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EXECUTIVE SUMMARY 

The time and motion study was developed to look at time-related aspects of the technologies 
and systems studied in the Integrated Thermal Treatment Systems (ITTS) and Integrated Nonthemal 
Treatment Systems (INTS) studies. The INTS and ITTS studies combined technologies into systems 
and subsystems for evaluation. The system approach provides DOE a method of measuring 
advantages and disadvantages of the many technologies currently being researched.For example, 
technologies which are more likely to create secondary waste or require extensive pretreatment 
handling may be less desirable than technologies which require less support from other processes. 

The time and motion study was designed to address the time element in the INTS and ITTS 
systems studies. Previous studies have focused on material balance, cost, technical effectiveness, 
regulatory issues, community acceptance, and operability. This study looks at system dynamics by 
estimating the treatment time required for a unit of waste, from receipt to Certification for dupping. 
Labor estimates are also developed, based on the time required to do each task for each process. This 
focus on time highlights critical path processes and potential bottlenecks in the INTS and ITTS 
systems. 

Gant charts were selected to model functions in this study. Although Gant charts do show a 
critical path, this type of analysis is not sufficiently accurate to pinpoint the exact bottlenecks in a 
continuously operating facility. Other commercially available scheduling software might be used to 
provide a more accurate work schedule and a critical path analysis model. 

The purpose of this time and motion study is to provide data for research prioritization and 
allocation of research resources. The study is based on a review of the technologies involved, 
discussions with vendors, and the authors’ industrial chemical processing and material handling 
experience. 

The time focus also allows quantification of task requirements, such as sorting and 
characterizatioa One of the more interesting results of this study is that radioactive characterization 
labor requirements are greater than those for shredding or sorhg. 
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The key results of the study are the following: 

Characterization is a critical path process and very labor intensive 
The differences in receiving and preparation between thermal and nonthermal 
systems are less dramatic than estimated in the INTS and ITTS studies 
Material handling is more sigdicant than processing in terms of labor and time 
One-step thermal treatment processes require sigdicantly less labor than incineration 
combined with Vitrification of ash 
Special waste treatment is on the critical path for thermal systems 
Treatment of special wastes will require sigruficant allocation of resources 
Storage requirements for special waste will be extensive if processes are not available 
for treatment 
Debris treatment is on the critical path for nonthermal systems 
Labor FTEs may be about 20% higher than estimated in the INTS and ITTS reports 

1. INTRODUCTION 

The purpose of this time and motion study is to provide data for further research prioritization. The 
time and motion study was performed on five systems developed in the Integrated Thermal and 
Nonthermal Treatment System studies. Systems were selected to study the impacts of various treatment 
technologies on the flow of materials through an integrated mixed low level waste treatment facility. The 
time and motion study estimated the labor to operate each system, and the time required for treatment of 
a drum of waste for each system. The time to process a unit of waste highlights critical path issues and 
potential bottlenecks in each system. Research efforts to reduce such bottlenecks may provide sigdicant 
dividends to the DOE in the form of reduced labor and cost. Time-efficient operation should reduce 
chemical and radioactivity exposure to workers. Also, systems and technologies with fewer bottlenecks 
are more attractive for development demonstrations and future implementation. 
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2. SYSTEM DESCRIPTIONS 

Three systems from the Integrated Nonthermal Treatment Study (INTS) and two systems from the 
Integrated Thermal Treatment Study (ITTS) were studied. These systems were chosen as representative 
of the INTS and ITTS systems. The five systems are included in the report Comparison Oj Alternative 
Treatment Systems j or DOE n?lixedLow-Level Waste (Schwinkendorf, 1996). 

2. I Systems Processes 

This section provides only a brief introduction to these systems. They are already thoroughly 
described in the INTS (Biagi, 1997) and ITTS reports (Feizollahi, 1995). This brief description 
references the key processes. 

THERMAL SYSTEMS 

System A-1 

This system includes the following major subsystems: 

vitrification of ash 
rotary kiln with air for combustion for organic destruction 

polymer stabilization of secondary wastes 
decontamination of surface contaminated metals 
melting of metals with entrained contamination 
retorting of mercury contaminated waste, with amalgamation of mercury 

System C-1 

Major subsystems include: 

-909 3 February 24,1997 

plasma furnace w i ~  air for combustion for organic destruction 
polymer stabilization of secondary wastes 
decontamination of surface contaminated metals 
melting of metals with entrained contamination 
retorting of mercury contaminated waste, with amalgamation of mercwy 



NONTHERMAL SYSTEMS: 

System NT-2 

This system includes the following major subsystems: 

amalgamation of mercury waste 

catalytx wet oxidation for organic destruction 
thennal desorption of soil, process residue and debris 
decontamination of surface contaminated metals 
primary stabilization of treated sludge and secondary waste in polymer 
primary stabilization of treated soil and treated debris in grout 

System NT-3 

Major subsystems include: 

amalgamation of mercury waste 

mediated electrochemical oxidation for organic destruction 
washing of soil, process residue and debris 
decontamination of surface contaminated metals 
primary stabilization of treated sludge and secondary waste in polymer 
primary stabilization of treated soil and treated debris in grout 

System NT-5 

This system includes the following major subsystems: 

0 

amalgamation of mercury waste 

catalytic wet oxidation for organic destruction of liquids and soft (combustible) debris 
thermal desorption of process residue 
washing of soil and debris 
decontamination of surface contaminated metals 
primary stabilization of treated sludge and secondary wastes in poIymer 
primary stabilization of treated soil and treated debris in grout 



2.2 Subsystem Descriptions 

Each system consists of several subsystems. Most of the subsystems are identical or only slightly 
modified for the different systems. The subsystems which are consistent for all systems in this time and 
motion study are the following: 

administration 
receiving and preparation 
aqueous waste treatment 
metal decontamination 
special waste treatment 
air pollution control 
polymer stabilization 
certification and shipping 

The following subsystems are used in the ITTS and INTS systems as indicated: 

vitrification (ITTS: A-1) 
metal melting (ITTS: A-1) 
mercury amalgamation, with retorting of debris (ITTS: A-1, C-1) 
mercury amalgamation (INTS: NT-2, NT-3, NT-5) 
lead recovery (ITTS: A- 1 , C- 1) 
lead decontamination and stabilization (INTS: NT-2, NT-3, NT-5) 
incineration (ITTS: A-1) 
plasma fumace thermal treatment (ITTS: C- 1) 
mediated electrochemical oxidation (INTS: NT-1, NT-3) 
catdmc wet oxidation (INTS: NT-2, NT-5) 
vacuum thermal desorption (INTS: NT-2, NT-5) 
grout stabilization (INTS: NT-2, NT-3, NT-5) 
aqueous wash (INTS: NT-3, NT-5) 
high pressure wash (INTS: NT-3, NT-5) 

These subsystems are described in detail in the ITTS and INTS reports (Feizollahi, 1995; Biagi, 1997). 

3. STUDY METHODOLOGY 

The overall approach of the time and motion study was to follow the waste received in a single 
shift of operation, through handling and treatment steps. This approach did not attempt to optimize 
the subsystems, but only to present the subsystems as currently developed. A series of interlinked 
spreadsheets was developed to estimate the processing time for each handling and treatment step. A 
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series of Gant charts presents the time required for the waste to pass from receiving through primary 
and secondary treatment, stabilization and finally certification and shipping. The Gant charts are 
provided as Figures 1 through 5 to illustrate the time elapsed for treatment of waste in each subsystem 
and to identdy critical path functions. 

The labor requirements were estimated for each step, and the total labor for each subsystem was 
calculated. The labor estimate is provided in Table 1. This table provides the results of the time and 
motion study, and compares it with the full time equivalents (FTEs) presented in the ITTS and INTS 
studies. These results of the time and motion study were not incorporated in the ITTS and INTS 
reports. 

The tables from the interlinked spreadsheets are provided in Appendix A. The tables are 
numbered by system (e.g., Table NTS-a through NT5-r). The first table for each subsystem (Table 
A 1 -a, Table C 1 -a, Table NT2-a, Table NT3-a and Table NTS-a) shows waste allocation (mass flow 
rate). The last table in each section of Appendix A provides a summary of the full time equivalent 
employees (FTEs) and the time required for processing. 

3.1 Waste Allocation to Subsystems 

Waste was allocated to the various treatment systems based on the INTS mass balance (BiaA 
1997) and the ITTS mass balance of April 23,1996 (Brown, 1996). Secondary as well as primary 
flows are accounted for by using the TNTS and ITTS mass balances developed by Blaine Brown of 
LMITCO (Brown, 1996). Because of secondary flows, more waste is treated than is received. 

Waste densities are assumed for all waste entering a given subsystem. Where available, densities 
from the mass balance were used. Density data developed for the Systems Cost Model were used for 
waste streams without assigned densities (Shropshire, 1995). For each waste type, a drum density 
was developed (pounds /55 gallon drum). This allowed the expression of incoming waste in terms of 
drums of waste per shift. The drum densities are listed on Tables Al-a, C1-a, NT2-a, NT3-a and 
NTS-a. 

3.2 System Dynamics Modeling 

The time and motion study estimated the time required for various processing steps at the design 
throughputs of the equipment specified in the INTS and ITTS studies. Where multiple steps or steps 
with low throughput were necessary, the processing time required increased. For example, special 
waste processing through receiving and preparation includes time required for truck receiving and 
unloading, waste assay, container staging, container opening, dumping and sorting, size reduction, 
sampling, and container decontamination for each unit of waste. For convenience, a drum of waste 

J:\Inel\Ents\time\tmrptl97. wpd 
MK DOC. NO. 4436-06-R-S-07-909 6 February 24, 1997 



was selected as the unit of waste used for estimating processing time. The development of system 
dynamics provided insights into critical path processes and potential bottlenecks in the facility. 

The time and motion study was performed by breaking down each subsystem into multiple 
discrete tasks. The time to perform each task was evaluated. Treatment time was estimated based on 
the design capacity of the equipment and estimated throughput. The total of all tasks performed in a 
subsystem defines the treatment time for a drum of waste. The number of drums which require 
treatment during a shift, multiplied by the treatment time per drum, provides a total treatment time. 

For batch processes utilizing more than one d n q  or for continuous processes, the total treatment 
time must be calculated for all the drums of waste processed in an 8 hour shift. The lag time between 
drums was estimated, multiplied by the number of drums, and added to the time for a single drum to 
traverse the subsystem Sampling and equipment monitoring times were also estimated. The total time 
to process the waste sent to each subsystem was then calculated. This information was used in 
preparation of the Gant charts (Figures 1 through 5). 

The processing time was used to determine the number of FTEs. For some processes, the FTEs 
were based on monitoring time, rather than flow through a process. Monitoring time was estimated 
by considering the number of times a piece of equipment would be monitored (typically every 
20 minutes or 24 times/shift) and the mount of time required for each monitoring task (usually 2-5 
minutes). Monitoring tasks are assumed to include periods of perfunctory monitoring as well as 
analysis during mechanical or process problems. This approach accounts for parallel operations, 
because it assumes an operator can monitor multiple equipment items. The assessment of total 
monitoring time for all operations in a subsystem provides an estimate of the number of FTEs 
required for monitoring. Start-up time is included for batch processes. 

The FTEs are based on the total personnel required per day to lufl a subsystem. Supervisory 
personnel are included at a ratio of one supervisor to ten workers. Also, an FTE absentee value of 6 
weeks per year was assigned to account for employee vacations, holiday, sick leave, jury duty, etc. 
Finally, an efficiency of 70 percent was assigned to all FTEs. This 70 percent factor includes time off 
for lunch, breaks and meetings as well as process downtime occurring durlng their shift. 

Tables Al-b through AI-o, C1-b through Cl-1, NT2-b throughNT2-n, NT3-b throughNT3-o, 
and NT5-b through NT5-q present the time and motion analysis for the subsystems associated with 
each system. In most subsystems, all the waste entering requires the same treatment, but in some 
cases waste is divided by subtypes for distinct treatment trains. For example, the receiving and 
preparation subsystem discussed in Section 4.2 allocates waste by waste type to certain separation 
processes. Another example is the aqueous waste treatment subsystem, where aqueous waste is 
divided into high and low total dissolved solids and organics. 
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Sampling frequency is generally estimated at one sample per ten drums. In-process sampling is 
assumed for most processes, although the type of analysis is not specified. 

Table 1 and Tables Al-p, C1-m, NT2-0, NT3-p and NTS-r provide a summary of the results of 
the analysis. The total FTEs shown in the time and motion analysis are about 20% higher than the 
FTEs estimated in the ITTS and INTS study reports. The reasons for this difference are discussed in 
Section 5.2. 

The Gant charts (Figures 1 through 5) ,  developed with SureTrak software, are based on the 
summary tables Al-p, C1-m, NT2-0, NT3-p and NT5-r. The assumptions used in the modeling are 
presented in Appendix B. 

4. TASKS EVALUATED FOR EACH SUBSYSTEM 

This section discusses the tasks evaluated and the results for each subsystem. Results are 
discussed for the five systems in this study. Some subsystems, such as administration, will be the 
same for all systems. Others, such as incineration, are only appropriate for a single system 
Subsystems such as certification and shipping have the same tasks for all systems, but the FTEs will 
be different depending on the volume of waste shipped. 

4.1 Administration Subsystem 

The administration subsystem analysis estimates the FTEs required to operate the facility. Tables 
Al-b, C1-b, NT2-b, NT3-b and NT5-b show the estimated FTEs for the Administration subsystem. 
The facility staff was estimated, assuming an operation similar to an industrial facility with a total of 
300 FTEs. Additional supervisory staff is included for each subsystem. Laboratory staff is estimated 
based on: 

The estimated number of samples received per shift (totaled from other subsystems) 
Four FTEs are needed to fill all shifts in a 5 day week for a given shift assignment; this 
accounts for vacation, sick and holiday relief 
Analysis time for in-process samples (10 minutes) 
Analysis for characterization (30 minutes) 
Analysis for raw materials (20 minutes) 
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The non-laboratory staff is estimated to be the same for all uhermal and nonthermal systems. A staff 
of 35 is estimated for the following functions: 

Facility management 
Operations Management 
Personnel/ Security 
Environmental 
ShippingReceiving 
Purchasing 
Accounting 
Health Physics 

The laboratoq technician staff required is based on the expected sampling required for waste 
characterization, in-process testing, raw materials testing, and final waste form analysis. The 
laboratory staff ranges kom 12 for System C-1 to 23 for SystemNT-3. 

The total administration subsystem FTEs for each of the systems are presented below and in 
Table 1: 

48 for System A-1 
47 for System C-1 
52 for System NT-2 

58 for System NT-5 
57 f a  System NT-3 

4.2 Receiving and Preparation Subsystem 

The operations in the receiving and preparation subsystem was divided into specific detailed 
tasks. In addition to the ITTS and INTS reports, the design document for Hanford Site's WRAP 2A 
(Shaw, 1995) was used as a basis for developing these tasks. Tables Al-cy C1-c, NT2-c, NT3-c and 
NT5-c present the Receiving and Preparation Subsystem time and motion study. Eighteen tasks are 
identified, but not all tasks are required for all waste types. Several assumptions are made regarding 
how much waste will be treated by various unit operations, such as sorting, shredding, size reduction, 
glove box sorting, etc. These assumptions are presented in Tables AI-cy C1-cy NT2-cy NT3-c and 
NT5-C. 
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The tasks are listed below: 

Receiving trucks containing waste 
Receiving trucks with empty containers 
Receiving trucks containing supplies 
Transfer of waste from truck to interim storage or staging areas 
Assay waste by real time radiography, gamma spectroscopy, passive/active neutron (PAN) 
assay 
Transfer and staging of waste for sorting 
openingdrums 
Dumping drums 
Sorting waste robotically at tables 
Glove box sorting 
Assessing debris for compliance with debris rule 
Gross size reduction (cutting) 
Shredding 
Characterization sampling 
Transfenkg waste to bins 
Transfer of waste between subsystem 
Box breakdown 
Container decontamination. 

For each system, the mix of tasks varies. All waste must be received, staged, and assayed. For 
thermal systems, 50 percent of the waste is assumed to require sorting; for nonthermal systems 75 
percent of the waste is assumed to require sorting. In this study, the type of waste det-es the 
number of tasks required. For example, special waste is sorted within glove boxes. Lead waste is 
sent to gross size reduction, but not shredding. Many planning level assumptions were made to 
establish how much of each waste type would require processing through the various steps. Tables in 
Appendix A list the assumptions used. 

The number of employees required was estimated as follows (Table 1): 

170 for System A-1 
168 for System C-1 
198 for System NT-2 
195 for System NT-3 
192 for System NT-5 

As expected, the additional sorting requirements translate into a greater number of FTEs for the 
nonthermal systems. However, the difference is less marked than expected. 
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Much of the FTE requirements are due to the initial assaying requirements. Vendor estimates 
show that more that two hours is typically needed to perform the three analyses (PAN, SGS and 
RTR) which translates to a requirement of over 60 FTEs to assay the waste (Mettler, 1996). With 
over nine drums of waste assayed per hour, nine of each type of instrument would be needed to avoid 
a bottleneck. Thus, significant savings in capital and labor could be made if assaying time was 
reliably reduced. Further savings would be experienced if the instrumentation did not require the 
constant attention of an operator. 

4.3 Aqueous Waste Treatment Subsystem 

This subsystem is very similar for the- and nonthermal systems. Both require sampling and 
monitoring and both use UV oxidation for organic destruction. In the nmthermal systems, all 
aqueous waste is sent to UV oxidation, whereas in thermal systems scrubber liquor does not require 
further treatment for organics. Thermal systems process more aqueous waste (primarily scrubber 
liquor), but through fewer operations. Tables Al-e, C1-e, NT2-f, NT3-e and NT5-g present the time 
and motion analysis for the aqueous waste treatment subsystem. The tasks in this subsystem are 
divided as follows: 

Wastereceiving 

W oxidation. 
Preliminary treatment (sampling, filtration, oil/water separation, precipitation) 

The number of employees required for each system was estimated to be (Table 1): 

6 for System A- 1 
5 for System C-1 
14 for System NT-2 
5 for System NT-3 
23 for System NT-5 

The differences in nonthermal systems relate to the mass of waste transferred to this subsystem. 
System NT-5 has the highest labor requirement because of aqueous waste generated from soft debris 
treatment. Also, much of the wash water in SystemNT-3 is treated and recycled within the washing 
process and is not sent to the aqueous waste treatment subsystem. 
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4.4 Nonthermal Organic Destruction Subsystem 

Two types of nonthermal organic destruction were analyzed: Mediated Electrochemical Oxidation 
(MEO) and Catalytx Wet Oxidation (CWO). For both subsystems, the following tasks are 
appropriate: 

Operating the reactor 

Receiving waste through an air lock; transferring liquids into a tank, and sampling 
Feeding waste to the reactor 

For MEO, several additional tasks are specified: 

Silverrecovery 
Acidrecovery 
Offgas treatment. 

For CWO, additional tasks include: 

Waste transfedrecycle of acids 
Treatment of inorganics. 

Tables NT2-d, NT3-d and NTS-d present the time and motion analysis for the organic destruction 
subsystem. For MEO, 26 FTEs are needed; for CWO 11 FTEs are estimated. ME0 requires more 
FTEs because of the complex recycling processes. For the treatment of soft debris by CWO, 21 FTEs 
are needed (Table NT-Se). 

4.5 Vacuum Thermal Desorption 

The tasks involved in this subsystem are as follows: 

Wastereceiving 

Vacuum thermal desorber operation 
Monitoring offgas 

Mercury contaminated solids leaching 
Leachate /filtrate treatment. 

Transfer of the waste into the batch vacuum Lermal desorber 

Unloading of desorbed waste and transfer of waste to mercury treatment or stabilization 
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To estimate FTEs, it was assumed that 30 percent of the desorbed solids would require leaching to 
remove the mercuIy contamination. Tables NT2-e and NTSf present the time and motion analysis 
for the vacuum thermal desorption subsystem System NT-2 was estimated to reqpire 23 FTEs due to 
the large volume of waste treated in this subsystem System NT-5, in which only sludges and process 
residue is desorbed, required 10 FTEs. 

4.6 Aqueous Washing Subsystem 

This subsystem was used to treat process residue and sludge in System NT-3, and soil in both 
NT-3 and NT-5. Tables NT3-f and NT5-h present the time and motion analysis for the aqueous 
washing subsystem. The steps required are: 

Wastereceiving 
Wash water preparation 
Wasling process 
he-rinseandrinse 
Recycle processes (solubility reduction, ultrafiltration, dissolved air flotation, surfactant 
separation, steam stripping). 

Employee requirements were estimated at 7 FTEs for System NT-3 and 4 FTEs for System 
NT-5. Many operations require monitoring, but the simple nature of the equipment and operations 
requires less overall attention than more sophisticated and complex processes such as vacuum thermal 
desorption combined with mercuty leaching. The monitoring regUirements were more labor intensive 
than estimated in the INTS report, as shown on Table 5- 1. 

4.7 High Pressure Wash Subsystem 

This subsystem uses a batch washing and rinsing process. The process was estimated to be 3000 
lbshatch, and 90 minutes for each of three stages of wasbinglrinsing. The tasks identified were: 

Debris waste receiving 

Wash water solution preparation 
Washinghinsing process 

Waste transfer to w d r i n s e  vessel 

Tables NT3-g and NTS-i present the time and motion analysis for the high pressure wash 
subsystem. System NT-3 processes much more waste by pressure washing than System NT-5. 
System NT-5 is estimated to require 5 FTEs, and NT-3 needs 37 FTEs. 
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4.8 Main Thermal Treatment Subsystem 

Five tasks define the incineration subsystem: 

Waste receiving 
shredding 
Characterization sampling 
Incineration (feed, incinerate, discharge) 
Monitoring instrumentation 

In addition to the first three tasks listed for incineration, the plasma subsystem tasks are: 

Plasma treatment monitoring instrumentation 
Cooling 
Final waste container decontamination 

Plasma treatment operation (feeding, reactor operation, discharge) 

Table A1 - d presents the time and motion analysis for the incineration subsystem and Table C 1 -d 
presents the plasma treatment subsystem. Employee requirements were estimated at 20 FTEs for 
incineration and 23 FTEs for plasma treatment. These values are similar to those in the ITTS report. 
Notably, for the plasma system (C-1), the estimates are less than those reported in ITTS (Table 5-1). 

4.9 Vitrification Subsystem 

This subsystem provides capability to vim ash following thermal treatment. The tasks required 
are: 

Ash receiving through airlock 
Waste transfer to feed bin 
Vitrification 
Monitoring vitrification instrumentation and equipment 
cooling 
Monitoring the APC 
Decontamination of the final waste container 

\ 

This subsystem requires 14 FTEs. Only System A-1 requires this subsystem (Table Al-g). The 
additional labor needs showcase the advantage of the one-step thermal processes which do not require 
vitrification. 
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4.10 Metal Melting Subsystem 

System A-1 uses metal melting to process metal with entrained contamination (Table Al-f). The 
identified tasks are: 

Metalmelting 
Metal cooling 

Metal receiving (from receiving and preparation) 

Instrumentation and monitofing of the APC. 

This subsystem labor requirement is estimated at 6 FTEs. 

4.1 1 Metal Decontamination Subsystem 

This relatively simple subsystem requires two tasks: 

Metals receivindfeed preparation 
Waste decontamination 

Tables Al-h, Cl-f, NTZg, NT3-h and NTS-j present the time and motion analysis for the metal 
decontamination subsystem. The number of FTEs for each system is similar for all systems because 
the volumes are similar. Sixteen FTEs are estimated for both nonthermal and thermal systems. This 
estimate is significantly higher than the ITTS and INTS estimates (Table 5-1). Assay and 
decontamination time estimates increased the labor needed. 

4.12 Lead Recovery Subsystem 

Lead recovery for nonthmal systems includes the following tasks: 

Decontamination 
Lead receiving and feed preparation 

For thermal treatment, lead melting and metal cooling tasks are added. Because waste is treated 
by either decontamination or metal melting, both thermal and nonthermal systems have the same 
number of FTEs. The time and motion study analysis is based on volume of waste (Tables Al-i. 
C 1 -g, NT2-h, NT3 -i and NTS-k). Lead has a high density and, therefore, the studied volume of waste 
is low. Only 2 FTEs are needed to treat this waste by decontamination or melting. 
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4.13 Mercury Amalgamation Subsystem 

Like lead, the mercury waste has a high density and a low volume of waste requiring treatment. 
This subsystem has the following tasks for both thermal and nonthermal systems (Tables Al-j. Cl-h, 
NT2-i, NT3-j and NT5-1): 

Mercury amalgamation. 
Waste receiving and feed preparation 

Thermal systems also treat mercury contaminated debris, using the following tasks: 

Shredding debris 
Retorting debris for mercury removal. 

The mercmy recovered is amalgamated as in the nonthermal systems. The t h e d  systems 
require 2 FTEs, while the n o n t h d  systems, which process much less waste, need less than 1 FTE. 

4.14 Special Waste Treatment Subsystem 

The ITTS and INTS concept for special waste treatment was that certain wastes could not be 
treated in the other subsystems in the facility. Therefore, a space was allotted for treatment processes 
that were either mobile or under development to treat the variety of waste that could not be treated by 
other subsystems. To estimate FTEs, it was assumed that the waste required preparation, such as size 
reduction, for an average of one hour per drum of waste. The waste would be treated in an 
unspecified batch process for two hours, sampled, and repackaged. As shown in Tables Al-k. Cl-i, 
NT2-j, NT3-k and NT5-m, the tasks defined are defined as follows: 

Waste treatment. 
Waste receiving and feed preparation 

Because the amount of special waste is signhcant (5 percent of the total), 11 FTEs are needed. 
The labor estimates for this subsystem were sigruficantly different from the ITTS and INTS estimates. 

This analysis shows that the treatment of special waste wil l  require significant allocation of 
resources. Storage of waste to be treated by mobile or temporary processes in campaigns will require 
extensive space because special waste volume is estimated at 5 drums per shift. Therefore, treatment 
processes must be available before the waste can be received at the facility. This finding shows the 
importance of developing treatment processes to treat the less common waste streams. 
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4.1 5 Grout Stabilization Subsystem 

This subsystem provides encapsulation of waste in grout. As shown in Tables NT2-k, NT3-1 and 
NT5-n, the tasks are: 

Waste receiving and preparation 
Waste micro- or macroencapsulation 
curing 
Decontamination of containers 

Curing is estimated only in terms of the time required to move the waste in and out of a curing 
area, and to monitor the curjng process. The actual time required for curing is not estimated. The 
analysis indicates that storage requirements for curing will be needed for 60 to 80 drums per shift for 
each shift of curing required. 

The labor requirements for this subsystem are highly dependent on the waste volume which varies by 
system. The number of employees required was estimated as follows (Table 1): 

21 for System NT-2 

11 for System NT-5 
16 for System NT-3 

4.16 Polymer Stabilization Subsystem 

Polymer stabilization has the same basic tasks as grout, although the specific processing steps are 
different. As in the grout subsystem, the actual time required for curing is not estimated. As shown 
in Tables Al-m, Cl-j, NT2-1, NT3-m and NT5-0, the tasks are: 

Waste microencapsulation 
curing 
Decontamination of containers 

Waste receiving and preparation, including drymg waste 
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Labor needs reflect volume throughput. The number of employees required was estimated as follows: 

13 for System A-1 
13 for System C-1 
36 for System NT-2 
41 for System NT-3 
36 for SystemNT-5 

4.1 7 Air Pollution Control Subsystem 

Equipment monitoring is the only task identified for the air pollution control subsystem. The 
details are shown on Tables Al-n, C1-k, NT2-m, NT3-n and NTS-p. This subsystem is much less 
volume dependent than other subsystems because of the absence of waste handling. Labor is based 
on time required to monitor equipment. The nonthermal systems require 4 FTEs. The more complex 
APC subsystems for thermal systems require 10 FTEs. 

4.18 Certification and Shipping Subsystem 

As shown in Tables Al-o, Cl-1, NT2-n, NT3-o and NTS-q, the certification and shipping 
subsystems include the following tasks: 

Wasteassay 
Staging of certified waste 

Waste receiving from processing subsystems 

shipping (loading trucks) 

The differences in labor requirements are due to the volume of waste shipped. The number of 
employees required was estimated as follows (Table 1): 

24 for System A-1 
24 for System C-1 
101 for SystemNT-2 
1 10 for System NT-3 
89 for System NT-5 

5.  MODELING RESULTS 

The simple Gant charts developed for this study provide early indication of time consumed by 
major functions of the facilities, and identdy activities which fall on the critical path- Figures 1 
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though 5 present Gant charts for the systems analyzed. Table 1 summarizes the labor resource needs 
for all major activities for each system. For comparison, the ITTS and INTS FTEs are also listed. 

Key results of this modeling are: 

Characterization is a critical path process and very labor intensive 
The differences in receiving and preparation between thermal and nonthermal systems are 
less dramatic than estimated in the INTS and ITTS studies 
Material handling is more signhcant than processing in terms of labor and time 
One-step thermal treatment processes require sipfmntly less labor than incineration 
combined with vitrification of ash 
Special waste treatment is on the critical path for thermal systems 
Treatment of special wastes will require significant allocation of resources 
Storage requirements for special waste will be extensive if processes are not available for 
treatment 
Debris treatment is on the critical path for nonthermal systems 
Labor FTEs may be about 20 percent higher than estimated in the INTS and ITTS reports 

5.1 System Dynamics Results 

The time and motion study estimates the time required for various processing steps at the 
throughputs provided for the equipment specified. This development of system dynamics provides 
insights into potential bottlenecks in the facility. The results are summarized below. 

The assay function stands out as the most limiting process in the facility. Following a 
discussion with the assay equipment vendor, the time assigned for assay by passive/active 
neutron and gamma scanning was detennined to be one hour per container for each scanning 
process. 

Other time consuming processes include material handling, shredding, and samphg. The 
receiving and preparation subsystem, the polymer stabilization subsystem and the 
certification and shipping subsystem require the longest processing time. 

Soft debris, process residue and special waste treatment require the most preparation and 
processing time. 

Polymer stabilization requires more treatment time than grout stabilization. Curing time is 
not included in the analysis, although time for moving waste into and out of the curing area is 
included. 
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5.2 Labor Requirement Results 

For most subsystems, the time and motion study indicates more full time equivalent employees 
will be needed than were estimated in the INTS and ITTS studies. Factors that are responsible for the 
differences include the following: 

The time and motion study included supervisory personnel, time lost due to vacation and sick 
leave, and a worker efficiency of 70 percent. 

Previous analysis focused on processing requirements. In this area, the ITTS and INTS 
numbers were closest to the time and motion study. 

The assay function requires nearly three hours per drum with constant supervision by an 
operator. This function requires 63 FTEs per shift for all systems. Time for individually 
supervised assays was not included in earlier analyses. 

Material handling was not the focus of the INTS and ITTS studies. In a typical chemical 
plant, feed to a process and equipment designed to handle that specific material will be 
consistent. For a radioactive waste processing facility, movement of a variety of waste 
streams contributes to considerable time per drum. This analysis assumes each INTS drum 
and most ITTS drums must be opened and emptied. For several processes, the rate limiting 
step is getting the waste from drums to the process. 

Previous analyses characterized sorting as time consuming. The time and motion study 
quantifies sorting requirements. For example, glove box sorting requires five employees per 
shift to sort slightly less than one drum per hour. 



5.3 Conclusions 

The following conclusions can be derived from the time and motion study analysis: 

Front-end and back-end handling are the areas requiring the most FTEs and processing time. 
These functions are most closely related to the volume of waste handled. 

After front and back-end handling and admmstration, stabilization processes for nonthermal 
systems, especially polymer, require the most time and FTEs. 

Metal decontamination and special waste treatment are labor-intensive and time consuming. 

Treatment of major waste streams, such as incinerable waste in ITTS systems and process 
residue in INTS systems, require sigdicant labor and processing time. Although the 
processing time per unit is small, the volume of waste treated increases labor and processing 
time. 

Higher capacity equipment can lead to more efficient processing and reduced labor time. 
However, this efficiency would not be sigtllficant unless material handling and material 
transfer time can be reduced. 

Feed operations and transfer of material between cells require extensive effort; improvements 
in material transfer would have sisIllficant pay-back 

Labor FTEs may be about 20 percent higher than estimated in the INTS and ITTS reports 

6. RECOMMENDATIONS FOR FUTURE WORK 

Real-time assay and characterization needs, sorting needs, size reduction needs, and material 
handling issues are among the major sources of design and cost uncertainties in the ITTS and INTS 
studies. These uncertainties indicate a need for increased R&D in this area. 
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The following areas are recommended for research: 

Gamma and PAN Assay: 
Develop methods with reduced assay time and reduced direct observation by an operator. 

Material handling bins: 
Develop bins or hoppers which are easily transported, filled from drums and emptied into 
feed systems. These bins should be dust and liquid tight. 

Sorting and segregation: 
Evaluate sorting and segregation material handling devices on the market for applicability 
to DOE mixed waste. 

Shredding: 
Support development of efficient, reliable shredders which need little operator support yet 
meet process requirements. 

* Special waste: 
Develop treatment methods for special waste. Determine the effect of potential treatment 
processes on the size of the facility (including storage requirements) prior to facility 
design. 

Material handling of drums: 
Evaluate improved methods of drum transfer, dnun opening, removal of drum contents, 
drum cleaning and drum sealing. 

Material transfer: 
Develop airlock system which allows for quick transfer of material, possibly by a closed 
conveyor. 

Drum decontamination: 
Develop methods that require little labor. Develop quick assay method. 

Polymer stabilization: 
Develop and optimize process to minimize labor. Automate material transfer to reduce 
handling. 
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Table 1. Time and Motion Study FTE Estimate Comparisonwith INTS and ITTS FTE Estimates 

I II I I I1 I 

System System System System 1 :Gs 1 L2-s Time/ Time/ 
motion INTS motion INTS 
FTEs FTEs %diff. 

A-1 A-I System A-I Subsystems 

Administraton Subsystem 48 27 44.2% 

Receiving and Preparation Subsystem 170 112 34.2% 168 112 

bsysteln . . . 

s-High Pressure Wash 

59.6% 

Polymer Subsystem 13 8 

Air Pollution Control Subsystem 10 4 

Total 342 255 25.4% 321 250 22.1% 489 401 18.2% 

Note: Minor discrepancies can be noticed between the certification and shipping numbers shown here compared to those in the INTS report 
The numbers in the INTS report and ITTSflNTS comparison report reflect an earlier drafl of the time and motion study, calculated with a slightly different mass balance. 
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Figure 3 Time and Motion Study, System NT-2 
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Figure 4 Time and Motion Study, System NT-3 
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Figure 5 Time and Mot ion Study, System NT=5 
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APPENDIX A 

Time and Motion Study Calculations 
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Introduction 

The tables in this appendix are produced horn five interlinked spreadsheets. 

The first table in each series (Table Al-a, C1-a, NT2-a, NT3-a and NTS-a) presents the waste 
feed to each subsystem, as developed in the ASPEN mass balance. For each subsystem the dominant 
waste types were selected, based on the MwiR waste descriptions (DOE, 1993). As shown in the 
third column, Waste Type, the MWIR code is shown. The fifth column shows the estimated density 
of the unprocessed waste in kg/cu m, as developed in the Systems Cost Model (Shropshire, 1996). 
The density is converted to pounds per cubic foot and to pounds/drum in the sixth and seventh 
columns respectively. The fourth column is the result of the second column (mass flow, l b k )  
divided by the seventh column (drum density, lb/dnrm). 

The remaining tables estimate full time equivalent employees (FTEs) and the time required for 
waste treatment. The columns of these tables are described below: 

Columns one and two: Tasks and subtasks are identified. 

Column three, admrnistration subsystem: The administration subsystem table lists FTEs 
without calculation in this column, because they are an estimate based on a 300 person 
facility. 
Column three, other subsystems (as shown in Table Al-c and others): Shows the occurrence 
per shift, such as drums, trucks or pallets. 

Column four: The unit for occurrence per slvft is expressed, usually drums. 

Column five: “Time required” is estimated for each subtask. 

Column six: “Total Time per Shift” is the product of column three and column five. Totals 
for each task are provided. 

Column seven: “FTEs needed” is the total time per shift divided by the minutes in a shift. 

Column eight: “Additional Time for Next Drum” shows the estimate of the lag time between 
drums. 

Column nine: “Average Minutes per Shift per Drum” only appears in the receiving and 
preparation subsystem, is the product of the required time (column five) times the frequency 
of occurrence. This accounts for waste types which require different tasks; e.g. special waste 
requires glovebox sorting but not shedding. Column nine shows the estimated average time 
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a drum of waste requires for processing. If only 10% of the waste is treated in a given task, 
then this column reflects 10% of the time required, shown in column five. 

The last table in each series (Table Al-p, C1-m, NT2-0, NT3-p and NTS-r) shows the summary 
of the FTEs and time required for waste processing. 
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System A- I  Time and Motion Study Tables 

Al-a 

Al-c 

Al-e 

Al-b 

Al-d 

Al-f 
Al-g 
Al-h 
Al-i 
Al-j 
Al-k 
Al-1 
Al-m 
Al-n 
Al-o 
Al-p 

System A-1: Time and Motion Analysis 
Administration Subsystem 
Receiving and P r e p d o n  Subsystem 
Incineration Subsystem 
Aqueous Waste Treatment Subsystem 
Metal Melting 
Vitrification of Ash 
Metal Decontamination Subsystem 
Lead Recovery 
Mercury Amalgamation 
Special Waste 
Grout Stabilization Subsystem 
Polymer Stabilization Subsystem 
Air Pollution Control Subsystem 
Certification and Shipping 
Summary of FTEs and time for a single drum to work through a system 
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Table A l a .  System A-I : Time and Motion Analysis 

Notes: 
This table provides the basis for the time and motion analysis. 
Quantities of waste to a subsystem (Ibslhr) are based on LMITCO mass balance. 
Densities are the same as the LMITCO mass balance except where values are shown in the SCM column. 
Where values are shown in the SCM column, densities are taken from SCM and converted to Ib/ft3.. 
Waste types are based on MWlR 
The waste quantities are converted from Ibs/hr to drumslhr. 
Subsequent analysis is based on drumdshift of waste to a subsystem. 

j:\inel\ents\time\TI M EMOAl . WK4 1 02/24/9704:27 PM 



Table A? -b. 
-. 

Administration Subsystem 

I FTEs 1 Samples/ 
Task Subtask needed Shift 

acility Management /Facility Manager 1 1  I 
I 1  I Secretary 

Receptionistlword processor 1 
)perations Management Department managers 2 

Communications 1 
Engineering Manager 1 
Engineering staff 2 
Maintenance Supervisor 1 

'ersonnel Personnel Manager 1 
Nurse/medical/industrial safety 1 
Security guards at facility 4 
Security at guard bldg 4 

invironmental Environmental manager 1 
Environmental clerk 1 

;hipping/Receiving/Traffic Manager 1 

'urchasing Buyer 1 1 
iccounting Cost Accounting 2 

]Accounting Clerk 1 
Payroll ~ lerks  2 

.aboratory Laboratory Manager 1 
Lab Shift manager 
Lab technicians for OSORT 
Lab technicians for internal processes 
Lab technicians for final waste form 

4 
1 4.1 
4 36.2 
3 8.4 

Lab technicians for incoming supplies 0.2 1 .o 
4 
1 - iealth Physics Shift health physics staff 

Health physics manager 

Total except Lab 
Total Lab 

Time 
Required 

(min) 

30.0 
10.0 
30.0 
20.0 

iota1 Time 
Shift 

123.2 
362.1 
250.9 
20.0 
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Table A I  c. Receiving and Preparation Subsystem 

Time Add'lTTi me Ave 

Task Subtask Shift Units (min) Shift Needed Drum Drum 
Occurrence/ Required Total Time/ FTEs for Next MinutedShift 

'eceive Waste 
ruck Truck docking 0.6 truck 30 17 

Settle Paperwork 0.6 truck 120 68 
Unload truck 0.6 truck 60 34 
Stage pallets 0.6 truck 60 34 
No of pallets/shift 

otal Task 1 270 153 0.3 0 153 
!eceive Empty 
ontainer Truck Truck docking 0.3 truck 30 8 

Settle Paperwork 0.3 truck 30 8 
Unload truck 0.3 truck 60 17 
Stage pallets 0.3 truck 20 6 

otal Task 2 140 40 0.1 0 40 
leceive Supplies Truck docking 0.2 truck 30 6 

Settle Paperwork 0.2 truck 30 6 
Unload truck 0.2 truck 60 12 
Stage pallets 0.2 truck 20 4 

otal Task 3 140 28 0.1 0 28 
ransfer to Move pallets to 
iterim Storage storage area 6.2 1 Pallet I 5 31 

Stack oallets/ 
. .organize storage 6.2 Pallet 10 62 

Transfer to assay 6.2 Pallet 5 31 
otal Task 4 20 124 0.3 10 10 
ssay Drums Stage pallets 12.4 Pallet 5 62 

Load on conveyor 49.8 drum 1 50 
Assay RTR 49.8 drum 15 746 
Assay gamma 49.8 drum 60 2986 
Assay PAN 49.8 drum 60 2986 
Remove from 
conveyor 49.8 drum 3 149 
Repalletize 49.8 drum 1 50 
Stage pallets after 
assaying 12.4 Pallet 5 62 

otal Task 5 150 7091 14.8 
Itage and move Store solid waste 

Move to 50% to 
OSORT 6.2 Pallet 5 31 
Stage at OSORT 6.2 Pallet 5 31 

Stage at drum 

OSORT by category 12.4 Pallet 10 124 

otal Task 6 Pallet 20 187 0.4 

)pen Drums 

IRemove from I I I I I 
conveyor 1 24.9 I drum I 1 I 25 

otal Task 7 19 I 398 0.8 

60 

5 

5 

150 

20 

19 
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Table A I  c. Receiving and Preparation Subsystem 

I Time I 
Occurrence/ Required Total Time/ FTEs 

Task Subtask Shift Units (min) Shift Needed 
Assign drums to 

Move drums to sort 
table /bins 24.9 drum 5 124 
Dump drums 24.9 drum 5 124 

Sort waste 

lump Drums dump stations 24.9 drum 3 75 

otal Task 8 13 323 0.7 

ort Drums robotically 24.9 drum 30 746 
Transfer waste to 
container 24.9 drum 15 373 
Select destination 
for sorted waste 24.9 drum 3 75 
Move container to 
subsystem bin or 
shredder 24.9 drum 3 75 

otal Task 9 51 1269 2.6 
Transfer to glove 

;love Box Sort 

iross Size Transfer to cutting 
!eduction table 5.4 drum 3 16 

Cut waste 5.4 drum 30 161 
Return to container 5.4 drum 5 27 
Transfer to next 1 

4.7 

process 5.4 1 drum 1 3 16 
otal Task 11 41 I 220 0.5 

process I 12.4 2 
'otal Task 12 37 I 164 0.3 
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4dd'l/Time 
for Next MinuteslShiW 
Drum I 2: 

45 

31 5 

35 

2 

38 

5 

30 
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Table A I  6. Receiving and Preparation Subsystem 

I !  Occurrence/ 
Subtask I Shift Units 

'ampling 
Sample opened 
drums 
SamDle sorted 

Time Add'lnime Ave 
Required Total Time/ FTEs for Next MinuteslShift 

(min) Shift Needed Drum Drum 
0 

5 12 

waste I .2 drum 5 6 

ReporUeval. results 4.1 drum 10 41 
Resample (1 0%) 0.4 drum 5 2 

otal Task 13 25 62 0.2 10 30 
Subsystem Bin 
peration Monitor bin height 24.9 drum 3 75 

Fill containers 24.9 drum 3 75 
Move containers 24.9 drum 2 50 
Stage containers 24.9 drum 3 75 
Organize 
campaigns 24.9 drum 15 373 

Move waste from 
otal Task 14 26 647 1.8 0 26 

iternal Transfer OSORT to other 
subsystems 24.9 drum I O  249 
Move waste from 
subsystems to 
CSHIP 11.8 drum 10 118 
Move treated 
waste to 
stabilization 80.0 drum 10 800 
Move unsorted 
waste to incin 6.2 drum 10 62 
Move waste to 

I I I I secondary 
treatment 20.0 drum 10 200 
Move supplies 
around 20.0 drum 3 60 
Move new drums 24.9 drum 3 75 
Schedule 
movement 187.8 drum 1 188 

otal Task 15 57 1752 4.9 
ox Breakdown Stage boxes 10.0 box 2 20 

Move to opening 
area 10.0 box 3 30 
Open boxes 10.0 box 10 100 
Transfer to dump 10.0 box 3 30 

otal Task 16 18 180 0.5 
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Table A I  6. Receiving and Preparation Subsystem 

Time Add'lflime Ave 

Task Subtask Shift Units (min) Shift Needed Drum Drum 
Occurrence/ Required Total Time/ FTEs for Next MinutedShiW 

FTEs/sh i ft 0 32.3 
Supervision Ratio of 1:lO 3.2 
VadsicWholiday Assume 6 wks of 
relief absence 4.1 

One person can 
Break relief relieve 3 
(included in 6 hr (accounted for in 
day) efficiency) 
Totakhift 39.7 
Adj for 70% 
Efficiency 56.7 
Total/day 170.1 670.7 w 

Notes: 
Assume FTEs are available for 8 hrs/day; because overall 70% efficiency is taken at the end. 
Trucks have 22 pallets. Waste density is 64 Ib/ft3. 
Pallets are assumed to hold four 55 gallon drums 
As in inventory, assume 50% of drums are contaminated and can't be deconned. 
Assume 50% of waste received requires interim storage; this will be dependent on assay system 
Assume 10% of incoming waste is sampled 
Assume opened and sorted waste is 50% of total 
Assume 10% of sorted waste is sampled 
Assume gross size reduction is necessary for wastes to metal decon & lead 
Assume gross size reduction is 1 hr per drum. 
Assume shredding is necessary for drums only 
Assume 10% of shredded waste is sampled. 
Box breakdown includes time beyond that required if waste was packaged in drums 
Assume glove box sorting required for special, mercury and lead 
Assume glove box waste requires 1 samplddrum 
Assume transfer control for liquids takes the same time as for solids 
Assume paperwork is accomplished within times shown 
Ave. time per drum includes times for activities multiplied by the probability that the adivitywill occur. 
Least tirnddrumlsubsystem includes only the minimum requirements, no extra staging, sorting, or shredding 
M a x  timddrum/subsystem includes all staging, shredding, glove box, etc 
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I Time I I I Occurrence/ 1 I Required ITotal Time// FTEs 1 Minuted 
I 

Task 
teceive Waste 

Su btask Shift Units (min) Shift Needed Drum 
Transfer through air lock 8.5 pallet 5 43 
Stage drums for campaigns 8.5 pallet 15 128 

'otal Task I 20 I 170 I 0.35 I 20 

ihredding shredder 34.0 drum 2 68 
Stage drums and waste 34.0 drum 2 68 
Shred stage 1 34.0 drum 2 68 
Shred stage 2 
Sample size of waste 
Rework 10% 
Return trr container 
Transfer to next process 

34.0 drum 2 68 
3.4 drum 5 17 
0.3 drum 11 4 
34.0 drum 3 1 02 
34.0 drum 2 68 

'ac/sicWholiday I I I 1  I I I 

'otal Task 
;ampling 

29 463 0.96 29 
0 

SamDle shredded waste to 

'otal Task 
icineration 

- 
Time/ 
Add'l 
Drum - 

Reportieval. results 3.7 drum 10 37 
20 56 0.16 20 

Select waste for feeding 34.0 drums 5 170 
Stage waste for feeding 34.0 drums 5 170 
Feed incinerator (50 ft3/hr or 

Table A I  d. Incineration Subsystem 

Notes: 
Feed to incinerator requires shredding; whole drums can be shredded. 
Assume 15 middrum per stage of shredding 
Assume 1 hour kiln residence time 
Assume rate of feeding and discharge Q 50 ft3/hr 
Waste discharge based on bottom ash Q 80% of waste to vit (mass balance shows 1196 bottom ash and 299 fly ash) 
No. of samples = 20 
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'otal Task 
nonitor incinerator 

15 

6.8 drums/hr ) 34.0 drums 0 4 

Discharge waste (50 ft3/hr) 20.4 0 2 
Incinerate waste ( I  hr) 34.0 60 2040 

Sample waste in and out 16.0 times 10 160 

Monitor feeding 
Monitor gadair ratio 24.0 times 5 120 
Monitor burner 24.0 times 5 120 
Monitor feeding 24.0 times 5 120 
hlonAor seconaary 

80 504 1.05 80 

15 

10 

'otal Task 
'TEsIshift 
iupervision 

9 

combustion 24.0 times 5 120 
Monitor discharge 24.0 times 5 120 

25 600 1.25 0 
0 3.77 149.23 

Ratio of 1 : l O  0.38 

0 
15 

4ef 
'otakhift 
idjustment for 

15 
Assume 6 wks of absence 0.48 

4.63 149 

h 

'0% Efficiency 

1 

I 6.61 I 

02/24/9704:25 PM 

'otal/day 1 19.84 1 



Table A I  e. Aqueous Waste Treatment Subsystem 

Time/ 

ShiR Needed 
I 

Time 
Occurrence Required TotalTimel FTEs 

Task Subtask I Shift Units 
teceive Waste Transfer throuah air lock 1 4  drum I 5 7 1  1 

incin,vrrrmcanon, A r L  
Arrange for transfer U I f  I I I I 

1 I I I I 1 
'otal Task 1 I 32 I 127 I 0.27 I 32 
Jrelirninarv 

JV Oxidation 

Jaclsicklhoiiday relief Assume 6 wks of absence 0.14 
4djustment for 70% 
Efficiency 1.96 
Total per day 5.87 

Notes: 

13413.70 Ibs/hr 
60.30 lbsihr 

235 drumsfshift 
1 drumsfshift 

Assume waste from APC is low TDS; assume other secondary waste = 
Assume waste from RCPRP is organic liq 
Total drumshour = 236.4 
Assume sampling of low TDS waste is One/25 drums 
Assume transfer of waste requires 15 minR5OO gallons 
Assume tank batches are 550 gallons (IO drums) 
Assume treatment selection time is required for waste from RCPRP 0nly;scrubber liquor has the same treatment. 
Assume residence time in oil water separator is 1 hour and tank is 1000 gallons (16 gpm) 
Assume filtration, centrifuge and ppt rates are 10 gpm. 
Assume evaporation rate is 50 gprn 
Assume UV oxidation unit is 50 gpm 
Process samples = 16.5 
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Metal Melting 

rum 

lotes: 
wume 3 hour batches at 10 drumshatch 
Mume cooling time is long: staging of waste in and out is only time considered 
mume 10% slag. 
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Table A I  3. Vitrification of Ash 

Time 
Occurrence Required Total Time/ FTEs Minutes/ Minutes/ 

Task Subtask / S h i  Units (min) Shift Needed Drum Add'lDrum 
Transfer through air lock 

L h  Receiving (1 00 ft3 bins); 5 midbin I 1.9 I bin I 5 9 
Transfer throuah air lock I I 

4sh Receiving (100 ft3 bins): 5 minlbin 1.9 bin 5 9 
rota1 Task 5 9 0.02 0 0 
-eed Waste from 
)in 

rota1 Task 
f i c a t i o n  

Stage at feed bin (1 5 minlbin) I I .9 I bin I 15 1 28 
Hook to transfer device I 1.9 1 bin I 3 I 6 I I I 
/Transfer into vitritier (metering I I I I I I I 
screw; 4000 Ibslhr) 1 1.9 I bin 1 38 1 70 
Sample feed vessel (once/bin; 1 
screw; 4000 Ibslhr) 1.9 bin 38 70 
Sample feed vessel (once/bin; 
10 min per sample) 1.9 bin 10 19 
Detach &'remove bin 1.9 bin 3 6 

Adjust additives to melter 1.9 bin 15 28 
Melt waste @ 2000 lbslhr I .9 bin 192 359 
Discharge waste Q 2000 

69 128 0.27 69 15 

10 min per sample) 1.9 bin 10 19 
Detach &'remove bin 1.9 bin 3 6 

Adjust additives to melter 1.9 bin 15 28 
Melt waste @ 2000 lbslhr I .9 bin 192 359 
Discharge waste Q 2000 

69 128 0.27 69 15 

- - 
Ibs/hr I 1.9 I bin I 192 1 359 I 

I I I I I I I 
rota1 Task 399 28 0.06 29 14 
vlonitor vitrifer Monitor feeding 24.0 times 5 120 

Monitor gaslair ratio 24.0 times 5 120 
Monitor burner 24.0 times 5 120 
Monitor additions 24.0 times 5 120 

Gtass/slag discharge into 
rotat Task 20 480 1 .oo 0 

FTEs per shift I 2.60 I 
./ 

Supervision Ratio of 1:lO 0.26 194 
VaclsicWholidav 
*elief Assume 6 wks of absence 0.33 
rotaushi 3.19 
4djustment for 
70% Efficiency I 4.56 I 
rotaVday 1 13.69 1 
Notes: 
Assume bins from incin are 100 ft3 (this is our design assumption). 
For time evaluation, 13.6 drums 
Assume screw empties at 4000 lbslhr = 63 ft3hr 
Assume retech vitrifier at 2000 1bslhr;continuous operation 
Assume cooling time is long; staging of waste in and out is only time considered 
No of samples = 4.8 
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Table Ai-i. Lead Recovery 
- 

Time 
Occurrence Required TotalTirne/ FTEs Minuted Minuted 

Task Subtask min) 1 She /Needed Drum Add'lDrum 
.ead 
leceivingFeed 
'rep Transfer through air lock 0.2 drums 5 1 

Glove box separation of 1 

-- 

'otal Task 
Vaste Decon 

middrum) 0.05 batch 100 5 
Melt waste 0.05 batch 180 9 
Monitor APC during 

0.05 batch 350 17 . batch 

Metal discharge into 
'btal Task 670 15 0.03 320 180 

- 
detal Cooling containers 0.05 drums 15 1 

Metal cooling (90%) 0.04 drums N/A 0 
Staging waste into 
cooling 0.05 drums 15 1 
Slag cooling (10%) 0.00 drums N/A 0 
Staging waste out of 
cooling 0.05 drums 15 1 
Collect samples 0.05 drums 15 1 

Fotal Task 60 3 0.01 60 0 
Total FTEdshift 0.41 551 
Supervision Ratio of 1 :10 0.04 
Vaclsicklholiday Assume 6 wks of 
relief absence 0.05 
Tota I/shift 0.50 
70% efficiency 0.71 
TotaVday 2.14 

Notes: 
Assume assay for all drums @ 30 middrum 
20% of input is melted and 80% is deconned ( I T S  ph2 assumption, fig A1-4) 
Assume melter batch time is 3 hours 
Assume 10 drum (91 70 Ib or 550 gal) batches 
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Table Al-j. Mercury Amalgamation 

Occurrence/ Required Total FTEs Minuted Minuted 
Task Subtask Shift Units (min) ime/Shift Needed Drum Add'lDrum 

2 

1 Time 

Aecury Receiving1 
Feed Prep Transfer through air lock 0.4 drums 5 

transfer liq mercury to tank 

transfer Ha contaminated 
(- 0.0 drums 60 1 - - ~  
waste to fged bin 0.4 drums 15 

Transfer wastddrums to 
'otal Task 65 3 0.01 I 65 I 15 

jhredding shredder 0.4 drum 2 1 
Stage drums and waste 0.4 drum 2 1 
Shred stage 1 0.4 drum 2 1 
Shred stage 2 0.4 drum 2 1 

dotes: 
U u m e  5% of mercury waste is elemental, rest is debris 
h u m e  5% of debris is mercury. 
Wume all debris requires 2 stage shredding 
Wurne retort is 1 drum batch. 
3atch size for amalgamater: Assume 1 drum/batch, 2 hrs /batch 
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Table Al-k. Special Waste 

qeceivinglFeed Prep 

Notes: 
Assume all waste is prepared in glove box 
Assume waste is treated in various batch processes that average 2 hourddrum 
TBD=To be determined 
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Occurrence/ Required Time I Total Time/ FTEs Minutes/ Minutes/ 
Task Subtask Shift 1 Units 1 (min) I Shift Needed Drum Add'lDrum 

Uaste 
Zeceivingl 
:eed Prep Transfer through air lock 0 drums1 5 ! 0 

Sample waste 0 drums 15 0 
Select process for waste 0 drums 5 0 
Transfer to 
macroencapsulation drums 2 0 
Transfer to 
microencapsulation 0 drums 2 0 
Stage at process 0 drums 2 0 

.otal Task 31 0 0 31 5 

me area 0 drum 5 0 
Curing time 0 drum 0 
Monitor curing process 0 drum 10 0 
Move pallets from curing 
area 0 times 5 0 

'otal Task 62 I 0 0 30 
'otal FTEs/shift 0 
iupervision Ratio of 1 :I 0 0 
Iadsickholida Assume 6 wks of 
r relief absence 0 
;otal/shift 0 
'0% efficiency 0 
rotal/day 0 
dotes: 
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Table AI-m. Polymer Stabilization Subsystem 

Time Minuted 
Occurrence/ ! 1 Required !Total Time/ FTEs Minutes/ Add'l 

Task Subtask Shift I Units (min) Shift Needed Drum Drum 
I I I 

Yaste 
ZeceivingIFeed 

rota! Task 
Encapsulation 

Prep 

- - 

extruder 2.8 drum 10 28 
Repack in drums 24.0 drum 5 120 
Close drum lid 2.8 drum 3 8 
Palletiie drums 2.8 drum 2 6 
Stage drums 24.0 drum 2 48 
Monitor activated carbon I 

Notes: 
Assume 30% of process residue waste and 100% of other waste requires drying 
Assume dryer can accept waste at the rate of 2 drumshour 
No. of samples = 2.4 
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Table A l n .  Air Pollution Control Subsystem 

Time 
Occurrence/ Required Total Time/ FTEs 

Task Subtask I Shift 1 Units I (min) Shift Needed Minuted Ib 
Monitor Equipment Dry filtration 8.0 times 10 80 

Quencher 24.0 times 5 120 
Prefitter/hepa fitter 4.0 times 5 20 
Acid gas scrubber 24.0 times 5 120 
GAC 4.0 times 2 8 
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I Table A l a  Certification and Shipping 

otal Task 

ifficiency I - I 
'otaliday I 23.96 1 

Notes: 
Assume 10% of waste requires sampling 
Samples collected = 1.2 

j:\inehents\time\TlMEMOAl .WK4 1 02/07/9703:36 PM 



Table Al-p. Summary of FTEs and time for a single drum to work through a system 
- 

Notes: 
Allocation of receiving and preparation time was done as follows: 
Average time per drum was estimated, multiplied by the number 
of drums per shift. The time for each waste type was allocated 
according its percentage of total waste. 
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System C-I  Time and Motion Study Tables 

C1-a 
C1-b 
c1-c 
C l d  
C1-e 
c1-f 
c1-g 
C1-h 
C1-i 
Cl-j 
C1-k 
c1-1 
c1-m 

System C-1: Time and Motion Analysis 
Administration Subsystem 
Receiving and Preparation Subsystem 
Plasma Reactor 
Aqueous Waste Treatment Subsystem 
Metal Decontamination Subsystem 
Lead Recovery 
Mercury Amalgamation 
Special Waste 
Polymer Stabilization Subsystem 
Air Pollution Control Subsystem 
Certification and Shipping 
Summary of FTEs and time for a single drum to work through a system 
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Table Cl-a System C-1: Time and Motion Analysis 

Mass Flow No. of Unprocessed 

-_ 
c SCM 

Subsystem (Ib/hr) Waste Type Drums Density Density Density 
kq/m3 I blft3 Ib/drum 

Administration 2,927 
Receiving and preparation 2,927 all 6.2 64 471 
Aqueous waste treatment 6,645 L1100 14.6 62 456 
Plasma Treatment 2 149 S5300 51 10 4.6 64 47 1 

Air pollution control 6,762 NIA 1 
Special treatment 153 X6000,X7500 0.7 500 31 229 
Certification and shipping 1,958 zoo0 1.5 2500 1 80 1 326 
vol reduction (out/in) 1.49 1 0.2 

Notes: 
This table provides the basis for the time and motion analysis. 
Quantities of waste to a subsystem (Ibslhr) are based on LMITCO mass balance. 
Densities are the same as the LMITCO mass balance except where values are shown in the SCM column. 
Where values are shown in the SCM column, densities are taken from SCM and converted to Ib/ft3. 
Density for thermal treatment is based on 33% combustible (5300) and 67% noncombustible (51 10). 
The waste quantities are converted from Ibs/hr to drumsihr. 
Subsequent.analysis is based on drums/shift of waste to a subsystem. 
Thermal treated waste refers to waste processed through the plasma reactor. 
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Table C1-b. Administration Subsystem 

Task Subtask 
Facility Management Facility Manager 

Secretary 
ReceptioniWword processor 

Operations Management Department managers 
Communications 
Engineering Manager 
Engineering staff 
Maintenance Supervisor 

Nurse/medical/industrial safety 
Security guards at facility 
Security at guard bldg 

Personnel Personnel Manager 

Environmental Environmental manager - 
Environmental clerk 

Shipping/receiving/Traffic 
Manager 
Clerk 

Purchasing Buyer 
Accounting Cost Accounting 

Accounting Clerk 
Payroll Clerks 

Laboratory Laboratory Manager 
Lab Shift manager 
Lab technicians for OSORT 
Lab technicians for internal processes 
Lab technicians for final waste form 
Lab technicians for incoming supplies 
Shift health physics staff 
Health physics manager 

Total except Lab 
Total Lab 
Total Admin 

_. Health Physics 

J 

FTEs 

1 
1 
4 
4 
1 
1 

1 
1 
1 
2 
1 
2 
1 
4 
1 
4 
1 

0.2 
4 
1 

35 
12 
47 

Time 
Samples/ Required Total Time/ 

Shifi 1 (min) I Shift 

123.2 
320.3 

30.0 132.8 
20.0 20.0 
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Table C i a  Receiving and Preparation Subsystem 

container Truck 

j:\ineRenGUime\TI M EMOC I . WK4 1 

i 
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and Preparation Subsystem 

Time 
Occurrence Required Total Time/ FTEs 

Task Subtask I Shift Units Shift Needed 
ISort waste I 

Iort Drums 

otal Task 10 375 I 2250 4.7 
\Transfer to cutting - 

iross Size Reduction table 1 0.2 drum 3 1 
Cut waste 0.2 drum 30 7 
Return to container 0.2 drum 5 1 
Transfer to next 
process 0.2 drum I 3 1 

'Mal Task 11 . I 41 10 0.0 

ihredding 
Transfer drums to I 

process 12.4 drum 2 25 

iampling 0 
otal Task 12 37 139 0.3 

Sample opened 
drums I 2.5 I drum I 5 I 12 
Sample sorted I I 
drums 2.5 drum 5 12 
Sample sorted 
waste 1.2 drum 5 6 
Resample (1 0%) 0.4 drum 5 2 
ReporVevaI. results 4.1 drum 10 I 41 

'otal Task 13 25 I 62 0.2 

waste 1.2 drum 5 6 
Resample (1 0%) 0.4 drum 5 2 
ReporVevaI. results 4.1 drum 10 I 41 

'otal Task 13 25 I 62 0.2 

2 

4d;ll;el D;m 
for Next MinutedShift 

31 5 5 

35 6 

2 

10 

30 

30 
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Table C l c .  Receiving and Preparation Subsystem 

subsystems drum 1 I O  1 249 
Move waste from I 
subsystems to 
CSHIP 11.8 drum 10 118 
Move treated waste 
to stabilization 80.0 drum 10 800 
Move unsorted 
waste to incin I 6.2 I drum 1 10 1 62 
Move waste to 
!secondary I I I I I 
treatment I 20.0 I drum 1 10 I 200 
Move supplies 
around 20.0 drum 3 60 
Move new drums 24.9 drum 3 75 
Schedule 
movement 187.8 drum 1 188 

.l’otal Task 15 57 1752 4.9 
Box Breakdown Stage boxes 10.0 box 2 20 

Move to opening 

Notes: 
Assume FTEs are available for 8 hrs/day; because overall 70% efficiency is taken at the end. 
Trucks have 22 pallets. Waste density is 64 lblcu ft. 
Pallets are assumed to hold 4 55 gallon drums 
As in inventory, assume 50% of drums are contaminated and can‘t be deconned. 
Assume 50% of waste received requires interim storage; this will be dependent on assay system 
Assume 10% of incoming waste is sampled 
Assume opened and sorted waste is 50% of total 
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Table C l c .  Receiving and Preparation Subsystem 

Time Add'l Time Ave 

Task Su btask f Shift Units (min) Shift Needed Drum Drum 
Occurrence Required Total Time/ FTEs for Next MinutedShM 

Notes (cont.): 
Assume 10% of sorted waste is sampled 
Assume gross size reduction is necessary for wastes to metal decon & lead 
Assume gross size reduction is 1 hr per drum. 
Assume shredding is necessary for drums only 
Assume 10% of shredded waste is sampled. 
Box breakdown includes time beyond that required if waste was packaged in drums 
Assume glove box sorting required for special, mercury and lead 
Assume glove box waste requires 1 sample/drum 
Assume transfer control for liquids takes the same time as for solids 
Assume paperwork is accomplished within times shown 
Average time per drum includes times for activities multiplied by the probability that the activitywill occur. 
Least time/drum/subsystem includes only the minimum requirements, no extra staging, sorting, or shredding 
Max time/drum/subsystem includes all staging, shredding, glove box, etc 
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Table Cld .  Plasma Reactor 

Notes: 

20 I 10 
I 

45 
234 15 

Feed to incinerator requires shredding; whole drums can be shredded. 
Assume 15 minldrum per stage of shredding 
Assume 1 hour reactor residence time 
Assume rate of feeding and discharge Q 50 cu Whr 
Treated waste mass amount from LITCO mass balance of 4/23/96 
Assume coaling time is long; staging of waste in and out is only time considered 
No. of process samples = 20.0 
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Table C1 -I?. Aqueous Waste Treatment Subsystem 

I I lllle: I Occurrence, I I Required ITotalTidI  FTEs 1 Minuted 1 Minuted I 
Task Subtask 1 Shift 1 Units 1 ( min) I Shfi I Needed I Drum IAdd'ldrum 

Receive Waste !Transfer through air lock I 1.4 1 drum I 5 7 

Select treatment methods (IO 
drum batch) 1.4 drums 20 3 
Transfer organic waste to oil 
water separator 1.4 drums 3 5 
Filter high, low TDS and organic 

- -~- 

Adjust UV oxidation (30 midl 0 

Process throuah UV oxidation 
UV Oxidation drums) 1.4 drums 3 4 

6565.00 l M r  
80.00 lbsihr 

115 drumskhfi 
1 drums/shff 

Notes: 
Assume waste from APC and other secondary waste is low TDS 
Assume waste from RCPRP is organic liq 
Total drums per hour= 116.6 
Assume sampling of low TDS waste is one125 drums 
Assume transfer of waste requires 15 mid2500 gallons 
Assume tank batches are 550 gallons ( I O  drums) 
Assume treatment selection time is required for waste from RCPRP only;scrubber liquor has the same treatement. 
Assume residence time in oil water separator is 1 hour and tank is IO00 gallons (16 gpm) 
Assume filtration, centrifuge and ppt rates are 10 gpm. 
Assume evaporation rate is 50 gprn 
Assume UV oxidation unit is 50 gpm 
Number of process sampl12.0 
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Table C1-f. Metal Decontamination Subsystem 
- 

Notes: 
Assume 50% of waste must be sbe reduced. 
Assume 60 middrum for cutting 
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Table C l g  Lead Recovery 

Time 
Required Total Time/ Minutes/ Minuted 

Task Subtask /Shift Units (min) ! Shift ! Nz:d 1 Drum Add'l Drum 
Occurrence 

.ead ReceivinglFeed 
'rep Transfer through air lock 0.2 drums 5 1 

Glove box separation of 

I I I time/ I I I I I 
.ead Melting 

... - 

Setuplcheck equipment 0.05 batch 30 1 
Stage waste for feeding 0.05 batch 20 1 
Fdjust flux to melter 0.05 batch 20 1 
Feed melter (I 0 
min/drum) 0.05 batch 100 5 
Melt waste 0.05 batch 180 9 
Monitor APC d uring ' 

batch 0.05 batch 350 17 

Metal discharae into 
'otal Task 670 15 0.03 320 I 80 

lletal Cooling. 
- 

containers 0.05 drums 15 1 
Metal cooling (90%) 0.04 drums NIA 0 
Staging waste into 

htes: 
bsume assay for all drums Q 30 middrum 
!O% of input is melted and 80% is deconned (IlTS ph2 assumption, fig A M )  
bsume melter batch time is 3 hours 
ksume 10 drum (9170 Ib or 550 gal) batches 
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Table Cl-h. Mercury Amalgamation 

Time 
Occurrence Required Total E s  Minuted M i n W  

Task Subtask /Shift Units (min) Time/Shift Needed Drum Add'lDrum 
decury Receiving/ 
'eed Prep Transfer through air lock 0.4 drums 5 2 

Transfer liq mercury to tank 
(5% of Hg waste) I 0.0 1 drums 1 60 1 1  I 
Transfer Hg contaminated I I 
waste to feed bin 0.4 drums I 15 

ITransfer waste/drums to I 1 
'otal Task 1 65 3 0.01 65 I 15 

ihredding 

Aercury Retorting Setup/check equipment 1 0.4 hmelbatchl 30 
Stage shredded waste for 1 I I I 

Notes: 
Assume 5% of mercury waste is elemental, rest is debris 
Assume 5% of debris is mercury. 
Assume all debris requires 2 stage shredding 
Assume retort is 1 drum batch. 
Batch sue for amalgamater: Assume 1 drum/batch, 2 hrs /batch 
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Table C1-i. Special Waste 

Time Total 
Occurrence Required Time/ FTEs Minuted Minuted 

Task Subtask /Shift Units (min) Drum ,Add'l Drum I Shift Needed 
, , 

I I 

Notes: 
Assume all waste is prepared in glove box 
Assume waste is treated in various batch processes that average 2 hoursldrum 
TBD=To be determined 

I I pecial 
eceivinglFeed Prep Transfer through air lock 1 5.4 1 drums 1 5 1 27 

Glove box preparation of 1 1 
wastes I 5.4 drums 60 322 
Stage waste 5.4 drums 3 16 

)tal Task 68 364 0.76 68 60 
faste Treatment Stage containers 5.4 drum 1 3 I 16 I 

Treat waste as special 

Sample treated waste 5.4 drum 15 80 
Repack in drums 5.4 drum 30 161 
Close drum lid 5.4 drum 3 16 
Stage drums 5.4 drum 3 16 

processes TED 5.4 drum 60 322 

)tal Task 114 61 1 1.27 114 60 
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Table Cl-j. Polymer Stabilization Subsystem 

/Occurrence/ I Rewired Time I TotalTimel FTEs Minuted I Minuted 
Task Subtask 1 /Shih I Units I ( '  min) I Shift I Needed I Drum IAdd'lDrum 

Uaste ReceivindFeed I I I I 

linder setup time .Move pallets to curing area! 24.0 drum 5 120 
Curing time 24.0 drum 0 
Sample every 10 drums 2.4 drum 15 36 
Monitor curing 24.0 drum 10 240 
Move pallets from curing 

:fficiency 
-0taYdav 1 I 13.22 I I 

Notes: 
Assume 30% of process residue waste and 100% of other waste requires drying 
Assume dryer can accept waste at the rate of 2 drumshour 

No. of samples = 2.4 

1 



Table C1-k. Air Pollution Control Subsystem 
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Table C1-I. Certification and Shipping 

f I Occurrence/ TotalTimel FTEs Minuted Minutes/ 

--Notes: 
Assume 'lo% of waste require sampling 
Samples collected = 1.2 
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Table C1-m. Summary of FTEs and time for a single drum to work through a system 
- 

Aqueous Waste 5.3 1 24 2 5 702 12 

Plasma Treatment 23.3 234 4 26 1159 19 

Metal Decon 16.5 91 2 75 1216 20 

Lead 2 551 9 N/A 551 9 
Mercury 1.7 614.0 10 N/A 61 4 10 

Special 10.7 182.0 3 60.0 444 7 

Polymer 13.2 180 3 60 288 5 

APC 9.9 904 15 904 15 

Certification and Shipping 24.0 222 4 60 872 15 

-_ 
Total 320.8 

Notes: 
Allocation of receiving and preparation time was done as follows: 
Average time per drum was estimated, multiplied by the number 
of drums per shift. The time for each waste type was allocated 
according its percentage of total waste. 
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System NT-2 Time and Motion Study Tables 

NT2-a System NT-2: Time and Motion Analysis 
NT2-b Administration Subsystem 
NT2-c Receiving and P r e p d o n  Subsystem 
NT2d CWO Organic Destruction Subsystem 
NT2-e Vacuum Thermal Desorption for Process Residue 
NT2-f Aqueous Waste Treatment Subsystem 
NT2-g Metal Decontamination Subsystem 
NT2-h Lead Recovery 
NT2-i Mercury AmalgamAon 
NT2-j Special Waste 
NT2-k Grout Stabilization Subsystem 
NT2-1 Polymer Stabilization Subsystem 
NT2-m Air Pollution Control Subsystem 
NT2-n Certification and Shipping 
NT2-o Summary of FTEs and time for a single drum to work through a system 

J:\Inel\Ents\tirne\tmrptl97.~pd 
MK DOC. NO. 4436-06-R-S-07-909 A-7 Febmary 25, 1997 



Table NT2-a. System NT-2: Time and Motion Analysis 

/Polymer stabilization 1,110 1 S3120 1 3.5 700 1 441 321 I 
Pre-polymer drying 438 1 
Air Dollution control 823 1 
Grout stabilization 1,228 
Special treatment 155 

5,067 ICertification and shipping 

S3120 1 1.4 700 1 441 321 
I N/A I .. . . 

soil/debris 3.6 750 47 344 
X6000,X7500 0.7 500 31 229 

zoooo 6.2 N/A Ill 815 

Notes: 
This table provides the basis for the time and motion analysis. 
Quantities of waste to a subsystem (Ibs/hr) are based on LMITCO mass balance for system NT2 
Densities are the same as the LMITCO mass balance except where values are shown in the SCM column. 
Where values are shown in the SCM column, densities are taken from SCM and converted to Iblft3.. 
The waste quantities are converted from lbslhr to drums/hr. 
Subsequent analysis is based on drums/shift of waste to a subsystem. 
Pre-polymer drying assumes desorbed wastes that do not go through the leaching process (70% of output) will not need drying. 
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Table NT2-b. 
- Administration Subsystem 

i I FTEs 
Task I Subtask needed 

acility Management I 
Facility Manager 
Secretary 

1 
I 1  

Receptionist/word processor 1 
lperations Management 

Department managers 
Communications 
Engineering Manager 
Engineering staff 

2 
1 
1 
2 

\Maintenance Supervisor 1 
ersonnel (Personnel Manager 1 

Nurse/medicaI/industrial safety 1 
Security guards at facility 4 
Security at guard bldg 4 

nvironmental Environmental manager 1 
Environmental clerk 1 

Manager 1 
Clerk 1 

hipping/Receiving/rraffic 

urchasing (Buyer 1 
ccounting ]Cost Accounting 2 

]Accounting Clerk I 1  
. (Payroii clerks 2 

aboratory , (Laboratory Manager 1 
Lab Shift manager 4 
Lab technicians for OSORT 4 
Lab technicians for internal processes 5 
Lab technicians for final waste fom’ 3 
Lab technicians for incoming supplies 0.2 

Shift health physics staff 4 
Health physics manager 1 

ealth Physics 

-- 

Total except Lab 
Total Lab 

35 I 17 

Samples/ 
Shift 

11.3 
42.7 
10.2 
1 .o 

Time 
Required 

(min) 

30.0 
10.0 
30.0 
20.0 

Total Time 
Shift 

339.2 
426.7 
307.0 
20.0 
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Table NTZc. Receiving and Preparation Subsystem 
-- 

Container Truck 

Receive Supplies 
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Mdl Time Average 

f;r 
T 
T 

60 

5 

5 

150 

20 

19 
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Table NT2-c. Receiving and Preparation Subsystem 

Time 
Occurrence Units for Required Total Tirnel FTEs 

Task Subtask 1 /Shift lOccurrencj (min) I Shift Needed 
Assign drums to I I I 

lump Drums dump stations I 43.6 1 drum 1 3 1 131 
Move drums to sort i ! 
table bins 43.6 drum 5 21 8 
Dump drums 43.6 drum 5 218 

Sort waste 
'otal Task 8 13 567 1.2 

;ort Drums robotically 32.7 drum 30 982 
Transfer waste to 
container 32.7 drum 15 491 
Select destination 
for sorted waste 32.7 drum 3 98 
Move container to 
subsystem bin or 
shredder 32.7 drum 3 98 

'otal Task 9 51 1669 3.5 
Transfer to glove 

;love Box Sort box (several trips) 7.1 drum 30 214 
Sort waste by hand 
in glove box 7.1 drum 240 171 1 
sampling (Vdrum) 7. I drum 15 107 
Transfer waste to 
containers I 7.1 1 drum 1 60 I 428 
Select destination I 
for sorted waste 7.1 drum 15 107 
Move containers to 
subsystem bin or 
shredder 7.1 drum 15 107 

'otal Task 10 375 2673 5.6 
mess Debris for 
)ebris Rule !Transfer soft, oDen 1 I I I I 
:ompliance and complexdebris 35.0 drum -3 1 105 

Screen debris 35.0 drum 4 1 140 
Additional 
sampling (25%) 8.7 drum 10 87 
Inspection 35.0 drum 5 175 

*otal Task 11 22 507 1.1 
;ross Size Transfer to cutting I 
leduction table 14.3 drum 3 43 

Cut waste 14.3 drum 30 429 
Return to container 14.3 drum 5 72 
Transfer to next I 
process 14.3 drum 3 43 

'otal Task 12 41 587 1.2 
Transfer to 

jhredding shredder I 37.3 I drum 1 2 1 75 
Stage waste 1 37.3 1 drum I 2 I 75 
IFeed waste to I I I I I 
shredder 1 37.3 I drum I 2 75 
Feed bad drums to 1 
shredder 21.8 drum 2 44 
Shred stage 1 59.1 drum . 2 118 
Shred stage 2 59.1 drum 2 118 
Sample size of 
waste 5.9 drum 5 30 
Rework 10% 0.6 drum 15 9 
Return to container 59.1 drum 3 177 

9ddl Time Average 
for Next MinuteslShii 
Drum 1 /Drum 

i 

5 I 13 

45 

31 5 

5 

35 

38 

5 

6 

6 
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Table NT2c. Receiving and Preparation Subsystem 

Time 
Occurrence Units for Required Total Time/ FTEs 

Task Subtask I /Shift loccurrencel (rnin) Shift Needed 
ITransfer to next I I I I 
process 59.1 I drum 2 118 

Sample opened 
'otal Task 13 37 838 1.7 

;ampling drums . I 4.4 I drum 1 5 22 
Sample sorted 

movement 205.1 drum 1 205 
'otal Task 16 57 1942 5.4 
%ox Breakdown Stage boxes 10.0 box 2 20 

Move to opening 
area 10.0 box 3 30 
Open boxes 10.0 box 10 I00 
Transfer to dump 10.0 box 3 30 

'otal Task 17 18 180 0.5 

:ontainer Decon Stage containers 49.8 drum 5 1 249 
Load conveyors 49.8 drum 5 249 
Decon drums 49.8 drum 10 498 

.Unload conveyers 49.8 drum 5 249 
Stage drums 49.8 drum 5 249 

Assay drums 49.8 drum 15 746 

-otal Task 18 45 2239 6.2 

Addl Time Average 
for Next Minutes/Shi' 

Drum I /Drum 

2 30 

0 26 

10 

10 

15 

57 

2 

45 
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Table NT2-c. Receiving and Preparation Subsystem 
-- 
t -  - Time Add'l Time Average 

Occurrence Units for Required Total Time/ FTEs for Next MinutedShii 
Task Subtask /Shift Occurrence (min) Shift Needed Drum /Drum 

FTEs/shift 0 37.6 
Supervision Ratio of 1 : 10 3.8 
Vadsicldholiday Assume 6 wks of 
relief absence 4.8 
Totai/sh ift 46.1 
Adj for 70% 

1 65.9 
197.7 676 

Notes: 
Assume FTEs are available for 8 hrdday; because overall 70% efficiency is taken at the end. 
Trucks cany 22 pallets. Truckloads received based on total inventory to shipping at 300 Ib/drum (see separate truck calc sheet) 
Pallets are assumed to hold 4-55 gallon drums 
Assume 50% of drums are contaminated and can't be deconned. 
Assume 50% of waste received requires interim storage (this will be dependent on assay system) 
Assume 10% of incoming waste is sampled 
Assume sorted waste is 75% of total; all of debris, no liq, no lead/merc/spec, 70% of residue and soil 
Assume 10% of sorted waste is sampled 
Assume gross size reduction is necesMly for wastes to metal decon & lead 
Assume gross size reduction is 1 hr per drum. 
Assume shredding is necessary for waste to prac res, soil, soft debris(sorted or not) 

Assume 10% of shredded waste k sampled. 
Bm breakdown includes time beyond that required if waste was packaged in dNmS 
Assume glove box sorting required for 10% of open and complex debris, + all of special, mercury and lead 

Assume glove box waste requires 1 samplddrum 
Assume ail debris must be assessed as none will be destroyed. 

Assume transfer control for liquids takes the same time as for drums 
Assume paperwork is accomplished within times shown 
Average time per drum includes times for activities multiplied by the probability that the activity will occur. 
Least time/drum/subsystem includes only the minimum requirements, no extra staging, sorting, or shredding 
Max timddrumlsubsystem includes all staging, shredding, glove box, etc 

0.75 =fraction of feed to RCPRP requiring shredding 

. 0.14 =fraction of feed to RCPRP requiting sorting 

.-Assume liquids will arrive in drums and be transferred from receiving, and not go to the sorting cell 

1 
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Table NTZd CWO Organic Destruction Subsystem 

(monitoring time) 24.0 10 240 
Meter waste to reactor (300 
Ibslhr) 4.7 drums 6 26 

Totai Task 36 270 0.6 36 6 
Operate Reactor JnstrurnentatlonlEquip check 1 .o time 30 30 1 

Time to react organics 
(minldrum) reaction rate: 797 
lbslhr 4.7 drums 34 162 
flow velocity (gpm)= 
drums/sh~*55gaUdrum /(480 
midshift) 0.5 
Residence time (min)=Reactar 
volumeiRow velocity: Reactor 
volume is 5% of 500 gal 46.2 minutes 

Total Task 64 192 0.4 64 34 
haste Transfer/ IWaste removed from tank 1 I I I I I I 

1 



Table NT2d CWO Organic Destruction Subsystem 

rime 
Occurrence/ Required Total Time l FTEs Minuted Minuted 

Task Subtask Shift Units (min) Shift Needed First Drum Add'l Drum 
Receive Waste Transfer through air lock 3.3 drum 5 16 
FTEdshift 2.2 206 
Supervision Ratio of 1 : l O  0.2 
Vaclsickl holiday 
relief Assume 6 wks of absence 0.3 
Adjustment for 70% 
Efficiency 0.8 
TotaUshift 3.6 
TotaUday 10.7 

Notes: Total sampledshift 4.3 
Assume sampling frequency = 10% of drums 
From Blaine's mass balance, the feed to subsystem = 241 
Total feed is (drumshr) = 0.6 (See Overall Table) 
Assume continuous CWO process 
Assume solids removal oncelday 
Waste transfer/recycle processes are continuous. Time is expected labor monitoring time 

lbslhr 
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Table NT29. Vacuum Thermal Desorption for Process Residue 

om drum 

Monitor transfer lines to APC 24.0 1 24 
otal Task 4 96 0.20 0 0 0 0 .  
,ondensate Sample holding vessel from 
andling m d .  1 1.0 time 15 15 

Sample holding vessel from 
condenser 2 1.0 time 15 15 
Transfer to aqueous waste 
treatment 1.0 time ~ 20 20 
Transfer to mercury 
amalgamation 1.0 time 20 20 
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Vacuum Thermal Desorption for Process Residue 

i ime Minimum MaxImum 
Occurrence Required TotalTimel FTEs Minl TimelAdd'l (minuted (minutes/ 

Task Subtask /shift Units (min) Shift Needed Drum drum shift) Shift) 
leceive Waste Transfer through air lock 65.8 5 329 
eachaiel filtrate 
?eatment 

Transfer feachate to mercury 
reduction 0.5 20 9 
Transfer rinse waste water to 

2 02/25/9708:58 AM 



Table NT2-f Aqueous Waste Treatment Subsystem 

drum batch) 10.8 drums 20 22 
Transfer organic waste to oil 
water separator 6.2 drums 3 20 
Filter hiah. low TDS and 
loraanic-Gste lsav 10 oathin) t 22.1 t drums t 6 1 122 I I I " . - - - __ 
Neutralizdppt high TDS waste 1 11.2 1 drums 1 11 1 124 
Settle precipitated aqueous 

-- 

I I I I I I I I I 

Total per shift 1 2.74 175 26 
Supervision Ratio of I : 10 0.27 
VaclsicW 
holiday relief Assume 6 wks of absence 0.35 

70% efficiency 4.81 

Total per day 14.42 
Notes: 
Assume high TDS waste comes from RCPRP, org destruction, soil treatment, 640.50 Ibs/hr 11 drums/shift 

Assume waste from polymer, APC is low TDS 267.70 lbslhr 5 drumslshift 
6 drumslshift Assume waste from process residue is organic liq 349.60 Ibdhr 

Total drums per hour 22.1 d rums/h r 
Assume tank batches are 550 gallons (10 drums) 
Assume treatment selection time is required for 10 drum batches. 
Assume residence time in oil water separator is 1 hour and tank is 1000 gallons (16 gpm) 
Assume filtration, centrifuge and ppt rates are 10 gpm. 
Assume solids to evaporator are 5% of incoming waste: assume drying rate is 10 gpm 
Assume UV oxidation unit is 50 gpm 

debris treatment and metal decon. 

j:\inel\ents\time\TIMEMNT2. WK4 I 02/07/9704:19 PM 



Table NT2-g Metal Decontamination Subsystem 
-_ 

Time Minuted 
ccurrehce/ Required Total Time / FTEs Minuted Add'l 

Task S ubtask b Shift Units 1 (min) 1 Shift Needed Drum Drum 
Metals 
Receiving/ 
Feed Prep Transfer through air lock 15.8 drums 5 79 
Total Task 5 79 0.17 5 0 
Waste Decon 

Stage containers 15.8 drum 5 79 
Decon waste 15.8 drum 10 158 
Sssay for recycle 15.8 drum 30 475 
Repack in drums 15.8 drum 15 238 
Close drum lid 15.8 drum 15 238 
Stage drums 15.8 drum 5 79 
Monitor recirc filtration and 
fugitive dust system 24.0 times 6 144 

Total Task 86 1411 2.94 86 
Total FTEskhift 3.1 1 91 
Smervision Ratio of 1 :lo 0.31 
VacJsickl 1 I I I I I I I I 
holiday relief Assume 6 wks of absence 0.39 
Total/shift 3.81 
70% efficiency 5.44 

Notes: 
Assume 50% of waste must be size reduced. 
Assume 60 min/drum for cutting 

1 



Table NT2-h. Lead Recovery 

Notes: 
Assume assay for all drums @ 30 middrum 
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Table NT2-i. Mercury Amalgamation 

Notes: 
Volume of steel wool: assume 3x vol of steel to mercury 
Assume 5% of mercury is in residue (this should be conservative; 5% of mercury 

is assumed to be in debris, not process residue) 
Total volume of mercury in study is 82 Ibshr. 
Therefore volume of steel wool w/mercury = 0.50 Ibdhr 

Batch size for amalgamater: Assume 1 drumbatch, 2 hrs hatch 
0.02 drumdshift 
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Table NT2-j Special Waste 
L 

Time Minut 
Occurrence/ Required Total FTEs Minutes/ Add'l 

Task Subtask Shift Units 1 (min) bmelShif€ Needed Drum D m r  

- 

Special 
ReceivingIFeed 
Prep Transfer through air lock 5.44 drums 5 27.2 

Glove box preparation of 

Notes: 
Assume all waste is prepared in glove box 
Assume waste is treated in various batch processes that average 2 hoursldrum 
TBD=To be determined 
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Table NT2-k. Grout Stabilization Subsystem 

I ime 
Occurrence/ Required Total Time/ FTEs Minuted Minuted 

Task Subtask Shift Units 1 (min) I Shift Needed Drum Add'lDrun 
Waste Receiving/ I I 
Feed Prep 

ITransfer to I 
macroencapsulation 7.8 drums 2 16 
Transfer to 
microencapsulation 20.8 drums 2 42 
Stage at process 28.6 drums 2 57 

Total task 1 31 I 443 1 0.92 1 31 5 
I I I I I I I 

Encapsulation 

1 869 10 
\Move pallets to curing I I I - 

Binder setup tirite area 28.6 drum 2 57 
Curing time 28.6 drum 0 
Sample 2.9 drum 15 43 
Monitor curing process 28.6 drum 10 286 
Move pallets from curing 
area 28.6 times 2 57 

OW1 719705:OO PM 



I 
I Table NT2-I Polymer Stabilization Subsystem 

"- 

\Stage drums 1 27.6 5 I 138 
I , I i 

~ otal Task 45 1 242 2.59 45 60 
otal FTEslshift 6.86 180 
upervision Ratio of 1 :lo 0.69 
ac/sick/holiday 
:lief Assume 6 wks of absence 0.87 
otallshift 8.41 

ota I/day 1 36.05 1 
lotes: 

0% efficiency I 1 12.02 , 

Assume 30% of process residue waste and 100% of other waste requires drying 
Assume dryer can accept waste at the rate of 2 drumdhour 
No. of samples = 2.4 
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Table NT2-m. Air Pollution Control Subsystem 

Time 

Task Subtask Shift Units (min) 
Occuriencel Required 

Jlonitor 
fquipment Dry filtration 4 times 10 

HEPA filter 4 times 5 

Total Time / FTEs 
Shift Needed Minutesllb 

40 
20 

j:\inel\entsVime\TIMEMNT2. WK4 i 

GPCR 24 I times 

1 

2 48 

02/07/9704:26 PM 

I Acid gas scrubber 12 times 1 10 120 
Mist eliminator 4 times 2 I 8 
GAC 4 times 2 8 
Mersorb 4 times 2 8 
Offgas monitor 24 times 5 I 20 

rota1 Task 38 372 
Supervision Ratio of 1:lO 
/ac/sicWholiday Assume 6 wks of 
elief absence 
rotaVshift 
'0% efficiency 
'otal/day 

' I 

0.78 0 
0.08 

0.10 
0.95 
1.36 
4.08 



I I I 
Total Task 12 597 1.24 12 

Ship Waste Truck Truck docking 0.6 truck 30 17 
Settle Paperwork 0.6 truck 120 68 
Load truck 0.6 truck 60 34 I 
Truck leaving 0.6 truck I 60 34 

Total Task I 270 I 153 ’ 0.32 12 I 

Supervision Ratio of 1 : 10 1.91 
Total FTEslshift 19.15 222 

Vac/sicWholiday - relief Assume 6 wks of absence 2.43 
- fiotalishift i. 23.49 

Adjustment for 70% 
Efficiency 33.56 
Totaliday 100.69 
Notes: 
Assume 10% of waste require sampting 
Samples collected = 5.0 

-- 
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Table NT2-o. 
- 

Summary of FTEs & Time for a Single Drum to Pass Through a System 

Aqueous Waste 14.4 175 2.9 36 934.3 16 

Organic Destruction 10.7 206 3.4 34 333.5 6 

Vacuum Thermal Desorption 23.0 425 7.1 26 1060.4 18 

Metal Dean  16.3 91 1.5 75 1204.0 20 

Lead 2.4 161 2.7 NIA 161 .O 3 
Mercury 0.3 387.0 6.5 N1A 387.0 6 

I 

Special . 10.8 182.0 3.0 60.0 448.4 7 
Grout 20.7 143 2.4 10 418.6 7 

*- Polymer 36.0 180 - 3.0 60 1776.0 30 

APC 4.1 372 6.2 372.0 6 

Certification and Shipping 100.7 222 3.7 60 3147.6 52 

,Total I 409.4 
Notes: 
Allocation of receiving and preparation time was done as follows: 
Average time per drum was estimated, multiplied by the number 

of drums per shift. The time for each waste type was allocated 
according its percentage of total waste. 
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System NT-3 Time and Motion Study Tables 

NT3-a System NT-3: Time and Motion Analysis 
NT3-b Administration Subsystem 
NT3-c Receiving and Preparation Subsystem 
NT3-d ME0 Organic Destruction Subsystem 
NT3-e Aqueous Waste Treatment Subsystem 
NT3-f Aqueous Wash for Soil and Process Residue 
NT3-g High Pressure Wash for Open Debris 
NT3-h Metal Decontamination Subsystem 
NT3-i Lead Recovery 
NT3-j Mercury Amalgamation 
NT3-k Special Waste 
NT3-1 Grout Stabilization Subsystem 
NT3-m Polymer Stabilization Subsystem 
NT3-n Air Pollution Control Subsystem 
NT3-0 Certification and Shipping 
NT3-p Summary of FTEs and time for a single dnun to work through a system 
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Table NT3-a. System NT-3: Time and Motion Analysis 

Subsystem 

3c;Ni 
Mass Flow Unprocessed 1 (Iblhr) I WasteType 1 1 Density 1 Density 1 Density I 

Air pollution control 827 N/A 
Grout stabilization 958 soilldebris 2.8 750 46.8 344.1 
Special treatment 155 X6000,X7500 0.7 500 31.2 229.4 
Certification and shipping 4,919 zoo0 6.2 N/A 107.9 793.4 
vol reduction (out/in) 0.60 1 .o 
Notes: 
This table provides the basis for the time and motion analysis. 
Quantities of waste to a subsystem (Ibs/hr) are based on LMITCO mass balance. 
Densities are the same as the LMITCO mass balance except where values are shown in the SCM column. 
Where values are shown in the SCM column, densities are taken from SCM and converted to Ib/cu ft 
The waste quantities are converted from Ibs/hr to drumslhr. 
Subsequent analysis is based on drums/shift of waste to a subsystem. 
Waste to CSHIP includes recyclable metals and treated solid waste ready for disposal. 
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Table NT3-b. Administration Subsystem 
- 
L 

Time 
FTEs 1 Samples/ Required TotalTime 

Task Subtask Needed Shift (min) Shift 

Facility Management 
Facilrty Manager 1 
Secretary 1 
Receptionisthord processor 1 

Department managers 2 

Engineering Manager 1 
Engineering staff 2 
Maintenance Supervisor 1 

Personnel Personnel Manager 1 
Nune/rnedical/industrial safety 1 
Security guards at facility 4 
Security at guard bldg 4 

Environmental Environmental manager 1 
Environmental clerk 1 

Manager 1 
Clerk 1 

Purchasing Buyer 1 
Accounting Cost Accounting 2 

Accounting Clerk 1 
Payroll Clerks 2 

Laboratory Laboratory Manager 1 
Lab Shift manager 4 

Operations Management 

Communications 1 

Shipping/receivingTTraffk 

Lab technicians for OSORT 4 11.1 30.0 334.0 
Lab technicians for internal procesSes 10 89.5 10.0 895.5 
Lab technicians for final waste form 3 10.3 30.0 308.6 
Lab technicians for incoming supplies 0.2 1 .o 20.0 20.0 

Shift health physics staff 4 
Health physics manager 1 

Total except Lab 35 
Total Lab 22 

Health Physics 
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Table NT3-c. Receiving and Preparation Subsystem 

- Time Add'l Time Average 
Units for Required Total Time / FTEs for Next Minuted Shifi 

Task Subtask Occurrence (rnin) Shift Needed Drum Drum 
eceive Waste I I 
uck Truck docking 0.6 truck 30 17 

Settle Paperwork 0.6 truck 120 68 
Unload truck 0.6 truck 60 34 
Stage pallets 0.6 truck 60 34 
No of palleWshift 

>tal Task 1 270 153 0.32 0 153 
eceive Empty 
mtainer Truck Truck docking 0.3 truck 30 8 

Settle Paperwork 0.3 truck 30 8 
Unload truck 0.3 truck 60 17 
Stage pallets 0.3 truck 20 6 

>tal Task 2 140 40 0.08 0 40 
eceive supplies Truck docking 0.2 truck 30 6 

Settle Paperwork 0.2 truck 30 6 
Unload truck 0.2 truck 60 12 
Stage pallets 0.2 truck 20 4 

3tal Task 3 140 28 0.06 0 28 
ransfer to Move Dallets to 1 
terim Storage storage area 1 6.2 1 Pallet I 5 31 

Stack pallets/ I I 
organize storage 6.2 Pallet 10 62 
Transfer to assay 6.2 Pallet 5 31 

Dtal Task 4 20 1 24 0.26 10 10 
say Drums Stage pallets 12.4 Pallet 5 62 

Load on conveyor 49.8 drum 1 50 
Assay RTR 49.8 drum 15 746 

49.8 drum 60 2986 Assaygamma 
Assay PAN 49.8 drum 60 2986 

. 

IRemove from I I I I I 
conveyor 1 49.8 I drum 1 50 
Rebailetize I 49.8 I drum I 3 I 149 
]Stage pallets after 1 1 I I I 
assaying 1 12.4 Pallet 5 62 

otal Task 5 150 7091 14.77 
taae and move Store solid waste I 
&ORT 

otal Task 6 
)pen Drums 

by category 10.6 Pallet 10 106 
Move to OSORT 10.6 Pallet 5 53 
Stage at OSORT 10.6 Pallet 5 53 

j Pallet 20 21 3 0.44 

conveyor 42.6 drum 1 43 
otal Task 7 19 575 I .20 
bump Drums Assinn drums to I 

dump stations I 42.6 I drum 1 3 1 128 
Move drums to sort I 
table lbins I 42.6 drum 5 21 3 
Dump drums I 42.6 drum 5 213 

'otal Task 8 13 554 1.15 

60 150 1 
I 

T 
T 
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Table NT3-c. Receiving and Preparation Subsystem 

Add'l Time Average 
Total Time / FTEs for Next Minuted Shift 

Task Subtask Shift Needed Drum Drum 

958 robotically 31.9 drum 30 
Transfer waste to 
container 31.9 drum 15 479 
select destination 

Sort Drums Sort waste 

for sorted waste I 31.9 I drum I 3 96 
Move container to I 
subsystem bin or 
shredder 31.9 drum 1 3 96 

'otal Task 9 51 I 1629 3.39 

b e s s  Debris for I I 
Iebris Rule Transfer open and 
:ompliance complex debris 35.0 drum 3 105 

Screen debris 35.0 drum 4 140 

sampling (25%) 8.7 drum 10 87 
Inspection 35.0 drum 5 175 

. Additional 

'otal Task 11 22 507 I .06 

ransfer to next 

Rework 10% \ 0.6 1 drum I 15 I 9 
Return to container I 58.6 I drum I 3 I 176 

I I 

2 

45 

315 

5 

35 

2 

38 

5 

6 

6 

30 
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Table NT3-c. Receiving and Preparation Subsystem 

-. 

/Occurrence1 Units for I - Reauired Time I Total Time 1 
Task Subtask 1 /Shift /Occurrence1 (min) Shift 

ampling )Sample opened 1 I 
drums I 4.3 I drum I 5 21 
Samde sorted 
waste 5.9 drum 5 29 
Resample (1 0%) 1 .o drum 5 5 
Reportleval. results 1 1.1 drum 10 111 

Dtal Task 14 25 167 
iubsystem Bin 
peration Monitor bin height 4.3 drum 3 13 

Fill containers 4.3 drum 3 13 
Move containers 4.3 drum 2 9 
Stage containers 4.3 drum 3 13 
Organize - 
campaigns I 4.3 I drum I 15 64 

Dtal Task 15 26 I 111 

Move supplies 
around 20.0 drum 3 60 
Move new drums 24.9 drum 3 75 
Schedule 
movement I 205.9 1 drum I 1 I 206 

otal Task 16 I I 57 I 1951 
Breakdown Stage boxes 10.0 box 2 20 

Move to opening 
area 10.0 box 3 30 
Open boxes 10.0 box 10 100 
Transfer to dump 10.0 box 3 30 

otal Task 17 18 180 
:ontainer Decon Stage containers 49.8 drum 5 249 

Load conveyors 49.8 drum 5 249 
Decon drums 49.8 drum 10 498 
Assay drums 49.8 drum 15 746 
Unload conveyers 49.8 drum 5 249 
Stage drums 49.8 drum 5 249 

otal Task 18 45 2239 

FTES 
Needed 

0.46 

0.31 

5.42 

0.50 

6.22 

Md'l Time Average 
for Next Minuted Shim 
Drum , Drum 

I 

0 1 26 

10 

10 - 

15 

57 

2 

45 
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Table NT3c. Receiving and Preparation Subsystem 

Time Add'l Time Average 
Occurrence Units for Required Total Time / FTEs for Next Minutes/ Shift 

Task Subtask / Shift Occurrence (rnin) Shift Needed Drum Drum 
FTEslshift 0 35.78 
Supervision Ratio of 1 : 10 3.58 
Vac/sick/holiday Assume 6 wks of 
relief absence 4.54 

One person can 
Break relief relieve 3 
(included in 6 hr (accounted for in 
day 1 efficiency) 
Totakhift 43.9 
Adj for 70% 
Efficiency 62.7 
Totalday 188.2 669 

Notes: 
Assume FTEs are available for 8 hdday; because overall 70% efficiency is taken at the end. 
Trucks have 22 pallets. Truckloads received based on total inventory to shipping at 300 Ib/drum (see separate truck calc sheet) 
pallets are assumed to hold 4 55 gallon drums 
As in inventory, assume 50% of drums are contaminated and can't be deconned. 
Assume 5Ooh of waste received requires interim storage; this will be dependent on assay system 
Assume 10% of incoming waste is sampled 
Assume sorted waste is 75% of total; all of debris, no iiq, no leadherdspec, 70% of residue and soil 
Assume 10% of sorted waste is sampled 
Assume gross sue reduction is necessary for wastes to metal decon 8 lead 
Assume gross sue reduction is 1 hr per drum. 
Assume shredding is necessary for waste to prac res, soil, soft debris(sorted or not) 
0.75= fraction of feed to Receiving and Prep requiring shredding 
Assume 10% of shredded waste is sampled. 
Box breakdown includes time beyond that required if waste was packaged in drums 
Assume glove box sorting required for 10% of open and complex debris, + all of special, mercury and lead 
0.14 
Assume glove box waste requires 1 samplddrum 
Assume only complex and open debris require assessment, because open debris goes to CWO. 
Assume liquids will arrive in drums and be transferred from receiving, and not go to the sorting cell 
Assume transfer control for liquids takes the same time as for drums 
Assume paperwork is accomplished within times shown 
Average time per drum includes times for activities multiplied by the probability that the activity will occur. 
Least timddrumlsubsystem includes only the minimum requirements, no extra staging, sorting, or shredding 
Max time/drum/subsystem includes all staging, shredding, glove box, etc 

=fraction of feed to RCPRP requiring sorting 
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Table NT3d. ME0 Organic Destruction Subsystem 

Task 
m ive  Waste 

subsystems 3 drum 2 4 
3tal Task 28 90 0.19 28 17 
sed Waste ,Sample waste in tank 2 times 15 30 

1 n I t 
U 

Screen and transfer waste (5 

Meter waste to reactor 

Meter waste to reactor 1300 

gpm) to primary reactor 6 drums 11 63 

{monitoring time) 24 3 72 

IWhr) 6 I drums I 6 32 
1 17 I 135 I 0.28 1 17 6 

Time to react organics 
(middrum) reaction rate: 
50kg/day/unit*42 ME0 units 6 drum 1 42 81 8 
Reaction rate 192 lbdhr 6 drums 
Monitor pumps and manifold 24 tirneslshift 5 1 20 
Monitor ME0 cells 24 timedshfi 5 120 
Monitor and adiust electrolvte 

paare: lWC3 

eactor 

concentration 24 timeslshfi 5 120 
Monitor and adjust 
turbo-aerator for nitrous acid 
conversion 24 timeslshfi 5 120 
Monitor and adjust oxygen 
input to aerator 24 times/shif& 5 120 
Collect samples 16 times/shfi 15 240 

catholyte reactor 24 timedshfi 5 120 
Monitor primary reactor and 

atat Task 142 960 2.00 1 42 

Task 
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t able N I 34. M t o  organic oestrucaon subsystem 

rotai Task 6 144 0.30 6 0 
TEslshift 5.33 293 17 
Supervision Ratio of 1 : l O  0.53 

Jaclsicklholiday relief Assume 6 wks of absence 0.68 

rotavshi 8.50 
rotavday 25.51 

Adjust for 70% Efficiency 1.96 

Notes: 
Assume sampling frequency = 10% of drums 
From Blaines mass balance, the feed to subsystem is 
Total feed = 1 Drum/hr See overall table 
Assume continuous CWO process 
Assume solids removal oncdday 
Waste transferlrecycle processes are continuous. Time is expected labor monitoring time 
Assume drums of liquid transferred from Rec and Prep 
Assume paperwork is accomplished within times shown 

241 lbslhr 

Total sampleskhiff = 33 
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Table NT3e. Aqueous Waste Treatment Subsystem 

Time 
Occurrence1 Required Total Time I FTEs Minuted Minuted 

Task Subtask Shift Unit (min) Shift Needed Drum Add'lDrurr 
eceive Waste Transfer through air lock 1 drum 5 7 

CWO,Desorb, Decon,APC 4 NIA 
Arrange for transfer 27 drum 2 41 

otal Task 1 33 91 0.19 33 5 
I 

reliminaty Treatment Sample high TDS tank 1 drums 15 2 
Sample low TDS tank 7 drums 15 10 
Sample TOC waste drums 15 
Select treatment methods (10 
drum batch) 7 drums 20 13 
Transfer organic waste to oil 
water separator drums 3 
Filter high, low TDS and organic 
waste (say 10 gallmin) 8 drums 6 42 
Neutraliielppt high TDS waste 1 drums 11 13 
Settle precipitated aqueous 
waste 1 drums 6 6 
Evaporate solids 0 drums 6 0 

Centrifuge (1 0 gpm) 8 drums 11 84 
Sample waste 1 drums 15 12 
Adiust UV oxidation 130 midl 0 

otal Task 90 86 0.18 90 20 
IV oxidation CaS04 ppt (1 0 gpm) 8 drums 11 84 

d ims)  8 I drums 1 3 1 23 
Process through UV oxidation 1 

otal Task 3 
otal per shift 

(50 gpm) 8 drums 1 8 
Carbon filtration (10 gpm) 8 drums 6 42 
Ion exchange (10 gpm) 8 drums 6 42 
Sample waste before discharge 1 30 1 

52 296 0.62 52 
0.99 175 

iupervision Ratio of 1:lO 0.10 

'ac/sick/holiday relief Assume 6 wks of absence 0.13 
0% efficiency 1.73 
otal per day 5.18 1170 
lotes: 

Assume high TDS waste comes from RCPRP, org destruction, debris treatment, and metal decon. lbslhr 1 drums/shR 
Assume waste from polymer, APC is low TDS 1233.10 lbslhr 21 drurndshift 

7 drumdshiff Assume waste from process residue and soil is organic liquid 
Total drums per hour= 29 
Assume tank batches are 550 gallons (1 0 drums) 
Assume treatment selection time is required for 10 drum batches. 
Assume residence time in oil water separator is 1 hour and tank is 1000 gallons (16 gpm) 
Assume filtration, centrifuge and ppt rates are 10 gpm. 
Assume solids to evaporator are 5% of incoming waste; assume drying rate is 10 gpm 
Assume UV oxidation unit is 50 gpm 
Number of samples per shift = 

371.70 lbslhr 

11 
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Table NT3-f. Aqueous Wash for Soil and Process Residue 

Time Total 
Occurrence/ Required Time/ FTEs Minutes/ Minutes/ 

Task Subtask Shift Units (min) Shift Needed Firstdrum Add'l Drun 
;oil Receiving Transfer through air lock 31 drums 5 154 
'otal Task 5 154 0.3 5 5 
:eed Waste from ~~ 

lrum Stage at feed bin (drums) 31 drums 3 92 
Hook to transfer device 31 drums 3 92 
Transfer into feed bin 
(metering screw) 31 drums 5 154 
Feed screw monitoring 
time drums 
Empty drum bottoms 31 drums 2 62 
Sample feed vessel 2 drums 5 10 
Detach & remove drum 31 drums 3 92 

'otal Task 16 503 1 .o 16 16 
Yash Water Prep Sample wash water 3 drums 5 15 

Adjust Water Volume 3 drums 10 31 
Adjust surfactant 3 drums 10 31 

'otal Task 25 77 0.2 25 
Add waste to tank (5000 

Vashing Process Ibslhr) 92 drums 4 356 
Wash waste (4000 Ibs/hr) 92 drums 5 NIA 
Transfer waste and water 
from tank (35 gpm) 462 drums 2 726 
Monitor tank 24 times 5 120 

'otal Task 6 1 20 0.3 6 5 
Screening (35 gpm) 

're-rinse and Rinse (most of water leaves 
process here) 462 drums 2 726 
Hydrocyclone (2@35 
gpm) 185 drums 1 1 45 
transfer to rinse contactor 185 drums 1 145 
Rinse contactor (5000 
gal); 6:l water to 
soil/residue; 9000 Ibs/hr 1 85 drums 2 396 
Transfer to dryer (2x vol 
of soil) 185 drums 1 145 
Drying@ 35gpm 185 drums 2 290 

Collect samples 16 times 5 80 
Monitor operations 24 times 5 120 

'otal Task 6 1 200 I 0.4 1 6 2 
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Table NT3-f. Aqueous Wash for Soil and Process Residue 

Time Total 
Occurrence/ Required Time/ FTEs Minuted Minuted 

Task Subtask Shift Units (min) Shift Needed Firstdrum Add'l Drum 
These are all monitoring 

0 times 
Solubility Reduction 8.0 times 5 40 
Additive Adjustment 8.0 times 5 40 

tecycle Processes 

surfactant 8.0 times 5 40 
Transfer waste to organic 
destruction 8.0 times 5 40 
Transfer metals to 
polymer 8.0 times 5 40 
Collect samdes 24.0 times 5 120 

Notes: 
Sample wash water every 10 drums 
Assume drum transfer of 15 min/drum or .5 cu ft/min 
System designed for 1 shift not 3 
Residence time in wash tank based on 4x wt of water to feed 
Wash tank is 3000 gal . 
Assume transfer rates are 10 gpm; this indudes both waste and rinse or wash water 
Waste to screening includes water in tank (4x input volume) 
Waste to rinse contactor and hydrocyclone assumes 1 :1 soil to water ( 2x input volume) 
Rinse tank has 5000 gallons of water and soil (size is 6000 gal) 
Drying: assume 1 hr drying time,2000 Ibdhr (6 drumslhr) 
For purposes of processing time, recycle is not included, as these are not soil treatment 
Samples collected per shift= 45 
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Table NT34. High Pressure Wash for Open Debris 

See notes; based 
on 16 drum batch 

Notes: 
Sample wash water every 10 drums 
Assume drum transfer of 15 min/drum or .5cu Wmin 

Batch size is 1 to 2 tons; say 3000 Ibs or 
Residence time in wash tank based on 3 stages, 90 minutes each 
Assume transfer rates are 10 gpm; this includes both waste and rinse or wash water 
Assume water volume is roughly 5x waste volume 

16 drums 
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Table NT3-h. Metal Decontamination Subsystem 
- 

Notes: Assume 50% of waste must be size reduced. (need basis for this) 
Assume 60 middrum for cutting 
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Table NT3-i Lead Recovery 

Time 

Task Subtask Shift Units 
.ead 
?eceiving/Feed 
)rep Transfer through air lock 0.24 drums 5 1 

Glove box seoaration of 

and fugitive dust system 24.00 times 6 144 
'otal Task 86 1 63 0 a6 30 
'otal FTEslshift 0 161 
iupervision Ratio of 1 :l 0 0 
ladsicklholiday Assume 6 wks of 
elief absence 0 
'otaUshift 0 
'0% efficiency 1 
'otaUday 2 

Notes: Assume assay for all drums Q 30 minldrum 

1 



Table NT3-j. Mercury Amalgamation 
- 

Notes: 
Batch size for-amalgamater: Assume 1 drumlbatch, 2 hrs /batch 
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processes TBD 5.4 drum 60 326.4 
Sample treated waste 5.4 drum 15 81.6 
ReDack in drums 5.4 drum 30 163.2 
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Table NT3-I. Grout Stabilization Subsystem 

Time 
Occurrence/ Required Total Time / FTEs Minutes/ Add'l 

Task Subtask Shift Units (min) Shift Needed Drum Drum 
Naste 
3eceivingl Feed 
'rep Transfer through air lock 22 drums 5 111 

Sample waste 2 drums 15 33 
Select process for waste 22 drums 5 111 
Transfer to 
macroencapsulation 8 drums 2 16 
Transfer to 

jme area 22 drum 2 44 
Curing time 22 drum 0 
Samples 2 times 15 33 
Monitor curing process 22 drum 10 222 
Move pallets from curing 
area 22 times 2 44 

Total Task 47 105 0.2 47 15 
Total FTEs/shift 3 143 
Supervision Ratio of 1:lO 0 
Vac/sick/holiday Assume 6 wks of 
relief absence 0 
Total/shift 4 
70% efficiency 5 
Totaliday 16 

Notes: 
Assume all complex debris (8 drums) will be sent to macroencapsulation, rest to micro. 
Assume 10% of drums are deconned. 
Assume 10% of drums are assayed 
Assume mixing requires 30 minldrum 
No. of samples= 2 
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Table NT3-m. Polymer Stabilization Subsystem 

Time Minutesl 
Occurrence/ Required Total Time / FTEs Minutes/ Add'l 

Task Su btask Shift Units (min) Shift Needed Drum Drum 
rlaste 
leceivingFeed Transfer through air - 

lock 31 drums 5 155 
Sample waste 3 drums 15 47 
Evaluate dryness 3 drums 5 16 
Dry waste 31 drums 30 N/A 
Monitor drying 24 times 10 240 
Stage dried waste at 

onitor actnrate 

Move pallets to curing 
inder setup time area 31 drum 5 155 

Curing time 31 drum 0 
Samples 3 times 15 47 
Monitor curina 31 drum 10 31 0 
Move pallets from 
curing area 31 times 5 155 

otal Task 35 667 1 35 5 
)rum Decon Stage containers 31 drum 5 155 

Load conveyors 31 drum 5 155 
Decon drums 31 drum 10 31 0 ~ 

Assay drums 31 drum 15 466 
Unload conveyers 31 drum 5 155 
Stage drums 31 drum 5 155 

45 1397 3 45 60 
Ashi f t  8 180 

u pervision Ratio of 1 :I 0 1 
ac/sick/holiday Assume 6 wks of 
!lief absence 1 
otakhift 10 
D% efficiencv 14 

Assume 30% of process residue waste and 100% of other waste requires drying 
Assume 1 hr drying time, 2000 Ibs/hr 
No. of samples= 3 
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Table NT3-n. Air Pollution Control Subsystem 

70% efficiency 1 I 
Totallday 4 

1 02/07/9704:34 PM 
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Table NT3o. Certification and Shipping 

Minutes/ 
TotalTirne/ RES Minuted Adcf'f 

assaying 50 drum I 15 744 
'otal Task 158 7837 16 158 60 
#age waste Stage uncertified waste 50 drum 3 149 

Transfer waste 50 drum 3 1 49 
Stage certified waste 50 drum 3 149 
Transfer waste 50 drum 3 149 

'otal Task 12 595 1 12 
;hip Waste Truck Truck docking 1 truck 30 17 

Settle Paperwork 1 truck 120 68 
Load truck I truck 60 34 
Truck leaving 1 truck 60 34 

'otal Task 270 1 52 0 12 
otal FTEslshift 19 222 
iupervision Ratio of 1 : I O  2 
'ac/sick/holiday Assume 6 wks of 
Aief absence 2 
otakhift 23 
idjustment for 70% - 
ifficiency 33 
otallday I I I 100 

1 



Table NT3-p. Summary of FTEs & Time for a Single Drum to Pass Through a System 

Metal Decon 16.3 91 1.5 75 1204.0 20.1 

Lead 2 161 2.7 NtA 161.0 2.7 
Mercury 0.1 357.0 6.0 NIA 357.0 6.0 

Special 10.8 182.0 3.0 60.0 448.4 7.5 
Grout 16.1 143 2.4 10 355.4 5.9 
Polymer 41.4 180 3.0 60 1982.4 33.0 

APC 4.1 372 6.2 372.0 6.2 

Certification and Shipping 100.4 222 3.7 60 3138.0 52.3 

-- 

Total 51 8.1 

Notes: 
Allocation of receiving and preparation time was done as follows: 
Average time per drum was estimated, multiplied by the number 
of drums per shift. The time for each waste type was allocated 
according its percentage of total waste. 
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System NT-5 Time and Motion Study Tables 

NT5-a System NT-5: Time and Motion Analysis 
NT5-b Administration Subsystem 
NT5-c Receiving and Preparation Subsystem 
NT5-d CWO Organic Destruction Subsystem 
NT5-e CWO Organic Destruction Subsystem for Soft Debris 
NT5-f Vacuum Thermal Desorption for Process Residue 
NT5-g Aqueous Waste Treatment Subsystem 
NT5-h Aqueous Wash for Soil 
NTS-i High Pressure Wash for Open Debris 
NT5-j Metal Decontamination Subsystem 
NTS-k Lead Recovery 
NT5-1 Mercury Amalgamation 
NT5-m Special Waste 
NT5-n Grout Stabilization Subsystem 
NT5-o Polymer Stabilization Subsystem 
NT5-p Air Pollution Control Subsystem 
NT5-q Certihcation and Shipping 
NT5-r Sumn?ary of FTEs and time for a single drum to work through a system 
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Table NT5-a. System NTS: Time and Motion Analysis 

Subsystem 

SCM 
Mass Flow Unprocessed I (Ib/hr) 1 WasteType 1 LLii 1 Density I Density 1 Density 

Open Debris treatment . 80 S5110 0.44 400 25 184 
Complex Debris treatment 177 S5110 0.97 400 25 184 
Metal decontamination 462 S5110 1.98 509 32 234 
Mercury amalgamation 3 X7100 0.00 2000 125 91 8 
Lead recovery 26 X7200 0.03 2000 125 91 8 

Polymer stabilization 1,127 S3120 3.51 700 44 321 
Pre-polymer drying 459 S3120 1.43 700 44 321 
Air pollution control 1,433 N/A 
Grout stabilization 651 soil/debris 1.89 750 47 344 
Special treatment 155 X6000,X7500 0.68 500 31 229 
Certification and shipping 4,270 zoo0 5.49 N/A 106 777 
vol reduction (ouVin) 0.69 0.88 

Notes: 
This table provides the basis for the time and motion analysis. 
Quantities of waste to a subsystem (Ibs/hr) are based on LMITCO mass balance of 5/30/96 except 
for grout and polymer, and certification and shipping (9/10/96 balance). 
Densities are the same as the LMITCO mass balance except where values are shown in the SCM column. 
Where values are shown in the SCM column, densities are taken from SCM and converted to Ib/ft3.. 
The waste quantities are converted from Ibs/hr to drums/hr. 
Subsequent analysis is based on drumdshift of waste to a subsystem. 
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J a b l e  NTS-b. Administration Subsystem 
- 

FTEs 
Task Subtask Needed 

:acility Management 
Facility Manager I 
Secretary 1 
Receptionisthord processor 1 

Department managers 2 
Communications 1 
Engineering Manager 1 
Engineering staff 2 
Maintenance Supervisor 1 

'ersonnel Personnel Manager I 
Nurse/medical/industriai safety I 
Security guards at facility 4 
Secur i  at guard bldg 4 

fnvironrnental Environmental manager 1 

Manager 1 
Clerk 1 

'urchasing Buyer 1 
bcounting Cost Accounting 2 

Accounting Clerk I 
Payroll Clerks 2 

aboratory Laboratory Manager 1 
Lab Shift manager 4 

Lab technicians for internal processe 

Lab technicians for incoming supplie 

Shift health physics staff 4 
Health physics manager I 

)perations Management 

Environmental clerk 1 
ihippinglReceivingRraff ic 

Lab technicians for OSORT 4 
11 

Lab technicians for final waste form 3 
0.2 

iealth Physics 

~~ -~~ 
Time- ~- 

Sampled Required Total Time/ 
Shift I (rnin) Shift 

11.3 30.0 340.3 
100.2 10.0 1002.1 
8.3 30.0 249.1 
1 .o 20.0 20.0 

Total except Lab 
Total Lab 

35 1 23 

Note: 
Laboratory time is estimated by calculating the samples per shift. To fill all shifts for a 7 day week, 
4 FTEs Q 6 hours per day of analysis time are assumed. 
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- Table NTSc Receiving and Preparation Subsystem 
- 

Time 

Shift Occurrence (min) ShiR Needed 
Occurrence/ Units for Required Total Time I FTEs 

truck 30 17 
truck 120 68 

?ecewe Waste Truck Truck docking 0.6 
Seffle Paperwork 0.6 
Unload truck 0.6 truck 60 34 
stage pallets 0.6 truck 60 34 
No of pallets/shft 

Task Subtask i 

-otal Task I 270 153 0.3 
teceive Empty 
:ontainer Truck Truck docking 0.3 truck 30 8 

Unload truck 0.3 truck 60 17 
Stage pallets 0.3 truck 20 6 

-0talTask 2 140 40 0.1 
kcewe supplies Truck docking 0.2 truck 30 6 

Seffle Paperwork 0.2 truck 30 6 
Unload truck 0.2 truck 60 12 
Stage pallets 0.2 truck 20 4 

Seffle Paperwork 0.3 truck 30 a 

'otal Task 3 140 28 0.1 
'ransfer to Interim Move pallets to storage I 1 I 
;torage 

- 
area 6.2 1 Pallet 1 5 I 31 
Stack pallets/ organize I 

Sort Drums Sort waste robotically 32.9 drum 30 987 
Transfer waste to 
container 32.9 drum 15 494 
Select destination for 
sorted waste 32.9 dNm 3 99 
Move container to 
subsystem bin or 
shredder 32.9 drum 3 99 

rota1 Task 9 51 i 678 3.5 

- 
MdVTime 
for Next 
Drum - 

0 

0 

0 

10 

60 

5 

5 

5 

45 

AVe. 
inutedShifflC 

rum 

153 

40 

28 

10 

150 

20 

19 

13 

38 
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able N T k  Receiving and Preparation Subsystem 

j:\ineRents\tirne\TIMEMOTN. WK4 I 

Drum 

T 
J 
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- 

Task 

Internal Transfer 

10 

10 

15 

Time Add'Khne Ave. 

Subtask Shift Occurrence (min) Shift Needed Drum I rum 
Occurrence/ Units for Required Total Time I FTEs for Next Minutes/ShiWC 

Move waste from 
OSORT to other 
subsystems 4.4 drum 10 44 
Move waste from 
subsystems to CSHIP 43.9 drum 10 439 
Move treated waste to 
s tab i l i ion 80.0 drum 10 800 
Move liquid waste to 
AQWTR and OrgDes 5.9 drum 10 59 
Move waste to 

57 

2 

45 

676 

Notes: 
Assume FTEs are available for 8 hrslday; because overall 70% efficiency is taken at the end. 
Trucks have 22 pallets. Truckloads received based on total inventory to shipping at 300 lbldnrm (see separate truck calc sheet) 
Pallets are assumed to hold 4 55 gallon drums 
As in inventory, assume 50% of drums are contaminated and can't be deconned. 
Assume 50% of waste received requires interim storage; this will be dependent on assay system 
Assume 10% of incoming waste is sampled 
Assume sorted waste is 75% of total; all of debris, no liq, no leadlmerclspec, 70% of residue and soil 
Assume 10% of sorted waste is sampled 
Assume gross size reduction is necessary for wastes to metal decon & lead 
Assume gross size reduction is 1 hr per drum. 
Assume shredding is necessary for waste to proc res, soil, soft debris(sorted or not) 

Assume 10% of shredded waste is sampled. 
Box breakdown includes time beyond that required if waste was packaged in drums 
Assume glove box sorting required for 10% of open and complex debris, + all of special, mercury and lead 

0.14 =fraction of feed to RCPRP requiring glove box sorting 
Assume glove box waste requires 1 samplddrum 
Assume only complex and open debris require assessment, because open debris goes to CWO. 
Assume liquids will arrive in drums and be transferred from receiving, and not go to the sorting cell 
Assume transfer control for liquids takes the same time as for drums 
Assume paperwork is accomplished within times shown 
Average time per drum includes times for activities multiplied by the probability that the aCtnrity will occur. 

0.3 

0.75 =fraction of feed to RCPRP requiring shredding 
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- Table NT5-c Receiving and Preparation Subsystem 
- 

Time Addame Ave. 

Task Subtask Sh& Occurrence (min) Sh& Needed Drum rum 
Occurrence/" Units for Required Total Time /I FTEs 1 for Next MinutedShiffn: 

Notes (cont.) 
Least timeldrumlsubsystem includes only the minimum requirements, no extra staging, sorting, or shredding 
M a x  timeldrumlsubsystem includes all staging, shredding, glove box, etc 
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- Table NTSd CWO Organic Destruction Subsystem 

I 

Meter waste to reactor 
(monitoring time) 24.0 10 240 
Meter waste to reactor (300 
Ibs/hr) 4.5 drums 6 25 

Total Task 36 270 0.56 1 3 6 1  6 
Operate Reactor Instrumentationkquip check I 1 .o time 30 30 I 

aste Transfer/ Recycle 

1.. 

Vaclsiddholiday relief Assume 6 wks of absence 0.28 I 
Adjust for 70% Efficiency 0.81 
TotaVshiff 3.53 I 

In  KQ 

Notes: 
Total SampleslShfi = 4.3 
Assume sampling frequency = 10% of drums 
From Blaines mass balance, the feed to subsystem = 
Total feed is (drumslhr) = 0.6 
Assume continuous CWO process 
Assume solids removal ondday 
Waste transfer/recycle processes are continuous. Time is expected labor monitoring time 
Assume drums of liquid transferred from Rec and Prep 
Assume paperwork is accomplished within times shown 

241.40 Ibs/hr 

1 



Soft Debris 

Time Total 
-Occurrence/ Unitsfor Required Time/ FTEs 1 

Stage drums for campaigns 24 drum 5 118 I 
Task Subtask Shift Occurrence (min) Shift Needed Drum DlUtll 

teceive Waste Transfer through air lock 24 drum 5 118 

btal Task 10 237 I 0 I 10 15 
:eed Waste from drum Stage at feed bin (drums) 24 drum 3 71 

Hook to transfer device 24 drum 3 71 
Transfer into feed bin ( 2-300 
Ib/hr metering screws) 24 I drum I 15 134- I 

Feed screw monitri-- &-- I 

Empty drum bottor 
Sample feed vest  
Detach 8 remove L. -. . 

I I 

CI. I I r n  I -1 

:eed waste to reactor valve check 1 30 30 
Meter waste to reactor (600 
Ibs/hr) 24 15 348 
Feed screw monitoring time 24 10 240 

8 
JIlll&J UIl l t :  .st IU L 4  

ns 24 2 47 
31 2 10 20 

_. 4" tm 24 3 71 
'otal Task I 36 I 520  I 1 1 3 6  33 

IStartu~ Instrumentation and I I I I I I I 

'otal Task 45 I270 1 45 15 
)perate reactor InstrumentatiorVEquip check 1 3 0 1  30 

Reaction rate (see rxn c a b  I 

7 

btal Task 15 250 I 1 15 1 
TEsishft 4 
iupervision Ratio of 1:lO 0 

raclsicklholiday relief Assume 6 wks of absence 1 
Ldjustmnet for 70% Efficiency 2 
'otaUshift 7 221 15 

I I 21 I i btaUday 

nitaring time 

02/07/9704:40 PM 1 



-Table NTS-f Vacuum Thermal Desorption for Process Residue 
- .  - 

(Desorption lbatch is 15000 Ibs or I 46.7 I 

,ondensate handling cond. 1 I .o 15 15 
Sample holding vessel from 
condenser 2 1 .o 15 15 
Transfer to aqueous waste 
treatment 0.5 20 10 
Transfer to mercury 
amalgamation 0.5 20 10 

- 

otal Task 70 50 0.10 
#eparate desorbed 
nste 

I I 
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I -Table NT5-f Vacuum Thermal Desorption for Process Residue 

Notes: 
Thermal Desorption Batch size of 15,000 Ibs 
Assume drum transfer of 15 min/drum or 0.5 ft3/min 
Only 0.6 batches required per shift based on feed to subsystem 
.The condenser/aqueous transfer monitoring functions will occur when the desorber is running 

--Number of drums following treatment is based on the 5/30 mass balance:3020 Ibs/hr in and 648 I b m r  out 
Assume 30% of the waste goes to mercury leaching process 

i Mercury leaching process was sized for 1000 Ibs/hr of waste (@ 321 Ibddrum thisconverts to 25 drumdshft) 
1 Number of process samples = 5.7 
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- Table NT5-g Aqueous Waste Treatment Subsystem 

Preliminary Treatment 

Adjustment for 70% 
efficiency 7.80 
Total per day I 23.39 I 1170 

Notes: 
Assume high TDS waste comes from RCPRP, org destruction, soi l  treatment, debris treatment, 

Assume waste from polymer, APC is low TDS 6.40 
349.60 

Assume waste from RCPRP is organic liq 

Assume tank batches are 550 gallons (1 0 drums) 
Assume treatment selection time is required for 10 drum batches. 
Assume residence time in oil water separatm is 1 hour and tank is IO00 gallons (16 gpm) 
Assume filtration, centrifuge and ppt rates are 10 gpm. 
Assume solids to evaporator are 5% of incoming waste; assume drying rate is 10 gpm 
Assume UV oxidation unit is 50 gprn 

and metal decon. 

Assume waste from process residue is organic liq 

Total drums per hour= 34.32 

lbslhr 
lbslhr 

28.08 drurnslshiff 

0.11 drumdshift 
6.13 drumslshiff ' 

Number of process sample 
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Aqueous Wash for Soil 

Time Total 
Occurrence/l i Required I Time/ FTEs 1 Minuted TimdAdd' 

Task Subtask Shift Units (min) Shift Needed Drum Drum 
;oil Receiving Transfer through air lock 5.4 drums 5 27 
'otal Task 5 27 0.06 5 5 
eed Waste from 
rum Stage at feed bin (drums) 5.4 drums 3 16 

Hook to transfer device 5.4 drums 3 16 
Transfer into feed bin 1 
(metering screw) 5.4 drums 5 27 
Feed screw monitoring time drums 
Empty drum bottoms 5.4 drums 2 11 
Sample feed vessel 2.0 drums 5 10 

Uash Water Prep Sample wash water 0.5 drums 5 3 
Adjust Water Volume 0.5 drums 10 5 
Adjust surfactant 0.5 drums I O  5 

Detach & remove drum 5.4 drums 3 16 
'otal Task 16 96 0.20 16 13 

'otal Task I 25 13 0.03 25 
Uashing Process Add waste to tank 16.1 drums 5 80 

Wash waste (1200 Ibs/hr) 16.1 drums 25 NIA 
Transfer waste and water from 
tank 80.4 drums 6 442 
Monitor tank 24.0 times 5 120 

Screening (10 gpm) (most of 
btal Task 30 120 0.25 30 25 
Ire-Rinse and 
!inse 

destruction 8.0 times 5 40 
Transfer metals to polymer 8.0 times 5 40 
Collect samples 24.0 times 5 120 

'otal Task 59 728 1.52 

1 'I MEMOTN. W K4 1 02/17/9705: 17 PM 



Jable NTS-h Aqueous Wash for Soil 
- 

Time Total 
Occurrence/ Required 1 Time/ I FTEs 1 Minuted /Time/ Add'l 

Task Subtask ShiR Units (min) Shift Needed Drum Drum 
Total FTEs/day= FTEs per shift 
Supervision Ratio of 1 : 10 0.25 118 15 
Vac/sicWholiday 
relief Assume 6 wks of absence 0.31 
TotaVshift 3.03 
Adjustment for 
70% Efficiency 4.32 
TotaVday 4.32 

2.47 

Notes: 
Sample wash water every 10 drums 
Assume drum transfer of 15 middrum or .5 ft3/min 
System designed for 1 shift not 3 
Residence time in wash tank based on 4x wt of water to feed 
Wash tank is 700 gal (12 drums); residence time per drum = 
Assume transfer rates are 10 gpm; this includes both waste and rinse or wash water 
Waste to screening includes water in tank (4x input volume) 
Waste to  rinse contactor and hydrocyclone assumes 1 : 1 soil to water ( 2x input volume) 
Rinse tank has 1300 gallons of water and soil. Residence time = 705.56 
Drying: assume I hr drying time,2000 Ibdhr (4 drumdhr) 
For purposes of processing time, recycle is not included, as these are not soil treatment 
No. of samples = 40.5 

358.21 min 

e 
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... . - ... . m  _ .  . 
1 awe N I +I nign rressure wasn Tor upen uems 

3ebris Receivin 

Notes: 
Sample wash water every 10 drums 
Assume drum transfer of 15 minldrum or .5 cu Wmin 
Batch size is 1 to 2 tons; say 3000 Ibs or 
Residence time in wash tank based on 3 stages, 90 minutes each 
Assume transfer rates are I O  gpm; this includes both waste and rinse or wash water 
Assume water volume is roughly 5x waste volume 

16 drums 
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-Table NT5-j Metal Decontamination Subsystem - 

Notes: 
Assume 50% of waste must be size reduced. 
Assume 60 min/drum for cutting 
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-Table NTS-k Lead Recovery - 

70% efficiency 
Totallday 1 1.98 1 

Notes: 
Assume assay for all drums Q 30 middrum 
- - 
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-Table NT5-I Mercury Amalgamation - 
Time Tme/ 

Occurrence/ Required Total FTEs Minutes/ Add'l 
Task Subtask Shift Units (min) ime/Shi Needed Drum Drum 

letak Receiving/ 
'eed Prep 

Transfer through air lock 0.02 drums 5 0 
Transfer liq mercury to tank 0.02 drums 60 1 

holding bin 0.001 drums 10 0 
Transfer steel wool w/ Hg to 

'otal Task 75 1 0.00 75 60 , 

lercury 
rmalgamation 

inspect equipment 1 .oo time 30 
Transfer liq mercury to 
amalgamater (1 gpm) 0.02 drum 55 1 
Measure additives 0.02 drum 30 1 
Transfer steel wool to 

'otal Task 31 2 7 0.01 312 120 
'otal FTEslshift 0.02 307 
iupervision Ratio of 1 :10 0.00 
raclsicklholiday 
elief Assume 6 wks of absence 0.00 
'otallshift 0.02 

0.03 
bdjustment for 
'0% efficiency 
'otallday 0.09 

elief Assume 6 wks of absence 0.00 
'otallshift 0.02 

0.03 
bdjustment for 
'0% efficiency 
'otallday 0.09 

Notes: 
Volume of steel wool: assume 3x vol of steel to mercury 
Assume 5% of mercury is in residue (this should be conservative; 5% of mercury 

is assumed to be in debris, not process residue) 
Total volume of mercury in study is 2.5 + 0.1 Ibdhr. 
Therefore volume of steel wool w/mercury = 0.020 Ibs/hr 

Batch size for amalgamater: Assume 1 drum/batch, 2 hrs /batch 
0.001 drums/shift 
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Lrable NTS-m Special Waste - .  - 
Time 

Occurrence/ Required b Total 1 FTEs 1 Minuted Time/Addl 
Task Subtask Shift Units (min) ime/Shi Needed Drum Drum 

Special 
?eceivinglFeed Prep Transfer through air lock 5.4 drums 5 27 

Glove box preparation of 
wastes 5.4 drums 60 326 
Stage waste 5.4 drums 3 16 

rota1 Task 68 370 0.77 68 60 

Notes: Assume all waste is prepared in glove box 
Assume waste is treated in various batch processes 
TBD=To be determined 
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-Table - .  NT5-n Grout Stabilization Subsystem - 

Total Time/ FTEs Minutes/ Time/ Add' 
Shift Needed Drum Drum 

I I 

Occurrence/ 
Task Subtask Shift 

I I I I 
Vaste Receiving 
'eed Prep 

Stage at process 15.1 [drums I 2 30 
'otal Task I 31 234 0.49 31 5 

I I 

Vaste Encapsulation 

'otal Task 

linder setup time 

dotes: 
Assume all complex debris (8 drums) will be sent to macroencapsulation, rest to micro. 
Assume 10% of drums are deconned. 
Assume 10% of drums are assayed 
Assume mixing requires 30 minldrum 
No. of samples 1.5 
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:Table NTS-0 - Polymer Stabilization Subsystem 

ZeceivingIFeed Prep 

24.0 ~ drum 2 48 
Monitor activated 
carbon and fugitive dust 

ladsicklholiday Assume 6 wks of 
elief absence 0.88 
'otakhift 8.51 
rdjustment for 70% 
Lfficiency 12.16 
'otal/da y 36.49 

Notes: 
Assume 30% of process residue waste and 100% of other waste requires drying 
Assume dryer can accept waste at the rate of 2 drurnslhour 
No. of samples = 2.4 
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-Table NT5-p - Air Pollution Control Subsystem 

Time 
ccu rrence/ Required Total Time/ FTEs 

Shift Units 1 (rnin) I Shift Needed Minutes/ Ib 
4 times 10 40 
4 times 5 20 

Monitor Equipment Dry filtration 
HEPA filter 
GPCR 24 times 2 48 
Acid gas scrubber 12 times 10 120 
Mist eliminator 4 times 2 8 
GAC 4 times 2 8 
Mersorb 4 times 2 8 
Offgas monitor 24 times 5 120 

Total Task 38 372 0.8 0 
Supervision Ratio of 1 : 10 0.1 

Vadsicklholiday relief absence 0.1 
Total/shift 1 .o 
Adjustment for 70% 
Efficiency 1.4 

Total/day 4.1 

Task Subtask 

Assume 6 wks of 
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-Table NT5q Certification and Shipping 
- 

Notes: 
Assume 10% of waste require sampling 
Samples collected = 4.4 
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-Table NT5-r Summary of FTEs & Time for a Single Drum to Pass Through a System - 
Add'l Time Time/Drums 

Time (min)/ for Next Received in a 
Dail FTEs Single Drum Time (hrs) Drum Shift (min) l i m e  (hn 

Administration 

Receiving /Inspection Tasks 
common for all waste 802 13 60 3728 62 
Receiving and Prep-CWO 0 0 0 0 
Receiving and Prep-soft 229 4 45 1250 21 
Receiving and Prepresidue 229 4 45 1329 22 
Receiving and Prepsoil 229 4 45 425 7 
Receiving and Prepdebris 289 5 5 340 6 
Receiving and Prep-lead 557 9 31 5 557 9 
Receiving and Prepmercury 51 6 9 31 5 51 6 9 

,Receiving and Prepspecial 516 9 31 5 1915 32 

I Y  57.9 I -  N/A I 

Receiving and Prepmetal decon 229 4 35 554 9 
Receiving and Prep 191.9 676.2 11 0 

i 
Aqueous Waste 1 23.4 175 3 36 1375 23 
Organic Destruction 1 10.6 206 3 34 325 5 
Vacuum Thermal Desorption 10.3 425 7 26 1060 18 
Soil Treatment 4.3 118 2 15 183 3 
Soft Debris 20.6 221 4 33 962 16 
Open Debris' 4.8 165 3 23 223 4 

Metal Decon 16.3 91 2 75 1204 20 
2.0 161 - 3  NIA 161 3 -- Lead 

Mercury I 0.1 387.0 6.45 N/A 387 I 6 
Special 10.8 182.0 3 60.0 448 7 
Grout 11.0 143 2 10 284 5 
Polymer 36.5 180 3 60 1805 30 
APC 4.1 372 6 372 6 
Certification and Shipping 88.9 222 4 60 2797 47 

I I I I I I 

I 493.5 1 

Notes: 
Allocation of receiving and preparation time was done as follows: 
Average time per drum was estimated, multiplied by the number 
of drums per shift. The time for each waste type was allocated 
according its percentage of total waste. 
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SureTrak Modeling Assumptions 
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SureTrak Modeling Assumptions 

The Gant charts (Figures 1 through 5 )  were developed with SureTrak software and are based on 
the summary tables Al-p, C1-m, NT2-0, NT3-p and NT5-r. Figures Al, C1, NT2, NT3 and NT5 use 
the following bases: 

Receiving and Preparation is divided into multiple steps. 

All waste is processed through Receive and Assay. 

Following Receive and Assay, sorting or other feed Preparation is performed. Since this is 
different based on waste type, a preparation stage is included for all nonliquid feed. 

Successors to Receive and Assay are on a finish-to-finish basis. Feed preparation cannot end 
before all waste is assayed; a lag time required to process a drum though feed preparation is 
inserted. 

5) Successors to Receive and Assay are also on a start-to-start basis. Some waste can be treated 
at feed preparation before all waste is received. However, no waste can be treated before at 
least one drum has been processed through Receive and Assay. A start-to-start lag is required 
to process one drum though Receive and Assay. 

6) Successors to processing systems are all modeled as both finish-to-finish and start-to-start. 

7) Lead recovery and mercury amalgamation are modeled on a finish-to-finish basis only. This 
allows waste to be received at Certification and Shipping before these processes have treated 
a single drum. These small volume processes would otherwise delay the start of certification 
and shipping which is not representative of anticipated operations. 
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