a single seat. The valve plug is bellows
sealed and is connected to an air operator driven by 3-15 psig air from a
controller in the operating corridor. The signal from the magnetic flowmeter
determines the amount of air to the operator which regulates the plug position.
The operator is covered with a stainless steel housing and a drain is provided
in the housing to prevent line fluid from entering the valve operator in case of
a seal~bellows failure.
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Feed enters a 1/2-inch inlet and flows around the plug through a 0.20-
inch seat orifice to the 1/2-inch outlet. Flow is reduced as the plug approaches
the seat. The valve body and seat are type 347 stainless steel and the plug is
ARMCO 17-4 PH stainless steel.

Design pressure of the valve is 150 psigat 260°C, while operating conditions
are 5.8 psig and 25°C. Normal flow is 0.45 gpm and maximum flow is 1.3 gpm.

The valves are located in the calciner cell about three feet upstream of the
feed nozzles, Overall length of the valve and operator housing is 23-5/8 inches.
The housing is 12-1/32 inches in diameter. The valve is 4-3/8 inches in diameter
and about 11-5/8 inches long.

2.7 Feed Nozzles
The radioactive liquid feed is atomized with air at each feed nozzle and

sprayed into the calciner vessel. The feed nozzles are Spraying Systems Company
type 1/2 JN with 1/2-inch feed and air inlets. The nozzles, WC-902~1A, 1B,
and 1C, have a 1/4-inch fluid orifice. The nozzle bodies are made of type 347
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stainless steel and the liquid orifice is fabricated of type 303 stainless steel.
The nozzle caps are fabricated of hardened type 440-C stainless steel. Atomizing
air is metered to the feed nozzles through rotameters FI-WC-102-1, 2, 3 and
the air pressure to the rotameters is controlled at about 50 psig. The volumetric
ratio of nozzle air to nozzle liquid may be varied from about 300 to 1 to over
600 to 1.

Remotely operated needles are provided to clean out plugs in the liquid
nozzle. An air driven cylinder is connectedtothe cleaning needle with a bellows.
In case of nozzle plugging, the cylinder can be remotely activated from the
operating corridor. The cleanout cylinder has a 1/2-inch piston rod with a
7/16-inch stroke and a maximum striking force of 500 lbs. The design pressure
of the cylinder is 100 psig at 260°C, Normal operating pressure is 20 psig at
150°C. Flushing water may be added to the feed lines downstream of the control
valves to aid in cleaning the nozzles. The flushing water is normally regulated
by manual valves from the operating corridor, but is automatically added as
part of the emergency feed shutdown system. A typical feed nozzle is shown
in Figure VI-T.

CALCINER VESSEL WALL
NOZZLE BODY

1IN, AIR INLET
2

0.375— ~-0.250"

1 74
O
Lo.437 - 7
NOZZLE CAP % — R CLEANING NEEDLE

;—lN. LIQUID INLET

- LIQUID ORIFICE

FIG. VI-7 FEED NOZZLE.
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3. CALCINER VESSEL AND CYCLONE

3.1 General Description

Calcination of the waste liquid is accomplished by introducing a fine spray
of the liquid into a heated, fluidized bed of alumina 6 to 10 inches below the bed
surface. Approximately 5000 pounds of bed material are contained in the four-
foot-diameter calciner vessel during normal operation. Heat is supplied to
the bed by hot NaK circulated through a heat exchanger located in the bed below
the point of feed introduction. Particles elutriated by the off-gas leaving the
calciner are largely removed by a cyclone located above the calciner; the
particles separated by the cyclone are ejected into the transport line. Product
solids are withdrawn from the calciner and combined with the cyclone bottoms
to maintain a constant bed height of approximately 72 inches and are pneumatically
conveyed to solids storage.

3.2 Calciner Vessel
The calciner vessel, WC-102, is a vertical cylinder with a hemispherical

head and conical bottom. Details of this vessel are shown in Figures VI-8 and
VI-9. Table VI-1 is a fitting schedule for WC-102 and WC-302, It is designed
for a maximum temperature of 600°C, and an internal pressure of 30 psig
to a full vacuum. Normal operating conditions are 400°C and ~1.5 to +4.0
psig (from the vapor space above the bed to below the fluidizing air distributor
plate). The maximum allowable pressure for the new vessel at room temper-
ature is 245 psig and is limited by the conical bottom. Previous to installation,
the vessel was hydrostatically tested at 368 psig. All thicknesses include
a nominal corrosion allowance of 1/8 inch. During fabrication, the calciner
vessel was stress relieved for two hours at 730°C. Type 347 stainless steel was
used in the construction of the vesselandall piping attachments, and welds in the
vessel were 100 percent radiographed.

A curved 3/8-inch-thick plate, located at the bottom tangent line of the
calciner vessel, distributes the fluidizing air to the calciner bed. This plate
contains fourteen 3/4-inch-diameter holes, lined with a 1/8-inch-thick hard
facing alloy (Colmonoy No, 70), to minimize erosion. In the initial test runs
of the WCF, fluidizing air was distributed solely by the holes in the grid plate.
In later test runs a bubble cap was installed over each hole to increase the plate
pressure drop and to minimize bed attrition resulting from the direct impingement
of the fluidizing gas on the bed material. The cap design is shown in Figure VI-10.
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FIG. VI—-10 CALCINER DISTRIBUTOR PLATE AND CAP DETAIL.

A baffle is located in the upper section of the calciner vessel to reduce the

carryover of large particles into the calciner cyclone. The baffle consists of
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TABLE VI-1

WC-102 - WC-302 FITTING SCHEDULE

Mark

A-2
A-3
A-L
A-5
B-1
B-3
D-1
D-2
D-3
F-1, 3, 6, 7, 8
F-2
F-L4
F-5
F-9
F-10
F-11

I T S S e RN B S I N e i =

w N

Description

1-1/2-in. pipe stub
6-in. pipe stub
3-in. pipe stub
l/2—in. pipe stub
10-in. pipe stub
3-in. pipe stub
3-in. internal
3-in. pipe stub
l-l/2-in. pipe stub
Special

Special

Special

Special

Special

l/2-in. pipe stub
Special

8-in. pipe stub
8-in. pipe stub

1 l/2-in. internal pipe

2-in. internal pipe

Remarks

Solids inlet from WC-106

Fluidizing air inlet from WC-250A and B
NaK inlet

Helium inlet

Off-gas outlet

NaK outlet

Calcine drain to solids storage

Drain to WC-119

NaeK drain to WC-1O4A and B

Spare openings for feed nozzles (blanked off)
C nozzle feed from WC-105

B nozzle feed from WC-105

A nozzle feed from WC-105

Bulk solids return

Product takeoff

Solids takeoff for gallery sampler

Hand hole with welded cap

Hand hole with welded cap
Decontamination nozzles on tube bundle

Ring decontamination spargers



Ig-1a

Mark
K-5 -7
L-1
L-2
M
P-1-5
P-7
P-8 - 11
T-1
T-2, 5, and T
T-9 and 11
T-3, 6, and 8
T-4 and 10
V-1
V-2
S-1
s-2
5-3

Req'd

HoE R R R DWW R HE R W

Description

l-in. dip pipe
3/4-in. pipe stub
3/4-in. pipe stub
18-in. pipe stub
3/h-in. pipe stub
3/4-in. pipe stub
3/4-in. pipe stub
3/4-in. thermowell
3/k-in. thermowell
3/4-in. thermowell
3/4-in. thermowell
3/4-in. thermowell
3-in. pipe stub
l/2-in. pipe stub
1/2-in. pipe stub
3/4-in. pipe stub
1/2-in. pipe stub

Remarks

Hand hole and manway decontamination sparger

Level recorder-lower
Level recorder-upper

Manway

PAT on calciner

Probe to 66-in. level
Spare PdIl

TRCA

Spare thermocouple points
Spare thermocouple points
TRA

TI

Transport air return
Vent from Jacket

Product takeoff

Solids sampler return

Bulk solids takeoff

TABLE VI-1 (Continued)



thirteen 1/8-inch-thick by 6-inch-wide plates positioned at a 45° angle to the
vertical center line of the calciner, with their upper edge about 6 inches below
the top vessel tangent line. All material in the baffle is type 347 stainless steel.

The lower portion of the calciner vessel is covered with four-inch~-thick
insulation, which in turn is covered with a thin stainless steel sheet to protect
the insulation from decontamination solutions that may be sprayed onto exterior
equipment surfaces. All fittings protruding through the insulation jacket have
stainless steel expansion joints welded to the nozzle and to the stainless steel
jacket. The upper section of the calciner has not been insulated since heat
conservation in this area is not critical.

Decontamination lines (for decontamination solutions or steam) connect
to a ring sparger in the top head, a ring sparger below the air distributor plate,
to the two handholes, and to three spray nozzles in the tube bundle recess. A
ring sparger, located justabove the air distributor plate, may be supplied through
a single line with either air or steam. All decontamination lines and vessel
sparge rings are continuously purged with air during operation to prevent
solids from entering the lines and forming plugs.

Fluidizing air, heated by the NaK heater, enters the calciner vessel via
a nozzle on a 6-inch tee below the distributor grid. This nozzle incorporates a
drip ring over its top half to prevent calcined solids from entering the nozzle.
Additional fluidization can be accomplished by the introduction of air into the
calciner bed through the lower sparge ring located immediately above the air
distributor plate. A 3-inch drain line at the center of the grid plate is provided
to dump the calciner bed to solids storage; this line splits outside the calciner
shell to provide two connections into the solids transport line. The bottom of the
conical section also is provided with a 3-inch drain line to dump any solids
that have accumulated below the air distributor plate. Both plate drain lines
and the cone drain line discharge solids intothe transport air system; the solids
are then pneumatically conveyed to solids storage.

The flow of solids through the plate drain lines and cone drain line is
controlled by slide valves in each line at the bottom of the calciner (RVC-WC-
102-1, 2, and 3). The valve operators are springless, double-acting cylinders
and the position of the valve is controlled by adjusting the top and bottom air
loading from manual loading stations on the main control panel. An indicator
connected to the operator shows the position ofthe valve at any time. The valves
have bonnetand seatair purges to keep dust and small particles from the sliding

surfaces. Details of the slide valves are shown in Figure VI-11.
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Probes for level and pressure measurements are provided at the following

elevations with respect to the calciner bottom tangent line:

Pg ..ceecesese.q— 6inches (below support plate)

PgandLy ........ + 4-1/2 inches (just above the support plate)

Pg veevveenn + 28 inches

Pg sscececsesssst+42inches

Ppand Py ...... . . + 66 inches (about 6 inches below top of bed)

Py «.....0... .. +84inches

Liand Pg ........+ 144 inches (located in top head)
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All pressure instruments are located on the main control panel in the
operating corridor. The total bed level is recorded as the difference in pressure
between Lo and Lj. The level of bed above Pg is recorded as the difference
in pressure between P2 and Pg. In addition, the pressures at P3, P4, and P5 are
recorded, and the difference in pressure between any of the points P; through
Pg can be obtained on a pressure differential indicator by suitable manifolding.
The calciner vacuum is controlled by a pressure recorder controller alarm
instrument that senses the pressure at Pg. Normal operating pressure in the
vapor space above the bed is 42 inches of HyO vacuum.

Thermocouple wells are provided at the following elevations with respect
to the bottom tangent line:

T10 and Ty (spare) .....- 6inches

T8 e eeoveveeeonnsnss.+ 10-1/2 inches

Tg (SPAre) e « v e s eseo...+ 13-1/2 inches

Tg and T7(Spare) « « « o « « o« + 42 inches

Ty, Tg (spare), and Tg ...+ 69 inches

T4 and T5 (spare).......+ 144 inches (in top head)

These temperatures are measured by iron-constantan thermocouples.
Temperatures at Tg, T4, Tg, Tg, and T1pare recorded on a multipoint recorder
on the main instrument panel. The thermocouple at T, provides the signal to
a TRCA instrument which controls the temperature of the fluidized bed.

Eleven openings for feed nozzles were provided in the calciner shell,
nine above the tube bundle and two below. The two openings below the tube
bundle are currently being used for other purposes. The three openings which
will be used for feed introduction are located 66 inches above the bottom
tangent line; the remaining openings are plugged. The top of the fluidized bed
will be maintained about 72 inches above the tangent line. Feed will be introduced
about 6 inches below the top of the bed.

Calcined alumina for the initial fluidized bed is introduced into the calciner
vessel at the start of processing. This material is transported pneumatically
from the start-up hopper (WC-106), located in the decontamination room, to the
calciner after the calciner vacuum has been established.

3.3 Calciner Cyclone

The off-gas stream leaving the top of the calciner vessel is made up of
oxygen, nitrogen, water vapor, nitrogen oxides, and entrained solids. This

gas flows through the calciner cyclone where most of the entrained solids are
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removed. Solids collected in the cyclone hopper are removed and injected
into the transport air line by the cyclone fines jet (WC-521), and pneumatically
conveyed to solids storage.

Details of the cyclone (or Multiclone) are shown in Figure VI-12, It was
designed for pressures ranging from full vacuum to 30 psig at a temperature
of 590°C, and was hydrostatically tested at 50 psig. All welds were dye penetrant
tested and radiographed. The cyclone is normally operated at a temperature of
390°C and a pressure of 10.70 psia., The off-gas inlet and outlet lines are
10-inch schedule 40 pipe. The vessel was fabricated from 1/4-inch type 347

WwC—131

PLAN
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FIG. VI=-12 CALCINER CYCLONE (MULTICLONE),
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stainless steel and has a minimum allowance of 1/16 inch on surfaces subjected
to erosion. The cyclone is equipped with a blast air connection to blow dust from
the top plenum, three internal spray decontamination manifolds to flush internal
surfaces, and pressure taps to measure pressure drop across the cyclone. A
temperature indicator at the bottom of the cyclone measures the temperature
of gas leaving the bottom of the cyclone hopper and serves to indicate backflow
from the transport air system into the bottom of the cyclione.

4. FLUIDIZING AND OFF-GAS SYSTEMS

4.1 General Description

The fluidized bed calcination of ICPP radioactive liquid waste produces a
large quantity (~800-900 scfm) of contaminated off-gas. The off-gas is composed
primarily of the fluidizingair delivered to the calciner by a positive displacement
blower, WC~250A or B; also included are: decomposition gases (water vapor,
nitrogen oxides), the feed nozzle air, the solidstransport air, and air introduced
at numerous purge locations. The off-gas system is designed to remove the
contaminants from the off-gas to the degree necessary to permit discharge
of this gas through the ICPP stack tothe environs. A flow diagram of the off-gas
system is shownin Figure VI-13. The flowpath of the fluidizing air to the calciner
is shown in the NaK system flow diagram, Figure VI-37.

There are two sources of contamination inthe off-gas: entrained radioactive
dust and volatile radioactive ruthenium. Dust removal from the off-gas leaving
the calciner cyclone, WC-131, is largely achieved in the scrubbing system
quench tower, WC-107, and the venturi scrubber, WC-907. The primary purpose
of the quench tower, however, is to cool the off-gas to a temperature suitable
for efficient operation of the venturi scrubber. Intimate contact between the
dust escaping the quench tower and the scrubbing solution is achieved in the
venturi scrubber. The liquid droplets containing the captured dust particles are
removed from the off-gas by two de-entrainment cyclones, WC-908 and WC-910,
placed in series downstream of the venturi scrubber. The dust thus removed from
the off-gas is collected in the scrubbing solution that drains continuously from
the quench tower and the de-entrainment cyclones to the scrubbing solution
surge tank, WC-108. Scrubbing solution is continuously recirculated from this
tank to the scrubbing system by a pump WC-208A or B. The heat removed from
the off-gas and gained by the scrubbing solution is removed from the scrubbing

vi-26



Lc=1A

«£¢-/07 WC-/234¢88 we-307 we-207 w208 wc-9/0 gﬁ-é‘*i wE 110 . 27/8 W< 1AEB WIc 252
Quench Tower ___Recycle Serybbirig Solutlon _Venturs Prima Secandary HF-Gas RButheniem aZ/?;-G,’ Z 2’3’ Lgvipment
3§Z tion Jei e ~enfralnmemt ers 7 ,?en

d'crubbmg Cooler crobber Deenf;gzg’mycgf Heater Adsorber _Blowers Ven;
Stroiners Cyclone
i
e
K .
\ Silica Gel Lood/ﬂ57 AN E [
of o
: E
N - - =1 T 7
(Z2 O Sef® 5 P5/6 B
ol ~ —Cgos Discharge qgays? woll|
(TN - \t n nerth adsorder cel/
&% 3
r" Q “m Sel@ 7.5 | 2518
1 T L
S ——= &g | &
€ @ : g I
i o | 112 T
| weso7 8y i I L2 /@
1 X X Z ~ L. Y
| } s ECEE = QX! @
N 1 |
:_ ‘t k ? % CM or Stegm \
! ] v N n t §
i LR & A a
L N 2 | & 3
l &4 e :
'g § BN R
1y Hiey [ zme
oy ‘ ] tore: Nk Ppping Smitar @F-2723 ¢ 24-wC
o
N Piping & We-11,u2 N w2514
v Eu e sumitar |8\ (Z) Pping @|wc.25/8 Simter
3 o 1004/
: ./Q N } Vocuwwm Breoker
: ol | P
. w RO < g
N w| Pping & wWc/Z38 N N
Q N t Similor £ S |§ s e
3 Ty ¢ )
s‘ W) 3 R 9 K b\\ T
Ry N NERRR S e el ""@
) R M - . 5/ .
g |3 o J3 VIR \
{13 FENEE L LY
3 N kY } N . -
y | R ENEL N T weesz
g | 8 5] N
t ! From WE-9/0 &, e Cr Valve Mormolly Closed
R Jaixy, o A g é From Movss @\T /
~ iy g el o
RN i TN From we %0 t g : | &
|;1=|H L binod i we-sse nc3s6
) I - OFf Gag winment dent
L"—"iiﬁm: : : “7 i i }i I : L._.'.._._v—'w e : Re-Heater £e Hegler
we- 108! 1 e L g — — —
R el At A1 L o R
wE- 114 we-133
308 gg oF WE-2084¢ wce- 508 Legenerefing Solutions OFf-Gas
:erubbmg Solution  Scrobbing Salution K% g',_77'§'4g Solelon Purps. Quench Surge_ Surge Tonk Knock-Out Pot
Corl Jurge Tonk _Pumpout_Ejector

FIG. VI-13 OFF=GAS SYSTEM FLOW DIAGRAM.




system via the scrubbing solution cooler, WC-307. Ruthenium vapors are adsorbed
from the off-gas on the silica gel beds in adsorbers WC-110, 111, 112, and 113.
Final dust removal is accomplished by dry filtration in the ruthenium adsorbers
and in the off-gas filters, F-2718, F-2723, and F-2724 WC, Cleaned off-gas is
delivered to the ICPP stack by one of the off-gas blowers, WC~-251A or WC-
251B,
4.2 Fluidizing Air Blowers

The single stage positive displacement blowers, WC-250A and WC-250B,
shown in Figure VI-14, supply the air for fluidizing the bed and transporting
the solids in the calcination process. The blowersare driven by 25-hp, 220/440~
volt, squirrel cage induction motors which are equipped with automatic starters.
These starters energize the spare blower when the discharge pressure drops

WC—250A § wC—250B

IN / \ \ ouT

FIG. VI—14 FLUIDIZING AIR BLOWER,
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below 3.75 psia or when ablower in service fails. A blower will deliver 546 scfm
of air at 5.5 psig. The normal fluidizing and transport flows are approximately
240 scfm and 69 scfm, respectively. Excess air from the blower is vented to the
atmosphere.

Blower operation is controlled from the main instrument panel board; start
and stop switches with locking devices also are provided near the blowers,
A discussion on the flow and temperature controls in the fluidizing air and the
transport air systems is given in Section VI-8,

A reverse current check valve, RVC-WC-304-1-~1, is provided in the blower
discharge line upstream of the calciner vessel. This valve closes when the
fluidizing air pressure falls below 2.0 psig (14.2 psia) and prevents backflow
of activity from the calciner during pressure surgesor blower failures. Further
precautions against backflow are provided by check valves in the fluidizing air
line at the calciner cell wall and at the blower discharge.

4.3 Quench Tower
The quench tower, shown in Figure VI-15, cools the off-gas stream by

contacting the hot off-gas from the calciner cyclone with a scrubbing solution
that is sprayed countercurrent to the gas flowing up the tower. In the tower,
coarse solids are captured by the liquid and removed from the off-gas.

The vessel is constructed of type 347 stainless steel. It is designed to
withstand pressures from =~15 to 30 psig at 500°C. The normal operating
conditions are -2 psig (10.2 psia) at 50 to 350°C. The welds on the vessel
were 100 percent radiographed, a 1/16-inch wall thickness was added to the
vessel for corrosion allowances, and the vessel was hydrostatically tested at
150 psig.

Control of the scrubbing solution to the tower and the temperature of off-gas
leaving the tower are discussed in Section VI-8. Liquid level instrumentation
is provided to indicate tower flooding resulting from a plugged drain line. A
water line is connected to the drain line to aid in removing plugs if they occur.
Two spray headers, one near the top and one near the bottom, are provided for
decontaminating the vessel.

4.4 Venturi Scrubber and De-entrainment Cyclones

Most of the entrained dust and water vapors escaping the quench tower are
removed from the off-gas in the venturi scrubber and de-entrainment cyclones.
This is achieved by spraying scrubbing solution into the off-gas passing through
the venturi throat. The liquid containing the captured dust and water is passed
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through cyclones where it is separated from the gas and is drained into the
quench surge tank.

The venturi scrubber and primary de-entrainment cyclone, WC-907 and
WC-908, shown in Figure VI-16, form an integral unit that is constructed of
type 304L stainless steel. The unit is designed for pressures from a full vacuum
to 30 psig at 425°C. The normal operating pressure is -2.2 psig (10.0 psia)
at 59°C, The welds on the unit were 100 percent radiographed, and a 1/16-
inch wall thickness was added to the equipment structure for corrosion allowance,
A liquid-level recorder-alarm, LRA-WC-908, is provided with the vessel to
indicate if, or when flooding occurs, Decontamination sprays are provided in
the vessel and water is connected to the drain to aid in removing plugs.

A secondary de-entrainment cyclone, WC-910, shown in Figure VI-17,
was installed downstream of the primary unit as additional insurance against
scrubbing solution carry-over into the off-gas heater. As with the primary de-
entrainment cyclone, this unit has been provided with a level recorder alarm,
decontamination sprays, and a water connection to the drain line. This unit
was hydrostatically tested at 50 psi and the welds in the structure were 100
percent radiographed. A corrosion allowance of 1/16-inch thickness was added
to the vessel wall,

4.5 Scrubbing Solution Surge Tank

The scrubbing solution for quenching the off-gas and removing the solids
from the decomposition gases is contained in the scrubbing solution surge tank,
WC-108. The vessel, shown in Figure VI-18, isfabricated from type 304L stain-
less steel and is designed to withstand pressures from ~15 to 30 psig at 175°C.
The normal operating pressure is -2.0 psig (10.2 psia) at 63°C. The welds on the
vessel were 100 percent radiographed. A 1/16-inch wall thickness was added to
the shell and heads for corrosion allowance, and the vessel was hydrostatically
tested at 217 psig.

The vessel isprovided witha steam coil for heating the liquid during start-up
operations. It also is provided with aliquid density and level recorder. A remote
sampler, connected to the sampling gallery, provides a means for analyzing the
tank composition. To maintain the solids and liquid in a homogeneous mixture,
an air sparger is installed near the bottom of the vessel. A decontamination
sparger is available for flushing and cleaning.

The dust removed from the calciner off-gas is collected in the scrubbing

solution. It is necessary to return a portion of this dust-laden solution to the
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calciner waste hold tanks for reprocessing in order to maintain a reasonable
aluminum and undissolved solids concentration in the surge tank. This return
flow is expected to be small, ie, about 10 to 20 gallons per hour calculated on a
continuous basis. Because this flow rate is difficult to meter continuously, the
solution is periodically transferred to the waste hold tanks. As a result, the level
in the scrubbing solution surge tankfluctuates from 800 to 1300 gallons to provide
for the periodic transfers. The scrubbing solution thus recycled is replenished
by condensing water and acid from the off-gas.
4.6 Scrubbing Solution Pumps

Scrubbing solution pumps, WC-208A and WC-208B, circulate scrubbing

solution to the quench tower and the venturi scrubber, and periodically transfer
dust-laden scrubbing solution to the waste hold tanks. The two pumps are installed
in the tank and spare each other in operations to insure continuous scrubbing
solution circulation.

The scrubbing solution pumps are vertical, submerged, centrifugal types
without any submerged bearings or packing boxes (Figure VI-19), The pump
bodies are type 304 stainless steel. The impellers and pump shafts are fabricated
of type 304L stainless steel. Each pump has a capacity of 120 gpm at 62°C when
operating at a discharge pressure of 48 psig and a suction pressure of -2 psig.
The pump bearings, which are located in the housings above the tank, are
lubricated remotely from oil reservoirs located in the operating corridor.
Oil overflowing the bearings is collected by a shaft slinger ring housing assembly
and drains to collection pots located in the off-gas cell entrance labyrinth.
Individual oil reservoirs and collection pots and thermocouples at each bearing
provide a continuous indication of oil consumption and the bearing condition.

Each pump is driven at 1760 rpm by a 10-hp induction motor which is
connected to the emergency power circuit. Stop-start switches for the motors
are provided on the main operating panel. Also, stop and lockout switches are
provided outside the door of the calciner off-gas cell in which the pumps are
located.

4.7 Scrubbing Solution Cooler

Heat picked up by the scrubbing solution is removed by the scrubbing
solution cooler (WC-307), located in the discharge line from the scrubbing
solution pumps. The cooler indirectly controls the temperature of the off-gas
leaving the venturi scrubber and de-entrainment separator by adjusting the
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temperature of the scrubbing solution. The temperature of the scrubbing
solution is, in turn, controlled by adjusting the flow of water to the cooler.
The scrubbing solution cooler is a vertical, cylindrical shell-and-tube
heat exchanger as shown in Figure VI-20. Cooling water is circulated through
the type 304L stainless steel shell, and the scrubbing solution passes through
stainless steel tubes. The cooler was designed for 75 psig at 65°C in the shell,
and 75 psig at 93°C in the tubes; the entire unit was hydrostatically tested at
280 psig. Operating conditions are 45 psig at 38°C on the shell side and 48 psig
at 46°C in the tube side. The cooler design duty is 856,000 Btu/hr at operating
conditions.
4.8 Off-Gas Heater
The saturated off-gas from the secondary de-entrainment cyclone is super-

heated in the off-gas heater, WC-305, before entering the ruthenium adsorbers.
The purpose of this heater is to add sufficient heat to the saturated off-gas to
prevent condensation of water in the ruthenium adsorbers and downstream
piping.

The off-gas heater is a vertical, cylindrical shell-and-tube heat exchanger
(Figure VI-21) fabricated entirely of type 304L stainless steel. Steam circulates
through the shell, and off-gas flows through the tubes. The heater was designed
for 150 psig at 168°C on the shell side, 30 psig to full vacuum at 150°C on the
tube side. The heater design duty is 175,000 Btu/hr at operating conditions.
Both the shell and tube sides were pressure tested at 200 psig. The operating
pressures are 35 psig for the shell and ~3.9 psig in the tubes.

Steam flow to the off-gas heater is adjusted by a controller which senses
the temperature of the off-gas at the inlet of the ruthenium adsorbers and
regulates the steam accordingly. The controller is normally set to maintain
the gas temperature 10°C higher than the off-gas dewpoint. The maximum gas
temperature that can be attained by this exchanger at design gas flow rate is
150°C.

4.9 Ruthenium Adsorbers

The ruthenium adsorbers remove ruthenium vapors and some residual dust
from the off-gas after it has passed the heater, WC-305. The ruthenium and dust
can be removed from the adsorbers by contacting the silica gel with water. The
spent regenerating or washing solution, containingthe ruthenium and dust, can be
transferred to either the ICPP waste evaporator or to the waste hold tanks by
way of the hot sump tank, WC-119.
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The ruthenium adsorbers, WC-110, 111, 112, and 113, (Figure VI-22) are
fabricated from type 304L stainless steel. The vessels were designed for pressure
from 13.6 to 14 psi at 350°F. Normal operating pressure is 7.6 psia at
65°C. The welds in the vessels were 100 percent radiographed, and the vessel
was hydrostatically tested at 150 psi. Each adsorber contains approximately
6000 pounds (138 ft3) of 6-12 mesh silica gel. The bed is supported on a conical
grid plate sloped 30° toward a center drain line through which the silica gel
can be unloaded. Uniform distribution of the off-gas through the bed, which varies
in height because of the sloped grid plate, is achieved by varying the plate
orifice spacing, ie, less orifice area is provided in the shallower portion of
the bed.

Off-gas, upstream of the adsorbers, is routed from the off-gas cell into the
adsorber manifold cell throughthe access corridor ina line shielded by a surplus
16-inch US Navy gun barrel. The adsorber manifold cell contains all of the remote
valving associated with the ruthenium adsorbers and is shielded from the
adsorbers to facilitate direct maintenance on these valves. The manifold cell
is placed between the north adsorber cell, containing adsorbers WC~110and 111,
and the south adsorber cell, containing adsorbers WC-112 and 113. The manifold
and adsorber cells are heated to 60°C to prevent condensation in the piping and
adsorbers. Heat to these cells is provided by a steam space-heater, WC-E-3301,
located in the ventilation duct between the access corridor and the manifold
cell. The heated ventilation air is drawn from the manifold cell, through the
adsorber cells, and into the ventilation duct outside the building (Section IV-4).

Off-gas from the adsorber manifold cell can be valved to any combination
of the four ruthenium adsorbers. Normally, three adsorbers are on stream
in parallel at one time while the fourth is being regenerated or held on standby.
The off-gas, which flows upward in the adsorbers, deposits the bulk of the
ruthenium and dust in the first foot or so of the bed. The amount of dust deposit
is determined by a pressure differential indicator provided on the adsorbers.

The beds are frequently regenerated to remove the accumulated ruthenium
and dust from the adsorbers. This is accomplished by agitating the silica gel
in water. However, since unsaturated silica gel is subject to decrepitation upon
contact with liquid water, it is necessary to pretreat or saturate the silica gel
before adding liquid water. Inthe regeneration operation, the adsorber is removed
from service by closing a block valve in the outlet line. Moist regeneration air
of controlled water content is heated to 65°C by the adsorber air heater, WC-351
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(rated duty 47,000 Btu/hr). This air is introduced to the top of the bed, and is
removed from the bottom by a reverse flow through the off-gas inlet line. The
air then combines with the off-gas and passes on through the other three ad-
sorbers still on stream. After a flow of 65°C air is established through the
adsorber, live steamis gradually added to the air until the silica gel is completely
saturated. Once the bed is saturated, the adsorber is flooded with about 1500
gallons of water - this water is heated to 65 to 70°C in decontamination nitric
acid tank WC-118 and added to the adsorber through the upper decontamination
sparger. While the adsorber vessel is being filled with water, the vent line of
that adsorber is opened to displace contaminated gases to the quench tower.
After the silica gel in the adsorber is flooded, air is introduced below the bed
to provide mild agitation. This treatment breaks the bond between ruthenium
and silica gel and disengages the dust held between bed granules., The ruthenium
goes into solution while the dust settles to the bottom of the adsorber. When
agitation is complete, the water is drained to the regeneration surge tank,
WC-114. The wash water collected in WC-114 is sampled for analysis and then
is transferred to the hot water sump tank, WC-119.

After the silica gel in the adsorber is drained of surface water, the bed
must be dried before it canbe placed back in service. Drying air, heated to 150°C
by WC=351, is introduced into the bed inthe same manner in which the silica gel
is saturated. Additional heat is provided by the imbedded steam coils. Sufficient
drying is indicated when the temperatures at the bottom, midpoint, and top of
the bed reach the temperature of the drying air. The adsorber is then ready
to replace one of the other adsorbers which are on stream.

4.10 Regeneration Solution Surge Tank
The regeneration solution surge tank, WC-114, receives the warm water

washes from the ruthenium adsorber regeneration, This water, containing
radioactive ruthenium and undissolved dust, can be remotely sampled. The
solution can then be transferred to either the hot waste tank, WC-119, (from
where it is transferred to the ICPP waste evaporator) or to the waste hold
tanks.

The regeneration solution surge tank (Figure VI-23) is a horizontally
mounted, cylindrical vessel with semi-elliptical heads and is constructed of
type 304L stainless steel. The vessel is designed for pressures from -1.5 to
5,0 psi at 105°C. All the welds were 100 percent radiographed and the vessel
was hydrostatically tested at 146 psig. The operating pressure on the vessel is
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12,0 psia. A steam jet ejector, WC-514, is provided for transferring the liquid
from the tank to the adsorbers and waste hold tank. The vessel is vented to the
equipment vent system by a three-inch connecting line. Instrumentation for
temperature indicators and liquid level and density recorders are provided
on the main instrument board.
4,11 Off-Gas Knock-Out Pot

The off-gas knock-out pot, WC-133, removes any entrained water which has

entered the off-gas through various vent lines or decontamination lines down-
stream of the adsorbers. This unit is similar to the secondary de-entrainment
separator, WC-910, shown in Figure VI-17, Liquids collected in this pot are
drained into the scrubbing solution surge tank, WC-108, through a one~inch
line normally kept open. The drain line is submerged in WC-108, forming a
liquid seal so that off-gas cannot bypass the adsorbers through the drain line,
The pot is provided with a liquid level indicator-alarm to indicate flooding. A
continuous water purge is added to keep the drain line open,

This unit is constructed of type 304L stainless steel and is designed for
pressures from a full vacuum to 30 psiat 425°C. The normal operating pressure
is -5.5 psi (6.8 psia) at 65°C. The vessel was hydrostatically tested at 50 psi.
The weld in the structure was 100 percent radiographed and a 1/16~-inch thickness
was added to the walls for corrosion allowances.

4,12 Off-Gas Reheater
The off-gas is heated to 70°C in the off-gas reheater, WC-354, to insure

that all the moisture is vaporized before it enters the off-gas filters, F~2718,
F-2723, and F-2724-WC.

The off-gas reheater is a jacketed pipe heat exchanger fabricated from
type 304L stainless steel. The off-gas flows inside a 10-inch line which is
jacketed by a section of 12-inch pipe through which steam circulates. The unit
was designed for pressures from a full vacuum to 30 psi at 188°C on the gas
side, and 150 psig at 188°C on the steam side. This unit was hydrostatically
tested at 225 psi. A thickness of 1/16 inch was added to the vessel wall for
corrosion allowance; the welds were all radiographed. Operating conditions
are -5.8 psi (6.5 psia) at 70°C on the gas side, and 146°C on the steam side.
The heater will provide a heater duty of 17,500 Btu/hr at the operating conditions.
4.13 Off-Gas Filters

Final cleanup of the calciner off-gas is accomplished in three remotely
removable filter units, F-2718-WC, F-2723-WC, and F-2724-WC, in parallel
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service. Each filter unit consists of a Fiberglas prefilter in series with an
AEC-type glass-asbestos final filter. These are inside a stainless steel housing
which has internal inlet and outlet valves.

The prefilter and AEC-type final filter media are fireproof and are designed
to operate in an atmosphere of nitric acid vapors at temperaturesupto 350°F,
Prior to arriving at the NRTS, the AEC-type final filters are visually in-
spected and must pass a standard filter DOP efficiency test (99.97 percent
removal of 0.3 micron particles) at both the vendor’s plant and Hanford. Prior
to installation in the WCF, each complete filter unit (filters installed in case)
will be tested and must show an efficiency greater than 99.97 percent with
0.9 micron, DOP smoke.

The filter housings are fabricated of type 304 stainless steel and are
designed for pressure from -6.75 psig to +6.75 psigat 177°C. The normal
operating pressure is -6.4 psi (5.9 psia) at 70°C. The housings were air tested
with soap solution at 6.75 psi. The off-~gas enters the filter housing at the bottom,
passes through the prefilter and the AEC~type final filter, and leaves the housing
near the top. A pressure differential indicator with alarm is provided across
all three filters.

Normally, all three filter units are operated together; however, two units
can handle the total off-gas flow during filter changes. Filter replacement is
conducted remotely from the filter operating corridor because of the high
radiation intensity of the accumulated dust. For this purpose, a shielded window
in each filter cell (Figure VI-24) is provided for observing the operation. When
a filter unit must be replaced, the unit is isolated from the off-gas system
by closing the remote valves on the filter inlet and discharge lines, Next, the
remote internal valves in the housing are closed before the housing flanges
are remotely disconnected from the off-gas line. Then, the individual cell
hatch cover over the cell is removed by a 20-ton filter removal crane, WC-L-~
3301. This crane can be operated directly from the access area above the filter
cells or remotely from the filter operating corridor. The filter housing is
placed in a shielding cask for removal to the AEC burial ground. The filter
shielding cask is provided with a hinged bottom that can be opened remotely
so the filter case can be easily dropped out at the burial ground.

4.14 Off-Gas Blowers

A vacuum is maintained on the calciner and off-gas system by one of

the two off-gas blowers, WC-251A or WC-251B. These blowers deliver
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off-gas, cleaned of dust and radioactive contaminants, to the ICPP stack where
it is discharged to the atmosphere.

The off-gas blowers (Figure VI-25) are two case units with eight stages

per case that are mounted in tandem to a 200-hp squirrel-cage induction motor.
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They are constructed of type 304L stainless steel and are provided with auto-
matic starters that will start the spare blower when the suction pressure rises
above 8.5 psia or the blower in service fails. The blower will deliver 1166 cfm
(0.9 gravity air) at a suction pressure of 6.5 psia. The operating pressure is
5.9 psia at a blower load of 746 scfm of gas.

Off-gas enters the blower from a 10-inch inlet line, passes between cases
in a 12-inch line, and discharges into an 8-inch stack header, All the off-gas
lines connected to the blowers are provided with suitable expansion joints in
order to prevent blower case distortion from thermal expansion of the piping.
Expansion joints have been included in the decontamination lines connected to
the blowers for the same purpose.

The blowers are oil lubricated by a remote lubricating system that is
located in the filter removal corridor adjacent to the off-gas blower cell. The
oil from this reservoir is controlled and metered by individual needle valves
which have sight glass attachments in the stainless steel lines to the respective
off-gas blower bearings. Surplus oil is collected in a receiver manifold below
each bearing and drains to a second reservoir also located in the filter removal
corridor. Two alternate service oil pumps, WC=-228A and WC-228B, return
the oil to the feed supply reservoir. These pumps are rotary displacement type
and are constructed of type 316 stainless steel with hypalon impellers, They
are driven by 1/3-hp motors, operating on 115/230-volt, 3-phase, 60-cycle
commercial power. The feed supply reservoir is provided with a water coil
for cooling the oil before returning it to the off-gas blower bearings.

The individual blower cases are provided with decontamination lines to
the turbines, and are equipped with a check valve to prevent radioactivity from
backing up into the decontamination system.

An emergency power supply (2300-volt generator) is available and connected
to the off-gas blowers to insure uninterrupted operation during loss of commercial

power,

5. SOLIDS TRANSPORT SYSTEM

5.1 General Description

The alumina produced in the calcining process is conveyed pneumatically
from the calciner vessel to the storage bins through a buried and concrete-

encased three-inch line connecting the calciner cell with the storage vault.
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Approximately 69 scfm of air are supplied to this line in the calciner cell by
the fluidizing air blower (WC=-250A or B).In the calciner cell, solids from the
calciner vessel are normally discharged into the transportline from the cyclone
fines jet and a product takeoff line. Occasionally, solids also may be discharged
into the transport line through the calciner cone drain line, the air distributor
plate drain lines, spare product takeoff line, and the adsorber unloading line.
At the storage bins, alumina (or silica gel) is removed from the transport air
by a cyclone (WC-915) and drops by gravity into the storage bins. The transport
air, cleaned of solids, is returned to the top of the calciner through a 3-inch
line contained in the same concrete encasement as the transport line to the
storage bins. The solids transport system is shown schematically in Figure VI-26.

All components of the transport air system upstream of the calciner cell-
wall block valve are located in non-radioactive areas, and the normal material
of construction is carbon steel. Air from the discharge manifold of the fluidizing
air blowers travels in a 3-inch line from the NaK furnace room to the access
corridor. In the access corridor the air passes through an orifice meter, a
flow control valve, a reverse current check valve, a shell and tube heat ex-
changer, a block valve, a conventional check valve, and through the wall into
the calciner cell. The remainder of the transport system lies in radioactive
areas; the block valve and all components downstream are fabricated of stainless
steel except as noted.

An orifice meter measures the flow of air through the transport air line,
Air flow is not volume controlled and will vary considerably with the solids
loading of the transport air line; thus a knowledge of the air flow is vital to
prevent overloading the system with solids. The flow measured by the orifice
is recorded onthe operatingcorridor control panel. A flow control valve regulates
the air flow into the transport air line to maintain a constant pressure in the
transport air line at the point just upstream of where product from the calciner
enters the line. The control loop is described more fully under instrumentation
and control in Section VI-8.

A reverse current check valve gives positive assurance against backflow
of air from the active section of the transport air line to the non-active section
in the event of blower failure. The valve is automatically tripped if the pressure
immediately upstream of the control valve drops belowa predetermined pressure.
When tripped, the valve partially closes immediately, but does not close
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completely until all air flow in the normal direction ceases. The valve reopens
automatically when normal pressure upstream on the control valve is restored.

5.2 Transport Air Heater

The transport air must be heated to prevent condensation of moisture intro-
duced from the calciner cyclone by the cyclone fines jet. This is accomplished
by passing the transport air through the transport air heater, WC-352, located
in the access corridor. Sufficient heatisadded with this steam heater to maintain
the transport air temperature above 125°F everywhere in the transport system.
The estimated maximum dew-point of the transport air is near 100°F.
Design pressures are 110 psig for the shell and 15 psig for the tubes; the
heater is fabricated of type 347 stainless steel. Details are shown in Figure
VI=-217,

5.3 Cyclone Fines Jet

After entering the calciner cell the 3-inch transport air line rises above
the calciner vessel and passes beneath the cyclone dust hopper. Cyclone fines
and some off-gas from the calciner are injected into the transport air line by
the cyclone fines jet, WC-521. The jet is located at the junction of the conical
section of the cyclone and the transport air line and discharges solids to the
transport air line as shown in Figure VI-28. In addition to discharging solids
into the transport line, the jet also prevents backflow from the transport line
to the cyclone. Backflow from the transport air line into the cyclone disrupts the
gas-solid flow patterns and thus reduces the cyclone collection efficiency. The
amount of gas pulled from the bottom outlet of the cyclone is determined by
the amount of motive air to the jet. The higher the flow rate of primary (or
motive) air to the jet, the greater the flow rate of secondary gases from the
cyclone. Motive air tothe jet is controlled by a rotameter located in the operating
corridor, and is heated to approximately 200°C by a 7250 Btu/hr electric heater
(located in the operating corridor) to preclude any possibility of condensation
in the area of the jet. To minimize wear in the jet mixing chamber, a boron
carbide liner is employed as shown in Figure VI-29.

5.4 Air Distributor Plate and Cone Drain Lines

After picking up fines from the cyclone, the transport air line drops below
the calciner vessel where the cone and air-distributor-plate drain lines connect
to it. Each of these lines connects to the transport air line through a slide
valve  (section VI-3.2) which is remotely operated from the operating

corridor control panel. A screen is placed over the inlet to the distributor
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