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ABSTRACT

The Savannah River Site (SRS) plans to
begin operating the Consolidated Incineration
Facility (CIF) in 1996. The CIF will treat liquid
and solid low-level radioactive, mixed and RCRA
hazardous wastes generated at SRS.

In addition to experimental test programs,
process modeling was applied to provide
guidance in areas of safety, environmental
regulation compliances, process improvement and
optimization. A steady-state flowsheet model was
used to calculate material/energy balances and to
track key chemical constituents throughout the
process units. Dynamic models were developed to
predict the CIF transient characteristics in
normal and abnormal operation scenarios.
Predictions include the rotary kiln heat transfer,
dynamic responses of the CIF to fluctuations in
the solid waste feed or upsets in the system
equipments, performance of the control system,
air inleakage in the kiln, etc. This paper reviews
the modeling study performed to assist in the
deflagration risk assessment.

PROCESS DESCRIPTION

The CIF is designed for treatment of liquid
and solid low-level radioactive, mixed and RCRA
hazardous and wastes. Figure 1 shows a
schematic CIF process flow diagram. The
incineration system consists of a 13-million Btu

rotary kiln (RK) and a S-million Btu secondary
combustion chamber (SCC) to treat both solid and
liquid combustible wastes. Normal operating
temperatures are 1832°F in the rotary kiln, and
2012°F in the SCC. Maximum solids retention
time in the RK is 90 minutes. A 2-second offgas
residence time is required in the SCC. No. 2 fuel
oil burners are used in the RK/SCC for startup,
shutdown, idling and temperature control.
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Figure 1. CIF Flow Diagram

A wet offgas system is selected for air
emission control. SCC offgas is cooled to
saturation in a liquid-recirculating quench.

Particulates and acid gases in the quench offgas
are removed by a steam-atomized scrubber. The
liquid/gas separation of the scrubbing mixture




-3

takes place in a cyclone separator. A mist
eliminator removes entrained water droplets.
Saturated scrubber offgas is reheated, and filtered
through HEPAs prior to atmospheric discharge.

The CIF is currently under construction,
and will begin operation in 1996. To support CIF
startup and operation, the Savannah River
Technology Center (SRTC) designs an extensive
test program:

Metalis Partitioning (Burns et al. 1994): Test
burns were conducted using surrogate CIF
wastes spiked with hazardous metals and
organics. The primary test objective was to
characterize the partition of metals between
the kiln bottom ash, scrubber blowdown,
and stackgas. Test data provided the
required information for the successful
treatment of secondary wastes (kiln ash and
scrubber blowdown) to comply with
Resource Conservation and Recovery Act
(RCRA) disposal requirements.

Offgas Testing: The Offgas Components
Test Facility (OCTF) is a 1/10 scale pilot
plant that started operation in 1994. The
OCTF evaluates the operating performance
of the CIF offgas system.

Seal Testing: The RK is sealed at both ends
by large (12 ft O.D.) rotary double-faced
gas seals. These seals act as the primary
barrier to the influx of air and the escape of
gases and particles. A 2/5 scale seal with
the same design and manufacturer was
installed and tested.

In complement of the test program,
mathematical modeling was applied to simulate
various aspects of the incineration process: flow
pattern, heat transfer, dynamic responses to
fluctuations in the feed or upsets in the system
equipment, speciation of heavy metal traces.
Simulation results of the CIF process dynamics

were presented elsewhere (Hang 1992). This
paper focuses on the modeling study of
deflagration.

DEFLAGRATION STUDY

The National Fire Protection Association
(NFPA) requires incineration systems use either a
relief device or other methods to control pressure
surges. This study was part of a system
evaluation and design effort to ensure the CIF met
the intent of the NFPA code 82.

Deflagration is a concern if an accidental
power loss occurs during normal operation
causing burner flameout and loss of all fans
except one induced-draft (ID) fan.  Rubber
present in the solid waste charge decomposes into
flammable isoprene vapor which is burned when
the rotary kiln temperature remains above the
autoignition temperature (AIT) of isoprene. As
the kiln cools below the isoprene AIT (743°F),
continuing generation of isoprene may form a
flammable mixture with a concentration above the
lower explosive limit (LEL) thereby causing
ignition by contact with a local hot spot. In an
explosion event, the RK pressure may exceed the
allowable internal kiln pressure of 15 psig.

An explosion risk assessment of the CIF
rotary kiln and SCC was performed by SAIC and
PLC in 1992. In the event of power outage, all
combustion air fans stop functioning, and the only
source of air flow is an ID fan. Information on
the kiln air inleakage flow is required to provide a
solid basis for wverification of the assessment
conclusions. The objective of this study is to
estimate the kiln air inleakage rate and to predict
the kiln temperature profile based on the
calculated air flow rate.

MODEL DEVELOPMENT

A Fortran model was developed based the
CIF design shown in Figure 2. Figure 2 illustrates
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the arrangement of forced-draft (FD) fans and
Groth™ back-draft (BD) dampers. The FD fans
provide combustion air required for burning
solid/liquid wastes and supplemental No. 2 fuel
oil in the RK/SCC. For contamination control,
the BD dampers prevent flow outleakage in case
of a pressure excursion in the system. The ID
fans are necessary to maintain the system negative
pressure.

Note that if the pressure difference across a
BD damper is less than the damper pressure
setting, the damper remains closed causing no air
leakage.

Air inleakage only occurs through the
idle combustion air fans.

Automatic restart of the ID fan(s) using
a backup diesel generator.

All dampers are failed-open.

No flow recirculation around the ID fan
in operation.

Except in the quench and

scrubber/cyclone, system temperatures
remain unchanged. This is because
temperature change requires much
longer time than pressure.
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48'c
60 HP Solids Comb. Air \b
Fan - 25,400 #h
" ' Scrubber
Quench
8" 8D y
(3 10" 8D @15 '\?v%mper 120 .
Canes | scCr—gia?
@20°We 10" 2 @2.0 "WC
20 HP Rad
20" & Fan - 5,470 #/hr 26 HP F.O.
u Fan - 9,450 #hr
10*B/D Damper y ()82 Py
@2.0'WC
oo |Rotary Kilnl———.—~ 36" @ E I I l - l
Reheater Mist
10" @ Eliminator
15 HP Waste Oil i 125 HP ID Fans 30 &
Fan - 7650 #/hr 8 B/D
Damper
12'@ @ 2.5"WC
10*B/D Damper
@3.0'WC 7.5 HP Tert. Air 102" &

Fan-6,528 #/hr

~.20 HP F.O. Comb.
Fan - 11,025 #/hr

** DUCT SIZES

Stack
150FT.

30" & VANES
N
» L ] ®
30" &
36D

® 3Fans@ 12,000SCFM each @26 Inch

(WC inlet press & 44.71 Inch outlet press)

Figure 2. CIF Process Fan and Duct Sizes

The current BD damper settings are listed beside
each damper in Figure 2.

Assumptions

The following assumptions were made in deriving
the equations for the air inleakage calculations:

HEPA filters is above the dew point.
This assumption eliminates
condensation of gas when passing
through the HEPA filters, since any
filter plug will prohibit air flow through
the system.
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Process Parameters

Effects of the following parameters on the
RK inleakage rate were investigated:

¢ Scrubber steam: Steam injection
changes the pressure difference across
the scrubber /cyclone, which effects the
total air flow.

e Solids burning: The combustion
product gas released by the solids
burning raises the kiln pressure, thereby
lowering the amount of air inleakage.

e Number of BD dampers in operation:
Kiln total air flow is dependent on the
number of inleakage sources in the
RK/SCC (i.e., number of BD dampers).

¢ Kiln temperature: Inleakage is expected
to increase at lower temperatures due to
vapor contraction.

Methodology

The CIF air inleakage was modeled in this
manner: Pressure loss in each vessel and the
piping was calculated from the concept of
effective equivalent conductance. = The RK
pressure was obtained from the dynamic mass
balance combined with ideal gas equation. The
scrubber/cyclone pressure drop/rise was estimated
by a correlation provided by the vendor. Pressure
drop across a centrifugal FD fan was derived from
the Bernoulli equation for the two types of fan
vanes used in the CIF (i.e., radial curved or
straight, and backward curved).

Initial conditions prior to the power loss
were based on the design base case.

RESULTS

Several cases were calculated to account for
effects of process parameters on the RK air
inleakage: with and without 10,000 1b/hr scrubber
steam; with and without solids burning.

The

following conclusions were drawn from these
calculations:

e The results show that during the power
loss air leaks into the kiln through the
combustion air fans at a total rate of
11,000 1lb/hr (no scrubber steam
injection) or 12,000 Ib/hr (with 10,000
Ib/hr  scrubber steam  injection).
Stoichiometric air required to burn a 72-
1b solid waste batch in 20 minutes was
previously estimated about 6,000 1b/hr.

e Solids burning did raise the kiln
pressure and lower the kiln total air
inleakage; however, the effect of solids
burning is small even when a maximum
and steady burning rate was used in the
calculations.

¢ Kiln air inleakage can be increased by
increasing the open pressure settings of
the BD dampers in the SCC.

Effect of Kiln Temperature

Decreasing kiln temperture lowers the
offgas temperature at the SCC exit; consequently,
less water evaporates in the quench. Since the ID
fan pulls through the system at approximately a
constant gas flow rate, more air leaks into the
RK/SCC to compensate for the lesser amount of
water evaporation in the quench. Therefore, the
kiln air leakage rate increases with decreasing kiln
temperature. Moreover, the leakage rate can only
increase when the kiln pressure decreases (i.e.,
more vacuum in the kiln).

Assuming the SCC temperature is 200°F
higher than the kiln temperature, the kiln air
leakage rate was calculated for kiln temperatures
ranging from 400°F to 1832°F. The results are
plotted in Figure 3 for the two cases (i.e., with
and without scrubber steam, no solids burning).
In Figure 4, kiln pressure is plotted vs. kiln
temperature for the same cases.
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Figure 3. Kiln Air Leakage Rate
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Figure 4. Kiln Pressure
Kiln Cooldown
The . CIF dynamic model previously

developed (Hang 1992) was applied to obtain the
kiln cooldown temperature profile during the
power loss event. The model simulated the
phenomenon in two stages:

¢ Normal operation prior to the power
loss - To establish the CIF normal
operating condition, the design base
case was selected, in which every 4
minutes approximately 48 lbs of solid

waste was inserted into the kiln. The
normal operation was simulated for 12
minutes.

e Power loss - When a 72-1b charge of
solid waste was introduced into the kiln,
the system power failed. All burners
and combustion air fans ceased to
function. A 20-minute burn time was
selected.

In the simulation, the calculated kiln air
inleakage rate and kiln pressure as function of
temperature as shown above were used. Figure 5
shows the result of the kiln temperature vs. time.
The kiln temperature is predicted to remain above
the isoprene AIT for about three hours.
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Figure 5. Kiln Cooldown

To better cope with a possible power-loss
event, the CIF control logics were revised. The
new control strategy allows the RK pressure to be
controlled at a desired setpoint during a power
loss. Since the kiln air leakage rate primarily
depends on the difference of ambient pressure and
kiln pressure, control of the kiln pressure ensures.
sufficient air available in the kiln for burning the
remaining solid wastes. Without kiln pressure
control, the air inleakage rate increases with
decreasing kiln temperature, and causing a fast
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kiln cooldown. With kiln pressure control the air
leakage rate remains constant resulting in a slower
and more desired kiln cooldown.

Based on this new scheme the air inleakage
rate was recalculated. - The -2.7"WC pressure
- setpoint was selected resulting in a kiln air
leakage rate of approximately 11,100 1b/hr (with
scrubber steam injection, no solids burning). The
cooldown simulation predicts that after four hours
the kiln temperature decreases to 790°F. The
result is shown in Figure 6 below.
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ONCLUSIONS
This study shows that without kiln pressure
control the air inleakage rate increases with
decreasing kiln temperature, thereby accelerating
the kiln cooldown. With kiln pressure control the
air leakage remains constant resulting in a slower
and more desired kiln cooldown. The air leakage

can be increased or decreased by selecting the
appropriate kiln pressure setpoint.

The results indicate that during the power
loss event air leaks into the RK through the
combustion air fans at an initial total rate of
11,000 Ib/hr (without scrubber steam injection) or

12,500 1b/hr (with 10,000 scrubber steam
injection). Control of the kiln pressure at -2.7
“WC results in a constant air leakage of 11,100
Ib/hr.  These rates exceed the 6,000 Ib/hr
stoichiometric air required to burn a 72-1b batch
of solid wastes in 20 minutes. The kiln
temperature remains above the isoprene AIT
(743°F) for approximately fours hours (i.e., long
after all solids had been burned), therefore
eliminating any possible deflagration during the
power outage.
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