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Spreadsheet containing 14 building pallet layouts and mercury
inventory prior to mercury transfer operations — original

Working spreadsheet to manage inventory transfers

ORNL-TM-2009-003-V1 [ Flask Characterization for the DNSC Stockpile, Volumes 1
and V2 and 2

Procedure 2015-MMTS-3 | Metric Ton Container Transport and Storage

Procedure 2015-MMTS-4 | Pallet Transport and Handling

Procedure 2015-MMTS-13 | Data Acquisition and Inventory Management
(includes specified report generation requirements for the
MMTS Process Control and Data Acquisition System)

27.1. PURPOSE AND BACKGROUND

The purpose of this procedure is 1o provide means to control mercury mass balance on the
HWAD site. The current mass balance is based on 76 |b mercury per flask. The metric ton
container sits on a scale that is accurate to £ 3 |b; therefore, the accuracy of the mass balance of
the entire inventory is improved by implementation of this project. This procedure describes
implementation of an inventory control system for the Mercury Transfer Program based on
spreadsheets. This spreadsheet-based system (or equivalent) will be used for start-up and testing
and will be maintained during the approximately 15-year duration of the Mercury Transfer
Program. The spreadsheet system details the mass of mercury within the 14 mercury storage
buildings and the MMTS at the end of each workday. The spreadsheet system is used to track
and record inftrasile changes, i.e., movement of mercury inventory among buildings. Building
110-66 is the operations building used to accumulate loaded metric ton containers for transfer to
the other long-term storage buildings. Along with Building 110-66, six long-term storage
buildings are required for the entire inventory. The MMTS data acquisition and database
management system will also be used for validating the mercury mass balance and supporting
record and report generation.

27.2. SCOPE

This procedure describes the responsibilities of the Facility Manager (or designee when the
Facility Manager is not present) to maintain an up to date (daily), accurate record of the mercury
mass balance and the methods to be used to accomplish that end. Detailed layouts showing the
current mercury inventory in the 14 mercury storage buildings, future layouts in metric ton
containers in six identical buildings and in-process layouts for use in Building 110-66 as the
operations center are provided in this procedure. A CD accompanies this procedure and it
contains the baseline inventory spreadsheet (Spreadsheet 1).
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27.3. BASIS AND SOFTWARE

The operation is based on transferring 29 flasks (~2.5 L mercury per flask) into each metric ton
container; close to 2,205 Ib mercury is expected to be transferred into each MT container.

The processing basis is defined to be 30 MT containers based on the pallet to drum to flask to
MT container ratios. Each pallet holds five (5) drums and each drum contains six (6) {lasks for a
total of 30 flasks on a pallet. Each MT container holds the mercury from 29 flasks. Hence, the
mercury contained on 29 pallets will fill 30 MT containers with no residual flasks.

Three (3) spreadsheets (or a combination of spreadsheets and worksheets) will be maintained 1o
document and demonstrate control of the mercury mass balance. These are Spreadsheet 1 -
Original Warchouse Inventory, Spreadsheet 2 — Modified Warehouse Inventory and Spreadsheet
3 — Current MMTS and Building 110-66 Inventory.

A separate working spreadsheet is required for use to include 110-66 and MMTS (Spreadsheet
3). This spreadsheet accounts for daily moves of pallets into MMTS and those retained in MMTS5
as full flasks either in drums or hoods, as well as end of day balance in the MT container and/or
even retaining a loaded metric ton container overnight. The procedures are designed to keep
these transfers and associated accountability simple with all drums emptied and end of day based
on completion of a filled metric ton container moved out. Operations can be kept flexible by
allowance of limited closed containers left in the MMTS overnight and this spreadsheet will
account for each pound of mercury (flask or partially filled metric ton container) present.

After each processing basis of 30 metric ton (MT) containers (29 pallets), the Facility Manager
{or designee when the Facility Manager is not present) uses Spreadsheet 2 to prepare a report and
submits it to the SOC Mercury Storage Program CAPP manager for use in updating the Mercury
Storage Program CAPP records. It is noted herein that no filled metric ton containers will be
moved outside Building 110-66 until the entire mercury contents in Building 110-66 have been
transferred into metric ton containers and placed for long-term storage.

Four metric ton container serial numbers can fit into a catch pan space in Spreadsheet 2. The
operator will input the alpha numeric logic/tags to locate metric ton containers within the
building and shall tie the serial numbers to each box.

27.4. MASS BALANCE DETAILS

The mass balance for flasks is based on 76 Ib/flask. The mercury is stored as a commodity with
government mandates never to sell it or transfer it off the site. The 76 1b/flask is the inventory
control basis used to define the book value of the elemental mercury inventory stored (see
Section 27.8, Attachment 27.1, Example 1).

The configuration of the mercury stockpile prior to starting mercury transfer operations is shown
in Table 27.1. Note that Table 27.1 provides information about flask types that occur in each
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building. Flask types are described in the reference document entitled Flask Characterization for
the DNSC Stockpile, Volumes 1 and 2 (ORNL-TM-2009-003-VI and V2).

Table 0.1 Initial configuration of the mercury stockpile at HWAD

HWAD Mercury Storage PALLETS DRUMS FLASKS NET WT NET WT
{pounds) (metric tons)

BUILDING #110-52/ ALL TYPE 5 316 1,580 9,462 719,112 326.2
BUILDING #110-66 / ALL TYPE 5 203 1,015 6,090 462,840 214.1
BUILDING #110-77 / ALL TYPE 5 316 1,580 9,480 720,480 326.8
BUILDING #110-78 / MIXED 316 1,580 9,480 720,480 326.8
TYPES 5,6,7,8,14
BUILPING #110-87 / TYPE MIXED 316 1,580 9,475 720,100 326.6
BUILDING #110-88 / TYPE MIXED 316 1,580 9,480 720,480 326.8
BlilILDING #110-89/ ALL TYPE 3186 1,580 9,348 710,448 322.3
MIXED
BUILDING #110-92 / TYPES 316 1,580 9,480 720,480 326.8
UNK,1,2,6,16
BUILDING #110-93/TYPES 6 & 316 1,580 9,474 720,024 326.6
15
BUILDING #110-94 / TYPES 316 1,573 9,430 716,680 3251
MIXED & 13
BUILDING #110-95 / ALL TYPE 13 316 1,580 9,480 720,480 326.8
gUILDING #110-96 / TYPES 13 & 303 1,515 9,090 690,840 3134
BUILDING #110-97 f Al TYPE 3 316 1,580 9,478 720,328 328.7
BUILDING #110-98 / TYPES 316 1,576 9,452 718,352 325.8
3,4,5,6,7,8,14,31, UNK,ORNL
TOTALS 4,298 21,479 128,699 9,781,124 4,436.6

Figures showing the spreadsheet-style layouts of each building are given in Section 27.8,
Attachment 27.2. The spreadsheets (worksheets) for each building are attached as files on a CD
that accompanies this procedure. The building-specific spreadsheet (worksheet) (Spreadsheet 2)
will be used (expanded) to include cells with entries for metric ton containers. The pallet number
will be replaced with container serial number, and each catch pan is used to store 4 containers.
The change to the storage configuration records and the mass per building will be updated
monthly.

The mass balance will be improved as the mercury transfer program progresses because the flask
basis is an estimate based on industry standards and practice, and the mass of mercury in a metric
ton container (29 flasks/MT container) is a measured value specified to be + 3 Ib. The equivalent
214 MT containers will be stored in Building 110-66.
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To make room for additional metric ton container storage in the second building to be processed
a five-truck transport of 70 pallets will be made (see Section 27.8, Attachment 27.1, Example 2).
Each shipment is assumed to be 14 pallets. A sufficient number of catch pans will be returned to
the building of origin from Building 110-66 to allow for placement of a filled MT container on a
catch pan at that same location. Note that 30 MT containers (generated from 29 pallets) will fit
on 8 drip pans; the remaining 21 drip pans (from the 29 pallets) may be reused elsewhere or
recycled. The building inventory reported to SOC for the Mercury Storage Program CAPP will
be based on a report generated every 30 MT container shipment period. The filled MT containers
are stored temporarily in Building 110-66 and transferred to Building 110-XX for long-term
storage.

27.5. RESPONSIBILITIES

The following personnel are required to read this procedure and be trained accordingly to
maintain the accounting and generate records for the mercury inventory:

e Facility Manager and designee who record mass balance information in spreadsheets {(or
a combination of spreadsheets and worksheets)

¢ MMTS workers who perform tasks that result in reportable quantities for the mercury
mass balance.

27.6. OPERATIONS

The mercury transfer operation is based on transferring 29 flasks (~2.5 L mercury per flask) into
each metric ton container; close to 2,205 1b mercury is expected in each MT container.

As a space opens up because the pallet occupying the space has been removed, the serial
numbers of four (4) metric ton containers will fit into a catch pan space (Spreadsheet 2). The
Facility Manager (or his designee when the Facility Manager is not present) will input the alpha
numeric logic/tags to locate metric ton containers within the building and shall tie the serial
numbers to each box.

A separate working spreadsheet (Spreadsheet 3} is required for use to integrate 110-66 and
MMTS operations. This spreadsheet accounts for daily moves of pallets into MMTS and
mercury retained in MMTS as full flasks either in drums or hoods, as well as end of day balance
in the MT container and/or even retaining a loaded metric ton container overnight. The
procedures are designed to keep these transfers and associated accountability simple with all
drums emptied and end of day based on completion of a filled metric ton container moved out.
Operations can be kept flexible by allowance of limited closed containers left in the MMTS
overnight and this spreadsheet (Spreadsheet 3) will account for each pound of mercury (flask or
partially filled metric ton container) present.

The Building 110-66 configuration for startup includes space allocation for 207 mercury pallets,
42 pallets of empty flask waste drums, palletized industrial waste (stored in North-end diked
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area), empty drums and drip pans, metal strapping and wood wasle containers (located in South-
end diked area), new empty metric container staging, and filled metric ton container staging (see
Section 27.8, Attachment 27.3, Building 110-66).

The inventory of mercury in metric ton containers is based on measured amounts and it is useful
procedurally for the Facility Manager to spot check the difference in weight between 2,205 Ib.
and the measured weight for each container. The Facility Manager (or his designee when the
Facility Manager is not present) will include in Spreadsheet 3 a calculation of the difference in
weight of each metric ton container and the total weight difference every 29 pallets, the
frequency for reporting to SOC the overall mass balance in each building. The mercury storage
building inventory will be based on a report generated every 30 MT shipment period (report
based on Spreadsheet 2).

The basis for using the 30-MT shipment period as the incremental reporting period follows. If
the processing rate is 1.5 containers per day and 29 pallets generates 30 metric ton containers,
then 20 days of operation is the operational basis for generating a revised mass balance report for
SOC. 20 days divided by 4 days per week = 5 calendar weeks. Maintaining operations with some
material remaining for processing, and adding 70 pallets to Building 110-66 from time to time, is
required. Lay-outs are included in this procedure to verify space availability exists (see
Attachments 27.3). These lay-outs include provisions for container retrieval utilizing the specific
model forklift procured for this service (see Section 27.8, Attachment 27.6). In some locations a
limited number of containers must be moved to access a specific container. The space is
available for this operation, which could be performed quickly.

Each metric ton move requires Spreadsheet 2 and 3 to be updated. Each truck move of pallets
and metric ton containers also requires updates to Spreadsheet 2 and 3. There will need to be two
people on staff expert in the use of these spreadsheets.

It will take 13-14 months to generaie 214 MT containers in Building 110-66, i.e., to process the
existing pallets in that building. Therefore, there is a significant time after the start of mercury
processing prior to staging metric ton containers for moving from Building 110-66 to Building
110-XX.

Starting to load other buildings is based on storing 237 MT containers; 214 produced from
pallets of mercury in Building 110-66 and 23 others added to allow for an even distribution in
the other six (6) long-term storage buildings. Storing 237 MT containers will take an additional
period beyond the 13-14 months required to generate the original 214 MT containers. The total
period could be extended if more space were to be used in Building 110-66 for permanent
storage, but flexibility is provided to keep that building largely open by using a total of seven (7)
buildings for storage of the 4,437 MT inventory over the course of the MMTS operations. There
is a need to process some containers from a second building to make space for storing the metric
ton containers in that second building. That phase is a long way off and procedures are made
flexible now to allow it to happen without being unduly constrained.
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The suggested sequence of building usage and quantity stored is shown in Table 27.2. This
grouping of mercury storage buildings was chosen to keep the long-term mercury storage
buildings near each other. Aside from starting in Building 110-66, the precise sequence for
filling the long-term storage buildings is at the discretion of the Facility Manager. A suggested
building processing sequence is given in Attachment 27.4.

NOTE: The eight pallets ORNL used to do drum and flask integrity research are currently in
Building 110-98. At some point, these eight pallets can be staged in Building 110-66. In order to
preserve the ability to assess changes in flask integrity, the mercury from these eight pallets
should be transferred at the very end of operations.

The suggested lay-out of MT containers on drip pans for each of the seven (7) long-term storage
buildings is shown in Section 27.8, Attachment 27.3. Note that Building 110-66 retains about
one-third the number of MT containers stored in each of the other six (6) long-term storage
buildings (237 versus 700).

Table 0.2 Sequence of buildings used for long-term storage and inventories

Order Lay-out* and Number of MT Number of catch pans
sequence of fill containers loaded with MT containers
] 110-66 237 60
2 110-52 700 175
3 110-77 700 175
4 110-78 700 175
5 110-87 700 175
6 110-88 700 175
7 110-89 700 175

27.7. RECORDS

o Spreadsheet 2
e Spreadsheet 3

Section 27.8, Attachment 27.5 provides a current description of the planned records
generation capability of the MMTS Process Control and Data Acquisition System. This
capacity and functionality will improve with operations experience.

27.8. ATTACHMENTS

Mass balance example calculations (Attachment 27.1)

Current lay-outs/mass balance spreadsheets for mercury storage in flasks in drums -
Spreadsheet [ (Attachment 27.2)

Building 110-66 layout including filled metric ton containers and Layout of remaining six
identical mercury storage buildings (Attachment 27.3)
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Suggested processing sequence for reflasking mercury (Attachment 27.4)

Reports generation by for the MMTS Process Control and Data Acquisition System
(Attachment 27.5)

Toyota forklift model 8FGU20 (Attachment 27.6)
ATTACHMENT 27.1 Mass Balance Example Calculations

Example 1 - Processing the contents of Building 110-66

Two hundred-three (203) pallets of drums are currently stored in Building 110-66 and will
be processed initially. This operation will take over one (1) year. The 203 pallets expressed
in pounds of mercury are

drums _ flasks Ib mercury

pallet * drum * Flask = 462,840 b mercury

203 pallets * 5

This mass of mercury expressed in metric ton containers is

62,840 b Tcur tal ~ 209 M1 tai
*
462, mercury 2’205 T containers

Example 2 — Processing 70 pallets from 110-XX

Seventy (70) pallets are brought to Building 110-66 from Building 110-XX on a basis of 14
pallets per truck. The 70 pallets expressed in pounds of mercury are

drums _ flasks b mercury
76 159,600 b
* * —
pallet =~ drum flask ’ iR

70 pallets « 5

This mass of mercury expressed in metric ton containers is

159,600 Ib mercur y * tal ~ 73 MT containers
! 2205 b mercur 4 '
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Flasks

1,580 Drums
3 are empty

316 Pallets
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BUILDING #110-77

720,480 Net
WL

1,380 Drums 9,480
O emply Flasks

316 Pallets
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BUILDING #110-78
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BUILDING #110-87
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ATTACHMENT 27.5 Reports generation by the MMTS Process Control and Data Acquisition
Systemn

REPORTING REQUIREMENTS

The PCDAS (Process Control and Data Acquisition System) shall be capable of generating
production reports. This system shall be optimized during the first few months of
operation, with additional standard reports implemented. The inventory control reports
are managed using spreadsheets; the following summary and detailed reports are for
back-up and trending. The standard report contents using the PCDAS system will be
finalized in conjunction with operating experience.

Weekly/monthly summary reports

» Reporting period—define the interval.

«  Amount of mercury transferred from 3-L containers to 1-MT containers during the
reporting period.

e Number of 1-MT containers filled during the reporting period.

»  Warehouse(s) receiving 1-MT containers and the number of 1-MT containers received
during the reporting period.

«  Warehouse(s) contributing 3-L containers, drums and pallets, and the number of each
removed during the reporting period—make a note of any departures from six flasks per
drum and five drums per pallet.

+ Maximum and minimum environmental parameters measured during the reporting period
with the date and time of each measurement (time stamps).

» Maximum and minimum mercury concentrations measured during the reporting period
with time stamps

Weekly/monthly detailed reports

« Reporting period—define the interval.

»  Amount of total and daily mercury transferred from 3-L containers to 1-MT containers
during the reporting period.

» Total and daily number of 1-MT containers filled during the reporting period.

» Mercury content of each of the 14 warehouses at the beginning and end of the reporting
period, designate any buffer stocks in Building 110-66 as such.

»  Warehouse(s) contributing 3-L containers, drums and pallets, and the number of each
removed during the reporting period—make a note of any departures from six flasks per
drum and five drums per pallet—list drum and pallet numbers with time stamps—present
incremental (time period) and total datasets.

»  Warehouse, drip tray locations within the warehouses (locations should be equivalent
between warehouses, e.g., a drip tray at position 110-52-1 should be at the same relative
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location as a drip tray at position 110-93-1) and number of 1-MT containers on each drip
tray, including time stamps—present incremental (time period) and total datasets.

Daily max and min environmental parameters with time stamps

Daily max and min mercury concentrations with time stamps
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