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This memo transmits the attached Design Oversight Report, “LAW Melter Support System
Capacities,” D-03-Design-002, completed June 30, 2003. This report summarizes a technical
review of the design capacity of LAW Melter Support systems, to determine the peak
treatment capacities of the major support systems, including feed preparation/glass formers,
off-gas, HVAC/cooling, mechanical handling, electrical/utilities, and sampling. This review
utilized current design data and engineering judgment to determine peak capacities of the
selected LAW systems under optimum operating conditions. The Waste Treatment and
Immobilization Plant detailed design is currently ongoing, so exact capacities are still being
developed and refined.

This report has concluded that the Bechtel National, Inc. design of these support

systems satisfies the Contract requirements regarding LAW Facility capacity at the Cold
Commissioning “expected rate” of five days at an average of 32 metric tons of glass per day
(MTG/D). Based on the current state of design, the mechanical handling systems and the
HVAC/cooling systems are the most limiting systems for the design capacity. Specifically,
the factors that limit the maximum treatment capacity of the LAW vitrification facility are
the maximum allowable temperature of the container lifting flange for removal from the pour
cave, the cooling capacity in the container finishing line and/or buffer store, and the container
load-out bay cycle time. The other support systems have designs that would limit LAW
Facility peak treatment capacities to the range of 40 to 50 MTG/D peak.

If you have any questions, please contact me, or your staff may contact John Orchard, WTP

Engineering and Commissioning Division, (509) 373-0405. M
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WTP Engineering &
Commissioning Division
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Executive Summary

Office of River Protection (ORP) staff and technical contractor support staff have conducted a Technical
Design Oversight of the design capacities of the Waste Treatment and Immobilization Plant (WTP) Low
Activity Waste (LAW) facility systems. The principal objectives of this oversight were to: (1) Establish
the maximum treatment rate of the LAW vitrification facility that could be supported by the current
design capacities of the LAW process and facility support systems, including the balance of facilities, and
(2) Identify the factors that limit the maximum treatment rate of the LAW vitrification facility. The
estimated peak glass production capability of the LAW facility was then compared (1) with baseline
Contract production rate requirements to confirm that they are met with the current design, and (2} with
DOE-ORP stretched LAW glass production goals to determine if these goals could be met. Where the
estimated production rate did not meet the stretch targets, actions that could be taken to increase the rates
to levels that would meet the stretch goals were identified.

The results of the estimate of the impact of each area of the LAW facility reviewed on the peak glass
production rate of the facility are summarized in Figure i (Figure 1 in the report). This figure shows the
peak production rate that could be supported by the identified area or system independent of the rest of
the LAW facility capabilities. This figure shows that the most limiting area of the facility is the time that
1s required to transfer canisters from the facility airlock to DOE for burial. This limits production to 32
MTG/day. This is acceptable to meet baseline Contract requirements, which are equivalent to a peak
production rate of 24 MTG/day minimum and 32 MTG/day expected. This rate does not meet the target
goal of the Contract of 36 MTG/day nor the stretch DOE-ORP target goal of 40 MTG/day. It should be
noted that the plan for transfer of the canisters to DOE has not been finalized for the current design of the
facility. Data from original facility analyses were used to establish the time for this evaluation. Itis
believed that relatively straightforward changes could be made to reduce the time required for export of
canisters to DOE, and support a production rate at the DOE-ORP target goal.

Estimates for limiting conditions of operation for other areas of the facility indicate that the Contract goal
of 36 MTG/day could be met for the current design of the facility other than the export bay (as discussed
above). However, the capacities of the ventilaticn and cooling systems do not support the DOE-ORP
stretch target goal of 40 MTG/day. The BNI analyses that were used as the bases for these estimates are
conservative. The design of these systems is also not complete. It is possible that once conservatisms in
the design analyses for these systems are reduced, and the system designs are complete that the systems
may support the DOE-ORP stretch target production rate.

Table 1 of the report summarizes actions that could be taken to improve the potential that the final LAW
facility design will support the DOE-ORP stretch target production rate. These actions do not have
impact on the Contract with BNI. DOE-ORP should review the actions identified in Table 1 and evaluate
which should be pursued.

At the time of this review the design of the LAW facility was being revised to account for the change in
the baseline from three LAW melters to two LAW melters. The conclusions reached in this review are
based on work in progress, discussions with BNI design personnel, review of the design margins applied
in the three melter design and application of margins as defined in the BNI design criteria. The results of
this review are conservative and may change once the final design of the LAW facility is completed.

As stated above, no open issues were identified in this review. The review concludes that the current
design of the LAW melter support systems and other systems involved in the production of LAW glass
are sufficient to meet baseline Contract requirements. Accordingly, this report will not be submitted to
BNI and will be retained as an internal AMWTP report.
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1.0 INTRODUCTION

A Team comprised of personnel from the ORP WTP Engineering and Commissioning Division and
support consultants performed a technical oversight of the support systems for the LAW Facility melters.
The purpose of this review was to develop a reasonable estimate of the maximum achievable production
rate of the LAW facility (e.g., MT glass per day) independent of the capabilities of the melter itself.

The oversight included review of applicable documentation and discussions with BNI Process and
Mechanical Engineering personnel and management as summarized in the Oversight Plan [1]1.

2.0 BACKGROUND

WTP Contract Requirements

The purpose of this review was to identify the factors that constrain the maximum waste treatment rates
of the WTP LAW facility independent of the capability of the LAW melter to produce glass. The WTP
Contract [2] requires that the LAW facility have a baseline minimum average waste treatment rate of 733
Na units/year. The Contract also requires that the facility capacity be expandable to satisfy a treatment
rate goal of 1,100 Na units per year. For the bulk of LAW to be treated, the minimum required average
waste treatment rate is approximately equivalent to an average glass production rate of 20 MTG/day at a
glass waste loading of 14 wt%. The Contract also specifies LAW glass and Na treatment rate
requirements during cold commissioning of the facility that range from 24 MTG/day to 36 MTG/day.
The specified Na treatment rates during hot commissioning are bounded by those specified for cold
commissioning. The cold and hot commissioning rates will be demonstrated over relatively short periods
of time (5 to 20 days during cold commissioning and up to 63 days during hot commissioning) and
should, therefore, be representative of the peak glass production rate of the facility.

The peak LAW glass production rate that must be achieved during commissioning to meet minimum
Contract requirements is 24 MTG/day. At this peak production rate, however, the facility would have to
have an availability of 83% in order to achieve the average production rate of 20 MTG/day that is
required to meet the 733 Na units/year waste treatment requirement. The current availability estimates for
this facility are still under development, but in analyses performed to date have varied from a low of 63%
to the current 77% [3, 4]. The BNI design efforts have assumed that the LAW facility will have a
baseline peak glass production rate of 15 MTG/day per melter or 30 MTG/day for the facility. It is noted
that this would require a facility availability of 67% to meet the minimum required average Na treatment
rate, but greater than 100% availability to meet the Contract goal. For the purposes of this evaluation, it
will be assumed that an estimated facility peak production rate of 30 MTG/day will meet the minimum
Contract requirements for LAW treatment.

DOE-ORP Extended LAW Production Target Goals

The Department of Energy Office of River Protection (DOE-ORP) has cited stretch goals for increased
capacity of the Waste Treatment and Immobilization Plant (WTP) that would reduce the overall time for
treatment of the tank wastes [5]. These stretch goals increase the base for the current LAW facility
configuration of two melters to an equivalent peak production rate of 36 MTG/day at an availability
(Total Operating Efficiency, TOE) of 80% and a glass waste loading of 14 wt% Na;O. DOE-ORP has
also a stretch Target goal for the facility which calls for a peak production rate of 40 MTG/day, TOE of
85% and a glass loading of 20 wt% Na,0.

1 Numbers in brackets refer to references listed in Section 6.0, below,
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The analysis discussed herein establishes the peak production rate of the LAW facility based on the
current status of the design of the facility and identifies and ranks those factors in the current LAW
facility design that limit the peak production rate. This analysis also compares those limits with the DOE-
ORP stretch goals for the production rate of this facility and where the estimated rate does not meet these
goals identifies actions that could be taken to meet the goals.

At the time of this evaluation the design of the LAW facility was not complete. Accordingly, the
conclusions of this evaluation represent a snapshot of the design in time and could change as the design
evolves. This evaluation alse does not include estimates of availabilities or attempt to establish an

expected long term average production rate of the facility. The maturity of the design and the RAMI
analyses do not support such an evaluation at this time.

3.0 OBJECTIVES, SCOPE, AND APPROACH

3.1 Objectives

The following are the specific objectives of this oversight:

1. Establish the maximum treatment rate of the LAW vitrification facility that could be supported by the
current design capacities of the LAW process and facility support systems, including the balance of
facilities. Confirm that this rate is sufficient to meet WTP Contract requirements.

2. Identify the factors that limit the maximum treatment rate of the LAW vitrification facility.

3. Scope actions that could be taken to increase the capacities of systems that limit the overall LAW
peak production rate below DOE-ORP stretch goals.

3.2 Scope
This oversight included review of the design capacities and margins for melter feed preparation, off-gas,
plant cooling water, chilled water, electrical supply, material handling, sampling, and Balance of Facility

interfaces. The specific products reviewed and the depth of the reviews are summarized in Appendices A
and B to this report.

33 Approach
The approach to this oversight included the following effort:

e Examined the bases for the design capacities and margins in the LAW melter and facility support
systems.

e Reviewed the limiting conditions of operation for the LAW facility with respect to production of
LAW glass at nameplate capacity independent of the melter capacity.

3.3.1 Preparation

1. Identified the BNI and ORP Points of Contact for this review and discussed the plan for this oversight
with BNI management and affected personnel.
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2. Identified the LAW process and facility SSCs and other factors that affect the treatment rate of the
facility.

3. Collected documentation, e.g., flow sheets, PFDs, calculations, system descriptions, OR model
inputs, BNI design criteria that characterize the capabilities of the LAW facility and establish design
margins in these systems,

3.3.2 Review and identify, resolve or document issues

Reviewed the collected documentation, evaluated the selected attributes and developed lines of inquiry
and specific questions that were explored with cognizant BNI personnel to meet the oversight objectives.
The results of these reviews are documented in the summary tables of Appendix A and Appendix B. This
effort included periodic meetings with cognizant BNI personnel to discuss ORP questions and lines of
inquiry and BNI responses to these. Summary reports of these meetings are also included in Appendix B.
Specific design data collected as part of this effort to establish design margins are documented in
Appendices A and B.

3.3.3 Reporting

Prepared a draft report that summarized the activities, the results, conclusions and recommendations of
the review. The draft report was submitted to ORP management for review. The conclusions of the draft
report were reviewed with cognizant BNI personnel on June 13, 2003. This final report resolves
comments received from ORP management on the draft report and incorporates comments received from
BNI on the conclusions of the review in the meeting of June 13, 2003,

Note that since this review did not identify any open issues with the capabilities of the LAW facility to
meet Contract requirements, this report will not be submitied to BNI but will be retained as an internal
ORP AMWTP document.

4.0 RESULTS
4.1 Objective 1

Establish the maximum treatment rate of the LAW vitrification facility that could be supported by the
current design capacities of the LAW process and facility support systems, including the balance of
Jacilities.

Note: Appendix A to this report summarizes the bases for the following discussion. Appendix B
summarizes the lines of technical inquiry explored and the responses received from BNI to these lines of
inquiry as part of this design oversight. The following summarizes the key results of the oversight
relative to this objective as well as the other technical objectives discussed in subsequent sections of this
report.

4.1.1 Figure 1 summarizes the results of the review of design capacities of the LAW melter and facility
support systems. The bar chart shows the capability of each area reviewed in terms of the limit
that area imposes on the peak glass production rate of the facility in metric tons of glass per day,
independent of the balance of the LAW facility. The lighter area of each bar terminates at a glass
production rate that is consistent with the baseline design capability of the area. In general, BNI
is designing for a peak production rate of 15 MTG/day for each melter or 30 MTG/day for the
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facility. The darker areas of Figure 1 show estimated margin in the capacities of the reviewed
systems.

Review of Figure 1, when considering baseline capacity and margin, shows that the maximum
achievable production rate of glass for the current design of the facility is limited to 32 MTG/day;
the current peak rate at which canisters are transferred from the facility to DOE. It should be
noted that this rate is based on the original facility design and that the process for delivery to
DOE in the current design has not been developed. It is believed that this rate can be readily
increased such that this does not limit the production rate of the facility.

4,1.2 The next more limiting areas include the pour cave and finishing line cooling and ventilation
systems. The pour cave and finishing line cooling systems capacities limit these areas to a peak
production rate of about 38 MTG/day. This limit may be improved once the glass
thermodynamic properties are established and used in re-evaluation of the pour cave and finishing
line temperatures.

4.1.3 The results of the evaluation show that the facility most limiting peak production rates exceed the
rate that is required to meet Contract baseline production rates. At a peak production rate of 30
MTG/day a facility availability of about 0.66 is required to achieve the Contract treatment rate of
733 units of Na per year (assuming Envelope A and 14 wt% Na,0). The current estimate of
availability for the LAW facility is 0.77 assuming a 16 week bubbler lifetime. The review
concluded, therefore, that there were no system constraints on operating the facility at a rate
consistent with Contract requirements. Note that in some cases this oversight review concluded
that the baseline design capability exceeds the baseline rate of 30 MTG/day and the Contract
expected rate of 32 MTG/day (shown as a dotted line on the figure).

4.1.4 The results do not support a LAW facility peak production rate of 40 MTG/day; the DOE-ORP
stretch target goal for this facility. The discussions in the next section characterize the nature of
the limits on production for each area reviewed, and Table 1 summarizes action that could be
taken to resolve these limits and improve the potential for meeting the stretch target peak
production rate.

4.2 Objective 2

Identify the most limiting conditions of operation for the LAW melter and facility support systems.

4.2.1 The following summarizes the bases for the estimates of the limiting conditions of operation for
each of the areas shown in Figure 1. Appendix A provides more detailed descriptions of these

bases.

Feed Preparation

There are several factors that can influence the peak capacity of the feed preparation system
(mdependent of the glass former feed system which is discussed next). These factors include the
concentration of Na in the feed, the required concentration of Na,O in the glass, the time it takes
to sample the feed and confirm it is acceptable, the volumes of the feed preparation and transfer
vessels and the capacity of the feed transfer pumps. For the current configuration of the feed
preparation system the most limiting factor is the capacity of the melter feed system. Based on
Duratek data, the maximum feed rate to each melter is 480 gallons per hour. The normal feed
rate when producing 15 MTG/day is between 180 gph and 300 gph based on BNI research and
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technology data from the pilot melter and the Duratek melter system description. The capacities
of the feed preparation vessels and transfer pumps and the current timeline for the waste
compliance strategy will support feeding the melter at the maximum rate of 480 gph. Based on
the more conservative value of 15 MTG/day at a feed rate of 300 gph this maximum feed rate
would support a peak glass production rate of 24 MTG/day per melter or 48 MTG/day for the
facility. Accordingly, the feed preparation system is not limiting facility production relative to
the Contract requirements or the DOE-ORP stretch target goal of 40 MTG/day.

Balance of Facility including Glass Former Feed

The current interface agreements with the Balance of Facility include margin to the required
values to support the baseline and increased facility capacity as identified for each area evaluated
herein.

With respect to the glass former supply system, the design capacity of this system is documented
as 33.5 MTG/day. Discussions with BNI personnel indicate that the time allotted for glass former
feed and mixing (i.e., 4 hours in the current timeline) is very conservative and that the glass
former feed system should not be considered a limiting factor in glass production. Accordingly,
it has been assumed that the glass former system can support the target peak glass production rate
of 40 MTG/day.

Off-gas system

Because the LAW offgas system is largely unspecified, its capacity to accommodate higher
melting rates cannot be analyzed with confidence at this point in time. BNI intends to award
design-build subcontracts to vendors who must warranty the performance of the provided
equipment. Thus it is likely the equipment will be conservatively designed, affording margin for
higher glass processing rates. It is doubtful the margin will be 100% for destroying NOX,
although the margin for other offgas processing units appears likely to be in the 100% range. The
SCR margin may allow for 50% higher glass processing rates, and design changes that could
increase the capacity by 100% appear feasible. For purposes of this rough analysis, it should be
assumed the offgas system will allow a 50% increase in glass-processing rates, but probably not
higher unless changes are made to the SCR system. Increasing the melting rate will result in
increases in rates of waste recycle from the LAW melter offgas system to PT and ETF/LERF.
These impacts are outside the scope of this analysis, but may be significant.

Melter power supply cooling

The melter power supplies are currently specified for a continuous rating of 1430 kW. Based on
pilot melter test data and bounding estimates of the power required to accommodate melter
conduction and ventilation heat losses, this continuous rating would support a melter glass
production rate of 20.7 MTG/day or 41.4 MTG/day. The cooling systems for the melter power
supplies are being redesigned to accommodate the change from three to two melters so actual
system design data is not available. Assuming that the 15 % margin that is specified in the BNI
design criteria for HVAC systems is applied to this system, the cooling systems would be capable
of supporting a glass production rate of 1.15 x 41.4 or 47.6 MTG/day. This cooling system
design is, therefore, not limiting and supports Contract and DOE-ORP target goals.

Melter panel cooling




of D2252682

U.S. Department of Energy Design Oversight Report
Office of River Protection June 2003 LAW Melter Support Systems
Page 6 of 50

For the same melter configuration and melt temperature, the melter cooling panel heat load 1s not
a strong function of the glass production rate. However, if the increase in melter glass production
rate is the result of increasing the melter area by reducing the refractory thickness, and increasing
the glass temperature, as discussed by Duratek, the cooling requirement would increase
accordingly. Based on data provided in the Duratek System Description, the combination of
these two changes in the melter could increase the cooling panel heat load by up to 48.7%.

The cooling panels are supplied with demineralized water in a closed loop system. The
demineralized water is cooled by a plate and frame heat exchanger that is supplied with plant
cooling water from the balance of facility. Based on current data the heat load margins in this
system are in the range of 32%. Assuming that all the criteria for cooling the melter panels
remain the same, it would not be possible to accommodate the full throughput increase that would
be possible for the glass melt temperature and refractory thickness changes proposed by Duratek.
Assuming the effects are linear about 65% of the throughput increase could be accommodated.
According to Duratek the proposed changes could result in a 50% increase in throughput. The
margins in the melter cooling panel cooling system may limit that increase to 32.5% or 10
MTG/day. This would, however, support the DOE-ORP target goal of 40 MTG/day.

Pour Cave Handling and Cooling

The pour cave is cooled by a combination of forced air ventilation and strategically placed
cooling panels supplied by a closed loop demineralized water system with a plate and frame heat
exchanger heat sink cooled by Plant Cooling Water supplied from the Balance of Facility. The
system is designed to ensure that the pour cave structure, ambient air and leaving air temperatures
are maintained below limits. The system requirements were determined using the results of
Computational Fluid Dynamic {CFD) calculations performed by Bechtel, San Francisco. The
most limiting conditions examined in the calculations assume that a canister spends a total of 28
hours in the pour cave from the start of the initial pour to the time it is exported to the transfer
tunnel. The results of these calculations show that the current cooling panel and ventilation
system design conditions maintain the temperatures below limits. However, the calculations also
show that after 28 hours the canister skin temperature exceeds the maximum handling
temperature, and that an additional 2 hours of residence time 1s required to reduce the canister
temperature to the level required to transfer it out of the pour cave. This constraing the minimum
pour time and the glass production rate from each pour cave, and requires operating the melter
pour caves in the alternating pour mode, to achieve the peak production rate. For a minimum
number of pour cave carousel moves, a 30 hour pour cave residence time translates to a 7.5 hour
pour time and a peak production rate of 6.4 canisters or 38.4 MTG per day for all four pour caves
operating in the alternating mode.

The assumptions on the thermodynamic properties of the glass have a significant effect on the
results of the CFD calculations. There are no data on the thermodynamic properties of the LAW
glass so bounding properties were used in the calculations performed to date. Testing of LAW
glass properties is to be completed in late summer 2003. Once the results of these tests are
complete the analyses will be redone. If the LAW glass properties are more favorable than those
used in the current analyses the revised analyses may support a higher glass production rate closer
to the DOE-ORP target goal.

Finishing Line Ventilation
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The finishing line is cooled by forced air circulation. The ventilation requirements were also
determined by the CFD calculations performed by Bechtel, San Francisco. These calculations
assumed that a canister was resident in each stage of the finishing line and that the canister would
enter the line at least 48 hours after the start of the initial pour. This time delay is required to
reduce the heat release rate from the canister to the level that can be accommodated by the
finishing line ventilation system. It is also the time required to reduce the skin temperature of the
canister to the level required for seal welding the lid. The finishing line ventilation calculations
were performed assuming a canister enters the line every 8 hours. On this basis the finishing line
ventilation system could support a glass production rate of 36 MTG/day.

As stated above, the CFD calculations that support the sizing of the finishing line ventilation
system will be redone once the actual thermodynamic properties of the glass are determined. The
revision to the calculations may support of higher throughput in the finishing line.

Finishing Line Handling

For the current baseline design timeline, the most limiting residence time in the finishing line is
5.5 hours in the lidding/welding station. If the pour caves could support a pour time of 5.5 hours
and the canister temperatures were not limits on export of the canister from the pour caves and
within the finishing line, the two finishing lines could support a peak production rate of 8.8
canisters per day or 52.8 MTG/day. Although this rate exceeds that currently assumed for the
finishing line ventilation calculations, the finishing line likely could accommodate this higher
production rate, but only after a longer cooling time to reduce the heat release rates from the
canisters to lower values than currently assumed in the ventilation calculations.

Buffer Area

If higher than current baseline glass production rates are to be achieved in the LAW facility, it
may be necessary to delay entry of a canister into the finishing line after it is removed from the
pour cave to reduce its heat release rate to a value that can be accommodated by the finishing line
ventilation system. The only place in the current design of the LAW facility where a significant
number of canisters could reside while cooling after leaving the pour caves is in the buffer area.
From discussion with BNIL, it is understood that the buffer area was not included in the facility as
a location for cooling the canisters. BNI indicates on a scoping basis that the ventilation system
in the buffer area could accommodate in the order of five canisters if they were removed from
the pour caves within 25 hours of the initial pour. This might be adequate to achieve a pour time
that meets the DOE-ORP target peak production rate of 40 MTG/day. This is beyond the current
baseline design of the facility, however. The current BNI timeline assumes a pour cave residence
time of 48 hours (10 hours pour position, 20 hours cooling position and 18 hours export position)
so the canister can enter the finishing line directly from the pour cave. The ten hour pour time is
adequate to meet Contract LAW glass production rates.

Export to DOE

The process and timeline for transfer of the LAW canisters to DOE for burial has not been
finalized for the current LAW facility design. For the original design, this process included 4.5
hours to clear a canister for shipment to DOE from the time it leaves the facility airlock. There is
only one export facility with one truck and crane bay. This translates to 5-1/3 canisters or 32
MTG/day. This is the most limiting capacity in the LAW facility based on the current
information available. It is considered that steps could be taken to revise the administrative parts
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of the export process tto reduce the transfer time to levels that would support the DOE-ORP
target. This should be considered in the final development of the transfer process.

Electrical System/Melter Power Supplies

The facility electrical supply system is conservatively designed and is not limiting. As noted
above in the discussion of the Melter Power Supply Cooling System, the power supplies are
designed for a continuous rating that will support a facility peak glass production rate of 41.4
MTG/day. The power supplies are, therefore, not limiting facility production and are adequate to
support Contract and DOE-ORP glass production target rates.

4.2.2 The following factors affect the conclusions summarized above for each system.

1. The rates shown are peak production rates. The average production rates would include the
availability of each area which has not been considered in these discussions.

2. The design of the systems considered in this review are not complete. The margins identified
in the designs are based on review of typical margins applied by BNI in the design process
and discussions with the BNI design engineers. The conclusions drawn in this evaluation
could change after the designs are complete.

3. The CFD calculations that set the requirements for pour cave and finishing line cooling used
conservative values for air flowrates and the number of cooling panels. The most significant
area of conservatism, however, may be in the glass thermodynamic properties. “Bounding”
values were used. The potential impact of these conservatisms have not been considered in
evaluating the limiting conditions of operation for these systems. Tests will be run in the
summer 2003 to establish the actual glass properties. Once the results of the tests are
available, the evaluations will be rerun to determine actual margins.

4. Ttis understood that it is not possible to increase the size of the ventilation system within the
current footprint and configuration of the facility without considerable redesign and
irmovation. BNI indicates that the 5™ and 6™ pour caves for the removed third melter could
be medified to add air handling equipment, but that would be a major modification.

5. There is essentially no more room to put in additional cooling panels in the pour caves.

6. There has been discussion on adding local cooling to the canisters to reduce the skin
temperatures for handling. It should be noted, however, that the heat release rate is not
changed significantly when the skin temperature is reduced because of the insulating
properties of the glass itself. Such localized cooling would have to be sustained throughout
the finishing line or the canisters would have to spend extended time in the buffer area. If the
pour rate could be increased to the maximum capacity of the finishing line, i.e., 8.8 canisters
per day or 2.2 canisters per pour cave per day, and local cooling was provided to transfer the
canisters to the buffer area, the canisters would have to spend 26 hours in the buffer area to
meet the current assumption on temperature limits entering the finishing line. It is estimated
that 10 canisters would be resident in the buffer at one time when operating at the peak rate.
There is room for 18 canisters in the buffer area. There is uncertainty whether the buffer area
ventilation system could accommeodate the heat load for this many canisters.
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7. Itis understood that there is a temperature limit for entering the finishing line related to seal
welding the canister lid. A non-welded mechanical sealing system is currently under
consideration and, if adopted, may change the temperature limits and the residence times in
the lidding station. Those changes could affect the estimate of the peak production rate
supportable by the finishing line,

8. In the CFD calculations performed by Bechtel, San Francisco, canister skin temperatures
were calculated for a fast condition in which the interval from the start of pour to export to
DOE is 43 hours (at a rate equivalent to about 38 MTG/day). For this interval the peak
surface temperature at the time of export is 530 °F (Note this exceeds the finishing line
entering temperature but was run for information). The “typical” sequence extends for 63
hours (at a rate equivalent to 28.8 MTG/day) and results in a peak surface temperature of 440
°F. The Contract states that “The temperature of the accessible external surfaces of the
package shall not exceed 465 °F (alternating pour) or 550 °F (single pour) when returned to
DOE.” The CFD analyses were performed for single pour conditions so the Contract limits
are met for either the 43 hour or 63 hour time period. In the alternating pour mode, however,
it is not likely that a period significantly shorter than 63 hours could be used without
exceeding the limit. Meeting the canister temperature limit for export is not limiting the
production capacity considering the other limits on canister heat release rate that must be met
to enter the finishing line.

9. The HVAC analysis assumes that the balance of facility heat loads and ventilation
requirements are not a strong function of the throughput. BNI has confirmed that this
assumption is reascnable.

4.3 Objective 3

Scope actions that could be taken to increase the capacities of systems that limit the overall LAW peak
production rate below DOE-ORP extended goals.

As stated in the Background, the Contract baseline requirement for the LAW facility is equivalent to a
peak production capability of 30 MTG/day with a target of 36 MTG/day. Over the longer term, ORP has
established a target peak capacity for the LAW facility of 40 MTG/day. Figure 1 shows that both targets
are not met for certain systems based on the current understanding of the limiting conditions of operation
for these systems. Table 1 identifies potential actions that could be taken to mitigate the factors that lead
to the more significant limits in the facility support systems that affect their capabilities to support
increased melter production rates

5.0 SUMMARY OF OPEN ISSUES

As stated above, no open issues were identified in this review. The review concludes that the current
design of the LAW melter support systems and other system involved in the production of LAW glass is
sufficient to meet baseline Contract requirements.

6.0 RECOMMENDATIONS

DOE-ORP should review the actions identified in Table 1 and evaluate which should be pursued to
imcrease the potential that the target goal for peak production rate of the LAW facility will be met over the
long term.
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Appendix A -- Bases for Estimates of Limiting Conditions of Operation for LAW Facility Systems

The following documents the bases for the estimates of the capabilities of the LAW melter support
systems and other systems involved in the production of LAW glass on the peak production rate of the
LAW facility. These estimates are independent of the preduction capability of the melter itself. The
areas considered in this evaluation included Feed Preparation, Glass Former Feed System, Off-Gas
System, Melter Cooling Panel and Power Supply Cooling Systems, Pour Cave and Finishing Line
Cooling and Ventilation, Electrical Supply and the Finishing Line and Export Bay Material Handling.

Al Feed Preparation
A.1.1 Discussion

Figure A.1-1 summarizes the flow path and sampling plan for the LAW melter feed to confirm
compliance of the glass waste form for burial [1, 2, 3 and 4]. This figure and the following discussion
were developed from review of the references and discussions with cognizant BNI personnel.

The maximum ILAW glass production rate from the LAW Vitrification Plant feed system is influenced
by several parameters. These are the concentration of the Na in the LAW treated feed, the Na waste
loading in the ILAW product glass, the time required to sample and analyze the feed in the Concentrate
Receipt Vessel (CRV), the time to prepare and transfer the feed and the capacity of the feed pumps.

The following summarizes the CRV fill, sample and transfer times based on the current feed preparation
timeline [1,2]:

Filling the CRV from PT 1.7 hours
Sampling and Analysis 11.0 hours
Transfer to the MFPV 0.7 hours
Total 13.4 hours

The CRV has the capacity (9,100 gallons working volume) to fill the Melter Feed Preparation Vessel
(MFPV) four time before it is refilled.

The current BNI timeline indicates that it takes 4 hours to mix the waste with the glass formers in the
MFPV and an additional 0.6 hours to transfer the feed to the Melter Feed Vessel (MFV) [2,3]. The total
time required to transfer a batch from the CRV to the MFPV, feed and mix the glass formers and then
transfer the slurry to the MFV is 5.3 hours.

The MFPV and MFV working volumes are 3,300 gallons including the volume of the waste transferred
from the CRV and the glass formers and other feed constituents, e.g., sucrose. [2]. The maximum feed
transfer rate to the melter is cited as 480 gph [5]. Accordingly, the MFV has 6.9 hours of capacity to feed
the melter at this rate.

The current BNI baseline assumes that a single CRV will supply the two MFPV, MFV, melter lines ata
time in an alternating feed mode. The transfer pumps are not sized to feed both MFPV’s at the same time.
Each CRV contains four MFPV waste feed batches (approximately 2300 gallons per batch). The
minimum time that a CRV would have to begin resupplying both MFPV's, therefore, would be 10.6 hours;
supply and preparation of four batches in an alternating mode with 5.3 hours for each preparation of the
first MFPV supplied (see Figure).
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This timeline is not achievable, however, when the maximum feed rate of the melter is considered. As
cited above, at the maximum feed rate of 480 hours it takes 6.9 hours to empty the MFV for the next
batch. Once a new MFPV batch preparation is completed it can begin to feed the MFV but can only feed
at a rate that maintains the level in the MFV below maximum. If it is assumed that at the end of the
transfer from the MFPV the MFV is full and it takes 4.7 hours before the MFPV is ready to resupply the
MFV and the MFV has been supplying the melter at peak capacity of 480 gph, the MFV slurry volume
will be reduced by 430 gallon/hour x 4.7 hours = 2256 gallons when the MFPV is ready to begin
resupplying it. It will take another 2.2 hours for the MFV to be ready to be resupplied. Each MFPV
preparation and transfer timeline, therefore gets extended by 2.2 hours to a net of 7.5 hours (6.9 hours to
deplete the working volume of the MFV and 0.6 hours to replenish that volume from the MFPV. This
increases the overall MFPV timeline by 3.7 hours from 10.6 hours to 14.3 hours. (see Figure)

MFPV Preparation and Transfar Timelines

3
MFPV 2
2 AIT \ - \ T—K ;\ » /' I—T
g Trmsir Feed and Mix Waitfor  Tmsfrto  Tensfr Feed and Mix  wait for Trsfr to
: from CRV Glass MFV to MFV from cRy  Glass MFV to MFV
{ ;ymers F?ers J
1 + * /e * Py é../—
MFPV 1
@ .
4] 2 4 6 B 10 12 14 16
Time, hours

This timeline assumes that while one CRYV is feeding the two lines the other CRV is being filled from
pretreatment and the feed sampled and analyzed to confirm it is in compliance with waste form
requirements. As cited, above the CRV preparation time is currently estimated at 12.7 hours, including
11 hours for the current compliance sirategy. As seen from the figure the inventory of a CRV is depleted
about nine hours after the initial transfer of feed to the first MFPV. The next time an MFPV needs to be
filled is about 6 hours later. At that time the other CRV will begin another feed cycle. The empty CRV
therefore has about 21 hours to be filled and sampled before it will be required to feed an MFPV. This is
long compared with the 12.7 hours currently estimated for those actions.

On this basis the most limiting area of the feed preparation system is the feed rate to the melter. As noted
this is cited by Duratek as 480 gph. According to Duratek a glass production rate of 15 MTG/day is
equivalent to a feed rate of 300 gph. On this basis a 480 gph feed rate would support a glass production
rate of 24 MTG/day/per melter or 48 MTG/day for the facility.

This is likely a conservative estimate of the glass that would be produced at this feed rate based on pilot
melter performance. In general, the feed rate of slurry to produce 15 MTG/day has been in the range of
180 gph. This would support a glass production rate of 40 MTG/day per melter at a 480 gph feed rate.
This is an unrealistic extrapolation of performance and is not considered as a reasonable limit to be
considered in this evaluation.
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A.1.2 Conclusion

The analyses indicate that Contract requirements are met with the current feed preparation system
capacity and timeline. The feed preparation system will support glass production rates up to 48 MTG/day
(limited by the feed pump capacity). Therefore, the target production rate of 40 MTG/day is also met.

A.1.3 References

1. 24590-LAW-3YD-LCP-00001, Rev 0, “System Description for LAW Concentrate Receipt
Process (LCP)”, October 30, 2002, Bechtel National Inc.

2. 24590-LAW-3YD-LFP-00001, Rev 0, “System Description for Low Activity Waste Melter Feed
Process System”, February 12, 2003, Bechtel National Inc.

3. 24590-BOF 3YD-GFR-00001, Rev B0, “System Description for Glass Former Reagent System”,
March 26, 2003, Bechtel National Inc.

4, 24590-WTP-PL-RT-03-001, Rev 1, “ILAW Product Compliance Plan”, April 15, 2003, Bechtel
National Inc.

5. 24590-101-TSA-W000-0010-409-359, “LAW Melter System Description”, Durateck document
REP-WTP-11000, revision 0, November 2002
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U.S. Department of Energy Design Oversight Report
Office of River Protection June 2003 LAW Melter Support Systems
Page 21 of 50

A.2  Balance of Facility Services including Glass Former Feed System
A.2.1 Discussion

The attached tables summarize the services provided from the Balance of Facility to the LAW facility [2].
These show margin to the required values to support the baseline and increased facility capacity as
discussed for each area evaluated herein.

With respect to the glass former supply system, this table indicates a design capacity of 33.5 MTG/day.
Discussions with BNI personnel [1] that the time allotted to former feed and mixing (i.e., 4 hours in the
current timeline) is very conservative and that the former feed system should not be considered a limiting
factor in glass production. Accordingly, it has been assumed that the glass former system can support the
target peak glass production rate of 40 MTG/day.

A22 References

1. Report of Meeting with BNI, June 13, 2003, Summary Review of Preliminary Conclusions on ORP
Oversight Evaluation of LAW Melter Support System Capacities

2. BNI System/Facility Capacities Overview, DRAFT
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A3 LAW Melter Offgas Treatment
A.3.1 Background

The capacity of the LAW offgas system cannot be analyzed with accuracy at this time because the
requirements for most of the system are still under development. Only the Wet Electrostatic Precipitators
and the HEPA filters/housings have been specified in detail, although the HEPA specifications are
boilerplate requirements that must be augmented with application-specific data. Preliminary LAW melter
offgas system design requirements developed earlier are currently being reanalyzed by BNI to enable
completion of final design specifications for the majority of the equipment items. These specifications
will be prescriptive, but much will be left to the vendors to specify. The vendors also are required to
warranty their equipment, Therefore, some time will be required before a detailed analysis of the
potential excess capacity of the offgas system can be performed.

BNI also is developing process flowsheets for the offgas system as a primary basis for developing the
specifications. A process flowsheet developed for a typical Envelope A feed is considered the current
bounding case for design purposes (24590-LAW-M4C-20-00001, Rev A). This is because Envelope A
waste would be processed at the highest waste throughput rate, resulting in the highest mass flow rates of
water vapor, NOX, CQ, entrained solids, 1-129, and other important waste species in the offgas stream.
The Envelope A waste stream may not be bounding for all waste species of interest, however. Moreover,
BNI has not yet developed a detailed bounding analysis that considers factors such as normal processing
variability, upset conditions, equilibrium recycle conditions, and other conditions that may elevate mass
flow rates of species of interest in the offgas stream. Such an analysis is being considered by BNI.

In the absence of final specifications and a final bounding flowsheet analysis, the potential level of excess
capacity of the offgas system was roughly analyzed based on (1) data in the current Envelope A process
flowsheet (24590-LAW-RPT-ENG-02-004, Rev (), (2) preliminary offgas system requirements, (3) other
data and anticipated requirements provided by BNI, and (4) simplifying assumptions, as described below.
Much of the analysis below is based on the SBS and the SCR since they are the components most likely
to limit the throughput capacity of the offgas system.

A.3.2 Discussion of Factors Affecting Maximum Capacity

Table A.3-1 summarizes the design requirements and projected capacities (up to a factor of 2X the current
capacity) for the major components of the off-gas system. These requirements and capacities provide the
bases for the following discussions of (1) factors that affect the capacity and (2) likely impacts of melting
at 2X the baseline glass production rate (i.e., at 30 MTG/day/melter).

The LAW melter offgas discharged to the SBS contains the following nominal gas composition (24590-
LAW-RPT-ENG-02-004, Rev 0):

Waste water vapor, 25 parts

Acid gases, 3 parts

Air inleakage and instrumentation, 29 parts
Entrained aerosols, 0.2 parts

Film cooler air, 11 parts

Film cooler steam, 10 parts

Control air, 22 parts

* & & & 9 & @

TOTAL, 100 parts
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The melter system is being designed to accommodate a 3X episodic surge in the normal noncondensable
offgas rates and a 7X episodic surge in the normal condensable offgas rate (24590-LAW-RPT-ENG-02-
004, Rev 0). In the offgas composition above, the waste and glass forming chemicals together contribute
25 parts as condensables and 3 parts as noncondensables. The noncondensables are assumed to be
primarily SOX, NOX, COX, and various other acid species of relatively small concentrations.
Condensation of water is the largest source of heat that must be removed in the SBS. Based on rough
calculations of the relative energy required to condense the steam in the offgas versus cool the offgas
from 250 C to 50C in the SBS, about 2/3 of the cooling power load on the SBS (1,520,000 Btwhr) is for
condensation, i.e., 1,000,000 Btu/hr is for condensing steam and 520,000 is for cooling noncondensables.
The fraction of the capacity reserved for condensing the waste steam is about 710,000 Btu/hr since 10
parts of the water vapor requiring condensation are provided by the film cooler ((1,000,000)(25)/(25 + 10)
= 710,000). If the capacity of the melters were to be increased by 100% (to 30 MTG/d for each melter),
the waste steam fraction would increase to 50 parts, assuming no change in the concentration of the
melter feed. This steam also must be condensed in the SBS. The cooling load for condensing waste
steam then would double to 1,420,000 Btw/hr (2 X 710,000 = 1,420,000).

The preliminary design cooling capacity of the SBS is reportedly 2,997,000 or 3,000,000 Btu/hr (24590-
WTP-RPT-02-012, Rev 0). Since the film cooler would be shut off at the onset of an offgas surge, the
SBS must accommodate the surge in waste condensables as well as the flow of noncondensables. Ata
melting rate of 15 MTG/d, the reserve for accommodating the surge is 1,770,000 Btu/hr (3,000,000 —
520,000 - 710,000 = 1,770,000) and at 30 MTG/d it is reduced to 1,060,000 Btu/hr (3,000,000 — 520,000
—2(710,000) = 1,060,000) assuming the contribution to cooling the additional acid offgases in the surge is
relatively insignificant and or offset by reduced in-leakage during the surge. Thus, at 15 MTG/day, the
reserve of 1,770,000 BTU/hr appears nearly adequate to accommodate an additional 2.5X
(1,770,000/710,000 = 2.5) the normal waste-steam condensation rate of 1,420,000 BTU/hr, resulting in
the ability of the SBS to accommodate an extended 3.5X surge (1X +2.5X = 3.5X) at a 15 MTG/day
melting rate under isothermal conditions.

However, the large size of the SBS provides considerable thermal inertia, an important factor in the case
of the expected short-duration surges. To meet the needs for an extra 3.5X cooling (7X —3.5X = 3.5X)
during the surge to satisfy the requirement to accommodate the 7X surge requirement of 2,490,000 Btu/hr
(3.5 X 710,000 BTU/hr = 2,490,000), the water in the SBS can be heated, but to a level that does not
result in boiling. The liquid content of the SBS can be approximated to that contained in a cylinder ~5 ft
high by ~10 ft in diameter (24590-LAW-LOP-SCB-00001). This is equivalent to 24,500 pounds of water
(3.14)(5°)(5°)(5°)(62.4#/113) = 24,500#). The length of the surge will usually not exceed one minute.
Therefore the inertial cooling requirement is 41,500 Btu {(1/60)(2,490,000 Btu/hr) = 41,500 Btu). The
water in the SBS can probably be heated from the nominal 50 C to ~80 C and achieve effective
condensation of the excess steam in the surge. Under these conditions, the water in the SBS provides
1,320,000 Btus of cooling reserve ((24,500#)(80 C- 50 C)(1.8 F/C)(1 Btw/#-F) = 1,320,000 Btu). This
reserve would accommodate a surge lasting 32 minutes ((1,320,000/41,500) = 32).

The isothermal reserve for surges provided by the cooling water coils in the SBS for the 2X melting rate
condition is about 1.5X the normal waste-water condensation rate of 710,000 BTU/hr (1,060,000/710,000
= 1.5). Thus, the 2X melting rate case could accommodate an extended 2.5X surge under isothermal
conditions. To meet the needs for an extra 4.5X cooling (7X — 2.5X = 4.5X) during the surge to satisfy
the 3,200,000 Btu/hr requirement to accommodate the 7X surge (4.5 X 710,000 = 3,200,000}, the water in
the SBS can be heated, but not to a level that results in boiling. Therefore the inertial cooling requirement
15 53,300 Btu for a one minute surge ((1/60)(3,200,000) = 53,300). The water in the SBS can probably be
heated from 50 C to ~80 C and achieve effective condensation of the excess steam in the surge. Under
these conditions, the water in the SBS provides 1,320,000 Btus of cooling reserve ((24,500)(80 —
50)(1.8)(1 ) = 1,320,000). This reserve would accommodate a surge lasting 25 minutes
((1,320,000/53,300) = 25). The slightly reduced margin for cooling surges is very likely acceptable,
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especially because the use of bubblers in the LAW melters has significantly reduced the magnitude of
offgas surges.

The ability of the SBS to accommodate the added noncondensables arising from the 2X change in melting
rate also was estimated. The offgas flow rate to the SBS is shown in the process flowsheet to be 2780
ACFM for one 15-MTG/d melter. The gas includes 65% noncondensables discussed above. Thus, the
rate at which noncondensables are discharged to the scrubber is 1807 ACFM (2780 X 0.65 = 1810) at 252
C. The noncondensables include control air and film cooler air that can be stopped at the onset of a surge.
So subtracting this fraction, the noncondensable gas discharged to the SBS during a surge will contain
only about 32% of the total offgas, or 890 ACFM at 252 C (.32 X 2780 = 890). Much of the inleakage
will be reduced during a surge event due to the smaller pressure differential that would exist between the
melter plenum and the melter enclosure, so the noncondensable fraction will be even lower than 32%
under surge conditions.

The 3X requirement for accommodating the noncondensables under surge conditions implies that the SBS
must be able to accommodate 3 times the normal flow of the uncontrolled noncondensables, or 2,670
ACFM (890 x 3 = 2668) at the scrubber inlet temperature of about 252 C. (Actual offgas temperatures
during a surge are likely to be in the range of 400 C, however, due to curtailing film cooler air and steam.)
The offgas must be cooled in the SBS to 52 C, resulting in a nominal rate of 1446 ACFM at the exit of the
scrubber (per the process flowsheet, 24590-LAW-M4C-20-00001, Rev A). At this temperature the gas
holds about 14% water under saturated conditions. After subtracting the gas volume associated with the
water content of the offgas and adjusting for a 400 C temperature (assuming a perfect gas), the equivalent
noncondensable gas flow is 2580 ACFM ((1 - .14)(400 + 273)/(52 + 273)(1446) = 2580), which is about
that required to satisfy the 3X criterion of 2670 ACFM.

If the melter throughput rate were to double, the acid gas fraction would double to 6 parts, but the in-
leakage rate would remain the same, as would the controllable sources of noncondensable and
condensable gases (29 parts total for the other two sources of noncondensable gases). In this case, the
noncondensable uncontrolled offgas rate would increase from 890 ACFM to 973 ACFM ({6 + 29)/(3 +
29)(890) = 973). Tripling this rate yields 2920 ACFM (3 X 973 = 2920). This rate is equivalent to
reducing the surge capacity for noncondensables to 91% of the current level (2668/2920 = 91). Thus,
doubling the melter throughput would lower the scrubber’s ability to accommodate the increased gross
flow of noncondensables to 2.7X (91 X 3X =12.7). The SBS (and the remainder of the offgas system as
shown on table A.3-1) are likely capable of accommodating the small (~10%) increase in noncondensable
rates that would result from doubling the glass throughput rate within the design margins of the
equipment.

Doubling the glass throughput rate however would result in doubling the concentrations of acid gases and
1-129 that must be removed in downstream processes, since the removal efficiencies (decontamination
factors) for these species would not be significantly affected by changes in concentrations of these gases
in the offgas stream. Thus the loads for (1) removing I-129, SO2, and HF by the sulfur-impregnated
carbon bed, (2) oxidizing CO in the catalytic oxidizer, (3) reducing NOX in the SCRs, and (4) scrubbing
acid gas residues in the caustic scrubber would approximately double. The loading rate of I-129 and acids
on the carbon bed will increase by a factor of 2X, resulting in doubling the rate of changeout of the bed
material. Because BNI plans to install parallel carbon bed systems that can be isolated from one another,
it is doubtful the 2X higher changeout rate would be a process-limiting factor considering the relatively
low loading rate expected. The catalytic systems must be operated continuously, and it is doubtful the
vendors who develop the detailed specifications will provide the ability to handle double the nominal
teatment rate (including additional reserve for off-normal conditions), especially for treating NOX due to
the added cost of dealing with the heat generated in the NOX/ammonia reaction. The additional heat
generated at the 2X melting rate conditions would elevate the temperature of the offgas exiting the SCR
by an additional 200 — 400 C (depending on the ratic of NO/NO2 in the thermodynamic calculations).
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NOX may be formed at these higher temperatures rather than eliminated, necessitating a heat exchanger
to cool the gas. A heat exchanger is currently not included in the BNI Baseline. Thus, the likelihood of
conservatism in the design capacity of the SCRs might allow up to a 50% higher NOX processing rate,
but a 100% rate seems unlikely.

A.3.3 Conclusion

Because the LAW offgas system is largely unspecified, its capacity to accommodate higher melting rates
cannot be analyzed with confidence at this point in time. BNI intends to award design-build subcontracts
to vendors who must warranty the performance of the provided equipment. Thus it is likely the
equipment will be conservatively designed, affording margin for higher glass processing rates. Itis
doubtful the margin will be 100% for destroying NOX, although the margin for other offgas processing
units appears likely to be in the 100% range. The SCR margin may allow for 50% higher glass
processing rates, and design changes that could increase the capacity by 100% appear feasible. For
purposes of this rough analysis, it should be assumed the offgas system will allow a 50% increase in
glass-processing rates, but probably not higher unless changes are made to the SCR system. Increasing
the melting rate will result in increases in rates of waste recycle from the LAW melter offgas system to
PT and ETF/LERF. These impacts are outside the scope of this analysis, but may be significant.

A3.4 References

24590-LAW-RPT-ENG-02-004, Rev 0, LAW First Order RAM Data Development and Assessment
Report, April 4, 2003,

24590-LAW-M4C-20-00001, Rev A, LAW Mass, Heat, and Pressure Balance, August 21, 2002,

24590-LAW-LOP-SCB-00001, Process Data Sheet: Submerged Bed Scrubber, February 22, 2002.
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A4  HVAC and Electrical System
A4.1 Background

The following summarizes the review of the HVAC and electrical system current design capabilities with
respect to their ability to support an increase in melter production rate in excess of the baseline of 15
MTG/day per melter. This review focused on the pour caves and finishing line HVAC systems and the
overall electrical system. This review estimates peak capacity limits based on the current design of these
systems. The review to-date has not considered system availability to establish average production rates.

The design of these systems was not complete at the time of this review. Significant redesign of some of
these systems was underway as this review was being conducted to accommodate the change from three
to two melters in the LAW facility and to a significant change that was made in the assumed thermal
properties of the glass that increased the heat loads in the pour caves and the finishing lines. The review
was, therefore, based on data available in existing and developing calculations, system descriptions,
specifications, etc. and on discussions with BNI design personnel. The sources are listed as references in
the following discussion. The results of the discussions with BNI are summarized in Appendix B of this
report.

The following provides discussion on the following factors in the LAW HVAC and Electrical systems
that have the most limiting impact on the achievable peak glass production rate for the LAW facility:

Pour Cave and Canister Temperatures

Pour Cave Ventilation and Cooling

Pour Cave Cooling Panels

Finishing Line Temperatures

Canister Transfer Temperatures

Metter Cooling

Melter Power Supply Cooling

Electrical System including the Melter Power Supplies

Table A.4-1 summarizes the design requirements and current specified capacities for the several
components that comprise the LAW HVAC and Electrical systems. These are preliminary data and were
used to support the discussion and conclusions drawn in the following.

A42 Pour Cave and Canister Temperatures

There are several limits on pour cave temperatures that must be met by the pour cave cooling and
ventilation systems during normal operation. These are limits on the structure temperatures, principally
the concrete (150 °F), ambient temperature (200 °F), HVAC exhaust temperature (150 °F) and the
temperature of the canister for handling (600 °F) [1]. During normal operation the ability of the cooling
panels and ventilation system to maintain these temperatures below limits is dependent on the rate at
which the canister is filled and exported from the pour cave, the properties of the glass and the glass melt
temperature. Computational Iluid Dynamic (CFD) calculations performed by Bechtel, San Francisco [1]
determined these parameters for normal operating as well as off-normal operating and loss-of-power
conditions in the pour cave.
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In these analyses the bounding pout cave evaluations for normal operation are based on a continuous pour
scenario of 4 partial pours over & 9 hour period with a 1 hour hold after the last pour. The total canister
residence time in the pour cave was 28 hours including 10 hours in the pour position, 10 hours in the
cooling position and & hours in the transfer position. The calculated concrete temperatures are well below
maximums for a glass pous temperature of 2100 °F and the 10 hour pour time. The maximuim ambient air
temperature is well below maximum (149 °F versus maximum allowed of 200 °F) and the maximum
HVAC exhaust is 145 °F versus 4 maximum allowable of 150 °F. (Note that the more himiting conditions
for ambient and structural temperatures are the off-normal and loss of power conditions. These are not
considered herein because they are not relevant to the peak capacity of the system under normal
operation.) The maximum canister gkin temperature (7 60 °F), howeVer, exceeds the maximum handling
temperature (600 °F) during the pour cycle. Based on the CFD calculations, the container skin
temperature remains above the maximum handling temnperature for 30 hours after the initiation of the first
pour.

These calculations are conservative in several areas:

. Three “steel beam” cooling panels were not included in the modeling
. Conservative aif flows and temperatures Werc used.
The turntable and its cooling circuiis Were not modeled.
- Bounding glass properties, including high thermal conductivity, were used.

The impact of exceeding the 600 DegF maximum handling temperature while on the elevator during pour
and then when on the carousel in the cooling and transfer positions is not known. Itis assumed, however,
that it would not be possible o mOVe the canister out of the pour cave into the transfer tunnel until the
skin temperature 15 below 600 DegF. For the bounding high conductivity glass property condition this
would require that the canister remain in the pour cave for at least 30 hours prior to transfer.

It is understood that the current BNI baseline timeling assumes that a canister remains in the pour cave for
48 hours from the beginning of the first pour. This includes 10 hours in the pour position, 20 hours in the
cooling position and 18 hours in the transfer position. In this imeline 1t 18 assumed that the exchange of
the filled canister the transfer position with a new canister takes up the 2 hours difference in time while
in the cooling and transfer positions. The 20 hours in the cooling position includes 10 hours pouring in
the same pour cave and 10 hours pouring in the opposite cave. The 48 hour period 1s required to reduce
fhe canister heat release rate sufficiently to enter the fmnishing line. {1, 2] This timeline supports 2 facility
peak production rate of 4.8 canisters or 28.8 MTG a day (two melters, four pour caves at 10 hours per
alternating pour per cave, 6 MTG per canister [2 melters X 24 hours per day/10 hours pet canister per
melter x 6 MTG per canister = 28.8 MTG/dayl)

Assuming that the 600 DegF handling temperature is limitation on moving the canister out of the pour
cave and it takes 30 haurs for the canister to reach that temperature, then it appears that this timeline
could be reduced by 18 hours. This timeline would support a pour period of 7.5 hours, 15 hours in the
¢cooling position and 7.5 hour in the ransfer position. This assumes a total time of 7.5 hours 1 the
transfer position — moving the filled canister out and the new canister in. This would support a facility
maximurn production rate of 6.4 canisters 0T 38.4 MTG per day. [2 melters X 24 hours per day/7.5 hours
per canistet per melter x 6 MTG per canister = 38.4 MTG/day)

This shorter time line is not consistent with the pour cave CFD analyses although the total time frame is
in the same order (30 hours versus 28 hours). The peak temperatures and heat capacity of the canister i
the pour position will be higher for the shorter total pout period (7.5 hours versus 10 hours). 1t is likely
that the structural, ambient and HVAC exhaust femperatures would still be acceptable based on the
significant margin to the maximums in the current analyses and the fact that the overall heat release

—
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would be similar. Peak skin temperatures would be higher because of the shorter pour time. This
timeline is considered representative of the maximum production rate that could be achieved based on not
exceeding the maximum canister handling temperature with the current design pour cave cooling and
ventilation capacities.

Increased air flow rates and reduced air temperatures (or other means such as supplemental cooling packs
that would be positioned around the canister) could be used to reduce the skin temperature sooner.
However, these must be sustained through the transport of the canister out of the cave. The heat release
rate is essentially independent of the outer temperature because of the insulating properties of the glass
itself, and the sooner the canister leaves the pour cave the higher the release rate. As discussed more
below, an interval of 48 hours is currently estimated as required to reduce the canister heat release rate to
a value that can be accommodated by the finishing line ventilation system. It is also understood that it is
not feasible to increase the capabilities of the HVAC systems which are currently at the maximum
achievable for the current facility footprint and configuration.[3] It is possible that the canister buffer
area could be used to allow the canister to cool to an acceptable temperature prior to being transferred to
the finishing line if the canister were moved to the buffer area in a temporary cooling pack. In any event
this is not the current baseline and considerable design work and modification would be required to
achieve faster skin temperature reductions. The maximum capability of the buffer area to temporarily
store canisters as they cool has not been established. The buffer area was not intended for this purpose.

[4]

Accordingly, it is estimated that requiring the canister to be cooled to a skin temperature no higher than
600 °F prior to handling, limits the current facility peak production rate to 38.4 MTG/day. Note that the
required times for cooling to an acceptable temperature for handling could be reduced if future
measurements show that the assumed glass properties are overly conservative. These measurements will
be complete in the Fall 2003. [5] BNI indicates that the CFD analyses will be redone when the results of
these measurements are available and the timing limits will be established. [4]

It should also be noted, if the pour temperature were increased as part of increasing the melter efficiency
the times to cool may be longer and reduce the production rate. If the pour temperature were increased,
supplemental canister cooling may have to be investigated to take advantage of the improved melter
efficiency.

A.4.3 Pour Cave Ventilation

The CFD calculations [1] assume air flow rates through each pour cave that total 7720 cfm at varying
temperatures depending on the source, e.g., 6150 acfm at 113 °F from the transfer tunnel is the principal
flow. The calculations for sizing the LAW C5 Exhaust Fan [reference Cale No. 24590-LAW-MAC-C5V-
00001, Rev 1] show pour cave flowrates in the range 5895 scfm to 6396 scfm In and 7575 scfm to 8075
scfm Out depending on the status of the CO; decontamination systems which extract 2000 scfm of
makeup air from C5 upstream of the pour caves when operating. It is understood from discussions with
BNI personnel [3] that the sizing calculation reflects the results of the latest pour cave and finishing line
CFD analyses (referenced above) which, as noted above, consider the current “bounding™ glass properties
and the two LAW melter configuration. The reduction in the number of melters from 2 to 3 permitted
redirecting ventilation flow from the 5™ and 6™ caves to the other four maintaining overall flow
requirements similar to the last analyses. The current flow requirements did increase the required fan
motor size from 250 to 400 horsepower.

It is understood that without significant redesign and innovation {e.g., locating additional fan units in the
pour caves for the third melter) that there is no space available in the facility for additional fan units,
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including the fans, motors, coolers and filters. [3] The ability to accommodate increased throughput in
the pour caves from the standpoint of ventilation, therefore, depends on the inherent margins applied in
the design process which, based on discussions with BNI personnel, [3] are in the range of 15% on heat
load and 20% on static pressure, and the conservatisms in the CFD calculations. As noted above, one of
the more significant unknowns in the CFD calculations are the glass properties. Once these are better
defined in the Fall 2003, the actual available margins between the calculations and the design capabilities
can be determined.

As noted above the CFD analyses show significant margin in the calculated temperatures versus the
limits. Considering this fact and the design margins discussed above, for the purposes of this analysis it
will be assumed that the ventilation systems have sufficient margin to support a 25% increase in melter
throughput, i.e., from a current nameplate rating of 30 MTG/day to 38 MTG/day.

A.4.4 Pour Cave Cooling Panels

Maintaining pour cave air and structure temperatures within design limits is accomplished though a
combination of ventilation and strategically placed cooling panels. The pour cave cooling panels were
originally designed to be supplied with chilled water as the heat sink. {3] In September 2002 a change in
the estimates for glass parameters resulted in significant increases in the heat loads in the pour cave and
finishing line requiring increases in the capacity of the water cooling and HVAC systems supporting these
areas. The increase in heat loads due to the change in glass properties had a major impact on the design
of the pour cave water cooling system. The increased loads required an increase in the number of cooling
panels in the pour cave and strategically locating the new panels in critical areas. BNI also concluded that
it would be more economical to cool the system with plant cooling water (system PCW) rather than
chilied water (CHW). [1, 3]

The interface with the BOF plant cooling water system is at the pour cave cooling panel heat exchangers
(PCW-HX-00019A/B). The cooling panels are supplied with demineralized water in a closed loop
system using these heat exchangers as the heat sink in that loop. These are plate and frame heat
exchangers and specified with typically 15% margin on heat load. The specification for the heat
exchangers also requires that provision be made for addition of 25% to 50% more plates [reference
Specification No. 24590-WTP-3PS-MEP0-T0001, Engineering Specification for Plate and Frame Heat
Exchangers]. According to BNI, the addition of plates to an heat exchanger that has been in service 1s
straightforward. Additionally, the piping for the cooling water supply from BOF was sized to
accommodate three melters at a nameplate rating of 15 MTG/day each so additional cooling water could
be provided in the future, if required. [2, 3, 6]

The maximum heat load on an individual panel depends on its location. Each panel is designed for the
maximum load and the heat exchangers are designed for the combination of these loads. However, the
panels are not necessarily all exposed to the maximum heat load simultaneously. During the pouring,
cooling and export sequence within an individual pour cave the cooling panels will be exposed to their
maximum heat loads at different times in the sequence. There is, therefore, inherent margin in the
capacity of the pour cave cooling heat exchanger design. It is noted, however, that the critical
requirement of this system is to limit pour cave structural temperatures below maximum operating limits.
This depends on the capability of each panel at its maximum load.

The layout of the cooling panels was reviewed briefly. It is understood that the majority of the pour cave
surfaces are covered by cooling panels and that there is little space available to add panels to increase the
cooling capacity in that area. [3] It was pointed out by BNI that an increased heat load in the area, (e.g., if
the melters were operated at higher throughput than the current baseline such as 22 MTG/day versus 15
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MTG/day) would result in an increase in the cooling water differential temperatures and a small increase
in the structural and air temperatures which BNI personnel consider would be within the capabilities of
the SSC specifications for modest increases in throughput.

It is concluded, therefore, that the capacity of the pour cave cooling panels and the heat exchangers that
remove the heat from the cooling panels are not limiting with respect to an increase in meiter throughput.
The combination of the cooling panels and the ventilation system in the pour caves are, therefore,
considered to be capable of accommodating the increase of 25% as stated above.

A.4.5 Finishing Line Temperatures

The finishing line temperatures were also calculated in the CFD analyses [1]. The C5 exhaust fan sizing
calculation also considered the heat load in the finishing line based on these calculations [7]. Two
different timelines were evaluated in the CFD analyses — a “fast” schedule and a “typical” schedule. The
fast schedule assumes the container leaves the pour cave 28 hours after the first pour. The typical
schedule assumes the container leaves the pour cave 48 hours after the first pour. Calculations were also
made with varying glass thermal conductivities to bound the heat release and skin temperatures in the
finishing line as a function of time. These calculations established required ventilation flow rates which
were then used in the fan sizing calculation,

The C5 fan calculations use the heat release rates from the CFD analyses, the same residence times at
each stage in the finishing line and the “typical” pour cave schedule, i.c., the canister enters the finishing
line 48 hours after the start of the first pour. [7]. The calculations indicate that this is the minimum time
after the initial pour that the canister can enter the finishing line without exceeding allowable
temperatures in the line. [2, 4] Based on discussions with BNI [3] it is understood that there is a limit on
the maximum canister temperature to enter the inerting/sampling/welding position. This may change if
the welded lid is changed to a crimped lid. [4] In any event the 48 hour timeline results in a calculated
maximum canister skin temperature of about 460 °F when entering the finishing line.

The 48 hour interval prior to entering the finishing line is consistent with the current pour cave timeline
that includes 10 hours in the pour position, 20 hours in the cooling position and 18 hours in the export
position. As noted this is consistent with a production rate of 4.8 canisters or 28.8 MTG per day. To
meet the higher production rates discussed above, e.g., a 30 hour pour cave timeline that results in a 6.4
canister or 38 MTG per day preduction rate, the canisters would have to spend 18 hours in the buffer area
to cool to the required temperature prior to entering the finishing line. Note that there is uncertainty on
the ability of the buffer area ventilation to accommodate the heat load for canister cooling over this time

frame. [4]

The calculations assume that a canister is resident in every station in the finishing line and, assume a
canister enters the line every 8 hours [7]. The calculations, therefore, are consistent with a facility peak
production rate of 6 canisters per day or 36 MTG/day [3 canisters per day per line X two lines x 6 MTG
per canister = 36 MTG/day].

A4.6 Transfer Temperature

The CFD analyses [1] provide calculations of the canister centerline and surface temperatures versus time
for two canister fill and finishing timelines. The fast timeline results in completing canister processing to
the point where it is ready to be transferred to DOE within about 43 hours from the start of the first pour.
For this scenario the peak canister surface temperature at transfer is about 530 °F. The longer, typical
timeline results in completing canister processing in about 63 hours with a peak canister surface
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temperature of about 440 °F. The Contract [reference 1, Specification 2, 2.2.2.13, External Temperature]
states that “The temperature of the accessible external surfaces of the package shall not exceed 465 °F
(alternating pour) or 550 °F (single pour) when returned to DOE.” The CFD analyses were performed for
single pour conditions so the Contract limits are met for either the 43 hour or 63 hour time period. In the
alternating pour mode, however, it is not likely that a period significantly shorter than 63 hours could be
used without exceeding the limit. Meeting the canister temperature limit for export is not limiting the
preduction capacity considering the other limits on canister heat release rate that must be met to enter the
finishing line.

A.47 Melter Cooling Water

The melter cooling panels are supplied by a closed loop circuit using demineralized water and heat
exchangers PCW-HX-00004 A/B and 00005 A/B as the heat sink. The heat exchangers are supplied with
plant cooling water from the balance of plant system at a nominal inlet temperature of 79 °F. (Note that
the balance of plant is designed to supply plant cooling water at 77 °F. The heat exchanger sizing
calculations include a 2°F margin on inlet temperature.) The flowrate requirements are set by Duratek
and are based on calculations and experience with the pilot melter for a nominal melter throughput of 15
MTG/day. [8] According to the Duratek calculation there is no margin in the specified flowrates and heat
loads. Review of the heat exchanger and pump specifications against the specified requirements [Table
A.4-1] indicates typical design margins for the pump, 5 gpm on flow and 10 psi on total developed head
[TDH] but considerably higher margin (e.g.,up to about 50%) in heat exchanger capacity. BNI indicates,
however, that the specifications for the heat exchangers are still under development and the actual
margins are not currently defined. The BNI design criteria specify a design margin of 15% on heat
exchanger design [10], 10% margin on pump capacity. [3] BNI also assumes that the cooling water inlet
temperature is 2 °F higher than design which adds another 5% to 10% margin depending on the cooling
water differential temperature. On this basis, therefore, a minimum margin of about 35% in heat removal
capability for this system could be expected [0.15 + 0.1 + 0.1].

The melter cooling heat load is essentially independent of the throughput of the melter for the same melt
temperature and the same melter area. The melter cooling panel system requirements would, therefore,
not be different than the current design under these conditions. Duratek indicates, however, that some
increases in melter throughput would occur as a result of increasing the melt area by reducing the
thickness of the refractory, and increasing the glass temperature. [9] If these changes were made the
panel cooling requirements will be increased.

According to BNI calculations [reference calc 24590-LAW-ETC-LMP-0001] the heat loss for an increase
in melt temperature is most limiting under idling conditions (principally because of the loss of the cold
cap). This loss has been assumed by BNI to be a linear function starting with zero heat loss at 45 °C room
temperature and the value cited by Duratek at 1150 °C. This results in the following expression for heat
loss versus melt temperature — Qss(T), kW = 12.372 (T °C/45 —1). This same calculation shows that the
heat loss to the cooling panels in the idling mode is about 62% of the total heat loss. On this basis the
increase in heat load on the cooling panels for a 50 °C increase in melt temperature would be about 8.5
kW out of a total of about 130 kW or 6.6% [62% x 12.372 kW per °C/ 45 °C x 50 °C increase = 8.3 kW].

The increase due to a reduction in refractory thickness can be estimated using data provided by Duratek
for the effect of refractory corrosion over the melter lifetime [8]. For a six-inch loss of refractory Duratek
indicates the cooling panel heat load at a constant melt temperature of 1150 °C would increase by 32% in
the feed mode and 24% in the idle mode. A 6-inch reduction in refractory thickness increases the melt
area by 23% [(Current Melt Pool Length 16.167 ft + 1 ft) x (cutrent melt pool width 6.667 ft + 1 ft)
/(16.167 x 6.667) = 1.23] On a per unit basis the ratio of cooling panel heat load increase for a decrease
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in refractory thickness is 0.32/6 = .0533 per unit per inch reduction. The Duratek discussions indicate
that the melt area could be increased by 30% without affecting the footprint of the melter. An 8 —inch
reduction in refractory thickness is required to obtain a 30% increase in melt pool area. The 8-inch
reduction in thickness will increase the heat load by 42.7%. [0.0533 per unit/ inch x 100 % per unit x 8
inches = 42.7 %).

The combination of these two changes in the melter could increase the cooling panel heat load by up to
49% [6.6 % due to temperature increase + 42.7 % due to reduction in refractory thickness]. Based on
current data the cooling panel margins are in the range of 35% so assuming all cooling criteria remain
constant it would not be possible to accommaodate the full range of the temperature and refractory
changes. Assuming the effects are linear 35/49 or 71% of the changes could accommodated. According
to Duratek these changes would result in a 50% increase in throughput. The cooling panel capacity may
limit that to 35% or 5 MTg/day. This would support the target goal of 40 MTG/day.

A48 Melter Power Supply Cooling

In the current design, the melter power supplies and the electrical buses are cooled by a closed loop
circuit using demineralized water and heat exchangers PCW-HX-00007 A/B as the heat sink. The heat
exchangers are supplied with plant cooling water from the balance of plant system at the nominal
temperature of 77 °F. The current design includes three power supplies with no separate auxiliary or
backup supply. [3] The backup supply is built into the primary supply. The current calculations are
based on supplying cooling for the power supplies and buses of the original three melter configuration.
freference calculation 24590-LAW-MEC-PCW-00001] The number of power supplies will be reduced to
two — one for each melter — and the cooling system will be downsized accordingly. [3] The pump sizing
calculation [reference 24590-LAW-MPC-PCW-00001] includes 35% margin in flowrate to accommodate
required minimum flow recirculation and some margin. The heat exchangers include a 15% margin on
heat transfer area. The BNI HVAC design criteria include a 15 % design margin. Since the design of this
system for the two melter configuration has not been completed, it will be assumed that this system has a
15 % design margin. This is conservative based on the design work for the three melter configuration.

It is understood that a Trend has been submitted to cool the buses with forced air ventilation rather than
water. If this change is made it would reduce the overall heat load requirement on the heat exchanger.
The same design margins would, however, be retained. Accordingly, this change would not affect the
conclusions of this evaluation.

Table A.4-1 summarizes the results of recent LAW pilot melter tests. This table documents the actual
power required to produce glass at the rates indicated for ranges of feed conditions for waste envelopes A,
B and C. On a gross average basis this indicates a power requirement of about 65 kw/MTG/day. This
includes the process power (power to melt the slurry) and the conduction and ventilation heat losses.
From prior work the process power requirement was estimated at 55 kw/MTG/day [reference calculation
24590-LAW-ETC-LMP-00001]. It is stated in this calculation that this rate was based on a feed rate of
2.2 MTG/m?/day which is similar to those summarized in the table. The net power requirement of 10
kw/MTG/day covers the heat and ventilation losses. This is lower than stated in the prior calculations of
power requirements [calculation reference above] which cites heat losses of 212 kW and ventilation
losses of 80 kW. This load, however, does not change with throughput.

Discussions with BNI personnel indicate that a continuous rating of 1430 kW will be specified for the
melter power supplies. [11] Using the process power requirements and the heat loss requirements this
would support a glass production rate of (1430 kW — 292 kW losses) / 55 kW/MTG/day = 20.7 MTG/day
per melter or 41.4 MTG/day for the facility.
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Accordingly, the cooling systems should be capable of supporting a sustained average throughput 15%
greater than current design or about 23.8 MTG/day per melter or 47.6 MTG/day for the facility. The
melter power supply cooling system is, therefore, not limiting with respect to meeting Contract
requirements or the DOE-ORP stretch target goal of 40 MTG/day

feed type avg specific total for max pilot projected LAW  R&T data reference
throughput  pilot (highest for 10 m2  melter
during melter,  power melter  power=3
feeding MTG/d  spike) (production x pilot, kW
periods, kW unit)
MTG/m2d
Env Al nominal 1.97 6.5 380 20 1140 TRR-PLT-71
Env Al 15 % low waste variation 1.89 6.2 415 19 1245 TRR-PLT-71
Env Al 15 % high waste variation 1.66 5.5 380 17 1140 TRR-PLT-71
Env A2 nominal 1.30 43 360 13 1080 TRR-PLT-70
Env A2 15 % low waste variation 1.40 4.6 370 14 1110 TRR-PLT-70
Env A2 15 % high waste variation 1.80 59 380 18 1140 TRR-PLT-70
Env C1 nominal 1.80 59 390 18 1170 TRR-PLT-69
Env C1 15 % low waste variation 1.80 5.9 370 18 1110 TRR-PLT-69
Env C1 15 % high waste variation 1.70 5.6 390 17 1170 TRR-PLT-69
Env C2 nominal 2.20 7.3 420 22 1260 TRR-PLT-72
Env C2 15 % low waste variation 2.00 6.6 420 20 1260 TRR-PLT-72
Env C2 15 % high waste variation 2.10 6.9 425 21 1275 TRR-PLT-72
Env B1 nominal 2.21 7.3 450 22 1350 TRR-PLT-74
Env Bl low waste variation 2.02 6.7 460 20 1380 TRR-PLT-74
Env B1 high waste variation 207 6.8 450 21 1350 TRR-PLT-74

A.4.9 Electrical Systems

The LAW facility is not limited by available normal electrical power supply. The switchgear is
conservatively designed to be able to accommodate higher electrical loads (13.8 KV with a continuous
rating of 1200 amps). The LAW facility electrical load summary assumes that the electrode power
supplies operate continuously at their ratings. The facility electrical load design is, therefore, not limiting.

The margin in standby electrical power for the melter is not known. The standby power requirement
would increase for the larger area and reduced refractory thickness and, possibly, the higher operating
temperatures that may be part of increased production capacity of the melters.

As noted in the discussion on melter power supply cooling the current design specifications for the power
supplies will support a sustained melter glass production rate of 20,7 MTG/day or 41.4 MTG/day for the
facility. This is adequate to meet the Contract requirements and the DOE-ORP extended target goal of 40
MTG/day.

A.4.10 References

1. Calculation 24590-LAW-M4C-C5V-00001, CFD Analysis of LAW Pour Caves (with additional
cooling) and Finishing Lines, Rev A, 3/28/03
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3. Report of Meeting, May 13, 2003, a copy is included in Appendix B of this report
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A5 Material Handling

The following summarizes the assessment of the maximum capacity of the LAW facility finishing lines
and export bay. The times for handling of empty canisters to prepare for insertion into the pour caves is
not limiting and is not covered below.

A.5.1 Finishing Line Capacity

The CFD calculations are based on the following residence times (hours) in each station [C5 fan sizing
calculation, reference 7, Sheet A7-7]:

Lidding 52
Decontamination 33
Export 3.05
Airlock 0.25
Total time in finishing line 11.8

These are a little different than what is understood to be the current sequence based on the CFD
calculations and discussions with BNI [3]:

Lidding 5.5
Decontamination 3.5
Swabbing 2.75
Export 0.25
Total time in finishing line 12.0

The principal difference appears to be nomenclature but the total times are similar. Based on these
sequences the most limiting station is the lidding/welding station at 5.5 hours. Theoretically, therefore,
the finishing line could process a canister every 5.5 hours or 4.4 canisters per day per line [24 hours per
day/ 5.5 hours per canister = 4.4 canisters per day]. This would be equivalent to a facility production rate
of 8.8 canisters or 52.8 MTG per day. The heat load calculations may support this throughput assuming
that each canister would be held up in the buffer area to assure an interval of 48 hours from initiation of
its first pour priof to entering the finishing line. This would require a pour time of 5.5 hours with a total
residence time in each pour cave of 22 hours and 26 hours in the buffer area. At full capacity the buffer
area would have to accommodate about 10 canisters.

It is not known whether the buffer area can accommodate this many canisters and if the HVAC system in
the buffer area is sized for that capacity. [4] The residence time in the pour cave is not sufficient to
reduce the canister temperature to the 600 °F handling limit The pour cave temperatures would also be
higher than currently calculated by the CFD analyses and a re-analysis would be required to establish if
the cooling systems would support this rate. However, narrowing the review to the finishing line only the
current ventilation calculations may support the full capability of the line, i.e., 8.8 canisters or 52.8 MTG
per day.

A.5.2 Transfer to DOE

The process for transfer of the completed canisters from WTP to DOE for burial has not been finalized.
Based on the original design a period of 6.6 hours was estimated to transfer a canister from the airlock to
the DOE trailer for transport to the burial site.[Reference 24590-LAW-RPT-ENG-01-001, rev 0,
9/12/2001] In subsequent discussions with BNI this time was considered to be excessive and not
reflective of the current design, e.g., the new design does not include the container storage facility. A
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time of 4.5 hours was considered reasonable and meets the current contract requirements. There is only
one truck bay and crane for this purpose in the current design of the facility. Accordingly, the peak
capacity of the export bay is 5-1/3 canisters or 32 MTG/day [24 hours per day/4.5 hours per canister x 6
MTg per canister = 32 MTG/day]. This is the most limiting area of the facility with respect to production
of glass. It is considered that relatively straightforward changes changes could be made in the process to
streamline the adminisirative areas of the transfer and reduce the total time significantly so that this
process is not limiting the production rate of the facility.
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Appendix B
BNI Responses to

ORP Technical Design Oversight Questions
LAW Melter Support Systems
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Appendix B
BNI Responses to
ORP Technical Design Oversight Questions
LAW Melter Support Systems

The following questions (lines of inquiry) were developed by ORP as part of the design oversight of the
BNI process for selection of materials of construction (and the referenced documents). They are grouped

into the following categories:

General

Plant Cooling Water (PCW)
Chilled Water (CHW)

HVAC

Electrical

Additional Questions

Report of Meeting May 13, 2003
Report of Meeting June 13, 2003

mQEEHOOws

The questions and answers are arranged into tables and organized into columns, which are:

Question - The question or line of inquiry raised by ORP.
Comment - Additional information supplied by ORP to clarify the question.
Response - The BNI response to the question.

Page 1
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Appendix B
BNI Responses to
ORP Technical Design Oversight Questions
LAW Melter Support Systems
Report of Meeting
Date: May 14, 2003
Date of
Meeting: May 13, 2003
Place: ETC-1, M-109
Persons
Attending: See attached list
Report
Prepared by: Larry Demick, ORP
Subject: ORP Technical Oversight of Melter Support Systems for Cooling and Electrical Supply

Reference: D-03-DESIGN-002, “Design Product Oversight Plan, WTP LAW Facility, Melter
Support Systems, May 2003”

Purpose:

The reference documents the purpose, objective, process and schedule for the ORP Technical Oversight
of the WTP LAW facility melter support systems. On May 13, 2003 two meetings were held between
ORP and BNI personnel to discuss preliminary results of reviews of the design, including bases, for the
LAW facility water cooling, HVAC and electrical supply systems in support of this technical oversight.
The first meeting covered the water systems and HVAC. The second meeting covered the electrical
systems and operation of the melter. Open items, questions and lines of inquiry concerning the ORP
oversight were also discussed in these meetings and the status of the design of these systems and
emerging issues were explored.

The following summarizes the discussions in these meetings.
Summary of Discussions:

1. The purpose, objectives and process to be followed in conducting this oversight were briefly
summarized. These are documented in the reference. It was noted that Mr. Isern (the designated BNI
point of contact for this oversight) was still working with a draft plan. The final plan was transmitted
to Mr, Isern later in the day.

2. A copy of a table summarizing specific questions concerning the design and specification of
components for the water cooling, HVAC and electrical systems in the LAW Vitrification facility was
provided for meeting attendees and was later transmitted to Mr. Isern by E-mail. These questions
were not reviewed explicitly in this meeting, but many of the areas covered by the questions were
discussed. Mr. Isern was requested to provide responses to the questions by May 23 or earlier.

3. The modifications of the water cooling, HVAC and electrical systems to accommodate the removal of
the third LAW melter comply with the guidance provided by ORP in the January 22, 2003 letter 03-
AMWTP-001 from R. J. Schepens to R. F. Naventi, “Modifications to the LOW Activity Waste
(LAW) Facility Implementation of the 2+2 Melter Trends”. In the context of these systems the
principal embedments, piping, tubing, penetrations, transformers, bus ducts, main control centers and
UPS are sized to support three melters. The melter specific equipment, e.g., pour cave cooling heat
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exchangers, melter power supply heat exchangers, melter power supplies, are sized for two melters.
It is noted that the design of the ventilation systems are driven principally by the volume of the
facility and the rate of glass production. The latter reflecting the significant heat loads in the pour
caves and finishing lines. These two factors are not changed by the reduction to two melters. As
described in further discussion below there have been other changes that have had significant impact
on the design requirements for the ventilation system and the water cooling systems. BNI indicates
that the addition of a third melter would require significant redesign of the ventilation systems.

Some of the more significant heat loads on the water cooling systems and HVAC systems that
support LAW facility operation are those in the melter pour caves and in the finishing line. The heat
emitted from the LAW canister as it is being filled and as it cools while residing in the pour cave and
transiting the transfer tunnels and the finishing line is the source of these loads. The design heat loads
in the several locations in the pour caves, transfer tunnels and finishing lines exposed to the filled
canisters are based on the results of Computational Fluid Dynamic (CFD) models and analyses
performed for the WTP project by Bechtel, San Francisco. The amount of heat generated by a filled
container, and the rate at which that heat is transferred to the environment, depends on several factors
including the heat capacity and thermal conductivity of the glass. These are parameters that have
significant impact on the results of the CFD analyses. In July 2002 (see CCN 0364 15) the estimates
for these glass parameters were increased significantly and characterized as a function of glass
temperature. This resulted in significant increases in the heat loads in these areas requiring increases
in the capacity of the water cooling and HVAC systems suppaorting these areas.

Following the meeting BNI provided ORP with a draft report on the latest analysis of the heat load in
the LAW pour caves and finishing line (24590-LAW-M4C-C5V-00001, Rev A (Draft)). This report
provides bases for sizing of the pour cave cooling panel system and ventilation system for pour cave

and finishing line cooling.

The amount of time that the filled container spends at each station during pouring, cooling and
finishing also affects the facility cooling requirements. It was stated that the current sequence calls
for the canister to be in the pour cave for a total of 28 hours from the start of pouring to export (10
hours pour position, 10 hours cooling position and 8 hours in the import/export position). During
Normal operations, containers spend 48 hours in the pour cave. Containers with only 28 hours of pour
cave time must be cooled for an additional 20 hours in the transfer tunnel or Buffer Storage area
before removal to the Finishing Lines. Containers with 48 hours of pour cave time can be transported
directly to the Finishing Lines. The canister will be in the finishing line for an additional 12 hours for
a total elapsed time of 60 hours from initiation of pour to export from the facility and transfer to the
DOE disposal site. This establishes the temperature and heat loss rate for the canisters at each station
of the finishing line and the final skin temperature and heat contained in the canister when it is
shipped to DOE. Temperature can vary greatly depending on environment.

It is understood that 48 hours cooling time is required to achieve a canister temperature consistent
with that required to enter the inerting/sampling/lidding position. This is due to finishing line cooling
capacity.

The baseline scenario and the likelithood of changes to the sequencing and timing of the finishing line
will be discussed with the material handling group in a separate meeting. The increase in heat loads
due to the change in glass properties had a major impact on the design of the pour cave water cooling
system,
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6. The increased loads required an increase in the number of cooling panels in the pour cave,

10.

strategically locating the new panels in critical areas and resulted in changing the heat sink to the
plant cooling water system (system PCW) originally designed to be served from the chilled water
system (CHW).

The interface with the BOF plant cooling water system is at the pour cave cooling panel heat
exchangers (PCW-HX-00019A/B). The cooling panels are supplied with demineralized water in a
closed loop system using these heat exchangers as the heat sink in that loop. These are plate and
frame heat exchangers and specified with typically 15% margin on heat load. The specification,
however, for the heat exchangers requires that provision be made for addition of 25% to 50% more
plates. According to BNI, the addition of plates to a heat exchanger that has been in service is
straightforward. Additionally, the piping for the cooling water supply from BOF was sized to
accommodate three melters at a nameplate rating of 15 MTG/day each so additional cooling water
could be provided in the future, if required.

7. It is noted (by the writer) that maintaining pour cave air and building structure temperatures within
design limits is accomplished though a combination of ventilation and strategically placed cooling
panels and also insulation to protect structural members in the event that the water cooling is lost (6"
to 9" thick microporous silica on all pour cave surfaces. The maximum heat load on an individual
panel depends on its location. Each panel is designed for the maximum load and the heat exchangers
are designed for the combination of these loads. However, the panels are not necessarily all exposed
to the maximum heat load simultaneously. During the pouring, cooling and export sequence within
an individual pour cave the cooling panels will be exposed to their maximum heat loads at different
times in the sequence. Therefore, there is, inherent margin in the capacity of the pour cave cooling
heat exchanger design. It is noted, however, that the critical requirement of this system is to limit
pour cave structural temperatures below maximum operating limits. This depends on the capability
of each panel at its maximum load.

The layout of the cooling panels was reviewed briefly. It appears (to the writer) that the majority of
the pour cave surfaces are covered by cooling panels and that there 1s little space available to add
panels to increase the cooling capacity in that area. It was pointed out by BNI that an increased heat
load in the area, (e.g., if the melters were operated at higher throughput than the current baseline such
as 22 MTG/day versus 15 MTG/day) would be an increase in the cooling water differential
temperatures and a small increase in the structural and air temperatures which BNI personnel consider
would be within the capabilities of the SSC specifications.

As a result of a recent trend the backup requirements for the melter cooling panels and power supply
systems have been removed. This resulted in the removal of the evaporators and associated backup
supplies in these systems. Backup cooling to the melters will be supplied from fire water. Whether
the backup system will be manually or automatically engaged is still under consideration. P&IDs
have been red-lined and calculations and specifications are being revised to reflect this change.

The number of heat exchangers and closed loop systems for melter cooling has been reduced to two.
The capacities of the melter power supply cooling heat exchangers have been reduced to cover the
two remaining melter power supplies.

BNI provided a hard copy of the calculation for sizing of the LAW C5 Exhaust fan (24590-LAW-
MAC-C5V-00001, Rev D). This calculation reflects the results of the latest pour cave and finishing
line CFD analyses (referenced above) which consider the current “bounding” glass properties and the
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two LAW melter configuration. The reduction in the number of melters permitted redirecting
ventilation flow from the 5% and 6 caves to the other four maintaining overall flow requirements
similar to the last analyses. The current flow requirements did increase the required fan motor size
from 250 to 400 horsepower.

1t is understood that without significant redesign or innovation (e.g., locating fan units in the pour
caves for the third melter) that there is no space available in the facility for additional fan units,
including the fans, motors, coolers and filters.

The principal loads on the chilled water system (LAW-CHW) are the cooling coils in the off-gas
system submerged bed scrubbers, the fan coil units and the ~90 local HVAC units. These are
supplied directly from the BOF chilled water system. The calculations of return temperatures from
the fan coil units have been affected by the changes in the CFD analyses discussed above. The
overall loads in the building and local HVAC units have been affected by the changes in the CFD
analyses (e.g., in the finishing line) and the elimination of the third melter. It is assumed that the
standard BNI design criteria safety factors characterize margins in these system designs.

It is also noted that the supply lines at the interface with BOF are sized for more flow than currently
required. This is not considered at this point to be a limiting factor for this system. The installed heat
exchange area is considered the limiting factor for this system.

The design of the Submerged Scrubbers and requirements on CHW will be reviewed as part of the
review of the off-gas systems which will be discussed with BNI in another meeting.

During the discussion it was noted that the BNI design criteria include a safety factor of 15% on
heating and cooling loads and 20% for system static pressure loss. This was verified (by the writer)
in review of 24590-LAW-MO0OC-G40T-00001, Rev1, “HVAC Heating and Cooling Load Calculations
General Design Criteria”, It was also stated that pump design adds a 10% or 10 psi (whichever is
larger) margin on total developed head. This has also been verified (by the writer) in prior review of
pump sizing calculations. The flow margins identified in these reviews (by the writer) vary
depending on the application and vary from a few percent to 10% of the nominal required flow.
These safety factors would be in addition to other conservatisms or margins discussed in this meeting.
CS lines have reserves of 20% on static pressure and 10% flow.,

With respect to overall margin of the cooling and HVAC systems it appears that the largest factor is
the assumption on glass heat capacity and thermal conductivity in the CFD analyses. This is
emphasized in the CFD analysis report, Assumptions Section 6.1, Glass Properties*, “... The glass
properties ... are based on assurnptions rather than measured data. These assumptions require
verification.” It is understood that glass pours to be initiated in the pilot melter August 2003 will
provide more definitive data on these glass properties. The margin or conservatism of the cooling and
HVAC systems will depend on how the values used in the CFD analyses compare with the measured
properties.

(For the purposes of the current ORP technical oversight, it will be assumed that the glass properties
used in the CFD analyses are appropriate. Several other vitrification processes were studied to
determine “bounding” propertics. Because glass chemical consistencies varied from DWPV and West
Valley glasses, modeling was used to calculate thermal properties of the mixture based on known
thermal properties of the constituents of LAW glass. Margins in the cooling and HVAC systems will
be based on the BNI design criteria unless other more definitive factors are identified.)

18
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13. The electrical systems supporting the melter, principally the electrode power, are designed to
accommodate the maximum load at 80% of the design capacity of the equipment. The maximum
load is based on the latest Duratek design calculations and occurs during the transient between
operating and idling conditions. The design calculations reviewed earlier by the writer indicate that
the electrode power supplies are sized for a melter throughput of 22 MTG/day. This was confirmed
in this meeting.

The auxiliary electrode power supply has been eliminated from the power system design since the
current power supplies include an auxiliary provision. Two power supplies are included in the
current design.

14, Prior reviews of load calculations and design data sheets for the LAW facility by the writer identified
significant margin in the installed capacities of the electrical components. For the major components,
e.g., supply switchgear, bus ducts, this is consistent with the ORP guidance document referenced
above. In most cases the specific electrical loads have bee reduced as a result of the elimination of
the third melter, e.g., pump motors are smaller, and local MCCs are not installed. These could be
increased and additional equipment installed at a future date if needed to support an increase in the
LAW facility production rate. The main electrical power supplies are capable of supporting the
facility to a 45 MTG/day production rate with a 20% margin (The maximum load is approx. 80% of
the installed load ).

15. The capabilities of the BOF systemns that supply the LAW facility were not discussed explicitly in this
meeting but the BNI personnel believe they have sufficient capacity to support an increase if needed
in PCW or CHW flow. This will be confirmed in review of interface agreements and design
documentation for the BOF.

16. It was noted during the discussions that the performance of the pilot melter has varied considerably
depending on the feed composition. Production rates from 1.3 MTG/m%day to 2.5 MTG/m’/day have
been required to maintain proper melter plenum and glass pool temperatures. It is possible that the
LAW facility may experience this range of variation in melter performance. If the increased rates can
not be handled by the LAW support systems the meliter may have to be idled. It was noted that
operating the melter with the high plenum temperatures that occur in the idle condition (or with high
plenum temperatures in general) will reduce the life of the melter. Means other than varying feed rate
for controlling plenum temperatures are being explored.
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Group Chair/ Secretary: Eric Isern
Meeting: Date / Time 6-13-03/9:00 AM to 11 AM
Location ETC-1 LOBBY
Next Meeting: Date / Time 1:00 to 3:00 PM ( tentative )
Location P-228
Purpose: ORP Technical Oversight of LAW Melter Support Systems

Prepared by: Sid Souram
PURPOSE: The different design margins & bottlenecks that limit the capacities of the LAW
capacity were looked at. The LAW melters capacities were not part of this analysis. Seven areas
were looked at, but only four are of main interest: Mechanical Handling, Hvac, Electrical, &
Utilities.
The intent is to compare the capacity in the equipment specification to the basis of design in
order to arrive at the design margin available. The contract calls for 733 units of sodium/year.
SUMMARY OF DISCUSSIONS: Listed in order of greatest current capacity limitation to
throughput.

1. Mechanical Handling: The two limiting areas in Mechanical Handling are:

- Export Bay: requires 4 1/2 hours per canister which translates to approx. 5 1/2 canisters
per day, or 32 MT/D for two melters.

- Lidding ( Welding ) Station: Current capacity 48 MT/D capacity.

There is a concern that if there is only one crane and one truck, and a failure of either will
impact throughput.

2. Melter Feed: Glass former supply is rated at 33 1/2 MT/D. Dumping time from hopper into
the feed prep vessel should not be more than 1/2 an hour with 3 1/2 hours for blending. Melter
feed preparation and blending can produce much more by manipulating the batch time. The 11
hours required for testing ( for 4 batches ) was a constraint from the lab group and is not limiting.
The pumps for transferring feed from the Feed Preparation Vessel ( MPV ) to the Melter Feed
Vessel had a capacity of 88 GPM but they are now resized for 50 GPM, however this slower
transfer time is not limiting. There are 6 ADS pumps feeding the melter. Three ADS pumps have
the capacity to feed the melter at 100% capacity. The ADS pumps are air driven reciprocating,
and probably can be speeded up. Duratek indicated a limitation of 480 GPH & 1.5 GPM per
ADS pump.

A parametric analysis was performed assuming a 20% solids feed to the melter and the sampling
limitations.

21
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3. Ventilation: According to the CFD analysis canister is produced every 10 hours. The most
limiting factor is the cooling capacity at residence time of 28 hours. The most limiting
temperature is that of the canister flange. The 28 hours probably was based on single pour and
not an altemating pour, based on one bounding case. If we want to minimize carouscl moves
using the factor of 4 in alternating pour approx. 6 hours per canister is required. This is
consistent with Lidding operation which has a limitation of 5 1/2 hours per canister. This means
with an additional 3 hours in buffer zone ( which may not be acceptable ), a 38.4 MT/D can be
achieved.

By the end of this summer, the glass properties will be tested by a laboratory, and more precise
data is expected. More definitive information from the full scale glass pour is expected. R&T is
doing a closer evaluation of the poured glass, actual density, bringing into an account the
presence of bubbles. The temperature for CHG to pick up the canister is based on 63 hours
cooling time.

Every 6 hours could be a significant heat load increase. Further modeling would be required to
gxamine impact to pour cave cooling system.

Finishing line cooling: 36 MT/D ( arrival time limited ) analysis shows the finishing line cooling
can support 8 containers per day, arriving 48 hours after start of pour.

Question: Can buffer storage area cooling handle extra heat load of all containers arriving after
just 25 hours in the pour caves ( one every 3 hours )?

Answer: Yes- just Buffer Storage Arca Cooling Capacity is 77 tons, which correlates to only 5
containers arriving at this rate: 3 in the Buffer Storage Area and 2 in the rework area. However,
new finishing line calculations show containers could arrive in the finishing line at 35 hours from
pour start keeping Buffer Storage container content below 5.

4. Off Gas: If we double the glass capacity, the ability of the system to handle a surge will
go from 7x to 3x and about 5x for 150% capacity. The NOx and CO will increase in the same
proportion as the feed. As far as the heat of reaction of NOx with ammonia in the scrubber, we a
50% reserve is expected. A modification of the SBS using a heat exchanger may be adapted for
anticipated higher temperature. The SCR margin is not known, but it may handle the increase.

5. Electrical Power: At the present melter design the power supply ( joule heating ), is able to
handle 22 MT/D per Melter. The heat exchangers to the melter can have 50% capacity increase.
The water circulating capacity has an additional 25 to 35 % reserve capacity. This provides
plenty of margin. Duratek can decrease the refractory thickness thus increasing the effective
melter surface area. Duratek can also increase the glass temperature by about 50 degrees
Centigrade. These two factors will increase the melter capacity, but will also increase the melter
cooling requirements.
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