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PPD-TR-~7701

FOREWORD

This first revision to the Radwaste Topical Report No,
PPI-TR-7701 which was originally submitted to the Nuclear
Regulatory Commission (NRC) on March 22, 1978 has been prepared
to reflect (1) an improved process which yields no free standing
water following solidification, (2) process chemicals which can be
stored without degradations for a year or more instead of months,
(3) mixing techniques which yield homogeneous, solid radwaste
billets, and (4) a transfer of the product line from Nuclear
Engineering Company, Inc., Jeifersontown, Kentucky to Teledyne
Energy Systems, Timonium, Marvland.

The name Protective Packaging, Inc. (PPI) has been changed
to the Protective Packaging Division (PPD) of Teledyne Energy
Systems. The trade name of the original chemical process, Tiger
Lock, has been dropped. The improved process is now called U-Form,
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I, INTRODUCT ION
This report describes the Radwaste Solidification System
manufactured by the Protective Packaging Division (PPD) of Teledyne

Energy Systems (TES). The process equipment, chemistry, operational
characteristics and data presented herein are based on systems already
installed and systems in the process of delivery and installation in
operating nuclear power generating plants in this country and over-
seas.

The main attributes of the U-Form Radwaste Solidification System

(RSS) are:

1. The ability to form homogeneous solid radwaste
billets of any desired size in a dry form, i.e.
no free standing water following the solidification
process.

R The ability to store the process chemicals without
degradation of their functions by premature polymeri-
zation for longer periods of time.

3., The low capital cost of a permanent installation and
the low operating cost assouciated with (1) the use of
the U~Form inexpensive process chemicals (2) minimum
manhours reguired for the solidification process, and
(3) minimal maintenance of the simplified pumping and
handling system.

4. The ability to solidify boric acid, sulphate and resin
effluents, and spent filters equally well without
changing the process chemicals,

S The low personnel radiation exposures which can be
achieved by using this systenm.

6. The general safety realized by the use of the U=Form
System., The process chemicals are non-flammable and
in a liquid state which precludes the problems associated
with airborne dust and the inhalation thereof. The
resultant solidified billets &re also non-flammable and
dust free. (Bare, solid 50 ft3 billets stored in the
open have shown no deterioration due to temperature,
rain storms or atmospheric pollution. Their surface
is hard and swocth, typical of the thermosetting
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I. INTRODUCTION (zont'd)
Teledyne Energy Systems developed the U-~Form process mainly

to eliminate the potential for free standing water which occasionally
occurred with the earlier Tiger Iock process. TES also developed a
new air sparging system to replec2, if desired, the mechanical mixers
associated with the original disposable liners. Attendant with the
improved process chemicals came longer lifetimes for storage. Earlier
materials would start polymerizing after a few months of storage,

now no noticeable changes occur for the first year of storage and

only additional test time will determine when the process chemicals
will exhibit a change.

The U~Form process summarized in Figures I-1, I-2 and I-3
utilizes a two-component addition to the radwaste which is to be
solidified. The first addition to the radwaste is an ammonium sulfate
urea catalyst with proprietary additives. This mixture is blended by
the air sparging system as the second component is added. The second
component is non-reacted urea formaldehyde with proprietary additives
which wen mixed with the radwaste and catalyst by the sparging unit
results in an exothermic reaction and a homogeneous solid billet.
Verification of the solidification process in real time can be deter-
mined by observing the temperature profile of the reaction as it takes
place. As mixing and polymerization proceed the temperature increases
uniformly, but at the onset of solidification, the temperature remains
relatively constant for a period of minutes (air sparging is stopped
at this point) and then increases again after the billet has solidi-
fied. This final temperature increase in the billet is due to the
change in the hneat transfer coefficient of the solid billet compared
to the air sparged liguid mix. Finally, a topping cycle is used to
so;idify vapor condensations which have been generated during the warm
solidification process. The topping cycle consists of injecting the
two U-Form chemicals through a static mixer designed into the liner
where they absorb and solidify the condensation liquids in a one to
two inch layer which is simply an extension of the basic solid billet,
At this point all lines are removed by means of quick disconnect
connectcors and the liner is ready for inspection and shipment, Visual
proof of a dry billet can be accomplished, if desired, by removing a
top cover plug or removing a plug at the base of the liner.

A detailed desription of this process is presented in Section VI,
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i o INTRODUCTION (cont'd)
Process Chemistry and Testing.

The physical plant for processing the radwastes (Figure I-4)
consists of (1) a waste blending tank and sampling system with
provisions to adjust the pH of the radwaste for optimum solidification,
(2) two process chemical storage tanks (3) a disposable liner complete
with level and temperature probes, a dewatering line for resins, an
air sparging unit, a static mixer, and (4) the modular pump units and
controls for transferring the radwastes, the U-Form chemicals, and
the dewater liquids. A deta’ "ed schematic of the system is shown
in Figure I-5. T»ig system represents one of Teledyne Energy Systems
actual installations., It should be recognized that each application
may require changes in functions, controls, auxiliary systems, etc.
depending on the particular user's facility, specific requirements,
and/or radwaste cc..position. A complete description of the system
follows in Section II, System Description,
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il. PROCESS DESCRIPTION
The objective of the U-Form system is to collect, sample,

treat and transport liquid and solid radioactive waste materials

anc. ultimately to immobilize them in a form suitable for transport

ani permanent storage. The system consists of a Waste Blending Tank
with accessories, two Chemical Addition Tanks, a Catalyst Solution Tank,
a Urea Formaldehyde Concentrate (UFC) Tank, a Radwaste Pump, a Catalyst
Pump, a Dewatering Pump, two Chemical Addition Pumps, a Recirculation
Pump, a UFC Pump, Disposable Containers, and miscellaneous piping,
valves and hoses. The basic flow diagram of the U-Form radwaste
solidification system is shown in Figure I-5.

The Waste Blending Tank is a cylindrical vertical tank, with
flanged and dished heads. Its internal equipment includes dewatering
filters, a spray nozzle, a sparging ring, and a motor-driven agitator,
Accessory equipment includes a racirculation pump, an ultrasonic
level sensor, a radiation detector and an external heater. Since
this tank receives and processes all radioactive liquid and slurry
wastes, it requires installation inside heavy structural shielding.

The tank's external heater is used to adjust tank temperature and

if necessary, to preclude crystallization of boric acid concentrations,
although the presence of additives will minimize that possibility. An
ultrasonic level detector monitors tank liquid level and a radiation
monitor records radiation level at a set distance from the tank. Piping
is arranged so that resin bheads cannot coliect but flow through the
system unobstructed,

The conposition of the radwaste to be solidified determines
what functions are performed in the Waste Blending Tank. If resin
radwaste is to be solidified it is singularly introduced to the Waste
Blending Tank, dewatered, then reslurried with aquecus radwaste from
2vaporator bottoms. If liquid radwaste alone is to be solidified,
it is similarly pumped into the Wazste Blending Tank, but does not
require dewatering,

Alier the Waste Blending Tank has been filled to the desireu
level, the contents are agitated to ensure a homogenecus mixture.

This radwaste mixture is then pumped through the recirculation system
for a sufficient period of time to assure that the contents of the
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1X, PROCESS DESCRIPTION (cont'd)
loop are representative of the Waste Blending Tank co tenteg, While

the radwaste is recirculating, the pH is constantly being monitored
and recorded. The pH can be adjusted by incrementally adding either
a 10% sulfuric acid solution or a 40% sodium hydroxide solution
directly into the Waste Blending Tank through separate chemical
addition lines by means of a metering pump.

Experience has shown that optimum solidification takes place
at a moderately acid pH, betwen 5 and 7. A lower pH does not bar
solidification, but it may shorten the reaction time and result in
a more acidic end product. After the chemical treatment has concluded
as specified in the Process Control Program, the four-way valve in
the recirculation pump discharge line is activated to the sample
position sending recirculating radwaste into the sampling system.

A sample is taken and analyzed by the plant chemistry lab to
determine the specific ratio of solidification chemicals as outlined
in the Process Control Program. The line is then flushed with air to
clean out the sample line. After the sample has been evaluated and/or
solidified, discharge of radwaste from the Waste Blending Tank can
begin.

There are two general solidificerion situations which are to
be faced.

The first, and most usual situation, involves solidification of
liquid effluents discharged from the Waste Blending Tank, which may
or may not contain suspended solids or particulates. 1In this instance,
the liquid effluents are pumped into the disposable liner, chemicals
are added, the liner contents are agitated t .ssure a homogeneous
mixture, and solidification occurs.

The second situation provides for the encapsulation of solid
ocbjects, such as filter cartridges, within a block of solidified
waste, The only differentiation between the two situations is that
the disposable liner is first fitted with an internal basket,
which is designed to catch and hold the filter, prior to receiving
the liquid radwaste. Detailed procedures for conducting these
operations are presented in Section IV,

A third situation, used only in emergency situations when the
Waste Blending Tank must be by-passed, will permit dewatering of

resin beads in the disposable liner, followed by a solidification
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g PROCESS DESCRIPTION (cont'd)
process conducted in the normal manner. This situation is not con-

sidered to be a regular operation.

A brief discussion of the types of radwaste forms treated by
the U-Form system is described below. A detailed chemical description
and test results is given in Section VI,

Aqueous Solutions

Within the limitations of solubility and acceptable solidifi-
cation tempcratures, concentrations of 8-12% by weight boric acid and

15-22% by woight sodium sulfate define the maximum levels of these
salts that the U-Form system is designed to process. The incorpor=-
ation of a Waste Blending Tank improves the handling of these streams
by permitting adjusting of temperatures and pH, and diluting the mater-
ials with less concentrated floor drains and decontamination rinses.
The introduction of other salts and laundry chemicals at their antici-
pated concentrations has not interfered with satisfactory solidifica-
tion results.

Among the major aqu3acusz radwaste constituents, there are
distinctive chemical differences <hat influence solidification pro-
cecures. Boric acid in solution rromotes a fast reaction rate of the
U-Form concentrate and the catalyst mixture., At the higher end of
the maximum concentration range, the boric #cid reaction does not allow
sufficient time for adding all the solidification components before
the gelling stage begins, and results in some crystallization of
boric acid. Injecting a small amount of 40% sodium hydroxide to the
Waste Blending Tank increases the reaction time to allow full addition
of solidification components before gelling has started, and sharply
reduces the crystallization temperature of the solution. Only a
small portion of the boric acid converted to sodium borate facilitates
the improvement, Solutions of boric acid at 120°F and adjusted to
pH = 6 with sodium hydroxide have been solidified successfully to dry
solids in fifty cubic foot liners using a radwaste to U-Form chemicals
volume ratio of about 1.25 (55% radwaste per billet).

Higher concentrations of sodium sulfate also require special
treatment but of a different nature. Sodium sulfate promotes faster
U-Form reaction but not by introducing new acidity. It is rather a
concentration effect that is not significantly improved by adding a

0001046
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11, PROCESS DESCRIPTION (cont'd)
reasonable amount of sodium hydroxide. Restricting solution temyper-

ature to 110°F and using a radwaste to U-~Form chemicals volume ratio
of about 0.85 provides good results. The volume ratio criteria is
especially significant, Solutions diluted to 10-12% or less and/or
containing boric acid and other salts will solidify at higher
volume ratios approaching those required for boric acii solutions.

Slurries

Ion-exchange resin beads make up the principal insoluble
components in slurries to be solidified., Dirt from floor drains, iron
oxide rust, and filter aid particles are other components in slurries,
but should not significantly complicate solidification at anticipated
concentrations expected in practical operations.

Both cationic and anionic forms of resin beads either virgin
or in various spent conditions can influence urea-formaldehyde
solidification. Although blending with boric acid solution or other
radwaste does minimize resin bead influence, optimum treatment should
be based upon laboratory pre-test observation. The potential acid-
neutralizing or exchange capability of resin beads is not indicated
by pH readings. It has been found that bead reaction sites may in-
activate the necessary catalytic sulfuric acid that normally forms
during the early stages of solidification., Without the injection of
10% sulfuric acid to replace that amount that was removed, the
solidification only proceeds to a wet, paste-like condition., Slurries
of resin beads that may be dewatered leaving only a wet itake to be
solidified may require a combination of steps for success:ful treatment.
First, no more than 1.5 volumes of dewatered resin beads should be
mixed with 1 volume of combined chemical components., If a su~ ‘ess-
ful laboratory solidification is not obtained under these condi.ions
within 1 hour after mixing, acid adjustment with 10% sulfuric acid is
indicated. A slurry of the dewatered resin beads and the catalyst
mixture should be acidified until the pH is reduced one full unit,
Then the urea-formaldehyde concentrate should be added and the solidi-
fication observed, Slow or incomplete hardening may indicate that
a lower adjusted pH value is required. As mentioned earlier, resins
can be re-slurried with liquid radwaste if desired.
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Solids
One important consideration in the selection of agitation by

air mixing was the disposal problem associated with radioactive filter
cartridges in either fifty cubic foot liners or in some cases, fifty-
five gallon drums. Since the air sparger system does not require a
rigid agitator shaft, objects may be properly suspended in the geometric
center of the container, and then surrounded by solidified material,
preferably containing boric acid for improved shielding. 1In the absence
of appropriate radwaste liquid, tap water must be used as a replace-
ment. Approximately 1.0~-1.2 volumes of tap water combined with 0.5
volume each of solidification components will form a firm, dry matrix.
Immobilization of objects with undiluted solidification components
should never be attempted as the resultant exotherm will be very active,
and may result in boiling, which creates a porous, non-homogcneous
billet.

Organics - Oils

The U-Form process has shown an ability to tolerate oils of
varying weights when ratios have not exceeded 1.0 parts of oil to
1.0 parts of the combined chemicals. Therefore the contamination of
waste effluents with trace amounts of oils is no problem. Where it
is desired to solidify hydrocarbon o0il as the sole waste, it will be
necessary to mix 1.0 volume of o0il with 0.5 volumes each of combined
chemicals.
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111, EQUIPMENT DESCRIPTION
Waste Blending Tank

The Waste Blending Tank subsystem provides the system the
capability to hold, control the temperature, analyze, and chemically
adjust quantities of radwaste before it is pumped into a disposable
container for solidification. Ti.e Waste “slending Tank is a common
preprocessing collection point for radwaste streams from plant storage
tanks. At this collection point the tank's contents may be adjusted
cver a wide range. For example, resin beads may be dewatered in the
tank and then reslurried with aqueous radwaste from evaporator bottoms
prior to transfer to a disposable container. The Waste Blending Tank
subsystem includes a method for adding chemicals to adjust the pH
of the tank contents and for sampling the contents. This allows pH
to be set within the range required for solidification when U=Form
chemicals are injected into the disposable container with the rad~
waste. By providing a large margin of control over various parameters
of the radwaste prior to pumping it into a disposable container, the
Waste Blending Tank subsystem gives consistent results and a high level
of predictability of the final product.

The Waste Blending Tank has a nominal 1550 gallon capacity and
is a stainless steel type 316 cylindrical vertical tank, with flanged
and dished heads. 1Its internal equipment includes a dewater filter
assembly, a spray nozzle, a top entering motor-driven agitator, and
a ring sparger., Accessory equipment includes a filter, water trap
and pressure switch assembly, an ultrasonic level sensor, a radiation
detector, a high liquid level sensor and an external heater with
controls. The motor-driven agitator, in conjunction with the action
of the recirculation pump, homogenizes and recirculates the tank
contents to provide a uniform mixture for sampling, treatment and
disposition. The tank's external heater is used to adjust tempera-
ture if necessary to prevent crystallization of high percentage boric
acid concentrations, although the presence of adjusting chemical
additives will minimize that possibility. The high liquid level
sensor is used to detect a tank overfill condition. An ultrasonic level
detector monitors tank liquid level, and a radiation detector records

radiation level at a set distance from the tank. Piping is arranged
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Waste Blending Tank (cont'd)

80 that no opportunity ‘s afforded for resin bLeads to collect.
Pump suctions are taken through vertical internal standpipes (except
for the fi:ter suction); all other penetrations are made either through
the top or the side of the tank,

Dewater Filter Assembly

One function of the WBT is to dewater ion exchange resins,

The resins are first piped into the WBT in slurry form by plant pumps
(not part of _his system). Next, the water used to make up the slurry
is returned to the plant for re-use. In the Emergency Bypass-Fill and
Dewater Liner process, this dewatering may be done in a disposable
liner. Aqueous radwaste, such as boric acid, may then be used to
re-constitute, or re-slurry the resin beads. When done in a disposable
liner, soljdification chemicals are also added during the re-slurry
operation. A disadvantage is that little control can be maintained on
the pH of the combined resins, aqueous radwaste, solidification
chemicals, and catalyst once all or part are in the end container.
With the WBT, dewatering is done in the tank itself, and during
addition of aqueous radwaste, the solids contents (percent of resin
beads in agueous radwaste) can be controlled and the pl adjusted if
reguired., The dewater filter is an array of stainless steel wire
coils. The outside surface of the wire is flat. The spacing between
the narrowest openings in the coil is 25 microns. This configuration
allows clogging that occurs when a particle becomes tightly wedged
between the filtering gaps to be easily unclogged by backflushing.
This type filter has been used in many applications and is well
known in the power generation industry., The Dewater Filter Assembly
consists of a manifold with an array of fourteen filters as shown
in Figure III~-1,

Ultrasonic Level Probe

The Ultrasonic Level Probe is a reliable non-contact method
for measuring the level of the Waste Blending Tank contents. The
Level Probe Assembly consists of a corrosion resistant sensor and
solid state electronics. The electronics send a series of high
powered pulses to the sensor which are transformed to acoustical
pulses. The echos received from the target material are amplified
and detected. The electronics produce a DC voltage and current output
proportional to the distance to the material,
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High Level Probe
The High Level Probe is a Fluid Components Model 8-66 heat
actuated liquid level controller which shuts the system off if the

level of the Waste Blending Tank contents exceeds 100% set point.
The probe will detect the presence or absence of any liquid regard-
less of type, viscosity, density, temperature, pressure Or other
characteristic. All parts of the probe which are'exposed to the
contents of the Waste Blending Tank are stainless:steel. The elec~
tronic circuitry is completely solid state.

Radiation Monitor System

A General Atomic Radiation Monitoring System monitors the
Waste Blending Tank room. This system consists of a Model RD-1
Monitor mounted in the WBT room and a Model RP-1A Readout Module on
the Control Panel. The system has adjustable setpoints so that the
system annunciators may be activated when the radiation leve’ .xceeds
the setpoint value.

Spray Nozzle

This assembly is located near the top center of the WBT. The
sprinkler is used to (a) wash down the internal surfaces of the WBT
and (b) to add water to the WBT if required to dilute the tank
contents. Washdown is part of a periodic routine to clean any
residue from tank internals.

Heater and Controls

The Waste Blending Tank and associated piping that might
carry boric acid must be heated. Boric acid crystallizes at approx-
imately 97°F for an 8% solution and 160°F for a 16% solution. The
heater is automatically activated by system logic duriang the WBT
Fill operations (either Liquid or Resin) and when:ver there is
radwaste remaining in the WBT.

Filter and Vent Assembly

During the filling of a disposable contain»r, the air displaced
by the entering ligquids and the air introduced into the container for
mixing, are vented to the plant ventilation system via this assembly.
The Filter and Vent Assembly is composed of a filter assembly and
vapor trap, which are piped in series with the plant's vent line to

remove any air-borne particulate matter or liquid which could be
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Filter and Vent Assembly (cont'd)
exhausted into the vent system during radwaste processing. The

filter assembly contains a filter element(s) capable of removing
particles larger than 5 microns. The vapor trap containg a float
which closes the vent line when a given quantity of liquid is
accumulated in the trap. When the float closes off the vent line, a
pressure sensing switch in the Filter and Vent Assembly is activated
causing the system to perform an ABNORMAL STOP, The annunciator panel
light marked DISPOSABLE CONTAINER OVERPRESSURE will be illuminated
on the control panel and an alarm horn will be sounded. This type
of vent line malfunction results in an immediate shutdown of the
radwaste processing system. Periodic maintenance of the Filter and
Vent Assembly should eliminate the frequent occurrence of this
malfunction.

The exact same Filter and Vent Assembly is also provided for
the plant vent line piped to the Waste Blending Tank (WBT). The
assembly serves the same function in the WBT vent line and will also

result in a system ABNORMAL STOP and controi panel annunciation.
Flow Detector

The Waste Blending Tank inlet line is equipped with a Fluid
Components Model 12-64 thermally activated flow switch. This is an
interlock device to prevent the inlet pump from being operated if
no flow is present due to clogging, air entry or any other abnormal
condition,

Mixer Arrangement

The Waste Blending Tank Mixer Assembly is shown in Figure
IT1I-2, The heavy duty top entering mixer motor is rated 5 hp, 60
hertz, 3 phase electrical service. All mixer wetted parts are of type
316 stainless steel construction,
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Chemical Addition System

The two component system requires the use of two pH adjust-
ment chemicals; 10% HZSO4 to lower the pH and 40% NaOH to raise the
pH of the Waste Blending Tank contents.

The tanks have a capacity of 150 gallons and are self=-
supporting., The tanks are constructed from 316 stainless steel to
provide optimum cor.osion resistance. Adding the chemicals to the
tanks is done manually bv pouring the chemical into an equal amount
of water already in the tank. A sturdy platform should be permanently
installed at the tanks so the chemicals can be added with maximum
safety.

Each of the chemicals is pumped into the Waste Blending Tank
via its own metering type pump and chemical addition line. The
chemical addition pumps are Moyno progressing cavity type pumps with
all wetted metal surfaces constructed of stainless steel type 316.
The stator of the H2504 pump is manufactured from Hypolon and the
stator of the NaOH pump from Epdm, Each pump is rated 1/2 hp, 1425
rpm for 190-380 volts, 60 hertz, 3 phase electrical service. The
pumps add chemicals to the WBT at a rate of 3 gpm,

WBT Recirculation Module

The Waste Blending Tank Recirculation/Sample System serves
three functions:

(a) To recirculate the contents of the Waste Blending Tank
s0 that a representative sample of the contents may be obtained.
(b) To monitor the pH of the Waste Blending Tank contents

as they recirculate to identify the chemicals required for »H
adjustment.

(c) To provide a sample from the Waste Blending Tank
contents so that it can be analyzed and solidified.

All metal wetted surfaces of the valves and piping are con-
structed of stainless steel type 316 and are capable of handling the
Waste Blending Tank contents with minimum corrosion effects. All
valves except maintenance valves are either automatically control=-
lable or controllable through a shielding wall.
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WBT Recirculation Module (cont'd)
Figure III-3 shows a diagram of the components of the loop.

All valves are "Tufline" except the check valves which are "Powell"
type. The valve actuator is a Raymond Control System type.

The next illustration, Figure I1II-4 shows the physical arrange-
ment of the sampling loop; this arrangement is not obvious from the
system schematic. Note that a loop exists that will hold, by gravity,
the loop contents when the pump stops. As will be shown later, the
lower valve on the loop (sample valve) and the upper (vent) valve in
the loop, when opened, will allow the loop contents to be drained.
This arrangement limits the sample quantity to a definite amount.
When the volume of this part of the loop is known, a sample container
can be designed to contain this amount without the possibility of an
overflow occurring. Recommended piping bends in the loop are
5 diameter bends, minimum,

The next illustration, Figure III-5, shows the loop valves
in a status that permits normal recirculation of the Waste Blending
Tank contents. Dark-shaded valve ports indicate ports that are
blocked.

Figure III-6 shows the valve conditions set for recirculation
in the sample loop. This condition must be maintained for sufficient
time to assure that the contents of the sample loop are representative
of the tank contents,

Figure III-7 shows the loop in a condition to be drained.

Note that the Waste Blending Tank recirculation path has also been
re-established, although it is not necessary to maintain pump oper-
ation unless a recirculation phase is desired.

After sampling, a flush cycle is required to clear the sample
loop. The conditions for performing this function are shown in
Figure III-8, Resin beads have a tendency to adhere to piping walls
even if piping is run in a vertical manner. In addition, resin
plugging can occur if sufficient velocity is not maintained. Both
phenomena may be observed in the sampling loop, so flushing is
mandatory. The quantity of resin beads remaining in the loop after
sampling may be insignificant when compared to the total quantity
of resin beads in the sample, Nevertheless, flushing is still re-
quired to aid in clean-up of the sample loop and recirculation
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Recirculation Pump

The Recirculation Pump is a Moyno lL6é progressive cavity type
pump with all wetted metal surfaces constructed of 316 stainless
steel, The pump is rated 2 hp, 60 hertz, 3 phase electrical service.
The contents of the WBT are recirculated at a rate of ~15 gpm. The
motor is coupled to the pump through a V-belt and pulley combination
to achieve the pump output that is required for recirculation,

pPH Monitor

"he pH of the WBT contents is constantly monitored during the
recirculation process by a Beckman Model 960~A pH Monitcr. The
monitor features a dual high/low relay contact closure for hook=-up
to annunciators. The pH menitor is interlock<d so that the Fill
Liner process will not proceed until the pH is adjusted to within
acceptable limits of >5 and <7.

Process Module

The Process Module as shown in Figure III-9 consists of the
required pumps, valves and instrumentation necessary for transporting,
controlling and ultimate processing of liquid radwaste and solidifi-
cation chemicals, The pumps, valves and instrumentation are mounted
on a commnhn base for convenience, All pumps (radwaste, dewatering,
UFC and catalyst) are of the positive displacement type and are
driven by electric motors. The catalyst, UFC and dewater pumps are
Moyno types 2L3, These pumps are capable of pumping at a maximum
rate of 10 gpm. The radwaste pump is a Moyno type 1L6 and pumps
at a rate of 15 gpm. The type and model of each pump and motor is
given in the Moyno pump data, Roper pump data, and GE motor data in
the appendix. The UFC and catalyst pump are driven by variable spered
direct current motors, The radwaste and dewater pumps are driven by
constant speed AC motors. A three position electrically operated
valve is mounted at the radwaste pump inlet to control the flow of
radwaste and flush water through the system, Flow sensor and
pressure switches are mountedin the piping. These units transmit
electrical signals to the control module to regulate the pumps and
valves for each of the processes; they also perform as safety devices
to stop a process in the event of an abnormal condition,
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Control Module
All of the automatic control logic is contained within the

control module. Each solid-state module is easily inserted or removed
for replacement. Figure III-10 is a photo of the control panel., The
process selector and all other switches needed to select and control
the processes, waste materials, etc. as well as all indicator lights
required to monitor the automatic processes are located on this

panel. The seven solidification and packaging processes are controlled
by a selector button on the face of the panel. The seven automatic
processes available to the operator are: WBT Fill-Liquid, WBT Fill

& Dewater Resins, Fill & Solidify, Fill Only, Solidify Only, Emergency
Bypass~-Fill Liner, Emergency Bypass-Fill and Dewater Liner and
Recirculation. For any of these processes, the selector button of

the desired process must be depressed in conjunction with the start
button. The indicator lights for each process indicate the process
selected or in progress. Additional indicator lights are labeled and
show the operation of the dewater pump, radwaste pump, UFC pump,
catalyst pump and disposable container sparger. The lights labeled
dewater flow, radwaste flow, etc. prove that there is flow through
these respective systems; they "blink" when flow is e:xpected, or
pending, and glow steadily after flow is established. These flow
indicators receive their signals from the flow switches on the

dewater puwp, radwaste pump, UFC pump, catalyst pump, WBT inlet line,
and recirculation line. The operation of WBT inlet valve MOV 4

is indicated by the three-position lights "Resins Open", "Close"

and "Liquid Open". These lights blink as the valves shift and remain
on steady to indicate the final position, The 100% full and 90%

full indicators shew the level of material in the liner., The "over
pressure", "overfill" and "radiation limits exceeded", "valve
inoperative", "flush water or sparger air unavailable" and "no flow"
lights indicate abnormal or emergency conditions. The solid state
logic system consists of an array of electronic modules and their
inter-connecting wiring, These modules receive information in the
form of electrical signals from the process module, liner level

probe, etc,, assimilate and correlate this information, and produce

an output in the form of another electrical signal, The various
output signals are amp’ | and relayved to the pump and valves to
control the processes nd also light the indicator lights in the panel.
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Control Module (cont'd)
Thus, the actions taken by the process module are the result of the

schedule of the particular process selected and the level of material
in the liner.

The control logic features the following interlocks.
Process Interlock

Process selection is interlocked such that once the start
button is depressed for a particular process, that process will
continue until ccmpletion even if the selector switch position is
changed and the start button depressed again., This precludes the
possibility cf mixed processes, evaporator concentrates being
dewatered, etc, .
Process Stop

Any process may be stopped at any time by depressing the stop
button. Restart the system by depressing the reset button. If the
process is stopped while the radwaste pump is operating, aucvomatic
flush will take place.

Power Failure

In the event of a power failure, the memory units will cause
the system to resume the original process when power is restored (reset
button and start buttons must be depressed).

Valve/System Interlocks

Both the three-way radwaste valves are interlocked so that the |
radwaste pump motor cannot start until either valve is fully opened,
Proof of Flow Circuit

If flow dces not commence within a predetermined time after
pumps start up, the system will stop and the Abnormal Stop light will
come on., This will occur if flow stops during any process., (Rad-

waste, UFC, Catalyst or Dewater Process),

Indicatsr Lights

A blinking indicator light shows that the electronic control

system is demanding a certain action and that action is not completed;
a steady indicator light verifies cumplete action or a stable

condition.
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Indicator Lights (cont'd)
£ingle unit (blinking) indicator lights are provided for each

of the four flow indicator switches. Blinking indicator lights are
also used to prove the action of the three-way valves. Single unit
indicator lights go on with each of the pump motors. Additional
single unit lights are used to label the six processes. A light
indicates waste liner /0% full, waste liner 100% full, or liner mixer
in operations., Other lights indicate emergency condi*ions: "“over-
fill", “"over=-pressure", or "rad-exceed".

Radiution Level Exceed Interlock

If either "high" (cask surface) or "low" (10 ft., from source)
radiation level is exceeded, the rad-exceed and abnormal stop lights
BOTH come on, and the system stops., 1if the radwaste pump is operating
when rad-exceeds, automatic flush will take place.

Overfill Interlock

If the liner is filled above the normal (100%) level, the system
will stop and the overfill and abnormal stop lights will come on.

No automatic flush will occur.

Over~-Pressure Interlock

T

iI an over-pressure condition occurs in the process module
lines or disposable liner, the over-pressure and abnormal stop lights
will BOTH come on and the system will stop; without automatic flush.

Failed Electrical Connection Lock=-0Out

If the electrical circuitry from the control panel to the
waste liner becomes "open" (due to a poor connection at the liner
level probe receptacle) or for any other reason, the system will
"Abnormal Stop". An unconnected or improperly connected liner level
probe plug will prevent the system from starting initially.

Dewater Low-Vacuum Cut-Off

If the vacuum at the suction side of the dewater pump drops
to a pre-determined low valiue, the pump will shut off. This normally
signifies completion of a dewatering cycle, as air is drawn through
essentially dry material, but it may also be the result of a failed
suction hose, leaking connections, etc.
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Dewater High-Vacuum Cut-Off
If the vacuum at the dewater pump suction should bzcome abnor-

mally high, the pump will shut off. This condition is almost always
due to a clogged dewater filter (in the disposable liner) and may
result if dewatering of material containing very fine particles is
attempted.
Catalyst Low Level Interlock
I1f catalyst level drops below the minimum level during a process,

catel-st low light will come on; the process will continue tc a normal
completion, The system will refuse to start again until the supply
tank has been replenished, The recommended minimum quantity of
catalyst is approximately 50 gallons.

Audible Alarm Silence Interlock

If the audible alarm has been silenced, the system cannot be
restarted until the alarm silence szlector switch is placed in the
alarm connected position to ensure that an audible alarm will be
received if an abnormal condition should occur,

Power Module

The power module contains the 3-phase power distribution panels,
transformers, motor starters, SCR (variable speed direct current motor)
drives, power supplies for the logic and contreol systems, single
phase distribution panel, and relays. The arrangement and location of
these devices is shown on Figure III-11, The rpm of the U-Form and
catalyst pumps are adjusted by rotating the speed adjusters on the
respective SCR drive unit., All pumps and both 3-way valves may be
controlled manually by the hand control switches on the SCR's, motor
starters, or valve control relay buttons,

Filter Transfer Cask

The Filter Transfer Cask (Figure II1I-12) is a lead lined

container with a removable bottom for receiving and discharging spent

filter elements, The interior of the transfer cask is fabricated
from stainless steel to minimize contamination problems and the

exterior is fabricated from carbon steel to provide durability and
structural integrity. Sandwiched between the two steel shells is
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Filter Transfer Cask (cont'd)

approximately 6 inches of lead to attenuate the radiation from the
highest activity filter to less than 01 rem/hr. at the outer surface
of the cask, The cask is designed for remote handling and operation
to reduce the exposure time of an operator in the radiation field.
The grapple assembly (Figure III-14) 1is designed to engage the filter
elements and is operated by a separate pendant switch incorporated
in the cask/hoist controls. The grapple is fail-safe in design to
prevent a filter element from being released during a power failure
o¢ similar problem,

Disposable Liners

Moegt disposable liners are 50 ft3 sheet steel tanks in which
solidification takes place. An air sparger is mounted internally for
reliable, efficient mixing of the radwaste and chemicals. All liners
are prot~~ »d on the exterior surface with a coat of industrial
primer. interior surfaces are protected from corrosion with a
coal tar cpoxy coating., The level of material in each liner is
detected electrically using 6 electrodes secured to the vertical
instrumentation probe. The liners are shown in Figure III-~-14
and descrir.2 kzlow.

Type I Liner

This liner is a closed tank supplied with male quick
disconnect fittingys for radwaste, catalyst, UFC, compressed air,
and vent line attachment, This liner should be used only in conjunc=-
tion with the Fill & Solidify, Fill Only, Solidify Only and Emergen=-
cy Bypass-Fill Liner automatic processes.

Type 11 Liner

This liner is the same as the Type I liner with the additional
capability to dewater resin beads. This liner may only be used in
conjunction with tne Emergency Bypasg:~Fill and Dewater Liner
automatic process.

Type II1II Liner

This liner is provided with a removable top and a centrally
suspended basket, With the top removed, this liner will receive a
spent filter cartridge. The top is installed and secured in place,
then the liner is filled with radwaste and solidified, entrapping
the filter cartridge. This liner may only be used in conjunction
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Type I11I (cont'd)
with the Fill & Solidify, Fill Only, Solidify Only and Emergency
Bypass~Fill Liner automatic processes,
55 Gallon Drum
The drums are DOT 17H type 55-callon steel drums with

removable heads as shown in Figure III-15, In the appendix is a
standard specification (ANSI for DOT 17H, universal drums., Each
drum is provided with a lid modified to meet the requirements of the
drum capper and a rigid polyethylene liner and 1id for internal
corrosion protection. The stacking capacity of the DOT 17H drums
was tested by Monsanto Research Corporation's Mound Facility
(Miamisburg, Ohio). An empty DOT 17H drum was subjected to a dead
load of 4,500 pounds for 24 hours without damagirg the drum, This
test suggests that seven of these drums, filled with solidified rad-
waste, could easily be stacked in a vertical configuration without
jecpardizing the integrity of the drums.

Fill and Washdown Station

The Fill and Washdown Station contains the necessary equipment

and facilities for filling, securing and decontaminating a disposable
container (either 55-gallon drum or 50 ft3 liner) in nreparation for
shipment. The processing area requires a floor space of approximately
12' by 24' exclusive of walls. A straight, 20' set of guide rails

set flush in the floor and paralieling a shielding wall moves a
motor-operated rail cart through the processing area. There are four
stations located along this rail. The first station is a Loading
Position. The plant overhead crane is used to position an open, empty
55=-gallon drum on the rail cart initially located in this area. With
remote contreols, located on the other side of the shielding wall, the
cart containing the drum is moved to the second station, the Fill
Station. At this position, a jib crane lowers the Fill Shield and Mixer
Assembly to contact the top edge of the open drum. The operator then
initiates the fill and solidify process or other process selected on
the system control painel. When this is complete, the cart containing

{
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Fill and Washdown Station (cont'd)

the filled, open, 55-gallon drum is moved to the Capping Station,
The operator loads the drum 1id on the overhead lid positioning device
on the control station side of the shielding wall, and actuates a
control that moves the lid to the "hot" side of the wall and positions
it on the drum, tightening the circular band that secures the 1lid
to the drum. (The standard 3 1/2" ring bolt on the band is replaced
by a 7" bolt).

Transportation S'iields

The 50 ft> liner lead shield thickness is 4 inches. The unit
weighs approximately 26,400 pou.ds, is avproximately 60 inches in
diameter by 60 inches in height. Two lids :re bolted onto the
unit after a liner is inserted; a primary lil and a secondary 1lid.

The former weighs approximately 1,100 pmouris, the latter approximately
2,000 pounds.

A drum transportation shield is recommended for handling 55~
gallon drums in the radwaste fill area and for transporting the filled
drums to the drum storage area. It is recommended that the 55-gallon
drum be inside a transportation shield prior to disposal and solidi-
fication of a spent filter cartridge as well as normal radwaste
solidification. The transportation shield is designed to mate with
the spent filter transfer cask body to enable a spent filter to be
discharged into the drum while the drum is completely shielded.

The shield is maneuvered by a facility bridge crane using a
sling which remains attached to the transportation shield 1lid. This
sling can be removed from the 'id and attached to the shield body for
purposes of moving only the shield body. With the shield 1lid removed,
enough area of the drum is exposed to enable conventional 55-gallon
drum handling tools to be used to remove the filled drum from the
shield. The inside bottom surface of the shield is sloped to enable
decontamination water to be drained from the shield thiough a built-
in drain.
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IV. SYSTEM OPERATIONS
. A. WASTE BLENDING TANK
1. Dewatering and Reslurrying

The dewater proces« provides the capability for removing
transport water from a resin bead slurry and returning
it to the power plant for reuse. Dewatered resin beads
can then be reslurried with a controlled amount of
aqueous evaporator bottoms. This concentrated radwaste
mixture of resin beads and evaporator bottoms allows
the plant to solidify much more efficiently and economi=-
cally. The dewatering/re-slurrying sequence is an
integral part of two fully automatic processes; Fill
WBT-Resins, and Emergency Bypass Fill and Dewater,
Logic sequences for each of these processes are appended
to this section., 1In the former process, which is used
most often, resins are dewatered in the Waste Blending
Tank. In the latter case, which is seldom used, resins
are dewatered in a disposable container which has been
adapted with a dewater filter assembly., The dewater
filter assembly is an array of stainless steel wire
coils with narrow slots 25 microns in width. The
design allows the filter to be easily unclogged by
backflushing should particles become wedged between the
filter gaps. The dewater sequence for the Waste
Blending Tank consists of filling the tank to a preset
level (level C in Figure IV=-1l) with a slurry of water
and resin beads. Once the level sensor detects that
level C has been reached, the dewater pump, P101,
starts and continues until all of the transport water
has been drawn off, leaving a layer of dewatered resin
beads., The control principle is a low vacuum signal
from the dewater pump pressure switch, PS103 and an
appropriate level signal from the level sensor, LIl.
With both signals present, the tank must have material

to a certain height (C) and that material must be
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Dewatering and Reslurrying (cont'd)

When this cccurs valve MOV 4 rotates to the liquids
position and the WBT is filled to level B with evaporator
bottoms, Level B is calculated to replace only enough
liquid to produce a pumpable slurry. The WBT sparger
and mixer start and continue to mix until the tank is
empty.

WBT FILL - RESINS

1.

Operator closes manual valves V6, V7, V11, V12, V205,
V206, v214, v215, v210, v212 if open and opens manual
valves V3, V4, V5, v10, V201, V203, v204, V207, V208,
V209, v211, v213, v216 if closed. Operator manually
rotates V1 to the UFC tank/UFC pump position and V2

to the urea catalyst/urea catalyst pump position,
Operator sele~ts either BDTS or LWPS resin waste for
processing by pressin¢ the corresponding button on

the control panel.

Operator depresses the WBT Fill ~ Resin process "on"
button,

WBT heater is automatically activated if the temperature
of the WBT is below 120°F as detected by the temperature
probe. The high level detector, level sensor and radia-
tion monitor are on continuously.

Motor operated valves rotate to their normal start
positions as defined below.

MOV 1 closed

MOV 2 closed

MOV 3 WBT/radwaste discharge position

MOV 4 =losed

MOV S5 recirculation pumy/WRT position

MOV 6 WBT/recirculation pump positio

MOV 7 closed

MOV 101 closed

MOV 102 WBT/dewater pump position

HV 2473 closed

HV 2474 closed 9000'080

HV 4220 closed

HV 7756 closed
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If the operator pressed the LWPS resin waste button

the process proceeds as follows:

(a) Valve HV 4220 rotates open

(b) Valve HV 2473 rotates open, then after an interval
for backflushing, closes

The sequence proceeds with Step 8.

I1f the operator pressed the BDTS resin waste button the

process proceeds as follows:

(a) Valve HV 7756 rotates open

(b) Valve HV 2474 rotates open, then after an interval
for backflushing, closes.

The sequence proceeds with Step 8.

Operator depresses the system "start" button. Valve

MOV 4 rotates to the resins position,

The plant resin waste discharge pump starts and continues

to pump until the contents of the WBT reach a 50% level.

For this to occur the following operating conditions

must exist:

(a) Flow detector FD2 senses flow

(b) Pressure switch PS1 high pressure limit has not
been reached

(c) High level detector LT2 overfill condition has
not been reached

(d) Radiation monitor high radiation limit has not
been reached

(e) Flush water is available

The seguence proceeds with Step 1ll.

The plant waste discharge pump does not start or starts

and shuts off due to one of the abnormal conditions

listed below. Syster alarm will scund identifying the

abnormality; operator must depress "silence" button

to stop alarm,

(a) Flow detector FD2 does not sense flow

(b) Pressure switch PS1 high pressure limit has
been reached

(c) High level detector LT2 overfill condition has

been reached 9000‘ 08 ]
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(cont'd)
(d) Radiation monitor high radiation limit has

been veached
(e) Flush water is not available
Operator must manually resolve abnormality prior to
proceeding, Once the abnormality has been resolved the
operator presses the RESET and CONTINUE buttons which
restarts the system at the point at which it was halted.
If the operator initially pressed the LWPS resin waste
button the process proceeds as follows:

(a) Valve HV 4220 closes

(b) Valve HV 2473 opens while the waste discharge
pump continues to run

(ec) After an interval pump M5 shuts off and valve
HV 4220 opens

(d) After an interval HV 4220 and HV 2473 close

The sequence proceeds with Step 13,
If the operator initially pressed the BDTS resin waste
button the process proceeds as follows:

(a) Valve HV 7756 closes

(b) Valve HV 2474 opens while the waste discharge
pump is still running

(c) After an interval pump M5 shuts off and valve
HV 7756 opens

(d) After an interval HV 2474 and HV 7756 close

The sequence proceeds with Step 13.

WBT inlet valve MOV 4 closes.

Valve MOV 7 opens.

Dewater pump P 101 starts and continues until tie resin

beads are dewatered as detected by the pimp suction

pressure switch PS5 (low vacuum), The following normal

operating conditions must exist for this to occur:

(a) Flow detector FD104 senses flow

(b) Pump discharge pressure switch PS103 high
pressure limit has not been reached

(e) Pump suction pressure switch PS5 high vacuum

limit has not been reached

(d) Flush water is available. 9000‘082
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(cont'd)
Sequence proceeds with Step 18,
Dewater pump P10l does not start or starts and shuts
off due to one of the abnormal conditions listed below.
A system alarm will sound; operator must depress the
"silence" button to stop the alarm.
(a) Flow detector FD104 does not sense flow
(b) Pump discharge pressure switch PS103 high pressure

limit has been reached

(c) Flush water is not available
Operator must manually resolve abnormality prior to
proceediny. Once the abnormality has been resolved,
the operator presses the RESET and CONTINUE buttons
which restarts the system a% the point at which it
was halted.
Dewater pump P10l starts and shuts off as a result of
the dewater filter clogging (pressure switch PS5 high
vacuum limit reached). The following sequence is
initiated:

(a) MOV 101 rotates to the dewater line flush position
(b) After a time interval, valve MOV 101 closes

(c) Dewater pump P10l starts

(4) If the dewater filter clogs again (high vaccum),

steps (a) through (d) repeat once more
(e) If filter clogs again (high vacuum), dewater
pump shuts off
(£) If the filter clears, the dewater pump starts
and continues until pressure switch P85 (low
vacuum) indicates the dewater process is complete.
Valve MOV 101 rotates to the dewater line flush position,
then after an interval for backflushing MOV 7 closes.
The dewater pump starts, then after an interval for for=-
ward flushing, shuts off,
MOV 101 closes.
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20, WBT inlet valve MOV 4 rotates to the liquid
position and remainsg in that position until the WBT is
"full" and the forward flush cycle is completed. For
this to occur the following normal operating conditions
must exist:

(a) Flow detector FD 2 senses flow

(b) Pressure PS1 high pressure limit has not been
reached

(e) High level detector LT2 overfill condition has

not been reached

(d) Radiation monitor high radiation limit has not
been reached

(e) Flush water is available

The sequence proceeds with Step 22,

- ) I The WBT inlet valve MOV 4 remains closed or opens and
closes due to any 2 of the abnormal conditions
listed below. A ., stem alarm identifying the abnor-
mality will sound; operator must depress the "silence"
button to stop the alarm.

(a) Flow detector FD2 does not sense flow

(b) Pressure switch PS1 high pressure limit has
been reached

(c) High level detector LT2 overfill condition has
been reached

(d) Radiation monitor high radiation limit has been
reached

(e) Flush water is not available

Operator must manually resolve the abnormality prior

to proceeding. Once the abnormality has been resolved
the operator presses the RESET and CONTINUE buttons which
restarts the system at the point at which it was halted.

22. The liquid waste discharge line is backflushed to the
liquid storage tank and forward flushed to the WBT.

23. WBT inlet valve MOV 4 closes.

24. Process complete.

90001084



whie
PPD~TR=7701

EMERGENCY BYPASS ~ FILL AND DEWATER LINER

1,

2.

3.

4,

5.
6.

Emergency bypass valves V 210 and V 212 are manually

opened by the operator,

WBT valves V 211 and V 213 are manually closed by the

operator.

The operator presses the Emergency Bypass - Fill and

Dewater Liner button and the system "start" button.

Valve MOV 4 rotates to the resins position.

Disposable container instrumentation comeg on.

The radwaste pump starts and runs until the radwaste

level in the disposable liner reaches a determined

level. For this to occur the following normal operating
conditions must exist:

(a) Disposable container Filter and Water Trap
pressure switch PS 104 high pressure limit has not
been reached

(b) Disposable container instrumentation is on

(c) The radiation monitor high radiation limit has
not been reached

(d) Flow detector FD 101 senses flow

(e) Pressure switch PS 101 high pressure limit has
not been reached

(£) Flush water is available

Seguence proceeds with Step 8.

The radwaste pump does not start or starts and shuts off

due to one of the abnormal conditions listed below.

A system alarm identifying the abnormality will sound;

operator must depress the "silence" button to stop the

alarm,

(a) Disposable container Filter and Water Trap
pressure switch PS 104 high pressure limit has
been reached

(b) Disposable container instrumentation is off

(c) The radiation monitor high radiation limit has
been reached

(d) Flow detector FD 101 does not sense flow
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(cont'd)

(e) Pressure switch PS 101 high pressure limit has
been reached

(f) Flush water is not available

Operator must manually resolve abnormality prior to

proceeding, Once the abnormality has been resolved the

operator presses the RESET and CONTINUE buttons which

restarts the system at the point at which it was halted.

Valve MOV 3 rotates to the backflush position.

valve MOV 1 opens, then after an interval, MOV 3 rotates

to the forward flush position,

Radwaste pump Pl starts and runs for an interval.

The following normal operating conditions must exist:

(a) Flow detector FD 101 senses flow

(b) Pressure switch PS 101 high pressure limit has
not been reached

Sequence proceeds with Step 12.

The radwaste pump starts and shuts off due to one of the

abnormal conditions listed below. A system alarm

identifving the abnormality will sound; operator must

depress the "silence" button to stop the alarm.

(a) Flow detector FD 101 does not sense flow

(b) Pressure switch PS 101 high pressure limit has
been reached

Operator must manually resolve abnormality prior to

proceeding. Once the abnormality has been resolved the

operator presses the RESET and CONTINUE buttons which

restarts the system at the point at which it was halted.

Valve MOV 1 closes and MOV 3 rotates to the discharge

line/radwaste pump position.

Valve MOV 102 rotates to the disposable container/

dewater pump position.

Dewater pump P 101 starts and continues until the

resin beads are dewatered as detected by the pump

suction pressure switch PS5 (low vacuum), The following

normal operating conditions must exist for this to

occur:

(a) Flow detector FD 104 senses flow
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(cont'd)
(b) Pump discharge pressure switch PS 103 high pressure
limit has not been reached
(c) Pump suction pressure switch PS5 high vacuum

limit has not been reached
Sequence proceeds with Step 17.
Dewater pump P 101 does not start or starts and shuts
off due to one of the abnormal conditions listed below.
A system alarm identifying the abnormality will sound;
operator must depress the "silence" button to stop the

alarm,

(a) Flow detector FD 104 does not sense flow

(b) Pump discharge pressure switch PS 103 high pressure
limit has been reached

(e) Pump suction pressure switch PS5 high vacuum

limit has been reached

Operator must manually resolve abnormality prior to

proceeding. Once the abnormality has been resolved the

operator presses the RESET and CONTINUE buttons which
restarts the system at the point at which it was
halted.

Dewater pump P 101 starts and shuts off as a result of

the dewater filter clogging (pressure switch PS5 high

vacuum limit exceeded). The following cequence is
initiated:

(a) MOV 101 rotates to the dewater line flush position
and MOV 102 rotates to the dewater/disposable
container position

(b) After a time interval, valve MOV 101 closes and
MOV 102 rotates to the disposable container/
dewater pump position

(c) Dewater pump P5 starts

(d) If the dewater filter clogs again (high vacuum},
steps (a) through (d) repeat once more

(e) If filter clogs again (high vacuum), dewater
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(cont'd)

(£) I1f the filter clears, the dewater pump starts
and continues until pressure switch PS5 low
vacuum indicates the dewater process is complete

Valve MOV 101 rotates to the dewater line flush position.

Valve MOV 102 rotates to the disposable container/WBT

position,

After an interval to allow for backflushing, MOV 102

rotates to the dewater pump/flush position.

The dewater pump starts and after an interval for forward

flushing, shuts off,

MOV 101 closes

WBT inlet valve MOV 4 rotates to the liquid position.

The plant waste discharge pump starts and continues to

pump until the level in the disposable container

reaches a determined level. For this to occur, the
following operating conditions must exist:

(a) Flow detector FD2 senses flow

(b) Pressure switch PS1 high pressure limit has not
been reached

(v) High level detector LT2 overfill condition has
not been reached

(d) Radiation monitor high radiation limit has not
been reached

The plant waste discharge pump does not start or starts
and shuts off due to one of the abnormal conditions
listed below, A system alarm identifying the abnormality
will sound; operator must depress the "silence" button

to stop the alarm,

(a) Flow detector FD2 does not sense flow

(b) Pressure switch PS1 high pressure limit has been
reached

(c) High level detector LT2 overfill condition has
been reached

(d) Radiation monitor high radiation limit has been
reached

Operator must manually resolve abnormality prior to

proceeding, Once the abnormality has been resolved the
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(cont'd)

operator presses the RESET and CONTINUE buttons which
restarts the system at the point at which it was
halted.

The liquid waste discharge line is backflushed to the
liquid storage tank and forward flushed to the liner.
WBT inlet valve MOV 4 closes.

Process complete.
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D. RECIRCULAT ION

i L

Operator depresses the recirculation process "on"
button.,

WBT mixer motor MMl starts.

pH detector turns on.

Recirculation pump P2 starts and continues to run. If
flow detector FD3 does not sense flow or flush water is
unavailable or mixer motor MMl does not start, the
recirculation pump will shut off and a system alarm
identifying the abnormality will sound. Opertor must
depr2ss the "silence" button to stop the alarm. To
continue, the operator must manually resolve the
abnormality and then press the RESET and CONTINUE
buttons.

After the recirculation pump has been running for at
least 10 minutes the operator may take a sample by

depressing the SAMPLE button which initiates the following

sequer ce:

(a) Recirculation pump P4 shuts off

(b) Valve MOV 5 rotates to the sample position

(c) Recirculation pump P4 starts

(d) After an interval recirculation pump P4 stops

(e) Valve MOV 5 rotates to the recirculation
position

(f) Recirculation pump P4 starts again and continues
to run

The recirculation pump P4 continues to run indefinitely

until the operator presses the recirculation process

"STOP" button. When the operator does press the

recirculation process STOP button the following sequence

is initiated:

(a) after a period of time, valve MOV 2 rotates to
the flush/recirculation line position

(b) Valve MOV 6 rotates to the recirculation forward
flush position then after an interval, recircu-
lation pump P2 shuts off

(c) Valve MOV 6 rotates to the backflush position,
then after an interval, valve MOV 2 closes
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pH monitor and mixer motor MM1 shut off.

Valve MOV 6 rotates to the recirculation position.

Operator manually flushes the sample line if required.
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E. SOLIDIFICATION COMPONENTS AND PROCESS CHEMICALS
. 1. Urea-formaldehyde Concentrate

Urea-formaldehyde concentrate is primarly an aqueous
syrup marketea by Georgia-Pacific as "GP-5326" or by
Borden Chemical Co., as "CR=-4", The nominal analysis

by weight is 60% formaldehyde (as CHZO) and 25% urea.
This purchased product as supplied is stable indefinitely
and contains no catalytic agents to promote polymer
reactions., Phvsically. tle substance is a colorlecs,
transparent liquid have a viscosity of about 400 + 100 cps
(p=1.325). Miscibi.ity in water is infinite, and the
reported closed cup flash point (Pensky-Martens) is

above 150°F. Chemically, trF= syrup is mostly aimethylol
urea and excess formaldehyde hydrates. Such compo-
sitions were found to be stable at a pH of 7 to 9,

and are described in U.S., Patent 2,652,377 assigned to
Allied Chemical Co. (1953).

Storage of the urea-formaldehyde syrup at room temper-
ature is acceptable, but the substance contains a
significant amount of free formaldehyde which in the
vapor form is a respiratory irritant, Containment,
therefore, should be below 100°F, and venting provided

to a fume removal system,

In order to obtain satisfactory solidification results
the urea-formaldehyde concentrate component must
contain an additive substance. Normally about 3 parts
are dispersed in 100 parts by weight of urea-formalde-
hyde syrup (GP-5326). The powder is essentially
insoluble in the syrup and must be dispersed or re-
dispersed several hours before a planned solidification

operation.,

A convenient means of verifying satisfactory additive

content is to mix 100 ml., of urea-formaldehyde concen-

trate with 300 ml. of tap water at 25°C in a wide-mouth
. pint jar. After standing for 1 hour with intermittent
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Urea-formaldehyde Concentrate (cont'd)
mixing, a Brookfield (Model RVT) vi.cosity test at 20
rpm will indicate approximately 3800-4000 cps, if the

3 parts are present. If a low viscos.ity is still
obtained after remixing and retesting, additional
additive is required for correction. It should be

noted that each part of additive increases viscosity

of test mix about tenfold.

Catalyst Mixture

The urea-formaldehyde concentrate requires both
additional urea and a specific catalytic agent to undergo

the solidification process that properly immobilizes
radwaste materials. The catalyst mixture contains the
necessary urea and ammonium sulfate catalyst to
accomplish this preferred reaction. The composition is
by weight: 50 parts ur=za, 15 parts ammonium sulfate,
and 50 parts tap water. In addition, 1 part of another
additive is required as a polymer modifier and leach
control agent. All of the above chemicals must be of
"technical grade" purity or better as supplied by
manufacturers guaranteeing product analysis.

When properly prepared, the catalyst mixture is a

clear solution at room temperature (60-~100°F) without
more than a trace of sedimentation. The specific gravity
is about 1.20 or about 10 pounds per gallon. The pH

is buffered by the presence of urea and should be in the
range of 6.0-6,.8. During reaction with the urea-
formaldehyde concentrate, ammonium sulfate and
formaldehyde combine to form sulfuric acid. The

programmed release of this secondary catalyst is necessary

for the formation of a firm solid matrix.

Preparation of practical quantities of catalyst mixture
requires agitation of the components and a means of heat:-
ing the system, Urea has a negative heat of solution
(cooling effect) and will not dissolve completely

until the mixture is reheated to room temperature.

Use of hot water R@165-175°F overcomes the chilling

effect of the dissolving urea, so that post-heating is
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Catalyst Mixture (cont'd)

unnecessary to accomplish rapid solution.

Contract purchase of prepared catalyst mixture in

bulk avoids the problems of solids handling and batch
operations. It is recommended, however, that a vendor's
certificate of analysis accompany each shipment, and
that a pH test and hydrometer specific gravity be per=-
formed before unloading. Mutually agreeable test
methods and specifications should be pre-arranged
between purchaser and vendor.

10% Aqueous Sulfuric Acid

For cortrol of excess alkalinity, either actual or latent,
10% sulfuric acid is added to the Waste Blending Tank

as required. Latent alkalinity may be encountered with
higher concentrations of certain ion-exchange resin

beads. Such activity will not necessarily be evident

by pH, but the beads will neutralize or exchange with the
necessary catalytic quantities of sulfuric acid liber=-
ated normally by the interaction of catalyst mixture

and urea~-formaldehyde concentrate.

Sulfuric acid with "technical grade" purity is acceptable,
either purchased as a concentrate or already diluted to
10 + 0.2% sulfuric acid by weight. Use of diluted

acid is based upon the following considerations:

(a) It 1s not anticipated that common radwaste streams
will require significant acid adjustment.

(b) Higher concentrations, such as 50%, would
necessitate more resistant and costly piping,
valves, pumps, etc.

‘e) Loy : acid concentration is less hazardous for
operating personnel, and affords more precise
control of acid corrections under the same

pumping conditions.
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40% Agueous Sodium ilydroxide

Control of acidity in the Waste Blending Tank is
accomplished by the addition of 40% sodium hydroxide.
Overly acidic conditions may accelerate undesirably

the rate of urea-formaldehyde condensation, and also
result in a matrix more subject to shrinkage and less
able to retain solidified liquids. Boric acid evapora-
tor concentrates normally require adjustment with about
2% by weight of sodium hydroxide solution for satisfactory
solidification, The amount of sodium hydroxide necessary
for reaction control should be determined by laboratory
solidification tests.

The strength of the sodium hydroxide solution should

be controlled to 40 + 0.5% with minimal carbonate and
iron content., Strong solutions of sodium hydroxide
readily absorb carbon dioxide from the air to form
carbonates, so that unused reagent exposed for extended
periods should be analyzed and then re-approved
accordingly for operational use.
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Fe SOLIDIFICATION PRE-TEST
1a Sampling Prereguisites

It is essential that the sample taken for solidification
pretest represent the contents of the Waste Blending
Tank. To assure dispersion of insoluble particulates,
the blending tank mixer motor must be operated. Then
the material must be transferred through the recircu-
lation sample loop by operating the appropriate valves
and pump motor. Time of mixing and recirculating will
have to be established based on obtaining uniform
samples from "worst case" mixtures.

24 Sampling Method

The shielded sampling device is designed to remove a
constant 250 ml. of volume while the Waste Blending
Tank is recirculating. The sample valve in the
recirculation loop is opened and the sample container
filled. The sample valve is then turned off, and the
sample container capped for transfer to the laboratory.
The sample is to be used in its entirety during solidi-
fication testing to avoid any non-uniformity arising
from segregation in the material after sampling. An
initial sample would be usually mixed with 100 ml. each
of catalyst mixture and urea-~formaldehyde concentrate,
thereby providing an approximate one-~pound mass of
material to evaluate solidification effects.

Ja Test Procedure, Observations and Measurements

(By Remote or Shielded Operation)

(a) Drain the entire contents (250 ml.) of the
sample container (Fisher No., 2-540-11 & 12,
pg. 645) into the 800 ml, disposable solidifi-
cation container (Fisher No. 2~593-50E, pg. 86)
resting on an adjustable platform.

(b) Raise sample platform so that thermocouple, air
agitator manifold, and heating probe (Fischer
No. 11-463-15, pg. 480) are sufficiently
immersed., 1Initiate air mixing, and then check
operation of temperature readout and/or recorder.

I1f foam persists, add specifi<d anti-foam from
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When the reactivity rate of the test sample is
in the required renge, lower sample platform be=-
fore solidification prevents easy removal of
the agitator manifold andother probes. Then
allow sample to complete solidification for 1 hour
after start of urea-formaldehyde concentrate
addition. At this point inversion of the sample
and container should result in no flow or de-
formation of the solid, and no significant (more
than a few drops of condensate) loss of liquid
material.

4. Corrective Options

(a)

(b)

(c)

Sodium Hydroxide (Temperature Rise Too Fast)

(1) Reduce radwaste temperature 10°F and
repeat test.

(2) Adjust pH in the Waste Blending Tank by
adding 40% sodium hydroxide until pH
is increased by one unit (i.e., from
4.5 to 5,.,5) but is not above 7.

Sulfuric Acid (Temperature Rise Too Slow)

(1) Increase radwaste temperature 10°F and
repeat test.

(2) Adjust pH in the Waste Blending Tank by
adding 10% sulfuric acid until pH is
decreased by one unit (i.e., from 6.0 to
5.0) but is not less than 3.

Note: The same corrective option may be
repeated; that is, the temperature may
be adjusted another 10°F in the same
direction or the pH likewise changed by
another unit,

Change in Volume Ratio

If the solidified sample is unacceptable by the
criteria in Step (g) (above), a retest

is in order using increased amount of solidifi-
cation chemicals. First try an increase to 125
ml. of each component added to the same 250 ml,
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(cont'd)
of test sample (l:1 volume ratio). TIf test
billet is still wet or soft, retest using 155
ml. of each component to provide a volume ratio
of 0,8:1.0,
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G. CHEMICAL ADJUSTMENT TO WASTE BLENDING TANK

1. Reagen{ Addition

The system requires the use of two pH adjustment chemi-
cals, HZSO4
of the Waste Blending Tank ccntents. The tanks for

to lower the pH and NaOH to raise the pH

containing these chemicals have a 150 gallon capacity,

a level indicator, and are self-supporting. The tanks
are constructed from stainless steel type 316. Adding
the chemical to the tank is done manually by pouring

the chemical full strength into an equal amount of water
already in the tank. A sturdy platform should be
permanently installed at the tanks so the chemicals

can be added with maximum safety.

Each of the chemicals is pumped into the Waste Blending
Tank via its own metering type pump and chemical addi-
tion Jine., The chemical addition pumps are "Moyno"
progressing cavity type pumps with all wetted metal
surfaces constructed of sctainless steel type 316.
According to the type of radwaste to be treated the
operator can control the amount of reagent added to the
WBT by the length of time he allows the pump to run.
By adding small quantities of chemicals to the tank
and monitoring the response of the pH meter the
operator can bring the pH of the WBT contents into an
acceptable range.

2. Sampling and Testing

A typical Waste Blending Tank sample collection sequence
might be as follows:

(a) Fill Sequence

(1) Insert disposable sample liner into
container cavity and replace removable
cover.

(2) Elevate shielded sample container into
position to engage fixed head using the
lift table.

(3) Obtain Waste Blending Tank sample; flush
sample line with air to dislodge remaining
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(cont'd)
resin beads. Close sample line.
Lower shielded sample container assembly
using lift table. Using the two holes
in the removable cover as access points,
perform desired analytical operations
which may include a solidification of
the contents. Solidification verifica-
tion may include probing with a rod or
removal of cover to view disposable sample
container,

Solidification Verification

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Control waste sample temperature.

Check pH and adjust as necessary with
standard reagents.

Transfer required volume to insulated
disposable solidification container.
Insert temperature measuring and agita-
tion device.

Begin agitation and drain in pre-measured
volumes of solidification components.
Start timer and note mix temperature
after addition is complete.

Observe sample and adjust agitation

as necessary to obtain good mixing.
When heavy thickening is noted just
pricr to gelation, record the elapsed
time and peak temperature, and remove
agitation and temperature measuring
devices.

If gel time and temperature profile are
acceptable, allow billet to continue
hardening for at least 2 hours in the
insulated container berore evaluating
hardness, dryness, and uniformity.
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(Applicable only with use of PPD Sample Transfer

Cask)
(1)

(2)

(3)

(4)

Assure shielded cover is in place, then
wheel table/shielded container assembly
to disposal area.

Remove cover, position table near sample
transfer cask which is suspended from

an overhead hoist.

Engace transfer cask grapple assembily
with center hole in disposable sample
liner a.? lift liner, from its shielded
container cavity, up inside the shielded
transfer cask.

Using sample transfer cask and overhead
hoist for positioning, lower disposable
sample liner into a 55-gallon drum for
future/immediate solidification.

For each Waste Blending Tank sample, a disposable

sample container is used. However, the sample

collector itself is reuseable.
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