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IMMOBILIZED LOW-LEVEL WASTE DISPOSAL 
OPTIONS CONFIGURATION STUDY 

1.0 DOCUMENT OVERVIEW AND PURPOSE 

In fiscal years (FY) 1994 and 1995, several trade studies were undertaken by 
Westinghouse Hanford Company (WHC) to begin determining the most viable methods to 
manufacture and dispose of immobilized low-level waste (ILLW). The purpose of this report 
is to document the results of FY 1994 and 1995 trade studies and other activities that relate 
to the disposal facility design options and to provide information that can be used for the 
direction of conceptual design. The FY 1994 and 1995 trade studies were chosen based on a 
systems engineering approach as dictated by the Tank Waste Remediation System Decision 
and Risk Assessment, WHC-EP-0786 (Johnson 1994) and the Design Requirements Document 
(schedule activity L4010100). These trade studies partially satisfy subtasks for schedule 
activities L4010300, "Define ILLW Product Criteria," which is scheduled to be completed 
by October 1996, and L4010400, "Define Process and Disposal Systems Requirements and 
Concepts," scheduled to be completed by June 1995. The "Define ILLW Product Criteria" 
activity will be used to establish the low-level waste (LLW) product criteria to support the 
definitive design of an onsite near-surface disposal system for LLW in 1996. The Product 
Criteria Document (L4010303) will be the end product of the activity and will be supported 
by the results of the following: 

1. This report, the Immobilized Low-Level Waste Disposal Options Configuration 
Study (L4010404) 

2. Performance Assessment developments to date (interim performance assessment 
by FY 1997 and final performance assessment by FY 2000) 

3. Trade Studies L4010301 and L4010302, Determine LLW Form (system 
engineering trade 4.2.3.1a), and Determine ILLW disposal Retrievability 
requirements (system engineering trade 4.2.3.1b), respectively. 
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2.0 SCOPE 

This report compiles information that supports the eventual conceptual and definitive 
design of a disposal facility for ILLW. The bulk of this report includes the results of a joint 
WHC/Fluor Daniel Inc. (Fluor) evaluation of trade-offs for glass manufacturing and product 
(waste form) disposal. Performance assessment considerations for design and additional 
relevant literature that can be used to develop disposal facility concepts also are considered. 

The product manufacturing trade-offs conducted by WHC and Fluor provide a means 
of ranking waste form manufacturing methods from the most simple to the most complex 
based on commercially available technology as applied to a remotely operated nuclear 
facility, complexity, safety, and ease of retrieval. Note that the ranking of manufacturing 
methods does not address performance assessment of the waste form. Trade-offs between 
manufacturing methods, performance assessment, disposal facility design, and public and 
stakeholder input, may be the determining factor for which waste form is finally chosen. 

Recommendations for the preferred option are outside of the scope of this document. 
A future "disposal decision document" (L4010408), scheduled for October 1995, will be used 
to determine the most favorable disposal option and will be reviewed by the public, 
stakeholders, and other interested parties. 

3.0 PERFORMANCE REQUIREMENTS 

The WHC must develop a LLW performance assessment along with disposal facility 
design to support definitive design of the ILLW treatment facility. The WHC has 
preliminary performance criteria that allows the establishment a reasonable design envelope 
for the disposal system concepts. For example, the DOE Order 5820.2A allows for the 
disposal of LLW near surface. 

Without factoring in the waste form performance itself, a reasonable disposal facility 
concept can be developed. The WHC plans to evaluate die impact on radionuclide release 
factor as surface to volume ratios, chemical barriers, and waste form chemistry before the 
final performance assessment. A brief discussion of the importance of the performance 
assessment effort follows. 

The disposal system performance assessment will identify the potential long-term 
(post-closure) environmental impacts associated with die proposed disposal action. The U.S. 
Department of Energy (DOE) may require approval of die final performance assessment 
before construction of die disposal facility. Approval is predicated on demonstrating a 
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reasonable assurance that the long-term impacts meet performance objectives derived from 
applicable regulations. 

To comply with Hanford Federal Facility Agreement and Consent Order (Tri-Party 
Agreement) (Ecology et al. 1994) milestones, WHC estimates construction of the disposal 
facility must begin by 2000. This date sets the schedule for acquiring data relevant to the 
performance assessment and most of the data must be available for use in the final 
performance assessment by about 1998. WHC is firmly committed to using the overall 
performance assessment effort to demonstrate that near-surface Hanford Site disposal of the 
vitrified LLW to comply with DOE Order 5280.2A. The management approach includes a 
close and iterative integration of the performance assessment team efforts with disposal 
facility design efforts and timely collection of data needed to support performance assessment 
and design. 

Nearer term Tri-Party Agreement milestones require that preliminary decisions be 
made during 1995 about waste form and disposal concepts. Development of the performance 
assessment therefore requires careful coordination with conceptual design of the LLW 
vitrification facility. The waste form, packaging design, and disposal site vault will be 
flexible to accommodate new information from the performance assessment activities. 

If the reference vitrified waste form geometry is cullet (cullet is identified in the glass 
manufacturing trade in this report as the most simple and least costly to manufacture), other 
barriers can be added as required to improve performance. Chemical barriers that can be 
shown to last long enough appear to be generally preferable to physical barriers. For 
example, the use of sulfur in a grout-type waste form was shown to be effective at trapping 
technetium in Savannah River waste, and the performance assessment took advantage of that 
effect. The use of sulfur polymer cement as a binder or matrix material with the glass cullet 
may provide long-term chemical conditions conducive to immobilizing technetium. The 
reference LLW treatment plant design will incorporate the ability to produce containers of an 
aggregate material (e.g., glass cullet) mixed wim sulfur polymer cement as the final waste 
form. Other ideas being pursued for a disposal system include a moisture conditioning layer 
above the waste and a layer of material below the waste to trap technetium. 

Analysis of barrier concepts will take 2 to 3 years. If glass testing demonstrates that 
the sulfur polymer cement is not required (or if sulfur polymer cement is rejected based on 
future test results), the sulfur polymer cement capability can be either deleted at a later stage 
in the design/construction of the processing facility, or included in the design and not used. 
Future testing will also determine what beneficial credit can be derived from barriers above 
and below the waste. 

The primary radionuclide driving long-term impact is "Tc. The exposure scenario 
involves leaching of the glass by downward moving moisture, transport of the "Tc through 
the vadose zone to the underlying unconfined aquifer, and drinking contaminated water 
derived from a near-by well drilled by a future site inhabitant. The possibility of a much 
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lower "Tc inventory in the glass waste also exists because of past processing practices and/or 
operation of the LLW vitrification melter in a mode that preferentially drives "Tc into the 
offgas for collection and recycle into high-level waste. 

The key performance assessment technical issues related to the engineered part of the 
disposal system include the following: 

• Glass corrosion rate 

• Chemical kinetic properties of glass matrix (sulfur polymer cement) moisture 
system 

• Physical properties of matrix (sulfur polymer cement) glass 

• Identify the need and benefit of moisture diverters above the waste 

• Identify the need and benefit of chemical barriers above and below the waste 

• Verification of projected chemical properties. 

Resolution of these issues is essential to establish the technical feasibility that the 
proposed disposal action can meet regulatory objectives. 

4.0 WASTE FORM CONSIDERATIONS 

The strategy of the fourth amendment of the Tri-Party Agreement identifies that the 
LLW fraction from pretreatment of Hanford Site tank wastes will be vitrified. This decision 
was negotiated by the Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and with input from DOE, the public, stakeholders, and other affected 
parties. 

No technical criteria exists for LLW glass, however, the negotiations identified the 
destruction of nitrate and a more leach resistant waste form as the primary benefits from 
vitrifying die waste as compared to the previous grout program. Considerable data exist for 
glass as a high-level waste form. Vitrified LLW is expected to be a highly stable waste form 
under expected burial ground conditions. Devitrification or the presence of crystallinity may 
adversely affect glass durability but the extent of this impact depends on the phases that 
precipitate and the amount of crystallinity. Glass is resistant to radiation damage. Glass is 
not combustible and is resistant to fire damage. Melting and softening occur at temperatures 
above 800 °C. Volatilization occurs only at extreme temperatures in excess of 1200 °C. 
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Sulfur polymer cement as a matrix material is considered a relatively new concept for 
waste disposal. Sulfur polymer cement is made from elemental sulfur.that is modified with 
dicyclopentadiene or dipentene. A current use of this material is the application to line 
sewers pipe in major cities. It has not been applied to LLW and would require additional 
review. Use of sulfur cement as a waste solidification agent was investigated by Brookhaven 
National Laboratory. Sulfur cement appears to a be a viable form based on its resistance to 
chemical attack, low leachability, and low diffusivity (Arnold et al. 1985, Franz et al. 1986). 
Investigation of sulfur cement is continuing at Brookhaven National Laboratory, Idaho 
National Engineering Laboratory (Darnell et al. 1992), and Commission of European 
Communities (van Dalen and Rijpkema 1989). 

5.0 CONFIGURATION TRADE STUDY FINDINGS 

Attachment 1 presents the trade study, Final Report, Low-Level Waste Form Study, 
CWBS 2002, conducted by WHC and Fluor. The purpose of the study is to introduce 
alternatives for the manufacturing and disposal of LLW form. Information is presented that 
describes the technical features of each alternative. All alternatives are evaluated and 
summary results are presented as a basis for comparison to support the selection of LLW 
form alternatives. 
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Distribution: 
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K. D. Boomer, WHC-RL, w/1 
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Figure 5.1.1-1 Case 1 
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alternative waste form container shapes, where rectangular containers are 
compared generically against the cylindrical containers. 

5.1 Waste Form Containers With Overpacks 

Section 5.1 presents 5 canister configurations that use overpacks for 
containerizing/transporting low-level cullet glass waste forms. Container 
configurations that utilize a canister that is packed into a secondary 
container or secondary container set is considered an overpack. Container 
cases 1 and 6 utilize an overpack that is for shielding only. Cases 3 and 
8 use an overpack that is for containment only. Case 5 utilizes two 
overpacks; one overpack is for containment and the second one is for 
shielding. 

The following assumptions are made for the glass cullet in the cask of 
Sections 5.1: 

: The cask is filled with glass to approximately 0.3 m from the 
bottom of the cask's fill port. 

: The specific density of the waste glass is 2,643 kg/m3, 
irrespective of waste oxide loading. The packing density of 
the glass cullet is 0.70. This yields a bulk density of 
1,850 kg/m3. 

: The shape of the cullet is cubic with a side dimension of 
0.64 cm. 

: The angle of repose for dry glass cullet is 35° 

Outer dimensions of the containers in cases 1, 3, 5 and 6 are based on the 
dimensions stated in Figure 9-3 on page 9-8 of the Tank Waste Technical 
Options Report (WHC-EP-0616, Revision 0). The case 8 container 
configuration is identical to the configurations being considered for 
high-level waste. This configuration is referred to as the Hanford 
Multipurpose Canister (MPC). 

In container configurations that contain overpack shielded casks, the 
shielded casks are intended for on-site transportation and interim storage 
only. Therefore, these casks provide shielding but not a hermetic seal. 

5.1.1 Unshielded Canisters and Shielded Overpack Casks (Case 1) 

Figure 5.1.1-1 shows a conceptual sketch of an unshielded canister filled 
with cullet in a metal overpack cask. It is assumed that the cask is a 
cylinder with a flat bottom and a flat bolt-on top. The cask functions as 
a radiation shield for the canister. It is assumed that the total shield 
thickness of the canister plus the cask is 10.2 cm of steel and that this 
shielding thickness yields a radiation dose rate that is less than 
0.1 mSv/hr at the outer surface of the cask. Assuming a canister 
thickness of 2.5 cm, the cask thickness is defined as 7.6 cm. It is 
assumed that the cask contains trunnions and/or lifting .lugs forturning 

CUBS2002.RHL#01 5 - 3 February 27, 1995 1:28pm 



Table 5.0-1 Low-Level Waste form Container Summary 

CASE WASTE FORM CONTAINERS 

CULLET WT 
METRIC 
TONS 

CANISTER 
"I 

METRIC 
TONS 

CASK OR 
OVERPACK 

WT 
METRIC 
TONS 

CONCRETE 
CASK WT 
METRIC 
TONS 

TOTAL WT 
METRIC 
TONS 

PROOUCTIO 
N RATE 

HOURS PER 
CONTAINER 

TOTAL NO.. 
OF 

CONTAINERS 
REQUIRED 

OUTER 
DIMENSIONS 
m (O.D^ 

x m (Heiqht) 

1 Unshielded Canisters and 
Shielded Overpack Casks 

23.2 7.2 ' 25.9 -- 56.3 2.78 17,257 2.13 
x 5.49 

2 Shielded Casks 26.5 -- 34.5' -- 59.0 2.94 16,300 2.13 
x 5.49 

3 Unshielded Canisters and 
Unshielded Overpack Canisters 

26.4 7.4 8.5 -- 42.3 3.17 15,152 2.13 
x 5.49 

4 Unshielded Canisters 29.3 8.0 -- -- 37.3 3.52 13,634 2.13 
x 5.49 

5 Unshielded Canisters, Unshielded 
Overpack Canisters and Concrete 
Shielded Casks 

26.4 7.4 8.5 . 19.2 61.5 3.17 15,152 2.49 
x 6.10 

6 Unshielded Canisters and 
Concrete Shielded Casks 

29.3 8.0 .-- 30.2 67.5 3.52 13,634 2.64 
x 6.25 

7 125-MT Shielded Casks 64.8 -- 60.0 -- 124.8 7.78 6,171 3.45 
x 5.49 

S Unshielded Canisters and 
Unshielded Overpack Canisters 
Hanford MPC Size) 

14.3 5.3 6.1 -- 25.6 1.71 27,992 1.75 x 4.65 

9 Pumping Waste Form (SO .. .. .. .. .. 11* .. .. 

10&13 Hopper Transfer 18.5 -- .. .. 18.5 2.2 21,600' --

11 Non-Load Bearing Metal Canister 
<SC) 

58.8 0.9 -- -- 77.2' 7 6,800 2 x 2 x 8 

12 Load Bearing Metal Canister (SC) 54.5 5.1 -- -- 77.3' 6.6 7,460 2 x 2 x 8 

Notes: 
(1) Includes the mass of Sulfur Polymer Cement. 
(2) Required pumping rate (MT per hour) to meet plant design capacity. 
(3) 1 Represents the total number of hopper transfers over the lifetime of the plant. 
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5.0 Waste Form Containers 

From the evaluation in Section 4, cullet is the assumed waste form for each waste 
form container option presented in this section. Thirteen alternatives are 
presented in this section and have been grouped according to similar features 
discussed below. A listing of container sizes, weights, production rates, and 
quantities is presented in Table 5.0-1. Glass weights in the table are listed 
as cullet weights and may vary slightly with marbles or gems depending on their 
obtained packing densities. 

Mass balances presented for each case in this section assume that over the 
lifetime of the plant (14 years), 4.0 x 10 MT of glass is produced. By using 
cullet density conversions, the total quantity of containers over the lifetime 
of the plant is determined based on the volume of each container. Although the 
plant is rated at 200-MT per day, this rating represents its design capacity. 

Section 5.1 includes 5 cases of canister configurations that are similar with 
respect to an overpack feature. Section 5.2 presents 3 cases of canister 
configurations that do not utilize an overpack. The cases presented in Sections 
5.1 and 5.2 are configured with several combinations of overpack containment and 
shield casks. These cases represent canister configurations for a low-level 
waste vitrification facility that provides decontamination on the filled canister 
and a containment barrier for radioactive wastes. Section 5.3 presents 4 cases 
of alternative glass waste disposal methods. Three of the four cases require a 
Sulfur Polymer Cement (SPC) be added to the cullet waste form. The SPC acts as 
a binder, or matrix, and may provide long-term immobilization of the cullet glass 
waste form. SPC was included in the scope of this study for evaluation. Section 
5.4 provides a summary discussion of this section. 

It should be noted that none of the container configurations discussed in this 
report have been optimized. The final designs of the canisters and casks are 
interrelated with the following: 

: Interim and Final Storage 
: Off-site Transportation 
: Canister and Cask Constructability and Cost 
: Canister and Cask Process Equipment Design 
: Canister and Cask Handling Facility Design 

Future engineering studies should be performed to investigate the mechanical 
design details of the canisters, casks, and alternate configurations prior to, 
and in conjunction with, the definition of the systems related to the items 
listed above. Decay heat, glass centerline temperatures, and neutron activation 
will not be a concern for low-level waste containers. 

Design concepts have been prepared for each waste form container processing 
system and are discussed in Section 6. This section includes descriptions of the 
general features of the waste form containers (or equivalent). 

Appendix G presents a qualitative discussion on canister options and processing 
systems for monolithic waste forms. Appendix H addresses the impacts of 
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Gems 1. Off-the-shelf commercial gem making equipment is not 
suitable for remote nuclear applications. Extensive 
modifications will be required. Little is known about 
the feasibility of utilizing gem making equipment in a 
low-level facility. Several issues such as machine 
design, remoteability, maintenance, and cost exist. 
Future efforts are required to study these attributes. 

Plate Glass 1. Off-the-shelf commercial plate glass equipment is not 
directly suitable for remote nuclear applications. 
Modifications will be required. Little is known about 
the feasibility of utilizing plate glass equipment in a 
low-level facility. Several issues such as machine 
design, remoteability, maintenance, and cost exist. 
Future efforts are required to study these attributes. 

Monolith 1. Monolithic pour technology is developed for this 
application. 

Table 4.6.4-1 Glass Production Method Technology Maturity (Con't) 
4.6.5 Schedule Impacts 
None. 
4.6.6 Regulatory Impacts 
None. 
4.6.7 Safety 

There are no significant safety concerns regarding the various glass waste 
form production processes. 

4.6.8 Costs 

Due to the poor feasibility of the marble, gem, plate glass and monolith 
production processes, no specific system configurations, building layouts, 
and cost estimates were prepared for these options. Therefore, no cost 
comparisons have been made between the four glass form alternatives. 
Costs for the cullet production facility are included in Section 6.7.8. 
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Plate Glass 1. In commercial plants, plate glass production is almost 
entirely automated. For application in a low-level 
waste facility, much of the process equipment must be 
designed for redundancy and remote replacement to 
ensure continuous operation of the glass ribbon 
milling. 

2. Many remote maintenance systems must be designed so 
that process operations are not impacted. 

3. Remote maintenance systems must be designed to recover 
from breakage events in the process handling systems. 

4. Maintenance systems will require many FOAK systems; all 
of which will require thorough demonstration. 

Monolith 1. Melter cells must be maintained remotely. Multiple 
melter cells in a facility requires more specialized 
remote equipment and trained maintenance operators. 

2. The maintenance challenge for maintaininjg a facility 
with 10 times the production capacity of the reference 
case is significant. 

Table 4.6.3-1 Glass Production Method Maintainability (Con't) 

4.6.4 Maturity of Technology 
The technology maturity issues for each glass production method are 
summarized in Table 4.6.4-1. 

Table 4.6.4-1 Glass Production Method Technology Maturity 

Cullet Cullet systems have not been previously used in a low-
level waste facility. Adapting this equipment for 
remote operation may create unique challenges. 
Additional studies are required to determine the 
feasibility of adapting off-the-shelf hardware for this 
application. 

Marbles Off-the-shelf commercial marble making equipment is not 
suitable for remote nuclear applications. Extensive 
modifications will be required. Little is known about 
the feasibility of utilizing marble making equipment in 
a low-level facility. Several issues such as machine 
design, remoteability, maintenance, and cost exist. 
Future efforts are required to study these attributes. 
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Monolith Once the glass stream leaves the melter pour spout and 
enters the waste container, no more additional glass 
handling systems are required. 
Monolith production, scaled from the reference case, 
requires 10 times the production capacity. The 
operational impact of a facility this size is 
significant. 

Table 4.6.2-1 Glass Production Method Operability and Complexity 
(Cont'd) 

4.6.3 Maintainability 

The maintainability issues for each glass production method are summarized 
in Table 4.6.3-1. 

Table 4.6.3-1 Glass Production Method Maintainability 

Cullet 1. Cullet is abrasive and equipment is highly mechanically 
configured. Hence, equipment may require frequent 
maintenance. 

Marbles 1. Marbles are less abrasive than cullet. Downstream 
handling equipment may therefore require less 
maintenance than do the downstream cullet handling 
equipment. 

2. The marble production system requires a high degree of 
maintenance. 

3. A water cooling device and lubricator are required for 
the marble machine's shearing mechanism. These 
provisions and the maintenance of these provisions may 
create difficulties. 

Gems 1. Gems are less abrasive than cullet. Downstream 
handling equipment may therefore require less 
maintenance than do the downstream cullet handling 
equipment. 

2. The gem production system requires a high degree of 
maintenance. 

3. A water cooling device and lubricator are required for 
the gem machine's shearing mechanism. These provisions 
and the maintenance of these provisions may create 
difficulties. 
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Gems 1. Gem production produces fewer fines than cullet 
production. Production efficiency increases since less 
fine material is recycled. 

2. Since maintenance requirements are high, several spare 
equipment items must be provided to maintain the 
plant's TOE. 

4. In commercial plants, operators are required to operate 
and maintain the gem making machines. Operators must 
constantly look for the occurrence of machine failures 
and problems with the glass. Shears require periodic 
maintenance. Typically, one operator is required for 
each three gem machines; however, the actual number of 
required operators per machine is dependent on plant 
conditions. 

5. The annealing process is very important for gem 
stabilization. This process must be properly 
controlled to produce an acceptable waste form that is 
not de-vitrified or brittle. 

6. The temperature and viscosity at the end of the feeder 
channel where the molten glass stream passes through 
the shears and falls as a gob are critical in order to 
produce a good waste form. As these conditions may 
change, so may the product. 

7. The optimal gem size must be determined so that they 
can be produced and handled efficiently without 
breakage. 

Plate Glass 1. To avoid impacting plant operations, a significant 
amount of redundancy must be designed into the plate 
glass process systems. 

2. The annealing process is very important for plate glass 
stabilization. This process must be properly 
controlled to produce an acceptable waste form that is 
not brittle. 

3. The temperature and viscosity of the molten glass at 
the mill roller where the glass ribbon is formed are 
critical in order to produce a good waste form. As 
these conditions may change, so may the product. 

4. Plate glass manufacturing operations are heavily 
dependent upon mechanical systems. For remote 
applications, this represents significant operational 
risks and uncertainties. 

5. The surface finish of the plate glass product is 
imperfect. This may create operational problems 
handling the plate glass. 
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Table 4.6.2-1 Glass Production Method Operability and Complexity 

Gullet 1. Since the cullet is brittle, it may break into fine 
particles each time it is transported. These fines 
must be collected and processed. The plant's (TOE) may 
be severely affected if excessive cullet breakage 
occurs. 

2. Due to the minimal layout and equipment requirements of 
a cullet production facility, it is inherently less 
complex to operate than the other options. 

Marbles 1. Marble production produces fewer fines than cullet 
production. Production efficiency increases since less 
fine material is recycled. 

2. Since maintenance requirements are high, several spare 
equipment items must be provided to maintain the 
plant's TOE. 

3. Feeder units are used to distribute molten glass from 
the melters to the marble machines. Each feeder unit 
has a channel with multiple spouts and orifices. For 
cases that require large quantities of marble machines, 
the feeder unit designs become complicated because of 
the long channel lengths and number of spouts required. 
Therefore, multiple melters and feeder units are 
required for these cases. 

4. In commercial plants, operators are required to operate 
and maintain the marble making machines. Operators 
must constantly look for the occurrence of machine 
failures and problems with the glass. Shears and 
rollers require periodic maintenance. Typically, one 
operator is required for each three marble machines; 
however, the actual number of required operators per 
machine is dependent on plant conditions. 

5. The annealing process is very important for marble 
stabilization. This process must be properly 
controlled to produce an acceptable waste form that is 
not de-vitrified or brittle. 

6. The temperature and viscosity at the end of the feeder 
channel where the molten glass stream passes through 
the shears and falls as a gob are critical -in order to 
produce a good waste form. As these conditions may 
change, so may the product. 

7. The optimal marble size must be determined so that they 
can be produced and handled efficiently without 
breakage. 
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Gems 1. The gem production system requires more equipment and 
facility space than the cullet glass system. 

2. An offgas system is required to vent all of the gem 
system equipment. This system must also remove glass 
waste heat from the gem system. 

3. The gems must be treated in long annealing furnaces. 
These furnaces and their conveyor systems occupy large 
areas within the vitrification facility. 

4. Feeder units are used to distribute molten glass from 
the melters to the belt conveyors. Each feeder unit 
has a channel with multiple spouts and orifices. For 
cases that require large quantities of spouts, the 
feeder unit designs become complicated because of the 
long channel lengths and number of spouts required. 
Therefore, multiple melters and feeder units are 
required for these cases. 

5. Gem production rate is a function of gem- size. If the 
size chosen for this study is too large, then a smaller 
gem size and subsequently, several more machines may be 
required. Large quantities of machines require more 
maintenance and facility space. 

Plate Glass 1. The plate glass production system requires more 
equipment and facility space than the cullet glass 
system. 

2. An offgas system is required to vent all of the process 
system equipment. This system must remove industrial 
and glass waste heat from the plate glass system. 

3. Plate glass must be treated in long annealing furnaces. 
These furnaces and their conveyor systems occupy large 
areas within the vitrification facility. 

4. Design of process systems for redundancy and remote 
maintenance will have significant impact on facility 
layout. 

Monolith 1. Monolithic glass production yields the simplest process 
flowsheet for glass production. 

2. Monolithic glass production requires significant 
equipment and facility resources/space for the scaled 
production rate. 

Table 4.6.1-1 Glass Production Method Process Flowsheet/Facility 
Design Impacts (Con't) 

4.6.2 Operability/Complexity 

The operability and complexity issues for each glass production method are 
summarized in Table 4.6.2-1 on the following pages. 
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4.6 Summary Comparison 
Results of this section identify concerns with gem, marble, plate glass, 
and monolith waste form production processes. Marble, gem, and plate 
glass production processes have major application and technical concerns. 
Monolithic production, although demonstrated for this application, was 
scaled from a 20-MT per day reference plant and determined to have 
significant facility and operational impacts. Cullet production has some 
technical concerns, among which 
application. However, the concerns 
significant and suggest that it is 
form production processes. 

it lacks demonstration for this 
for cullet production do not appear 
a viable option for the glass waste 

The paragraphs below summarize and discuss glass waste form production 
processes in regards to process flowsheet/facility design impacts, 
operability/complexity, maintainability, maturity of technology, schedule 
impacts, regulatory impacts, safety, and costs. In some cases, no impacts 
have been identified and hence, the text simply states, "none". 

4.6.1 Process Flowsheet/Facility Design Impacts 
The process flowsheet and facility design impacts for each glass 
production method are summarized in Table 4.6.1-1. 
Table 4.6.1-1 Glass Production Method Process Flowsheet/Facility 

Design Impacts 

Cullet The cullet production system requires less equipment 
and facility space than any of the other options. 

Marbles 1. The marble production system requires more equipment 
and facility space than the cullet glass system. 

2. An offgas system is required to vent all of the marble 
system equipment. This system must also remove glass 
waste heat from the marble system. 

3. The marbles must be treated in long annealing furnaces. 
These furnaces and their conveyor systems occupy large 
areas within the vitrification facility. 

4. Marble production rate is a function of marble size. 
If the size chosen for this study is too large, then a 
smaller marble size and subsequently, several more 
machines may be required. Large quantities of machines 
require more maintenance and facility space. 
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decontamination and smear testing of canisters and overpacks are 
requirements of the canister processing system). Hence, for the scaled 
200-MT per day low-level monolithic glass production plant, the glass 
production systems could be optimized, but the 20 canister processing 
lines are required. 

4.5.2 Advantages 

Compared to the other glass production options, the production of 
monolithic glass has the following advantages: 

: The waste form has high integrity since it has the lowest 
surface area per unit volume and is expected to have the best 
performance assessment of all alternatives. 

: Once the glass stream leaves the melter pour spout and 
enters the waste container, no more additional glass 
handling systems are required. 

4.5.3 Disadvantages 

Monolithic glass production has the following disadvantages: 

: The discontinuous pour feature of the monolithic production 
process is inherently more complex than a continuous pour 
system. 

: Off-specification monolithic glass is relatively difficult to 
recycle. 

: Facility and operational impacts due to multiple melters and 
canister processing lines is significant. 

4.5.4 Concerns and Uncertainties 

Monolithic production of low-level waste glass forms at the design 
capacity of 200-MT per day has several concerns. The glass production/ 
melter system would be required to provide loading capacity for 20 
parallel canister processing systems, using the HWVP-type canister, for 
this design rating. This impact, on both the glass production and 
canister handling systems, is significant for a plant of this size. Based 
on data presented in CBWS 2006, the scaled direct cost of such a facility 
would be on the order of 5 billion dollars. This figure does not include 
cost factors such as escalation, contingency, project management, 
construction management or engineering. Operating costs (e.g., annual 
cost of purchasing canisters) are also expected to high for this 
alternative. Appendix G discusses the canister processing systems for the 
HWVP-type canisters and estimates annual operating costs for this 
function. 
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Figure 4.5.1-1 
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Optimized Facility Layout Study, and this information is used as a 
qualitative basis for evaluation of a low-level monolithic glass 
production plant. The following is considered for this evaluation: 

: The design capacity for case 3B is 20-MT per day of glass. 
Two parallel canister processing lines are required at this 
design capacity, both using a 4-pack overpack configuration. 

: The canister size used in case 3B for the monolith form is 
similar to the Hanford Waste Vitrification Plant (HWVP) 
canister and has a glass volume capacity of 1.26 m 3 with a 
mass of 3.33 MT. 

From these points, the following is assumed: 

: The design capacity of the low-level facility, rated at 200-MT 
per day, is 10 times greater than the reference plant. 

: The HWVP-type canister is assumed to be an optimal monolith 
design configuration based on the cooling function/ 
devitrification of low-level waste glass as a function of 
canister size. 

The paragraphs below present a monolithic glass production system 
description, and discussions on the advantages, disadvantages, and 
concerns and uncertainties, of this scaled plant. 

4.5.1 General System Description 

Monolithic glass is formed by pouring molten glass out of a melter and 
directly into a container. Figure 4.5.1-1 shows a block diagram of the 
monolith making process. The reference plant uses a single 20-MT per day 
melter with a multi-pour spout. Two parallel canister processing lines 
are required to meet the plant's design capacity and provide filling, 
capping, cooling, welding, decontamination, smear testing, and overpacking 
operations (which also requires welding, decontamination and smear 
testing). 

As a first order approximation for sizing the low-level plant, a 
monolithic production plant with a production capacity 10 times greater 
than the reference case would require 10 reference case plants. This 
implies a low-level monolithic production facility that has 10 20-MT per 
day melters, and 20 canister processing lines. Efforts to optimize this 
200-MT per day low-level waste glass plant design producing monolithic 
forms would reduce the scaled plant. Melter capacities could be increased 
to reduce the number of melter cells, jumper connections and cut-up areas, 
multiple pour spouts could be developed, and non-process areas could be 
consolidated. However, optimization of the canister processing lines and 
support areas (operating corridors) are dependent upon the canister 
configuration and the system requirements. For the purposes of this 
study, the canister configuration is assumed fixed (HWVP-type in a 4-pack 
overpack), as are the canister processing system requirements (e.g., 
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required to be remote in a low-level waste production 
facility. 

4.4.4 Concerns and Uncertainties 
The following concerns and uncertainties exist for the marble production 
process: 

: If glass ribbon production stops for a short period of time 
(less than a minute), freezing of the viscous glass at the 
roll mill will occur. 

: Off-the-shelf commercial plate glass equipment is not suitable 
for remote nuclear applications. Modifications will be 
required to the conventional equipment for operations, 
maintenance and replacement. Little is known about the 
feasibility of utilizing plate glass equipment in a low-level 
facility. Several issues such as machine design, 
remoteability, maintenance, and cost exist. Future efforts 
are required to study these attributes. 

: Many equipment items in the production line require redundancy 
and/or need to be designed for remote replacement. This 
include all scorers, breakers, crushers, conveyor drive 
mechanisms, conveyor rollers, and transfer tables. 

: Replacement of rubber rollers on the conveyor system may cause 
stress fractures and breakage of glass ribbon during scoring 
and breaking operations since the new rollers are expected to 
have a different diameter than older worn rollers. 

: The annealing process is very important for plate glass 
stabilization. This process must be properly controlled to 
produce an acceptable waste form that is not brittle. 

: The temperature and viscosity at the feed channel where the 
molten glass stream passes through the roll mill are critical 
in order to avoid sticking of the waste form. Systems must 
ensure proper temperature control to the water cooled rollers. 

: Surface finishes on the plate glass are expected to be 
imperfect. This creates concerns over handling the plate 
glass. Additionally, stacking it in a vertical arrangement 
may cause breakage of the plate glass. 

4.5 Monolithic Glass Production 

Monolithic glass is one of the glass waste forms considered for the low-
level vitrification facility. In order to assess monolith production 
systems for this study, case 3B of the High-Level Waste Study. Draft, CWBS 
2006, October 1994, is used as a reference case. Detailed design layouts 
have been performed for case 3B for both CWBS 2006 and CWBS 2016, 
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: optical inspection equipment 
: hydraulic plate glass loader 
: cross glass scorer 
: cross scored breaker 
: edge trim breaker 
: edge trim crusher 
: linear transfer table 

4.4.2 Advantages 

Plate glass production systems for low-level waste glass have the 
following advantages: 

: Plate glass is not abrasive compared to cullet. 

: The waste form has high integrity since it has a low surface 
area per unit volume. 

: Plate glass can easily be handled. 
: Density packing factor is greater for plate glass compared to 

cullet, gems and marbles. 

4.4.3 Disadvantages 

Plate glass production systems for low-level waste glass have the 
following disadvantages: 

: An offgas system is required to vent industrial and residual 
heat sources in the plate glass processing systems (e.g., lehr 
furnace). 

: To ensure continuous plate glass production, redundancy must 
be built into the plate glass processing systems. 

: The plate glass production systems requires a high degree of 
maintenance for mechanical transport equipment. 

: Plate glass manufacturing requires annealing and controlled 
cooling of the product glass. These facilities require long 
annealing furnaces and conveyor systems that occupy large 
areas within the vitrification facility. 

: Clean up of broken glass may be more difficult than any of the 
other waste forms. Broken glass must not only be recovered 
for recycle, but equipment components must be remotely cleaned 
of the fragmented glass and inspected prior to resuming 
process operations. These activities must be performed 

. without impacting roller operations. 

: All of the maintenance functions performed during commercial 
plate glass production is contact. These functions-will be 
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trimmed and broken into large sections by series of glass handling 
devices. Each function is provided with a redundant equipment item to 
ensure continuous operations. The large sections of glass are transferred 
perpendicular to the flow of the ribbon glass by transfer tables that 
deliver them to one of two redundant processing lines. Two process lines 
are required to ensure that equipment malfunctions/failures of these 
mechanical handling systems do not impact glass roller operations. The 
large glass sections move to a longitudinal scored breaker device and are 
broken into smaller plate glass sections. Once produced, the plate glass 
sheets are transferred by a series of automated handling devices into a 
stacking configuration and ultimately to a plate glass packaging facility. 

Scoring the glass ribbon requires an etching tool to "score" the glass for 
a controlled break. A longitudinal scorer simply scores the glass from a 
fixed point as the glass moves past it. Typically, the cutting wheel is 
constructed of carbide and maintained in a cutter housing. A cross scorer 
scores the ribbon glass in the plane perpendicular to its flow, requiring 
mechanical assistance. Both types of score machines are simple in concept 
and perform their function as the glass is moving on the conveyor system. 

Glass recycle must be incorporated into the plate glass production systems 
at all points where breakage is feasible. At points where the ribbon 
glass is broken, the stresses introduced to the glass could result in 
uncontrolled breakage of the glass form. The recycle systems must 
therefore be designed to identify, collect, process, inspect and recover 
from breakage events in the process handling systems. If necessary, out-
of-specification glass is transferred on the glass roller system to a 
crusher where the glass is broken and transferred to a recycle catch tank. 

Plate Glass Process Equipment 

The length of a roller lehr is a function of time and temperature of the 
glass being processed. The cooling process in the lehr is a carefully 
controlled process on all sides of the plate glass to ensure glass 
quality. For a 10 mm thick glass plate, roller lehrs are approximately 60 
m in length and 3 to 6 m in width, depending on production throughput. 

The conveyor system transporting ribbon glass is a speed controlled rubber 
collared steel roller conveyor system approximately 25 m in length. 
Transfer tables re-direct the sheet glass onto one of two processing 
veyors, both approximately 12 m in length. The processing of plate glass 
for packaging requires an additional 36 m of rollers. 

In addition to the roller lehr and conveyor systems, the following 
equipment items are also required: 
Description 

: continuous plate glass rolling mill 
: glass scrap crusher 
: longitudinal glass scorer 
: longitudinal scored breaker 
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Figure 4.4.1-1 
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utilizing gem making equipment in a low-level facility. 
Several issues such as machine design, remoteability, 
maintenance, and cost exist. Future efforts are required to 
study these attributes. 

: Gem making equipment requires a high degree of maintenance. 

: The annealing process is very important for gem stabilization. 
This process must be properly controlled to produce an 
acceptable waste form that is not de-vitrified or brittle. 

: • The temperature and viscosity at the end of the feeder channel 
where the molten glass stream passes through the shears and 
falls as a gob are critical in order to produce a good waste 
form. 
A water cooling device and lubricator are required for the 
shearing mechanism. These provisions and the maintenance of 
these provisions may create difficulties. 

: Gem production rate is a function of gem size. If the size 
chosen for this study is too large, then a smaller gem size 
and subsequently, several more machines may be required: 
Large quantities of machines require more maintenance and 
facility space. 

: The optimal gem size must be determined so that they can be 
produced and handled efficiently without breakage. 

.4.4 Plate Glass Production 
Plate glass production is one of the glass waste forms considered for the 
low-level vitrification facility. The paragraphs below present a plate 
glass production system description, a listing of advantages and 
disadvantages, and a list of concerns and uncertainties. 

4.4.1 General System Description 

This section presents a generic description of a plate glass production 
system. Figure 4.4.1-1 shows a block diagram of this type of process. A 
plate glass production system for a low-level waste plant would use two 
melters, each with a plate glass forming and handling production system. 
Molten glass is fed from a melter through a set of water cooled glass 
rollers in a process referred to as continuous horizontal rolling. The 
rollers provide the glass ribbon with accurate thickness and width. The 
desired thickness of the formed glass ribbon determines the feed rate of 
batch materials into the melter. Glass production can be varied by 
adjusting the roller distance. Once formed, the glass ribbon conveys down 
a system of tray rolls and enters a roller lehr for annealing and cooling. 

Glass exiting the roller lehr. is typically at ambient temperature and 
moves on a conveyor system. The continuous ribbon glass is scored, 
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4.3.3 Disadvantages 

Gem production systems for low-level waste glass have the following 
disadvantages: 

: The waste form has low integrity since it has a high surface 
area per unit volume. 

: An off gas system is required to vent all of the gem system 
equipment. In addition to cleaning the overhead gases, this 
system must also remove the glass waste heat from the gem 
production system. 

: The gem production system requires a high degree of 
maintenance. 

: Since maintenance requirements are high, several spare 
equipment items must be provided to maintain the plant's TOE. 

: The plant's HVAC system must be sized to handle the lost heat 
from the large quantity of equipment items in the gem 
production system. 

: Glass gems are brittle because of the stresses produced during 
the cooling process. The gems must therefore be treated in 
long annealing furnaces. These furnaces and their conveyor 
systems occupy large areas within the vitrification facility. 

: Feeder units are used to distribute molten glass from the 
melters to the belt conveyors. Each feeder unit has a channel 
with multiple spouts and orifices. For cases that require 
large quantities of spouts, the feeder unit designs become 
complicated because of the long channel lengths and number of 
spouts required. Therefore, multiple melters and feeder units 
are required for these cases. 

4.3.4 Concerns and Uncertainties 

The following concerns and uncertainties exist for the gem production 
process: 

: Operators are required to operate and maintain the gem making 
machines. Operators must constantly look for the occurrence 
of machine failures and problems with the glass. Shears 
require periodic maintenance. Typically, one operator is 
required for each three gem machines; however, the actual 
number of required operators per machine is dependent on plant 
conditions. 

: Off-the-shelf commercial gem making equipment is not suitable 
for remote nuclear applications. Extensive modifications will 
be required. Little is known about the feasibility of 
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Figure 4.3.1-1 
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produce an acceptable waste form that is not de-vitrified or 
brittle. 

The temperature and viscosity at the end of the feeder channel 
where the molten glass stream passes through the shears and 
falls as a gob are critical in order to produce a good waste 
form. 

A water cooling device and lubricator are required for the 
marble machine's shearing mechanism. These provisions and the 
maintenance of these provisions may create difficulties. 

Marble production rate is a function of marble size. If the 
size chosen for this study is too large, then a smaller marble 
size and subsequently, several more machines may be required. 
Large quantities of machines require more maintenance and 
facility space. 

The optimal marble size must be determined so that they can be 
produced and handled efficiently without breakage. 

4.3 Gem Production 

Gem shapes is one of the glass waste forms considered for the low-level 
vitrification facility. The paragraphs below present a gem production 
system description, a listing of advantages and disadvantages, and a list 
of concerns and uncertainties. 

4.3.1 General System Description 

The gem making process is very similar to the marble production process 
(refer to Section 4.2.1). Figure 4.3.1-1 shows a block diagram of the gem 
making process. Both systems utilize multiple melters and feeder units. 
In the marble process, glass gobs are discharged from the feeder unit 
shearing mechanisms into marble machines. In the gem making process, the 
glass gobs discharge from the shearing mechanisms directly onto conveyor 
belts. The gobs cool on the belts to form non-spherical gems. Gems have 
the shape of vanilla wafer cookies. They are flat on the bottom with a 
rounded circular edge and a convex top. The downstream unit operations 
for gem annealing and handling are identical to those of the marbles. 

4.3.2 Advantages 

Gem productions systems offer the same advantages as the marble systems 
offer. These advantages are as follows: 

: Gems are less abrasive than cullet. 

:. Fewer fines are produced. Production efficiency increases 
since less material is recycled. 
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treated in long annealing furnaces. These furnaces and their 
conveyor systems occupy large areas within the vitrification 
facility. 

: Feeder units are used to distribute molten glass from the 
melters to the marble machines. Each feeder unit has a 
channel with multiple spouts and orifices. For cases that 
require large quantities of marble machines, the feeder unit 
designs become complicated because of the long channel lengths 
and number of spouts required. Therefore, multiple melters 
and feeder units are required for these cases. 

: Pneumatic transfer systems can not be used to transport 
marbles. These types of transfer systems would break the 
marbles. 

: Clean up of spilled marbles may be more difficult than the 
clean up of cullet or gems since marbles tend to roll. 

: Some of the functions performed during commercial marble 
production require operator assistance. These functions are 
required to be automated in a low-level waste production 
facility. 

4.2.4 Concerns and Uncertainties 
The following concerns and uncertainties exist for the marble production 
process: 

: In commercial plants, operators are required to operate and 
maintain the marble making machines. Operators must 
constantly look for the occurrence of machine failures and 
problems with the glass. Shears and rollers require periodic 
maintenance. Typically, one operator is required for each 
three marble machines; however, the actual number of required 
operators per machine is dependent on plant conditions. 

: Off-the-shelf commercial marble making equipment is not 
suitable for remote nuclear applications. Extensive 
modifications will be required. Little is known about the 
feasibility of utilizing marble making equipment in a low-
level facility. Several issues such as machine design, 
remoteability, maintenance, and cost exist. Future efforts 
are required to study these attributes. 

: The selection of the orifice material is important for the 
production of a uniform molten glass stream. 

: Marble making equipment requires a high degree of maintenance. 

: The annealing process is very important for marble 
stabilization. This process must be properly controlled to 
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Description 

Glass Feeders 
: Spouts with Orifices 
: Annealing Furnaces 
: Belt Conveyors (Marble Machines to Annealing Furnaces) 

Belt Conveyors (Annealing Furnaces to Lag Storage Bin) 
: Bucket Elevators for Lag Storage 
: Circular Carriers 
: Bucket Elevators for Day Bin 
: Bucket Elevators for Recycle Catch Tank 
: Associated Offgas Equipment 
: Associated Jumpers 

Due to the poor feasibility of the marble production option, no specific 
system configuration, building layout, and cost estimate were prepared. 

4.2.2 Advantages 
Marble production systems for low-level waste glass have the following 
advantages compared to cullet: 

: Marbles are less abrasive than cullet. 

: Fewer fines are produced. Production efficiency increases 
since less material is recycled. 

4.2.3 Disadvantages 

Marble production systems for low-level waste glass have the following 
disadvantages: 

: The waste form has low integrity since it has a high surface 
area per unit volume. 

: An.offgas system is required to vent all of the marble system 
equipment. In addition to cleaning the overhead gases, this 
system must also remove the glass waste heat from the marble 
production system. 

: The marble production system requires a high degree of 
maintenance. 

: Since maintenance requirements are high, several spare 
equipment items must be provided to maintain the plant's TOE. 

: The plant's HVAC system must be sized to handle the lost heat 
from the large quantity of equipment items in the marble 
production system. 

: Glass marbles are brittle because of the stresses produced 
during the cooling process. The marbles must therefore be 
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If necessary, out-of-specification marbles are transferred via a bucket 
elevator from the lag storage bin to a roll crusher. Crushed marbles then 
exit the roll crusher into a recycle catch tank. 
Marble Machines 
A typical marble machine is approximately 2.9 m long, 1.1 m wide, and 
1.5 m high. Each machine has two sets of rollers. Each set of rollers 
contains a 15-cm diameter roller and a 25-cm diameter roller. 
Commercially available marble machines can produce marbles ranging from 
0.95 to 2.5 cm in diameter. The production rate of a marble machine 
varies in accordance with the type of glass being used and the size of the 
marble. Several machines are required to meet the glass production rate 
of 200 MT per day. Table 4.2.1-1 shows the number of machines required 
for the low-level waste plant as a function of marble size. It can be 
seen that as marble size goes up, the number of machines required to meet 
the production rate goes down drastically. 

Table 4.2.1-1 shows that 65 marble machines would be required to meet the 
plant's production rate if 2.5-cm diameter marbles were to be produced. 
This would require a molten-glass distribution system that could feed all 
65 machines from multiple melters. 

MARBLE 
DIAMETER 

MARBLES PER MIN. 
PER MACHINE 

PRODUCTION 
RATE 

KG/DAY/MACHINE 
MARBLE 

MACHINES FOR 
LLW PLANT(1) 

0.95 cm 210 358 609 
1.27 cm 198 803 275 
1.59 cm 174 1,603 160 
1.91 cm 150 2,058 108 
2.22 cm 126 2,757 81 
2.54 cm 104 3,397 65 

Note: (1) Incluc es 10 percent for spares. 
Table 4.2.1-1 Marble Machine Production Rates as a Function of Marble 

Size 

Marble System Equipment 

In addition to the marble machines, the following marble system equipment 
items are also required: 
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Figure 4.2.1-1 
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: As stated above, the solids handling systems that are required 
to process the cullet have not been previously used in a low-
level waste facility. Additional studies are required to 
determine the feasibility of adapting off-the-shelf hardware, 
for this application. 

: Cullet fines must be collected and processed. The plant's 
total operating efficiency (TOE) may be severely affected if 
excessive cullet breakage occurs during cullet transfer. 

4.2 Marble Production 
Marble production is one of the glass waste forms considered for the low-
level vitrification facility. The paragraphs below present a marble 
production system description, a listing of advantages and disadvantages, 
and a list of concerns and uncertainties. 

4.2.1 General System Description 
This section presents a generic description of a marble production system. 
Figure 4.2.1-1 shows a block diagram of the marble making process. A 
marble production system for a low-level waste plant utilizes multiple 
melters and marble production machines. Molten glass is fed from the 
melters to the marble machines by special feeder devices. These devices, 
which are attached to the melters, consist of a steel structure with a 
channel and several spouts with orifices. Glass flows from the melters 
into the channels and then into the spouts. The glass then flows in a 
continuous stream through the spout's orifice and into the marble 
machine's automatic shearing mechanism. The shears cut the glass into 
small molten gobs. 

Each marble machine is equipped with two sets of rollers and one automatic 
shearing mechanism. This configuration is known as a double-action marble 
machine. Gobs of glass exiting the shearing mechanism are deflected to 
both sets of rollers in an alternating manner. The advantage of having 
two sets of rollers on one machine is that production-per-machine can be 
doubled. The molten glass gobs drop onto the rollers and are rolled into 
spheres. The shearing mechanism can be adjusted to change the gob length 
and subsequently the size of the marbles. As the marbles exit the rollers 
on both ends of the machine, they fall on a spiral shaft where they are 
cooled before falling onto a belt conveyor or into an insulated bucket. 

Marbles that fall onto the belt conveyor are still hot; but they have 
cooled sufficiently such that they will not stick together. While on the 
belt conveyor, the marbles are brittle. Therefore, it is necessary to 
treat the marbles in a separate annealing furnace or "lehr" where residual 
stresses are removed. After the. marbles have been annealed, they are 
transferred via a belt conveyor and bucket elevator to the lag storage 
bin. Marbles are held in the lag storage bin until a glass analysis has 
been completed. Acceptable marbles are then transferred via a circular 
carrier and a bucket elevator to a day bin. The marbles are then fed from 
the day bin into containers. 
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Within each process train, accepted cullet is transferred from the cullet 
lag storage bin to the cullet storage bin. If necessary, out-of-
specification cullet is transferred via a pneumatic transfer system from 
each train's cullet lag storage bin to a single recycle catch tank. Prior 
to reaching the catch tank, the cullet passes through a cyclone and a roll 
crusher. In the cyclone, the exhaust air is passed through sintered metal 
filters where fine particles are removed. 

Cullet is transferred from each train's cullet storage bin to one of four 
day bins. The transfer is made via a pneumatic transfer system that 
contains a cyclone. In the cyclone, the exhaust air is passed through 
sintered metal filters where fine particles are removed. The cullet is 
then fed from the day bins into containers. 

4.1.2 Advantages 

Cullet production has the following advantages: 

: Cullet recycle systems are simple in concept and require 
minimal processing equipment. 

: Water quenching of molten glass in the production of cullet 
allows for efficient removal of heat. This minimizes the heat 
load removal requirements on the HVAC design that is common to 
the other production methods. 

: A pneumatic transfer system may allow all significant 
equipment components to be located in accessible areas (e.g., 
contact maintained). 

4.1.3 Disadvantages 

Cullet production has the following disadvantages: 

: The waste form has low integrity since it has a high surface 
area per unit volume. 

: Solids handling systems are required to process the cullet. 
These systems have not been previously used in a low-level 
waste glass production facility and would require 
demonstration for this application. 

: During pneumatic transfer, the energy imparted to the cullet 
may generate a considerable amount of fine particles due to 
the brittle nature of the cullet, thus changing the shape, and 
perhaps the acceptance, of the transferred cullet. Fines must 
be collected and reprocessed. 

4.1.4 Concerns and Uncertainties 

Concerns and uncertainties for the cullet production option are as 
fol1ows: 
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4.0 Glass Waste Form Production Processes 
Several glass waste forms are being considered for the vitrification of low-level 
waste. This section focuses on the production of cullet, marbles, gems, plate 
glass and monoliths. During the course of the discussions below, no particular 
glass chemical composition or melter types are discussed. Glass types and 
melters are referred to in a generic sense only. This section evaluates glass 
waste form production systems only. This includes all process and glass material 
handling systems up to the point of the glass waste form product being filled 
into the waste form container. The containers that these glass waste-forms go 
into and their associated processing systems are discussed in later sections of 
this report. 

It should also be noted that this study does not address performance assessment 
characteristics for the glass waste forms. Although these characteristics may 
ultimately determine the chosen waste form, they are considered to be out of 
scope for this study. 

4.1 Cullet Production 

Cullet is one of the glass waste forms considered for the low-level 
vitrification facility. The cullet production method selected for this 
study represents only one of the available cullet production methods. 
Other methods include rolling molten glass into plate glass sheets and 
braking the cooled sheets using cracking rollers and hammer mills. 
However, since these alternative methods require air exchange systems to 
remove the industrial heat and depend on complicated mechanical systems to 
process the materials, the water quenched method was selected for this 
study. 

The paragraphs below present a cullet production system description, a 
listing of advantages and disadvantages, and a list of concerns and 
uncertainties. 

4.1.1 General System Description 

Figure 4.1.1-1 shows a block diagram of the cullet handling system. The 
cullet handling system utilizes two trains that each contain a melter, 
quench flume, roll crusher, cullet catch tank, screen, cullet lag storage 
bin, and a cullet storage bin. Within each train, molten glass from the 
melter glass separator is continuously discharged to the quench flume. In 
the quench flume, the molten glass makes contact with chilled water 
causing the glass to fracture into cullet. The cullet and water then pass 
through the roll crusher where large pieces of glass are broken into 
smaller ones. Cullet and water are collected in the cullet catch tank. 
The cullet slurry is pumped from the cullet catch tank to the screen to 
remove water and undersized cullet. The cullet is then transferred by 
gravity to the cullet lag storage bin. Cullet is dried in the cullet lag 
storage bin by blowing hot air through it. The cullet is held in the lag 
storage bin until after an analysis is conducted. An in-depth discussion 
of product sampling is presented in Appendix B. 

CWBS2002.RHL#01 4 - 1 February 27,' 1995 12:51pm 



WHC-SD-WM-TI-686, Attachment 1 
Revision 0 

All costs, including operating and final closure costs are in 1994 dollars. 
Capital costs were brought forward to year 0. Future costs were brought back to 
year 0 using a compound interest of 2.8 percent per the Office of Management and 
Budget circular A-94 (0MB 1992). 
Note that the application of the life-cycle cost analysis has not changed the 
results or conclusions of the total estimated costs stated within Sections 5, 6, 
7, and 8 of this report. 
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Table 3.0-4 

LOW-LEVELWASTE FACILITY LIFE CYCLE COSTS 
(SMiLLIONS) 

TOTAL TOTAL NET 
CASE CAPITAL ANNUAL PRESENT 
NO DESCRIPTION COSTS COSTS VALUE(1) 

OPTIONS 

1 CANISTER IN STEEL CASK $1,907 $296 $5,816 

2 STEEL CASK ONLY $1,808 $223 $4,861 

3 CANISTER IN OVERPACK $1,927 $298 $5,874 

4 SINGLE CANISTER ONLY $1,826 $186 $4,457 

5 OVERPACK IN CONCRETE CASK $1,988 $296 $5,922 

6 CANISTER IN CONCRETE CASK $1,917 $199 $4,724 

7 125 MT STEEL CASK ONLY $1,826 $173 $4,305 

8 H-MPC IN OVERPACK $1,946 $372 $6,749 

9 PUMPED SULFUR/CULLET $1,375 $70 $2,549 

10 SULFUR MIXED AT VAULT $1,387 $69 $2,556 

11 SULFUR IN NON-LOAD BEARING CANS $1,407 $73 $2,620 

12 SULFUR IN LOAD BEARING CANS $1,428 $82 $2,753 

13 CULLET IN VAULTS WITHOUT SULFUR $1,378 $65 $2,500 

NOTES 
(1) NET PRESENT VALUE AT YEAR 0 FOR CAPITAL. OPERATING. AND D&D 

COSTS AT 2.8% INTEREST RATE PER OMB CIRCULAR A-94 
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Table 3.0-3 (Con't) 

Glass Waste Forms, Summary Findings 

Glow 
Waste Form 

Cat* Process Flowtheet/ 
Facility Impact 

Opera Witty/Complexity Maintainability Maturity of 
Technology 

Schedule 
Impact 

Regulatory 
Impact 

Safety Costs 
( • MM) 

Pump to 
vault with 

sulfur 
9 • Remotely operated/controlled 

storage concept 
inherently complex 

Maintainability of 
transfer system is 

considered risk 

SPC requires 
demonstration in waste 

immobilization field 

Higher risk 
. associated with 
FOAK development 
of transfer system 

• Vault may 
require SC—2 

design features 

2549 
No annual 

canister 
costs 

Hopper 
tronsfer to 
sulfur vault 

10 ?emotely operated/controlled 
storage concept 
inherently complex 

Remote maintenance in 
hopper process areas 

SPC requires 
demonstration in wast* 

immobilization field 

• * Vault may 
require SC-2 

design features 

2556 
No annual 

canister jg-
costs I T 

Nonload 
bearing 

canister with 
sulfur 

11 * iemotely operated/controlled 
storage concept 
inherently complex 

Remote maintenance in 
canister process areas 

SPC requires 
demonstration in waste 

immobilization field 
a » * 

O 
1 

2620 g 
1 

Load bearing 
canister with 

sulfur 

12 * Remotely operated/controlled 
storage concept 
inherently complex 

Remote maintenance In 
canister process areas 

SPC requires 
demonstration in waste 

immobilization field 
0 » » 

2 
i 

2753(0 >—i 
< 1 
_.. o\ 
</> 00 
->a> III 13 ft • Remote maintenance in 

hopper process oreos • ft • • 
.2500° -

No annual I » 
canisteP £* 

costs pj 
_ _ _ ev-J 

• No major impocts identified 

3 
3 

ni£: Gwomir 
3-2-95 
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Table 3.0-3 

Glass Waste Forms, Summary Findings 

Gloss 
Waste Form 

Case Process Flowsheet/ 
Facility Impact 

OperaMlrty/Complexfty Maintainability Maturity of 
Technology 

Schedule 
Impact 

Regulatory 
Impact 

Safety Costs 
( • MM) 

Ushieided 
canister, 
shielded 
overpack 

1 
Requires four 

single overpack 
process lines 

Operability of 4 
interdependent conister 

lines w/overpack 
more complex 

Contact maintenance 
where shielded 

overpocks' are used 
* « • 9 5816 

Shielded 
cosk 2 • Canister fill 

and decon 
concerns 

Contact maintenance 
where shielded 

overpocks ore used 
* * 9 9 4861 

Ushieided 
canister, 

unshielded 
overpack 

3 
Requires four 

single overpack 
process lines 

Operability of 4 
interdependent canister 

lines w/overpack 
more complex 

Interim shielded 
storage required prior 

to contact 
maintenance 

» • * 9 5874 

Unshielded 
canister 

4 * Canister fill 
and decon 
concerns 

Interim shielded 
storage required prior 

to contact 
maintenance 

9 * 9 9 4457 

Ushieided 
canister & 
overpack, 

shielded cask 

5 
Requires four 

double overpock 
process lines 

Operability of 4 
interdependent canister 

lines w/overpock 
more complex 

Contact maintenance 
where shielded 

overpocks are used 
9 * 9 9 5922 

Ushieided 
canister, , 
shielded 

cask 
6 

Requires four 
single overpack 

process lines 

Operability of 4 
interdependent canister 

lines w/overpack 
more complex 

Contact maintenance 
where shielded 

overpacks are used 
• • 9 9 4724 

125-MT 
shielded cask 7 * Canister fill 

and decon 
concerns 

Contact mointenonce 
where shielded 

overpacks ore used 9 « » May require 
SC-2 controls 4305 

Honford 
MPC size 8 

Requires four 
single overpack 

process lines 

Operability of 4 
interdependent canister 

lines w/overpack 
more complex 

Interim shielded 
storage required prior 

to contact 
maintenance 

9 • 9 9 

6749 

Highest annual 
canister expense 

256.8 ($MM) 

30 
O 
oo 
o 
s 
2 

TO - H 
(D i—i 

< 1 
—J* a* in CO 
- j Ol 
O ** 3 

3> 
O c+ c+ 

DJ 
n =r 
rD 

No major impacts identified 
FILE: GWrWME 

3 -2 -95 
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Table 3.0-2 

Glass Waste Forms, Summary Findings 

Glass 
Waste Form Case Process Flowsheet/ 

Facility Impact Operabllity/Complexlty Maintainability Maturity of 
Technology 

Schedule 
Impact 

Regulatory 
Impact Safety Costs 

( • MM) 

Large 
Container 

With 
Unshielded 
Overpock 

3 
Requires four 

single over pack 
process lines. 

• 
Contact maintenance 

where overpacks 
used in canister 

process areas 

« * • * 5874 

Large 
Container 
Unshielded 

Without 
Overpack 

4 * 

Effectiveness of 
container fill and 
decontamination 

processes is 
questionable 

Requires interim 
shielded storage prior 

to contact maintenance 
in canister process 

area 

* » » • 4457 

Non- load 
Bearing 
Canister 

vyith 
Sulfur/Cullet 

11 • * 
Remote maintenance 

in canister 
process area 

SPC requires 
demonstration 

in woste 
immobilization 

field 

« * * 

> 
: 

2620 '•,' 
i . 
) 
j 

Load bearing 
Canister 

with 
Sulfur/Cullet 

12 * Effectiveness of 
fill system 
concerns. 

Remote maintenance 
in conister 

process orea 

SPC requires 
demonstration 

in waste 
immobilization 

field 

* * « 

o 

2753 

Hopper 
Tronsfer 
Without 
Sulfur 

13 * • Remote maintenance 
in hopper 

process area 

* » * * 2500 

n: o 
co 
a 
i 

i 
en 
CO 
en 

CU 
O 
3" 3 a> 
3 

No major impacts identified 
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Table 3.0-1 

Glass Waste Form Production Options 

Glass 
Watts Form 

Process Flowsheet/ 
Facility Impact OpsrabllHy/ComplsxHy Maintainability Maturity of 

Technology 
Schedule 
Impact 

Regulatory 
Impact 

Safety Costs 
( t MM) 

Gems 
Glass production equipment 

requires significant 
facility space. 

Glass production and hondling 
equipment requires complex 

mechanical systems. 

Remote maintenance for 
production systems 

considered a challange. 

Technology remains 
undemonstroted for 

this application. 
ft « 4 • f 

Marbles 
Glass production equipment 

requires significant 
facility space. 

Glass production and handling 
equipment requires complex 

mechanical systems. 

Remote maintenance for 
production systems 

considered a challange. 

Technology remains 
undemonstrated for 

this application. 

ft 6 * 9 * 

Cullet * « « Technology remains 
undemonstrated for 

this application. 
ft « * * * 

Plate Glass 
Glass production equipment 

requires significant 
facility spate. 

Glass production and handling 
equipment requires complex 

mechanicol systems. 

Remote maintenance for 
production systems 

considered a challange. 

Technology remains 
undemonstrated for 

this application. 

ft « * • * 

Monolith 
Scoled facility desigh for 

200-MT/D production 
capacity has largest impact 

of all options. 

Overall operability of scaled 
production plant considered 

complex. 

Overall maintainability 
of scaled production plant 

considered complex. 
* ft « * * * 

• No major impacts identified 

• • No cost data for gloss waste form production options 
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3.0 Technical Findings and Conclusions 
The technical findings presented in this section are based on the methods of 
evaluation discussed in Section 1.1 of this report. The evaluation process was 
designed to evaluate low-level waste form options on a common basis and identify 
significant differences between them. 

Table 3.0-1 reports the technical findings for the waste form production 
processes. Cullet appears to be a favorable production process for the low-level 
glass waste form. Gems, marbles, plate glass, and monolith have the most 
significant impact to facility design due to the production/process systems 
required for glass form manufacturing. Also, the gem, marble, and plate 
processes have risks associated with the operation and maintenance of the 
mechanical systems required for the waste form production process. All 
production processes, except monolith, require demonstration for this 
application. 

Table 3.0-2 presents data for five waste form options that performed favorably 
against the data categories selected for this evaluation. This data suggests 
that cases 11 and 13 have the least risks/uncertainties associated with their 
concepts. The five cases include atleast one representative case for each 
canister configuration type (e.g., canister with overpack, shielded cask, and 
alternative case). The cases noted in this table assume cullet as the waste form 
and include the waste form container configuration, container processing systems, 
transportation and storage methods. Discriminating data categories include 
process flowsheet/facility impact, operability/complexity, maturity of 
technology, and cost. Cost values are presented as net present values. The five 
cases were selected based on an evaluation of the data against the data 
categories, as well as an evaluation of the data relative to the other cases. 

Table 3.0-3 presents the technical findings of all thirteen alternatives 
considered in this report. This table summarizes the information discussed in 
the report that discriminates between alternatives for each data category. Costs 
are presented as net present values. 

Table 3.0-4 presents the results of the lifecycle analysis. Life cycle costs 
were developed for all of the alternatives and are discussed in detail in 
Appendix E. Life cycle cost analysis provides a means to compare alternatives 
with differing capital and operating costs. For example, one alternative may 
have a high capital cost but low operating costs, whereas, another may have a low 
capital cost and high operating costs. Life cycle costs have three components: 
initial capital cost, annual operating costs, and final closure costs. 

Capital costs include the cost of the vitrification facility and the portion of 
the interim storage facility that will be built during initial construction. 
Operating costs include all canisters, casks, and sleeves; operating personnel 
assigned to or charging to the LLW vitrification facility; annual equipment 
replacement costs, including melters; and the annual cost of extending the 
interim storage facility. Final closure costs include decontamination and 
decommissioning costs and final closure of the interim storage facility. 
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2.0 Summary 

In phase 1 of the Tank Waste Remediation System Facility Configuration Trade 
Studies, low-level waste forms were identified and defined. These alternatives, 
together with additional concepts, were evaluated in this phase 2 study. This 
report presents a comparison of the low-level waste alternatives and serves to 
support future activities in the development of a low-level waste form. 

Five 200-MT per day low-level waste glass production alternatives were developed 
and evaluated in this study. These alternatives included cullet, gems, marbles, 
plate glass, and monolith form processes. Data presented for the gem, marble, 
plate glass, and monolith processes indicated these alternatives were less 
favorable than the cullet process. Technical concerns with the glass processing/ 
handling systems of the gem, marble, and plate glass forms make these options 
less favorable than cullet or monolithic glass forms. The monolithic production 
and processing systems have significant facility and economic concerns for a 
facility of this size. 

Thirteen low-level waste form alternatives are presented. Each case assumed a 
similar production facility, as required, and used cullet as a reference waste 
form. Each case was technically developed and cost estimated. Data for all 
cases was quantitatively and qualitatively prepared and evaluated for the 
following categories: process flowsheet/facility design impacts, operability/ 
complexity, maintainability, maturity of technology, schedule impact, regulatory 
impact, safety, and cost. The predominant alternatives were identified based on 
the data presented in this report. The most favorable alternatives are 
summarized below. 

The thirteen cases studied in this report were 8 containerized options and 5 
alternative options. Two subgroupings exist within the eight containerized 
cases: 5 cases with containment overpacks and 3' cases without containment 
overpacks. The overpacks serve as containment barriers for contamination that 
potentially was not removed during the decontamination of the primary canister. 
Case 3, having a design impact on the facility layout because of the overpack 
configuration, is the most favorable of the overpack cases. Case 4 is the most 
favorable of the non-overpack cases. Case 4, utilizing a single unshielded 
canister, has technical concerns over the effectiveness of the fill and 
decontamination systems. Cost data was a predominant discriminator in assessing 
the eight containerized cases against the remaining cases. The net present 
values of container cases 3 and 4 are 5.87 and 4.46 billion dollars respectively. 

The alternative cases have two subgroupings: 4 cases that mix sulfur polymer 
cement with cullet and 1 loose cullet case. The alternatives vary by processing 
methods, material handling techniques, storage form, and storage concepts. Cases 
11 and 13 have no significant technical concerns and are considered the favorable 
options. Case 12, although having some technical concerns over the effectiveness 
of the fill system, is also favorable since it is the only alternative case with 
engineered systems designed to minimize the spread of contamination in process 
facilities. The net present value of cases 11, 12 and 13 are 2.62, 2.75 and 2.50 
billion dollars respectively. 
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Figure 1.1-1 (Con't) 
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Figure 1.1-1 
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1.0 Objective 
The objective of this report is to introduce alternative configurations for the 
low-level waste form study. Information is presented that describes the 
technical features of each alternative configuration. All alternatives are 
evaluated, and summary results are presented as a basis for comparison to support 
the selection of low-level waste form alternatives. 

1.1 Background and Scope 

In previous phases of the Tank Waste Remediation System (TWRS) Facility 
Configuration Trade Study effort, low-level waste form alternatives were 
identified and defined. This report further defines these alternatives in 
detail. Additionally, new alternatives are introduced and discussed in 
this report. 

Alternatives vary as a function of low-level waste form, container design, 
container processing, and storage concepts. All concepts have a 
production capacity of 200-MT per day and produce a total of 400,000 MT 
glass waste form over the lifetime of the plant. Figure 1.1-1 illustrates 
the alternative configurations investigated in this study and include 
eight containerized glass cases and five alternative cases, four of which 
require the addition of a sulfur polymer cement to immobilize the waste 
form. Included for each alternative is a system/process definition, 
material handling description, storage concept, equipment definition and 
cost data. Also included is a description of the waste form retrieval 
method for the alternatives. 

In order to assess the alternatives considered in this study, categories 
were selected as a basis for evaluation. The set of categories include: 
process flowsheet/facility design impact, operability/complexity, 
maintainability, maturity of technology, schedule impact, regulatory 
impact, safety and cost. Data is prepared and presented for each 
alternative, and an assessment of the data is performed. It should be 
noted that this study does not address performance assessment 
characteristics for the glass waste forms. Although these characteristics 
may ultimately determine the chosen waste form, they are not considered in 
this study. 

1.2 Purpose and Need 

The development and evaluation of conceptual alternatives provides a basis 
required for the selection of favorable alternatives. The intent of this 
study is to provide such a mechanism and to establish a basis for the 
continued development of a favorable configuration of the low-level waste 
form. The report presents data specific to each alternative shown in the 
figures of Section 1.1. The data presented describes and evaluates the 
alternatives against the criteria setforth.in Section 1.1. The data 
presented in this report is considered supplemental, and shall support 
future processes in the development of a favorable low-level waste form 
configuration. 
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water onto the bottom of the canisters. The canisters are then placed on 
a stanr where nozzles complete the decontamination process. When the 
canisters are dry, the smear test overhead crane picks them up and 
transports them up into the r.mear test station. The carts are then 
decontaminated and returned to receive more canisters via a looping track 
in the tunnel. 

After successful smear tests and inspections have been completed, the 
overhead crane picks up the canisters and places them into shielding casks 
that are on a cask cart in the overpack station below. A jib crane then 
places the lid on the cask. The cask cart transports the filled casks 
into the cask weld station where the lid is bolted then seal welded to the 
cask. Deletion of the seal welding step is being considered. The cask 
cart then moves the cask to the weld inspection area. After inspection of 
the weld, an overhead crane lifts the casks into the cask smear test area. 

The cask is then moved to the load-out position. The cask can be 
decontaminated if required and recycled through the smear test step. 
After successful completion of the smear test, the casks are moved to the 
load-out position. From there, the load-out crane lifts the casks through 
a hatch into the cask/canister loadout room. 
A mobile cask transporter then transports the casks to an on-site interim 
storage pad or facility. Casks are stored until they are ready for final 
disposal. 
Canister and Cask Transportation 

Rail cars transport empty canisters and casks from the vendor's 
fabrication shop to the waste facility and then to a final disposal 
facility if necessary. Additional trade studies are required to optimize 
the relationships between the final container design sizes and weights and 
the transportation arrangements. For example: The maximum shipping 
weights and shielding requirements may determine the container size and 
thickness which, in turn, determines the amount of waste glass per 
container. This waste glass per container results in specifying the 
number and production rate of containers which, ultimately, determines the 
facility designs and costs. These additional trade studies apply to all 
of the large container options. Off-site transportation methods are 
discussed further in Section 7 of this report. 
Rail cars transport canisters and casks from the vendor's fabrication shop 
to the vitrification facility. Rail cars will also be used to transport 
the filled canisters, loaded in shipping casks, to a final disposal 
facility if necessary. Canisters and casks arrive at the vitrification 
facility on their sides in rail-car shipping saddles. A fork truck 
unloads and transports the canisters to the canister staging room in the 
canister/cask handling facility. The fork truck is fitted with a special 
barrel handler that lifts, uprights, and carries the canisters. 

A mobile cask transporter unloads and transports the casks to the empty 
cask storage and staging room. The transporter's lifting yoke is.used in 
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levels must be less than 220 dpm/100 cm2 and beta/gamma levels must be less 
than 2,200 dpm/100 cm2 (reference: HWVP Technical Data Package, 
SD-HWV-DP-001, Revision 6P, Section 18, Item 180, page 1). To eliminate 
the uncertainty of the problem, the overpack method was added to the work 
scope as an additional option. This method insures that contamination 
problems are minimized since the cask never enters the contaminated 
process cells. A complete discussion of both systems is described below. 

This section discusses the processing of container configurations that 
utilize a canister that is overpacked into a secondary container or 
secondary container set. The secondary containers may act as shielding or 
contamination containment barriers. Container cases 1 and 6 utilize an 
overpack that is for shielding only. Cases 3 and 8 use an overpack that 
is for containment only. Case 5 utilizes two overpacks; one overpack is 
for containment and the second one is for shielding. One generic canister 
and overpacking process is discussed below for canister cases 1, 3, 5, 6, 
and 8, discussed in Section 5, even though each container option is 
processed in a slightly different manner. 

6.1.1 General System Description 
Cullet is formed in the vitrification building by pouring molten glass 
from a melter into a water quench flume. As the glass enters the flume, 
the resulting thermal shock causes the glass to fracture into small 
pieces. The cullet is dried, sampled, and held in interim storage in the 
vitrification building. The cullet is then pneumatically transferred to 
the canister/cask handling facility day bins where it is poured into 
containers. The canister handling system utilizes a stainless steel 
canister and an overpack shielding cask. Canisters are filled with cullet 
and then overpacked into the casks. Figure 6.1.1-1 depicts a block flow 
diagram of the canister and cask handling systems. The paragraphs below 
present general and detailed descriptions of the processing systems. 

Rail cars transport empty canisters and casks to the vitrification plant 
site. A fork lift with a barrel handling device unloads the canisters 
from the rail cars and transports them to a staging room inside the 
canister/cask handling facility. A cask transporter unloads the casks and 
moves them to a separate staging room. In their respective staging rooms, 
canisters and casks are cleaned, inspected, and stored until they are 
ready for processing. 

A bridge crane lowers the canisters onto carts that run on rails in 
tunnels within the canister/cask handling facility. Four identical trains 
are required to maintain the plant's production rate. One train is 
described below. One canister and one cask staging room are required to 
support the four trains. The canister cart system contains several carts. 
The carts transport the canisters to the canister fill station, where they 
are filled with cullet. The carts then transport the canisters to the 
canister weld station, where canister welding and inspection occurs. Upon 
passing a successful inspection, the carts transport the canisters to the 
canister decontamination station. An overhead crane removes the. canisters 
from the carts. Nozzles at the station spray decontamination solution and 
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6.0 Waste Form Container Processing Systems 

Descriptions of waste form container processing systems for the waste form 
container options described in Section 5 are presented in this section. A waste 
form container processing system (or line) is defined as those systems necessary 
to process, package and prepare a waste form container for delivery from the 
vitrification building to a storage function. All waste form container 
processing systems discussed in this section are presented with cullet as the 
glass waste form. Alternatively, the waste form could be marb-les or gems. The 
basic processes remain the same for all the other waste forms; however, container 
weights, production rates, and quantities may vary slightly depending on waste 
form packing densities. Appendix G presents a discussion on monolith waste form 
container processing systems. 

Sections 6.1 and 6.2 describe canister processing systems for overpack and non-
overpack configurations respectively (cases 1 through 8). In order to meet the 
design capacity of the plant and have adequate excess availability to recover 
from loss in production operations, 4 independent canister processing lines are 
required for the concepts discussed in these sections. Sections 6.3 through 6.6 
describe processing systems for the alternative sulfur/cullet cases presented in 
Section 5.3 (cases 9 through 12), and Section 6.7 provides a processing system 
description for case 13 described in Section 5.3.5. Single processing lines are 
required for the hopper transfer containers of Sections 6.4 and 6.7 (cases 10 and 
13). For these two cases, it is assumed that the hopper capacity could be 
adjusted in order to recover from a loss in production operations with no impact 
to the facility. For Sections 6.5 and 6.6 (cases 11 and 12), two independent 
canister processing lines are required. The pumping transfer system discussed 
in Section 6.3 (case 9) is sized for the same criteria. Section 6.7 provides an 
evaluation summary on the waste form container processing systems based on the 
assessment categories established in Section 1 of this report. It should be 
noted that none of these concepts have been optimized to meet the design capacity 
of the plant. 

6.1 Glass Waste/Container Processing Systems, With Overpacks 

During the initial stages of this study, it was proposed that self-
shielded casks be filled directly with cullet. The casks would be filled, 
sealed, decontaminated, inspected, and removed from the vitrification 
facility without an overpacking procedure. This concept seemed reasonable 
since the plant under study utilizes a cullet-fill method. Since the 
canister does not contact hot glass at temperatures near 1,150 "C, the 
potential for molten glass, oxidation, and sublimate to contact the 
outside surfaces of the canister does not exist. It was postulated that 
a spray wash system could be used to decontaminate the self-shielded casks 
rather than a harsh, frit-blast process as was used in the Hanford Waste 
Vitrification Plant (HWVP). 

Even though the decontamination of casks could be made even easier by 
polishing the cask's outer surfaces, there still exists the potential for 
relatively large quantities of small particles to rest on all surfaces of 
the casks. The effectiveness of a spray wash system was questioned since 
transportation requirements are stringent. It is assumed tha.t alpha 
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Sections 6.7 and Section 8.4. The costs of the transfer equipment for 
cases 10 and 13 are also considered direct costs and are discussed in 
Section 7.4. 

Costs such as administrative control features to ensure product quality, 
are not considered in these estimates. However, since these costs are 
common to all options, they are not expected to differentiate between 
canister options. The most significant element of the cost basis is the 
bulk materials required to fabricate each canister option. If detailed 
estimates are required, it is suggested that the estimate include, as a 
minimum, costs associated with capitalization, start-up, material, 
fabrication, quality control, operation, delivery, and overhead. 

Life cycle costs are developed for all of the alternatives in this study 
and are discussed in Appendix E of this report. 

CUBS2002.RHL#01 5 - 2 7 March 1, 1995 11:19am 



Table 5.4.8.-1 Low-level Waste Form Container Costs 

CASE WASTE FORM CONTAINERS 

SS. WT. 
MT 

CS. WT. CONCRETE WT. 
MI 

UNIT 
PRICE (1) 

$ 

ANNUAL NO. 
OF 

CONTAINERS 
REQUIRED 

TOTAL NO. OF 
CONTAINERS 
REQUIRED 

ANNUAL 
CONTAINER 
COSTS 
IHM 

1 Unshielded Canisters and Shielded 
Overpack Casks 

7.2 25.9 -- 178,301 1,233 17,257 219.9 

2 Shielded Casks .. 34.5 .. 129,468 1,164 16,300 150.7 
3 Unshielded Canisters and 

Unshielded Overpack Canisters 
15.9 -- -- 179,164 1,082 15,152 193.9 

4 Unshielded Canisters 8 .. .. 90,121 974 13,634 87.8 

5 Unshielded Canisters, Unshielded 
Overpack Canisters and Concrete 
Shielded Casks 

15.9 -- 19.2 201,909 1,082 15,152 218.5 

6 Unshielded Canisters and Concrete 
Shielded Casks 

8 — 30.2 125,910 974 13,634 122.6 

7 125-HT Shielded Casks .. 60.0 .. 225,086 441 6,171 99.3 

a Unshielded Canisters and 
Unshielded Overpack Canisters 
(Hanford HPC Size) 

11.4 -- -- 128,390 2,000 27,992 256.8 

9 Pumping Waste Form .. -. .. .. -- -- --
10413 Hopper Transfer .. .- .. .. .. -. --
11 Non-Load Bearing Metal Canister 

<SC) 
-- 0.9 •- 3,376 486 6,800 1.6 

12 Load Bearing Metal Canister (SC) -- 5.1 '•- 19,132 533 7,460 10.2 

Notes: 
(1) Includes 7.8% sales tax. 
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processing equipment impacts to facilities. 

5.4.2 Operability/Complexity 

Operability and complexity issues are more pertinent to container 
processing equipment than containers. See Section 6.7.2 for a discussion 
of container processing equipment operability and complexity issues. 

5.4.3 Maintainability 

Not applicable. 

5.4.4 Maturity of Technology 

Waste form container design is a well developed subject. However, 
specific container designs for each container option will have to undergo 
testing to meet handling and waste form criteria. One particular test 
would be a drop test (not applicable to alternative options of Section 
5.3). 

5.4.5 Schedule Impacts 

None. 

5.4.6 Regulatory Impacts 

Not applicable. 

5.4.7 Safety 

There are no significant safety concerns regarding the various waste form 
containers, however Section • 6.7.7 discusses the safety aspects of 
processing these containers. 

5.4.8 Costs 

Container costs are summarized in Table 5.4.8-1. All containers are 
estimated on a per mass basis. Stainless steel containers are estimated 
at $10.45 per kilogram; carbon steel containers are estimated at $3.48 per 
kilogram; and concrete containers are estimated at $1.10 per kilogram. 
All costs are expressed in 1994 dollars. The total container costs 
include the container costs plus sales tax only. No other costs such as 
escalation, contingency, project management, construction management, or 
engineering are included. 

Unshielded overpack options represent the most significant set of annual 
costs, ranging from 256.8 to 193.9 million dollars. Shielded overpack 
options follow ranging from 219.9 to 122.6. The shielded cask options 
range from 150.7 to 99.3 million dollars annually, while the least 
expensive containerized options range from 10.2 to 1.6 million dollars 
annually. The cost of transfer equipment for case 9 is considered a 
direct expense cost and are included in the facility costs reported in 
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The canister is configured vertically on a railed transporter for filling 
operations. Once the waste form has solidified, the transporter 
horizontalizes the canister using a hydraulic tilting device and transfers 
it through a transfer tunnel to an unloading facility in the vault. The 
transfer tunnel in discussed in Section 7.3 and the vault concept in 
Section 8.3.4. 

The following assumptions are made for the molten SC in the cask: 

: The canister is filled with molten SC to approximately 5% of 
the canisters total volume. 

: The specific density of the waste glass is 2,643 kg/m3, 
irrespective of waste oxide loading. The packing density of 
the glass cullet is 0.70. The specific density of SPC is 
1,922 kg/m and is assumed to occupy the 30% void fraction in 
the canister. 

: The shape of the cullet is cubic with a side dimension of 
0.64 cm. 

: There exists no angle of repose for the SC inside the 
canister. 

These glass cullet assumptions are made for all of the cullet container 
options discussed in this report. 
Based on these assumptions, the total quantity of glass cullet per cask is 
20.6 m 3 with a weight of 54.5 MT and the total quantity of SPC is 9.2 m 3 

with a weight of 17.7 MT. The total weight of a cask that is filled with 
glass is 77.3 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full cask is produced every 6.6 hours. The 
total number of casks produced over the life of the plant is 7,460. Based 
on these assumptions, the total quantity of SC per cask is 70.3 MT. 

5.4 Summary Comparison 

The paragraphs below summarize and discuss waste form containers in 
regards to process flowsheet/facility design impacts, operability/ 
complexity, maintainability, maturity of technology, schedule impacts, 
regulatory impacts, safety, and costs. In some cases, no impacts have 
been identified and hence, the text simply states, "none". In other 
cases, topics are not applicable and are so stated. 

5.4.1 Process Flowsheet/Facility Design Impacts 

Container sizes and shapes affect the designs of container processing 
equipment which consequently affect the facilities that house these 
equipment. See Section 6.7.1 for a full discussion on container 
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Figure 5.3.4-1 Case 12 
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The following assumptions are made for the molten SC in the canister: 
: The canister is filled with molten SC to approximately 5% of 

the canisters total volume. 

: The specific density of the waste glass is 2,643 kg/m3, 
irrespective of waste oxide loading. The packing density of 
the glass cullet is 0.70. The specific density of SPC is 
1,922 kg/m3 and is assumed to occupy the 30% void fraction in 
the canister. 

: The shape of the cullet is cubic with a side dimension of 
0.64 cm. 

: There exists no angle of repose for the SC inside the 
canister. 

Based on these assumptions, the total quantity of glass cullet-per cask is 
22.3 m 3 with a weight of 58.8 MT and the total quantity of SPC is 9.53 m 3 

with a weight of 18.3 MT. The total weight of a cask that is filled with 
glass is 77.2 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full cask is produced every 7 hours. The total 
number of casks produced over the life of the plant is 6,800. 
5.3.4 Load Bearing Metal Canister (Case 12) 
Figure 5.3.4-1 shows a conceptual sketch of a load bearing carbon steel 
canister for SC. This case was developed as an alternative for 
immobilizing cullet in a sulfur matrix. It is assumed that the canister 
is a rectangular parallelpiped with flat ends and thick metal walls. The 
canister functions as a container for the SC. The metal walls are 8 mm 
thick on all surfaces. The dimensions of the canister are 2 m x 2 m x 8 
m and the calculated empty weight is 5.1 MT based on carbon steel as the 
material of construction. Horizontally pitched tubes are welded into the 
internal structure of the steel plate walls. In addition to providing 
structural support for the canister, the hollow tubes increase the overall 
surface area of the canister for cooling operations, discussed in Section 
6.6 

The metal canister requires pre-heating prior to fill operations. This 
allows the SPC to remain in a viscous phase when it comes into contact 
with the metal. The canister is filled in a vertical position and has an 
opening on the top for filling operations. A shutter slide valve is 
provided to seal the container after filling operations. The canister is 
provided with two lids; the internal to seal the container, the external 
designed as load bearing. The canister remains in a vertical position 
until the SC has solidified. 
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Figure 5.3.3-1 Case 11 
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Figure 5.3.2-1 Case 10 
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For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 105 MT of glass being produced over the life of the plant. 
Based on these numbers, approximately 263 MT of the molten cullet/SPC 
slurry must be pumped per day into vault facilities. 

5.3.2 Hopper Transfer of Glass Waste (Case 10 & 13) 

Figure 5.3.2-1 shows a conceptual sketch of a railed hopper for a cullet 
transfer system. This alternative assumes that after cullet has been 
produced in the vitrification plant and has met product specifications, 
measured amounts of cullet are transferred on the railed hopper to a vault 
facility. Measured amounts of cullet is supplied to the hopper from day 
bins physically located in the Vitrification Building. 

The load capacity of a transfer hopper is approximately 10 m 3 of cullet, 
or approximately 18.5 MT. Fill valves on the hopper are designed to 
prevent the spread of contamination in the form of cullet dust during the 
loading process. The hopper, mounted on a railed transfer cart, 
transports the cullet through a transfer tunnel to an unloading platform 
at the vault. The hopper is assumed to be removable from the transport 
cart for operational, replacement, and maintenance activities. The 
transfer tunnel is discussed in Section 7.3 and the vault concepts for 
cases 10 and 13 are discussed in Sections 8.3.2 and 8.3.5 respectively. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, approximately 11 hoppers must be unloaded per day, 
or approximately 21,600 must be unloaded over the life time of the plant. 

5.3.3 Non-Load Bearing Metal Canister (Case 11) 

Figure 5.3.3-1 shows a conceptual "sketch of a non-load bearing carbon 
steel canister, or box, for SC. This case was developed as an alternative 
for immobilizing cullet in a sulfur matrix. It is assumed that the 
canister is a rectangular parallelpiped with flat ends and thin metal 
walls. The canister functions as a form the molten SC. The metal walls 
are 0.76 mm thick on all surfaces. The dimensions of the canister are 2 
m x 2 m x 8 m and the calculated empty weight of the cask is 0.9 MT, based 
on carbon steel as the material of construction. The metal canister has 
an opening on one side of the box to facilitate filling. Material 
handling operations are simplified by maintaining a horizontal position 
until the solidified waste form arrives in the unloading facility in the 
storage vault. Once the waste form has solidified/cooled appropriately, 
a lifting eye embedded in the solidified SC is used to lift the waste 
form. 

The canister is configured on a railed transporter that provides 
structural support to the metal form prior to filling operations. The 
railed transporter transfers the waste container through a transfer tunnel 
to an unloading facility in the vault. The transfer tunnel in discussed 
in Section 7.3 and the vault concept in Section 8.3.3. 
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Figure 5.3.1-1 Case 9 
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Based on glass cullet assumptions previously stated in Section 5.2, the 
total quantity of glass cullet per canister is 35 m 3 with a weight of 
64.8 MT. The total weight of a cask filled with glass is 124.8 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full cask is produced every 7.78 hours. The 
total number of casks produced over the life of the plant is 6,171. 

5.3 Alternative Options 

Discussed in this section are 4 alternative cases for containerizing/ 
handling low-level waste glass forms. Cases 9, 11, and 12 require SPC to 
be added to the cullet waste form in the vitrification building and 
produce a Sulfur Concrete (SC). The SPC acts as a binder, or matrix, and 
may provide long-term immobilization of the cullet waste form. Mixing SPC 
with the cullet is discussed in Sections 6.3, 6.5, and 6.6 for cases 9, 
11, and 12, respectively. The SPC is mixed with the waste form process 
systems and then transported by the container/transfer systems. For case 
10, two alternative methods for the glass waste storage form are discussed 
in later sections. One option, discussed in Section 8.3.2, requires the 
cullet to be mixed with SPC at the vault facility prior to storage. The 
other option, referred to in Section 8.3.5 as case 13, does not use SPC 
for the storage of the cullet. 

5.3.1 Pumping the Waste Form (Case 9) 

Figure 5.3.1-1 shows a conceptual sketch of a pumping system for the 
SPC/cullet transfer system. Cullet that meets product specification is 
transferred from a day bin to a measuring bin and is pre-heated. Once at 
temperature, it is transferred to a pre-heated mixer, where both SPC and 
a fine aggregate are mixed. When the mixture meets product specification, 
it is transferred to the sulfur concrete (SC) pumping/transfer system. 
Section 6.3 discusses the process in more detail and Appendix C presents 
a technical discussion on the dynamics of SC internal fluid flow through 
horizontal pipes. 

A heat-jacketed piping system directs the molten SC from the vitrification 
plant to storage vaults. Using simple piping arrangements, branch lines 
provide this option with flexible routing/piping of the molten waste form 
to a storage destination. Non-mechanical freeze valves, illustrated in 
Section 6.3.1, are used to control the flow of molten SC throughout the 
piping system. Freeze valves, used in the piping distribution system, 
offer a no-maintenance alternative to typically high-maintenance 
mechanical valves. 

A design feature of this transfer system is to attain a high level of 
system availability. Examples of achieving high availability include 
multiple pumping stations, flexible/redundant surge tank and pipe 
transfer, and mechanical design for Reliability, Availability, 
Maintainability and Inspectability (RAMI) considerations. 
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Figure 5.2.3-1 Case 7 
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Figure 5.2.2-1 Case 4 
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a flat bottom and a flat top. The cask functions as a hermetically sealed 
waste form container- and a radiation shield. It is assumed that the total 
shield thickness of the cask is 10.2 cm of steel on all surfaces and that 
this shielding thickness yields a radiation dose rate that is less than 
0.1 mSv/hr at the outer surface of the cask. It is assumed that the cask 
contains trunnions and/or lifting lugs for turning and lifting. The 
calculated empty weight of the cask is 34.5 MT based on carbon steel as 
the material of construction. 

Based on glass cullet assumptions previously stated in Section 5.2, the 
total quantity of glass cullet per canister is 13.3 m 3 with a weight of 
24.5 MT. The total weight of a cask filled with glass is 59.0 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full cask is produced every 2.94 hours. The 
total number of casks produced over the life of the plant is 16,300. 

5.2.2 Unshielded Canisters (Case 4) 
Figure 5.2.2-1 shows a conceptual sketch of an unshielded canister filled 
with cullet. It is assumed that the canister is a stainless steel 
cylinder with a flat bottom and a dished head. The canister's 2.5-cm 
thickness yields an approximate radiation dose rate of 1.2 mSv/hr at the 
outer surface of the canister. It is assumed that the canister contains 
trunnions and/or lifting lugs for turning and lifting. The calculated 
empty weight of the canister is 8 MT based on stainless steel as the 
material of construction. 

Based on glass cullet assumptions previously stated in Section 5.2, the 
total quantity of glass cullet per canister is 15.9 m 3 with a weight of 
29.3 MT. The total weight of a canister filled with glass is 37.3 MT. 
For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full canister is produced every 3.52 hours. The 
total number of canisters produced over the life of the plant is 13,634. 

5.2.3 125-MT Shielded Casks (Case 7) 

Figure 5.2.3-1 shows a conceptual sketch of a self-shielded cask filled 
with cullet. It is assumed that the cask is a carbon steel cylinder with 
a flat bottom and a flat top. The cask functions as a hermetically sealed 
waste form container and a radiation shield. It is assumed that the total 
shield thickness of the cask is 10.2 cm of steel on all surfaces and that 
this shielding thickness yields a radiation dose rate that is less than 
0.1 mSv/hr at the outer surface of the cask. It is assumed that the cask 
contains trunnions and/or lifting lugs for turning and lifting. The 
calculated empty weight of the cask is 60.0 MT based on carbon steel as 
the material of construction. 
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Figure 5.2.1-1 Case 2 
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It is assumed that the canister is a cylinder with a flat bottom and a 
dished head. The canister is made of stainless steel and is 2.5 cm thick 
on all surfaces. It is assumed that the canister contains provisions on 
its top for lifting. The calculated empty weight of the canister is 
5.3 MT. 

Based on glass cullet assumptions previously stated in Section 5.1, the 
total quantity of glass cullet per canister is 7.7 m 3 with a weight of 
14.3 MT. The total weight of an overpack canister and a primary canister 
filled with glass is 25.6 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 105 MT of glass being produced over the life of the plant. 
Based on these numbers, a full overpack canister is produced every 
1.7 hours. The total number of overpack canisters produced over the life 
of the plant is 27,992. 

5.2 Waste Form Containers Without Overpacks 
Section 5.2 presents 3 canister configurations that do not use overpacks 
for containerizing/transporting low-level cullet glass waste forms. These 
container configurations are characterized as self-shielded- canisters/ 
casks. 

The following assumptions are made for the glass cullet in the cask of 
Sections 5.2: 

: The cask is filled with glass to approximately 0.3 m from the 
bottom of the cask's fill port. 

: The specific density of the waste glass is 2,643 kg/m3, 
irrespective of waste oxide loading. The packing density of 
the glass cullet is 0.70. This yields a bulk density of 
1,850 kg/m3. 

: The shape of the cullet is cubic with a side dimension of 
0.64 cm. 

: The angle of repose for dry glass cullet is 35°. 
Outer dimensions of the containers in cases 2 and 4 are based on the 
dimensions stated in Figure 9-3 on page 9-8 of the Tank Waste Technical 
Options Report (WHC-EP-0616, Revision 0). The case 7 container is sized 
such that the weight of a full container is 125 MT. It is assumed that 
125 MT is the maximum weight that can be handled at the repository. It 
may be possible to back fill tunnels at the repository with low-level 
waste containers; therefore, the case 7 configuration is being studied. 

5.2.1 Shielded Casks (Case 2) 
Figure 5.2.1-1 shows a conceptual sketch of a self-shielded cask filled 
with cullet. It is assumed that the cask is a carbon steel cylinder with 
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Figure 5.1.5-1 Case 8 
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Figure 5.1.4-1 Case 6 
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5.1.4 Unshielded Canisters and Concrete Shielded Casks (Case 6) 

Figure 5.1.4-1 shows a conceptual sketch of an unshielded canister filled 
with cullet in a concrete overpack cask. It is assumed that the cask is 
a cylinder with a flat bottom and a flat bolt-on top. The cask functions 
as a radiation shield for the canister. It is assumed that with a 
stainless steel canister thickness of 2.5 cm and a concrete cask thickness 
of 23 cm, the radiation dose rate at the outer surface of the cask is less 
than 0.1 mSv/hr. It is assumed that the cask contains trunnions and/or 
lifting lugs for turning and lifting. The calculated empty weight of the 
concrete cask is 30.2 MT. 

The canister is identical to the Case 4 canister described in 
Section 5.2.2. It is assumed that the canister is a stainless steel 
cylinder with a flat bottom and a dished head. The canister is made of 
stainless steel and is 2.5 cm thick on all surfaces. It has an outer 
diameter of 2.13 m. A 2.5-cm annular space is present between the cask 
and the canister. It is assumed that the canister contains provisions on 
its top for lifting. The calculated empty weight of the canister is 8 MT. 

Based on glass cullet assumptions previously stated in Section 5.1, the 
total quantity of glass cullet per canister is 15.9 m 3 with a weight of 
29.3 MT. The total weight of canister filled with glass is 67.5 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full canister is produced every 3.52 hours. The 
total number of canisters produced over the life of the plant is 13,634. 

5.1.5 Unshielded Canisters and Unshielded Overpack Canisters (Hanford MPC 
Size) (Case 8) 

Figure 5.1.5-1 shows a conceptual sketch of an unshielded canister filled 
with cullet in an unshielded overpack canister. The size envelope of this 
container configuration is referred to as the size of the Hanford 
equivalent of the repository's multipurpose canister (MPC). It is assumed 
that the overpack is a thin-walled cylinder with a flat bottom and a flat 
bolt-on top. This overpack canister serves as a containment barrier for 
contamination that was potentially not removed during the decontamination 
of the primary canister. The overpack canister is made of stainless steel 
and is 2.5 cm thick on all surfaces. The radiation dose rate at the outer 
surface of the overpack is approximately 0.5 mSv/hr. It has an outer 
diameter of 1.75m. A 2.5-cm annular space is present between the 
overpack canister and the primary canister. It is assumed that the 
overpack canister contains provisions on its top for lifting. The 
calculated empty weight of the overpack canister is 6.1 MT. 
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Figure 5.1.3-1 Case 5 
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5.1.3 Unshielded Canisters, Unshielded Overpack Canisters, and Concrete 
Shielded Casks (Case 5) 

Figure 5.1.3-1 shows a conceptual sketch of an unshielded canister filled 
with cullet in an unshielded overpack canister in a concrete overpack 
cask. It is assumed that the cask is a cylinder with a flat bottom and a 
flat bolt-on top. The cask functions as a radiation shield for the two 
canisters. To achieve a radiation dose rate that is less than 0.1 mSv/hr 
at the outer surface of the concrete cask, the cask must be 15 cm thick if 
both canisters are 2.5 cm thick. It is assumed that the cask contains 
trunnions and/or lifting lugs for turning and lifting. The calculated 
empty weight of the concrete cask is 19.2 MT. 

Both canisters are identical to the Case 3 canisters described in Section 
5.1.2. Recall that the overpack canister is a cylinder with a flat bottom 
and a flat bolt-on top. This overpack canister serves as a containment 
barrier for contamination that was potentially not removed during the 
decontamination of the primary canister. The overpack canister is made of 
stainless steel and is 2.5 cm thick on all surfaces. It has an outer 
diameter of 2.13 m. A 2.5 cm annular space is present between the 
overpack canister and the primary canister and also between the overpack 
canister and the concrete shield cask. It is assumed that the overpack 
canister contains provisions on its top for lifting. The calculated empty 
weight of the overpack canister is 8.5 MT. 

It is assumed that the canister is a cylinder with a flat bottom and a 
dished head. The canister is made of stainless steel and is 2.5 cm thick 
on all surfaces. It is assumed that the canister contains provisions on 
its top for lifting. The calculated empty weight of the canister is 
7.4 MT. 

Based on glass cullet assumptions previously stated in Section 5.1, the 
total quantity of glass cullet per canister is 14.3 m 3 with a weight of 
26.4 MT. The total weight of cask filled with glass is 61.5 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 10 5 MT of glass being produced over the life of the plant. 
Based on these numbers, a full canister is produced every 3.17 hours. The 
total number of overpack canisters produced over the life of the plant is 
15,152. 
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Figure 5.1.2-1 Case 3 
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and lifting. The calculated empty weight of the cask is 25.9 MT based on 
carbon steel as the material of construction. It is assumed that the 
canister is a cylinder with a flat bottom and a dished head. The canister 
is made of stainless steel and is 2.5 cm thick on all surfaces. It is 
assumed that the canister contains provisions on its top for lifting. . The 
calculated empty weight of the canister is 7.2 MT. 

Based on these assumptions, the total quantity of glass cullet per cask is 
12.5 m 3 with a weight of 23.2 MT. The total weight of a cask that is 
filled with glass is 56.3 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 105 MT of glass being produced over the life of the plant. 
Based on these numbers, a full cask is produced every 2.78 hours. The 
total number of casks produced over the life of the plant is 17,257. 

5.1.2 Unshielded Canisters and Unshielded Overpack Canisters (Case 3) 

Figure 5.1.2-1 shows a conceptual sketch of an unshielded canister filled 
with cullet in an unshielded overpack canister. It is assumed that the 
overpack is a thin-walled cylinder with a flat bottom and a flat bolt-on 
top. This overpack canister serves as a containment barrier for 
contamination that was potentially not removed during the decontamination 
of the primary canister. The overpack canister is made of stainless steel 
and is 2.5 cm thick on all surfaces. The radiation dose rate at the outer 
surface of the overpack is approximately 0.5 mSv/hr. It has an outer 
diameter of 2.13 m. A 2.5-cm annular space is present between the 
overpack canister and the primary canister. It is assumed that the 
overpack canister contains provisions on its top for lifting. The 
calculated empty weight of the overpack canister is 8.5 MT. 

It is assumed that the canister is a cylinder with a flat bottom and a 
dished head. The canister is made of stainless steel and is 2.5 cm thick 
on all surfaces. It is assumed that the canister contains provisions on 
its top for lifting. The calculated empty weight of the canister is 
7.4 MT. 

Based on glass cullet assumptions previously stated in Section 5.1, the 
total quantity of glass cullet per canister is 14.3 m 3 with a weight of 
26.4 MT. The total weight of an overpack canister and a primary canister 
filled with glass is 42.3 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance 
shows 4.0 x 105 MT of glass being produced over the life of the plant. 

Based on these numbers, a full overpack canister is produced every 
3.17 hours. The total number of overpack canisters produced over the life 
of the plant is 15,152. 
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conjunction with the casks' trunnions to lift, upright, and transport the 
casks. The transporter is used to transport filled casks from the 
canister/cask handling facility to the interim storage pads, and from the 
interim storage pads to the shipping cask loading facility if necessary. 

Canister Staging Room 

A fork truck delivers canisters to a cleaning area within the canister 
staging room. Canisters are washed with cleaning solution; rinsed with 
water; dried; and transported via a bridge crane to an inspection area. 
Surface finish, dimensional tolerances, and basic canister integrity are 
checked. The crane then moves the canister directly to the hatch that 
accesses the load-in tunnel. Canisters are lowered through the hatch onto 
a cart within the tunnel. 

Canister Fill Station Operations 

The canister fill station contains two positions for canisters*. Position 
#1 is for lid removal and insertion and position #2 is for canister 
filling. The transfer cart moves a canister into position #1. Canisters 
enter the station with their lids in place. In position #1, the lid 
removal/insertion device removes the lid. The cart then moves the 
canister to. position #2 which is beneath the cullet fill tube. The 
retractable fill tube is lowered to mate tightly with the canister. The 
fill tube contains a passage for cullet to flow into the canister and a 
separate passage for air to vent out of the canister. It is assumed that 
a canister can be filled within 2 hours. 

Gullet day bins are located in the cyclone/day bin cell above. The day 
bins are sized to contain one canister volume of cullet to prevent 
overfilling. Cyclones are mounted above the day bins to separate the 
cullet from the pneumatic transport air. 

The canister filling process is a key step within the canister handling 
system. Clean filling is essential for good plant operability. The 
mechanical design of the fill system significantly affects the design and 
operating philosophy of the facility. Therefore, this subject requires 
further study. 

After canister filling has been completed, the transfer cart moves the 
filled canister back to position #1 where the removal/insertion device 
installs the lid. The cart then moves the canister to the canister weld 
station. 

Canister fill station operations are monitored through shield windows or 
via a CCTV. If spillage occurs during canister filling, portions of the 
station and canister can be cleaned with a manipulator-controlled vacuum 
hose assembly. 

Canister Weld Station Operations 

The canister weld station contains three positions for canisters. 
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Position #1 is used for canister lag storage within the canister handling 
system. Position #2 is used for canister welding and position #3 is used 
for canister inspection. Canisters are moved into, through, and out of 
the canister weld station with the canister transfer carts. Canister weld 
station operations can be monitored through shield windows or via a CCTV. 

Canister welding is accomplished with a tungsten-inert-gas (TIG) type 
welder. Two welders are normally kept within the station. One serves as 
a spare to the other. The welder can be designed to work with or without 
filler material. A jib crane that services positions #2 and #3 within the 
station moves the weld head onto the canister. To locate the welder on 
the canister, a pintle or locating provision on the canister's lid is 
required. It is assumed that the canister can be welded within one hour. 

Selection of the weld inspection technique will depend on the canister's 
leak tightness criteria. At a leakage rate of 1 x 10"7 std cc He/sec, a 
helium mass spectrometer would be required. At less stringent leakage 
rates, other methods"could be-employed. For the purposes of this study, 
it is assumed that the mass spectrometer arrangement is used. It is also 
assumed that the canister can be inspected within one hour. 

Canister Decontamination Station Operations 

The transfer cart moves a canister into the decontamination station from 
the weld station. The decontamination station contains a crane which has 
a rotating hook. The crane lifts the canister from the cart. Decon 
solution is sprayed onto the bottom portion of the canister while the 
canister is rotated with the crane's hook. The crane then moves and 
lowers the canister onto a stand. The crane's lifting provisions and the 
top and side portions of the canister are then sprayed with 
decontamination solution. A crane located in the smear test area then 
lifts the canister. The canister's bottom portion is sprayed once again 
along with the canister stand. Each decon spray step is followed by a 
water rinse. After the canister is dried, the crane transports it to the 
smear test station. The canister transfer cart is then decontaminated, 
dried, and returned to the load-in area to pick up another canister. The 
canister decontamination station operations can be monitored via CCTVs. 
It has been estimated that the entire canister decontamination process 
takes about 3 hours. 

It is assumed that the canister decon process consumes about 12.5 cubic 
meters of water for each canister. It is also assumed that plain water is 
used as the decon solution. Other solutions, such as trisodiumphosphate, 
acid, or caustic, could also be used if necessary. 

Canister Smear Test Station Operations 

Several canister inspection operations occur in the smear test station. 
Canisters, are smear tested, visually inspected, temperature surveyed, 
gamma surveyed and neutron surveyed. A crane transfers a canister into 
the smear test station from the decontamination station. The crane moves 
the canister to the smear test station where it hangs the canister over 
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the canister turntable. The crane's hook rotates the canister while smear 
tests are performed on the canister's bottom portion. After the smear 
patches have been analyzed and if the radiation counts are below the 
allowed levels, the crane lowers the canister onto the turntable. The 
canister's sides and top portion are smear tested. A video recording is 
then made of the entire canister surface while the canister rotates on the 
turntable. The CCTV that provides the video signals to the recorder is 
mounted on a lift platform. This platform enables the CCTV to view the 
entire height of the canister. It is assumed that 3 to -4 hours are 
required to complete the smear tests and video inspections. The canisters 
are then lowered into the overpack area through a hatch. 

Empty Cask Storage and Staging Area Operations ; 

The cask transporter delivers empty casks to an inspection area within the 
empty cask storage and staging area. Casks are washed with cleaning 
solution; rinsed with water; dried; and transported via a crane to an 
inspection area. Dimensional tolerances and basic cask integrity are 
checked. The crane then picks up the empty cask and lowers it onto the 
cask transfer cart in the load-in station through a hatch. The cart then 
transports the cask to the overpack area. 

Overpack Area Operations 

Canisters enter the overpack station via the canister smear test station's 
crane. The crane lowers the canister into a cask that is on a cask 
transfer cart. The cask is brought into the station via the cask cart 
with its lid on. A jib crane removes the cask's lid. After the crane 
places the canister in the cask, the lid is placed back on the cask. The 
lid is remotely bolted on and the transfer cart moves the filled cask into 
the weld station. If necessary, the lid is seal welded to the cask then 
moved via the cart to the cask weld inspection station. After passing 
inspection, the cask smear test crane lifts the cask into the smear test 
area. 

Cask Smear Test Station Operations 

The cask smear test crane hangs the cask over the cask turntable. The 
crane's hook rotates the cask while smear tests are performed on the 
cask's bottom portion. After the smear patches have been analyzed and if 
the radiation counts are below the allowed levels, the crane lowers the 
cask onto the turntable. The cask's sides and top portion are smear 
tested. It is assumed that 3 to 4 hours are required to complete the 
smear tests. After passing smear test, full casks are transferred to the 
cask load out station by the cask smear test crane. In the unlikely event 
that contamination is detected on the outside of a cask, contact 
decontamination procedures will be used. 

Cask/Canister Loadout Area 

Full casks are removed from the cask smear test area and placed in the 
cask/canister loadout area by the cask/canister load-out crane. Jhe cask 

CWBS2002.RHL#01 6 - 7 February 27, 1995 1:28pm 



WHC-SD-WM-TI-686, Attachment 1 
Revision 0 

transporter picks up the casks in this area arid transfers them to the 
storage pad. 
Canister and Cask Transfer Cart Systems 
Transfer carts mounted on railroad type tracks are used to move canisters 
and casks through tht load-in, fill, weld, decontamination, smear test, 
and load-out stations. The carts and cart rail system have the following 
features: 

: Carts have a load capacity greater than the weight of a full 
canister or cask. 

: Power is supplied via a bus bar system. 
: Control signals are supplied via radio transmission, 

microwave, or similar technology. 
: The control systems allow independent remote operation of each 

individual cart. 
: Carts have a reversible multi-speed drive system." 
: Carts have redundant drives and brakes. 
: Emergency cart retrieval systems are provided. 

Air pallets were also considered for transporting canisters. However, air 
pallets would be difficult to use for the following reasons: 

: Air pallets need to be connected with air sources. Management 
of air-source lines through shielded doors between cells would 
be challenging. Air flows within the cells would also tend to 
spread contamination. 

: Air pallets require very flat surfaces. They also cannot 
travel over cracks larger than 0.16'centimeters in width. 
The air pallets would only lift the canisters. A propulsion 
and directional control system would need to be added. 

: Recovery of a failed air pallet that contains a filled 
canister would be difficult if not impossible. 

Systems other than motor-driven carts should also be investigated in 
future engineering studies. Other systems could include cable-driven cart 
systems. 

6.1.2 Advantages 
The process systems for overpacked large containers have the following 
advantages: 

: The overpacking operation eliminates concerns about the 
effectiveness of the canister fill and decontamination 
processes since the overpack containers never enter 
contaminated cells. 
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: The canister's thickness is 2.5 cm and the direct-fill cask's 
thickness (container case 2) is 10 cm. Therefore, the 
canister's lid design, upper section design, and weld method 
may be less complicated than the direct-fill cask's. 

: If shipping is required, the shipping weight of the final 
waste form is lighter since the shielding is not part of the 
final waste form. 

6.1.3 Disadvantages 

The process systems for overpacked large containers have the following 
disadvantages: 

: Two containers are required to process the waste form. This 
adds complexity and cost to the overall project. 

: All cells that process the canisters have thick shielded walls 
since a canister provides very little shielding of the glass 
waste form. 

: It is postulated that all cells that process containers are 
contact maintained. Since the canisters do not provide much 
shielding, they have to be moved out of the subject cell prior 
to performing maintenance operations. This additional 
operation reduces plant efficiency. Large shielded doors 
between cells and personnel shielded doors are also required 
to perform contact maintenance. 

: Essentially two sets of container processing equipment 
(cranes, welders, smear test stations, decontamination units, 
etc.) are required per container processing line. One set is 
required to process the canisters and another set is required 
for the casks. 

: The additional equipment set requires additional facility 
space. 

6.1.4 Concerns and Uncertainties 

No major concerns or uncertainties exist for the overpacked large 
container options. 

6.2 Glass Waste/Container Processing Systems, Without Overpack 

This section discusses the processing of container cases 2, 4, and 7, 
described in Section 5 of this report. These cases utilize the single 
container concept. In these cases, glass waste is directly filled into 
the final waste form container. In all single container cases, the 
container must function as a containment device. In cases 2 and 7., the 
container additionally functions as a shielding device. 

CWBS2002.RHL#01 6 - 9 February 27, 1995 1:28pm 



WHC-SD-WM-TI-686, Attachment 1 
Revision 0 

6.2.1 General System Description 

The basic process steps for the direct fill option are identical to those 
of the overpack cases except that no overpacking operation is performed. 
Figure 6.2.1-1 depicts a block flow diagram of the container handling 
systems. Final waste form containers are filled directly with cullet, 
marbles, or gems. Significant amounts of overpack equipment and facility 
space are therefore eliminated. 

6.2.2 Advantages 
The process systems for directly-filled large containers have the 
following advantages: 

: Only one container is required to process the waste form. 

: For container cases 2 and 7, cells that process the casks do 
not require thick shielded walls since casks provide shielding 
of the glass waste form. 

: For container cases 2 and 7, casks may not have to be removed 
from the process cells when maintenance operations need to be 
performed. Less material movement increases plant efficiency. 
Large shielded doors between cells and personnel shielded 
doors are also not required to perform contact maintenance. 

: Only one set of container processing equipment (cranes, 
welders, smear test stations, decontamination units, etc.) is 
required per container processing line. 

6.2.3 Disadvantages 

A major disadvantage of the direct-fill option is that concerns about the 
effectiveness of the canister fill and decontamination processes exist. 
6.2.4 Concerns and Uncertainties 

Concerns and uncertainties for the processing of large containers without 
overpacks are as follows: 

: The cask filling process is a key step within the cask 
handling system. Clean filling is essential for good plant 
operability. The mechanical design of the fill system 
significantly affects the design and operating philosophy of 
the facility. Therefore, this subject requires further study. 

: This option proposes that the final disposal containers be 
filled directly with cullet. On the surface, this concept 
seems reasonable. Since the cask does not contact hot glass 
at temperatures near 1,150 °C, the potential for molten glass, 
oxidation, and cesium sublimate to contact the outside 
surfaces of the cask does not exist. It is postulated that a 
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spray wash system could be used to decontaminate the casks 
rather than a harsh, complex, frit-blast process as was used 
in the Hanford Waste Vitrification Plant (HWVP). 

Even though the decontamination of casks could be made even easier by 
polishing the cask's outer surfaces, there still exists the potential for 
relatively large quantities of small particles to rest on all surfaces of 
the casks. The effectiveness of a spray wash system is questionable since 
transportation requirements are stringent. It is assumed that alpha 
levels must be less than 220 dpm/100 cm2 and beta/gamma levels must be less 
than 2,200 dpm/100 cm2. Knowing the effectiveness of the decontamination 
system is crucial for evaluating the feasibility of using the direct-fill 
method. Since little is known about the effectiveness of the spray wash 
decontamination process, this subject requires further study. Future 
studies may show that the direct-fill method can only be used if a more 
aggressive and complex decontamination system is used. 

6.3 Pumping Sulfur/Glass Waste to the Vaults 
This section describes the process handling systems required for case 9 
discussed in Section 5.3.1 and is illustrated in Figure 6.3-1. This waste 
form concept mixes cullet and SPC in the Vitrification Building and 
utilizes a configuration of bins, convective heating, mixers, transfer 
tanks, heat traced pipe and pumping to measure, heat and transfer cullet 
and SPC materials. Figure 4.1.1-1 shows cullet entering four cyclones and 
day bins from the cullet storage bins. The day bins then discharge the 
cullet into containers. In this process, only two cyclones and two day 
bins are utilized. Operations downstream of the two day bins are 
described below. 

6.3.1 General System Description 
Basic glass vitrification and cullet production processes are discussed in 
Section 4.1.1. Cullet that meets product acceptance criteria is stored in 
two production day bins physically located in the Vitrification Building. 
A day bin supplies cullet to a system of measuring bins during process 
operations as illustrated in Figure 6.3.1-1. Two heated measuring bins, 
enclosed in an larger insulated overflow bin, are sized to provide an 
appropriate volume of cullet to a mixer. The overflow bin provides 
enclosure of the measuring bins and functions to collect and return 
spillage back to the day bin. The bin configuration is physically located 
above the heated mixer. 

Feeder pipes deliver cullet into measuring bins B-2 and B-3 from the day 
bin physically located above bin B-l. Bins B-2 and B-3 are open systems 
with conical shaped bottoms and contain a volume of approximately 11.8 m 
of cullet each.. Filling of measuring bins B-2 and B-3 is a controlled 
process that minimizes/ eliminates the potential for spillage. Bin B-l is 
an enclosed system having penetrations only for cullet feeder pipes, mixer 
feed pipes and a recycle line for spilled cullet returns. 
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Figure 6.3-1 
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Figure 6.3.1-1 
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Similarly, the SPC supply system is similar to the cullet supply system, 
as illustrated in Figure 6.3.1-2. SPC is supplied from two sources: the 
Claus unit and from SPC storage bins. All material transfer is gravity 
fed, and both systems are valved to provide flexible operation and 
isolation. 

Prior to transferring the cullet to a preheated mixer, hot air is forced 
through the measuring bin heating the cullet to approximately 160 °C. When 
the required temperature is reached, cullet is emptied into the preheated 
mixer. Simultaneously, approximately 7.22 m 3 of SPC from one of the SPC 
measuring bins is added to the mixer. A solid particle additive from the 
fine aggregate system is added to the mixer's contents in order to 
increase the density of the liquid phase. Appendix C, which presents a 
technical discussion on the dynamics of sulfur concrete (SC) internal 
fluid flow through horizontal pipes, discusses this process in some 
detail. The heat content of the cullet combined with the preheated mixer 
is sufficient to melt the SPC and heat the fine aggregate. The resulting 
temperature of the SC is approximately 135 °C. When the SC meets product 
specification, it is moved into the SC transfer system. 

Waste Form Transfer 

The SC transfer system consists of insulated heat-traced surge tanks, a 
pumping source, and a heat-jacketed piping distribution system. Figures 
6.3.1-3 and 6.3.1-4 illustrate this concept. The heat-jacketed piping 
system maintains the molten SC at its optimum handling temperature of 
135 °C and facilitates pumping to a vault facility. 

A pneumatic pumping system offers an alternative to the mechanical pumping 
methods commonly used in the construction industry. The pneumatic pumping 
system consists of parallel heat-jacketed transfer tanks that utilize a 
pneumatic pumping system to transfer SC to the storage vaults. Each 
transfer tank operates on a similar basis. Initially empty at ambient 
pressure, a top-mounted feed supply valve opens and freshly made molten SC 
is poured into the transfer tank from the mixer. Upon filling, the feed 
supply and vent valves are closed, diverting additional SC to other 
transfer tanks. The transfer tank is isolated and a compressed air system 
pressurizes it to a pressure required to transfer the SC to the disposal 
vaults. Once the required transfer pressure is reached, a bottom 
discharge valve automatically opens and the SC is forced to the disposal 
vaults. As the air expands, the compressed air system maintains system 
pressure to ensure transfer. Once the SC has emptied from the transfer 
tank, the bottom discharge valve closes and the vent valve opens. In 
order to provide for semi-continuous flow conditions in the transfer 
system, a sufficient number of transfer tanks will be required. Heat-
jacketed pipes delivering SC to the disposal vaults are required to 
maintain the slurry at approximately 135 °C. 
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Figure 6.3.1-2 
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Figure 6.3.1-3 

HEATED MIXER, PUMP AND 
TRANSFER PIPE FOR CULLET/SPC/RNES 

CULLET FROM 

MEASURING/HEATING BIN 

HEATED MIXER 

COMPRESSED AIR 

PUMP 

SPC FROM MEASURING BIN 

FINES FROM 

MEASURING BIN 

HEATED SURGE TANK 

HEATING 
JACKET 

• ' . ' • ' ' . '. ' ' ' . ' - ' • ' . " -

y > > '/ •'/ *>*• / ' > Ti >'-r-

Fll F- CA^FISKfl 
TO THE 
VAULTS 

CW8S2002.RHL#01 17 February 27, 1995 1:28pm 



WHC-SD-WM-TI-686, Attachment! 
Revision 0 

Figure 6.3.1-4 
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6.3.2 Advantages 

The pumping of waste concept has the following advantages: 

All systems that process/transfer the waste form are enclosed 
systems. 

: No containers are required for transfer of waste form, hence, 
no canister handling facility or equipment is necessary. 

: Transfer system concept offers potential for high system 
availability. 

6.3.3 Disadvantages 

The pumping of waste concept has the following disadvantages: 

: Concept employs many First of a Kind (FOAK) concepts and 
remains undemonstrated for this application. 

: Identification of plugged SC in heat-jacketed piping system is 
difficult since facility must be remotely operated and 
maintained. 

: Maintenance will primarily be performed semi-remote and 
remotely. 

6.3.4 Concerns and Uncertainties 

Concerns and uncertainties for the pumping waste to vault concept are as 
fol1ows: 

: Continuous versus batch pumping of waste requires 
investigation. 

Reliability data on the concept does not exist, hence facility 
sizing for attaining design capacity rating is uncertain. 

: Recovery of distribution system after line pluggage and/or 
line breakage is unknown. 

6.4 Remote Waste Form Handling, Hopper Transfer 

This section describes the process handling systems required for cases 10 
and 13 discussed in Sections 5.3.2, and is illustrated in Figure 6.4-1. 
This waste form concept transfers cullet in a hopper from the 
vitrification building to a vault location and utilizes a configuration of 
bins, transfer hoppers, and passive pumping (gravity feed) to measure and 
transfer cullet from the vitrification building. Figure 4.1.1-1 shows 
cullet entering four cyclones and day bins from the cullet storage bins. 
The day bins then discharge the cullet into containers. In this process, 
only two cyclones and two day bins are required. Operations downstream of 
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Figure 6.4-1 
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the two day bins are described below. 

6.4.1 General System Description 

Basic glass vitrification and cullet production processes are discussed in 
Section 4.1.1. Gullet is stored in a day bin physically located in the 
Vitrification Building, as discussed in Section 6.3.1. A day bin supplies 
cullet to a measuring bin, which supplies measured amounts of cullet to a 
transfer hopper for immediate remote transfer to a storage facility. This 
system is illustrated in Figure 6.4.1-1. 

Waste Form Transfer 

The load capacity of a transfer hopper is approximately 10 m 3, or 18.5 MT 
of cullet. Fill valves on the hopper are designed to prevent the spread 
of contamination in the form of cullet dust during the loading process. 
To accomplish this, feed lines from the measuring bins are provided with 
a coupling device to the fill valve on the hopper. The measuring bins are 
located above the filling station and provide gravity fed cullet to the 
hopper. An air removal system on the coupling device removes the dust and 
displaced air during filling operations. 

The hopper, mounted on a railed transfer cart, transports the cullet 
remotely through a transfer tunnel to an unloading platform at a vault 
facility. The transfer tunnel is discussed in Section 7.3. Vault 
concepts are discussed in Sections 8.3.2 and 8.3.5 for cases 10 and 13, 
respectively. 

Waste form transfer to a storage facility differs for the two cases 
discussed in this section. Both concepts provide an airlock transfer 
system at the tunnel/vault interface. When the hopper concept of case 10 
engages an unloading platform at the storage facility, a bottom dump valve 
opens, transferring all contents to a preheated mixer through a gravity 
feed system. The hopper returns to the Vitrification building through the 
tunnel on a second parallel track. For case 13, after the hopper engages 
the unloading platform, a crane lifts the hopper off the transfer cart and 
positions it in the vault facility for filling operations. Once emptied, 
the hopper is repositioned on the transfer cart and returns to the 
Vitrification building. It is assumed for cases 10 and 13 that the waste 
form transfer system between interface points from the Vitrification 
building and the storage vault are similar. 

Transport Cart System 

Transfer carts move hoppers through all operations and are mounted on 
railroad type tracks. The carts move hoppers through the load-in, fill, 
and load-out functions. The carts and cart rail system may have the 
following features: 

: Carts have coupling and decoupling mechanisms-that allow for 
quick removal of hopper. 
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: Carts may adapt to hoppers with different load capacities to 
increase production capacity. 

: Carts have a load capacity greater than the weight of a full 
filled hopper. 

: Power is supplied via a bus bar system. 

: Control signals are supplied via radio transmission, 
microwave, or similar technology. 

: The control systems allow independent remote operation of each 
individual cart. 

: Carts have a reversible multi-speed drive system. 

: Carts have redundant drives and brakes. 

: Emergency cart retrieval systems are provided. 

6.4.2 Advantages 

The advantages of this concept are as follows: 

: All waste form transfer systems are simple in nature, 
utilizing conventional transfer technology, and require no 
demonstrated for this application. 

: No containers are required for transfer of waste form, hence, 
no canister handling facility or equipment is necessary. 

:' No decontamination or smear test facilities are required. 

: The operational complexity of this concept is minimal. 

: Recovery from a loss of production can easily be accomplished 
by using a hopper with a larger load capacity. It is expected 
that this excess availability little impact to the facility. 

6.4.3 Disadvantages 

A disadvantage associated with this concept is that maintenance will 
primarily be performed semi-remote and remotely. 

6.4.4 Concerns and Uncertainties 

One major concern with this concept is the recovery of a de-railed hopper 
during remote transfer of cullet. 
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6.5 Non-Load Bearing SC Container Processing System 
This section describes the process handling systems required for case 11 
discussed in Section 5.3.3 and is illustrated in Figure 6.5-1. This waste 
form concept mixes cullet and SPC in the Vitrification Building and 
utilizes a configuration of bins, convective heating, passive pumping 
(gravity feed), mixers and railed transfer carts to measure, heat, process 
and transfer cullet and SPC into a final SC form for ultimate 
dispositioning in a storage vault. Figure 4.1.1-1 shows cullet entering 
four cyclones and day bins from the cullet storage bins. The day bins 
then discharge the cullet into containers. In the sulfur/cullet process, 
only two cyclones and two day bins are utilized. Operations downstream of 
the two day bins are described below. 

6.5.1 General System Description 
Basic glass vitrification and cullet production processes are discussed in 
Section 4.1.1. Gullet is stored in two production day bins-physically 
located in the Vitrification Building, each day bin servicing a single 
canister processing line each. A day bin supplies cullet to a system of 
enclosed heated measuring bins which supply measured amounts of heated 
cullet to a pre-heated mixer for process operations. 

Canister Staging and Handling 
Prior to filling operations, the SC metal boxes are received, unpackaged, 
inspected, cleaned, stored and handled in a staging building. The staging 
building is an annex to the vitrification building located over the 
tunnel. A container is placed in an airlock in the staging building by a 
forklift. A bridge crane in the airlock removes a concrete access hatch 
then lifts the metal box and lowers it into the tunnel. A transfer cart 
is positioned in the canister loading area, where the bridge crane unloads 
the box onto the cart. The cart is designed with an adjustable frame that 
supports the thin walled box until the SC is solidified. Once the box is 
in place on the cart, the frame is adjusted to provide support on all 
sides of the metal box. The crane then places the concrete access hatch 
back into position prior to movement of the transfer cart from the loading 
area. 

Fill Station Operations 
Two measuring bins provide the product materials for a canister processing 
line. The measuring bins are sized for a load capacity of approximately 
29.5 MT of cullet each, and are supplied from a single day bin. After the 
measuring bins have received cullet, the cullet is heated to approximately 
160 °C. When the required temperature is reached, the cullet is emptied 
into a pre-heated mixer. The measuring bins, mixer and filling station 
are configured such that all feed systems are by gravity transfer. When 
the heated cullet is transferred to the pre-heated mixer, approximately 
17.5 MT of SPC from the SPC day bin is added also. The SPC supply system 
is similar to the cullet supply system and is also located in the 
Vitrification Building. SPC is supplied from two sources: the Claus unit 
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Figure 6.5-1 
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and from SPC storage bins. SPC is fed from the day bin to the measuring 
bin and provides a multi-batch supply of material to a pre-heated mixer. 
Both the SPC and cullet systems are illustrated in Figure 6.5.1-1. The 
heat content of the cullet combined with the pre-heated mixer is 
sufficient to melt the SPC, and the resulting temperature of the SC is 
approximately 135 °C. When the SC meets product specification, it is 
poured into a horizontally positioned metal box, described in Section 
5.3.3, mounted on a transport cart. Once filled, the transport cart moves 
from the filling station to a lid bolting station where a lid is bolted 
onto the metal box and the fill opening sealed. 

Canister Transport System 

The transport cart provides structural support for the metal box so that 
the box does not deform as the molten waste form is filled into it. The 
metal box, acting as a form, does not require preheating to prevent 
premature freezing of SC on its surface. It is assumed that since it is 
a thin walled metal form, the heat from the molten SC will transfer 
quickly and raise its temperature. 
Transfer carts are mounted on railroad type tracks and are used to move 
metal boxes through the load-in, fill, transfer tunnel, and load-out 
stations. The carts and cart rail system may have the following features: 

• : Carts have adjustable structural support for metal box. 
: Carts have a load capacity greater than the weight of a full 

filled metal box. 
: Power is supplied via a bus bar system. 
: Control signals are supplied via radio transmission, 

microwave, or similar technology. 

: The control systems allow independent remote operation of each 
individual cart. 

: Carts have a reversible multi-speed drive system. 

: Carts have redundant drives and brakes. 

: Emergency cart retrieval systems are provided. 
Waste Form Transfer 
The waste form transport system is a remotely operated facility. The 
transport cart moves a filled metal box from the fill station to a lid 
station where a cover is bolted on the fill opening. The lid station is 
located close to the fill station and movement of the filled box is 
minimized until the opening is closed to prevent the molten SC from 
spilling from the container. After the lid is bolted onto the box, the 
transfer cart moves the horizontally positioned box through a double door 
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Figure 6.5.1-1 
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transfer system and into the transfer tunnel. The transfer tunnel is a 
two railed system, each rail providing access to or from the storage 
facility. A wall separates the two rail paths. The rail system to the 
storage area provides convective air cooling for the heated waste form. 
As the transport cart moves through the tunnel, the heat is removed from 
the waste form until it has solidified. Another double door airlock 
system provides the transfer cart access to the storage facility. This 
concept is illustrated in Figure 6.5.1-2. Section 7.3 discusses the 
transfer tunnel. Section 8.3.3 discusses the storage facility. 

6.5.2 Advantages 
The advantages of this concept are as follows: 

: The containers required for the transfer of waste form 
function primarily as a form for the molten waste, are simple 
in design, and require minimal handling. 

: No decontamination or smear test facilities are required for 
this concept. 

6.5.3 Disadvantages 
A disadvantage associated with this concept is that maintenance will 
primarily be performed semi-remote and remotely. 

6.5.4 Concerns and. Uncertainties 
One major concern associated with this concept is the recovery of a de
railed transporter during remote transfer of waste form. 
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6.6 Load Bearing SC Container Processing System 
This section describes the process handling systems required for case 12 
discussed in Section 5.3.4 and is illustrated in Figure 6.6-1. This waste 
form concept mixes cullet and SPC in the Vitrification Building and 
utilizes a configuration of bins, convective heating, passive pumping 
(gravity fed), and railed transfer carts to measure, heat, process and 
transfer cullet and SPC into a final SC form for ultimate dispositioning 
in a storage vault. Figure 4.1.1-1 shows cullet entering four cyclones 
and day bins from the cullet storage bins. The day bins then discharge 
the cullet into containers. In the sulfur process, only two cyclones and 
two day bins are utilized. Operations downstream of the two day bins are 
described below. This concept of waste disposal incorporates engineered 
systems to minimize/control the spread of contamination during canister 
handling operations. 

6.6.1 General System Description 

Basic glass vitrification and cullet production processes are discussed in 
Section 4.1.1. Cullet is stored in two production day bins physically 
located in the Vitrification Building, each day bin servicing a single 
canister processing line each. A day bin supplies cullet to a system of 
enclosed measuring bins, which ultimately supply approximately 10.3 m 3 each 
of heated cullet to a pre-heated canister. This concept is illustrated in 
Figure 6.6.1-1 and is discussed in Section 6.3.1. 

The SPC supply system, also located in the Vitrification Building, is 
similar to the cullet supply system. SPC is supplied from two sources: 
the Claus unit and from SPC storage bins. The SPC measuring bins are 
heated in the same method as the cullet bins, and provide approximately 
17.7 MT of liquid SPC to a pre-heated canister. 

Canister Staging and Handling 

Prior to filling operations, the canisters are received, unpackaged, 
inspected, cleaned, stored and handled in a staging building. The staging 
building is an annex to the vitrification building located over the 
tunnel. A canister entering the Vitrification building is placed in an 
airlock in the staging building by a forklift. A bridge crane in the 
airlock removes a concrete access hatch, lifts the canister and lowers it 
vertically into the tunnel. A transfer cart is positioned in the canister 
loading area where the bridge crane unloads it onto the cart. The crane 
ther replaces the concrete access hatch back into position prior to 
mov Tient of the transfer cart from the loading area and prior to the 
introduction of another canister from the staging building. 

The transfer cart moves from the loading area directly into the canister 
pre-heat area, where the canister is heated by radiation heat transfer 
from wall-mounted resistance heaters. The speed and distance traveled by 
the transfer cart is determined such that the temperature of the exiting 
canister is approximately 135 °C. 
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Figure 6.6-1 
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Figure 6.6.1-1 
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Fill Station Operations 

Two measuring bins provide the product materials for a canister processing 
line. The measuring bins are sized for a load capacity of approximately 
27.5 MT of cullet each, and are supplied from a single day bin. After the 
measuring bins have received cullet, the cullet is heated to approximately 
160 °C. Simultaneously, the SPC is being heated to a liquid phase for 
filling operations. The measuring bins, mixer and filling station are 
configured such that all feed systems are by gravity transfer. 

Prior to fill operations, a shutter slide valve on the canister filling 
head is opened and the canister is moved into the fill position. A fill 
pipe guides the canister as it is lifted and is illustrated in Figure 
6.6.1-2. An engineered coupling device adapts the fill pipe to the 
canister filling head and maintains enclosure during filling operations. 
After the heated components meet product specification, contaminated SPC 
is poured initially into the canister, followed by SPC from one of the SPC 
measuring bins. Then sequentially, cullet from the two culle't measuring 
bins are emptied into the canister. A pneumatic blow out device is used 
to flatten the cullet cone formed in the canister after the contents of 
each cullet bin has been emptied. This blow out device ensures the upper 
surface level of the cullet remains horizontally flat. The contents of 
the second SPC measuring bin are emptied into the canister, effectively 
topping off the cullet emptied into the canister. The last sulfur to be 
poured through the fill lines serve two functions: first to top off the 
canister, but also to flush any contaminates from the fill system. During 
filling operations, an air removal system engineered into the coupling 
device removes displaced air from the canister. 

After the canister if filled, the shutter slide valve is closed. The 
canister transport system moves the filled canister to the next station 
where two lids are attached; the external designed as load bearing. 

Canister Transport System 

Transfer carts are mounted on railroad type tracks and are used to move 
metal canister through the load-in, fill, cooling and load-out stations. 
The carts and cart rail system may have the following features: 

: Carts have hydraulic tilting devices for movement of the 
canister. 

: Carts have a load capacity greater than the weight of a full 
filled canister. 

: Power is supplied via a bus bar system. 

: Control signals are supplied via radio transmission, 
microwave, or similar technology. 

: The control systems allow independent remote operation of each 
individual cart. 

CUBS2002.RHL#01 6 - 3 3 March 1, 1995 11:31am 



WHC-SD-WM-TI-686, Attachment 1 
Revision 0 

Figure 6.6.1-2 
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: Carts have a reversible multi-speed drive system. 

: Carts have redundant drives and brakes. 

: Emergency cart retrieval systems are provided. 

Waste Form Transfer 

The canister transport system transfers a filled canister into an enclosed 
cooling area in the Vitrification building. A 90 MT top running overhead 
crane lifts the sealed canister off the transporter and loads it into a 
rack located in the cooling pool where the residual heat is removed from 
the filled canister. The cooling pool provides services to both canister 
processing lines and may be sized for several canisters. The pool is 
equipped with an enclosure system that captures water vapor, condenses and 
recirculates it, as well as a heat removal system designed to remove the 
expected heat load. A makeup water system maintains pool water inventory 
and chemistry. After a canister is cooled, it is removed from the pool 
and allowed to dry in a run off area. 

The dry canister is lifted by the crane and moved to a loadout area. The 
crane loads the solidified waste form onto a transfer cart in the 
horizontal position. The transfer cart moves into an airlock, then moves 
the waste form through the transfer tunnel. The transfer tunnel is a two 
railed system, each rail providing access to or from the storage facility. 
A wall separates the two rail paths. Another double door airlock system 
provides the transfer cart access to the storage facility. Section 7.3 
discusses the transfer tunnel. Section 8.3.4 discusses the storage 
facility. 

6.6.2 Advantages 

The advantages of this concept are as follows: 

: The containers required for the transfer of waste form are 
simple in design and require minimal handling. 

: No decontamination or smear test facilities are required for 
this concept. 

6.6.3 Disadvantages 
The disadvantages associated with this concept are as follows: 

Maintenance will primarily be performed semi-remote and 
remotely. 

6.6.4 Concerns and Uncertainties 

The following concerns are associated with this concept: 

: The closure of the fill port prior to submersion, of the 
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container in the cooling pool must ensure water is not 
introduced into the container. This will require control 
features to ensure the effectiveness of this device. 

: Recovery of a de-railed transporter during remote transfer of 
waste form. 

"6.7 Summary 
The following sections evaluate and discuss this LLW waste form container 
processing systems in terms of process flowsheet/facility design impacts, 
operability/complexi.ty, maintainability, maturity of technology, schedule 
impacts, regulatory impacts, safety and costs. 

6.7.1 Process Flowsheet/Facility Design Impacts 
The process flowsheet and facility design impacts for each container 
processing method are summarized in Table 6.7.1-1. 

Table 6.7.1-1 Container Processing Flowsheet/Facility Design Impacts 

Large 
Containers with 

Overpacks 
(Cutlet) ' 

Cases 1,3,5,6,8 

1. No canister cooling concerns exist for these container processing options. 
2. Essentially two sets of container process equipment are required per canister 

handling train. The additional set requires additional facility space. 

Large 
Containers 
Hi thout 

Overpacks 
(Cullet) 

Cases 2,4,7 

1. No canister cooling concerns exist for this container processing option. 
2. Only one set of container process equipment is required per canister handling 

train. Less facility space is therefore required. 

Pump Transfer 
(Sulfur/Cullet) 

Case 9 

1. Pumping transfer eliminates canister process equipment and facility 
requirements. 

2. No decontamination facilities required. 
3. Cooling- concerns exist for this option during transfer of molten SC. 
A. SPC mixing facilities required in Vitrification Building. 

Large Metal 
Containers 

(Sulfur/Cullet) 
Cases 11,12 

1. Canister process equipment minimized; no overpacking, decontamination, or 
testing for surface contamination. 

2. SPC mixing facilities required in Vitrification Building. 
3. Canister cooling concerns exist for these container processing options. 

Hopper Transfer 
(Cullet) 

Cases 10,13 

1. Canister process equipment eliminated. 
2. No cooling concerns exist for this option. 
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6.7.2 Operability/Complexity 
The operability and complexity impacts for each container processing 
method are summarized in Table 6.7.2-1. 
Table 6.7.2-1 Container Processing System Operability and Complexity 

Large 
Containers with 

Overpacks 
(Cullet) 

Cases 1,3,5,6,8 

1. Adequate time is allowed for maintenance operations to be performed before 
waste begins to back up in lag storage. 

2. Lag storage capabilities are relatively easy to obtain. 
3. The overpacking operation eliminates concerns about the effectiveness of the 

canister fill and decontamination processes since the overpack containers 
never enter contaminated cells. 

4. Two containers are required to process the waste form. This adds complexity 
and cost to the overall project. 

Large 
Containers 
without 

Overpacks 
(Cullet) 

Cases 2,4,7 

1. Adequate time is allowed for maintenance operations to be performed before 
waste begins to back up in lag storage. 

2. Lag storage capabilities are relatively easy to obtain. 
3. The use of a single container creates concerns about the effectiveness of the 

canister fill and decontamination processes since no overpack containers are 
used. 

4. Only one container set is required to process the waste form. 
Pump Transfer 
(Sulfur/Cullet) 

Case 9 

1. The diversity of the piping system provides the potential for attaining high 
availability for this LLU storage concept. 

2. The mechanical systems required to support this enclosed transfer option are 
relatively simple in theory, but practical application remains to be 
demonstrated. No reliability data for this application exists to support 
this option. 

3. Due to the radiological and physical nature of the slurry, problems are 
anticipated that make this concept difficult to operate. Specific areas 
include the heat-jacketed piping system, hydraulic transfer of the cullet/SPC 
molten slurry, and freeze valves used to control the flow of slurry. 

4. Freeze valves offer a no-maintenance alternative to typically high-
maintenance mechanical valves. These valves have no demonstration for this 
application. 

5. Detection of line pluggage challenges the operability of this type of system. 
Large Metal 
Containers 

<Sulfur/Cullet) 
Cases 11,12 

1. Material handling operations of LLW forms from the Vitrification Building to 
the vault are simplistic and minimize operational requirements for these 
options. 

2. For case 12, the process of providing complete closure of the canister 
containing molten SC requires rigorous controls ensuring the containment 
barrier is not compromised and water not introduced into the canister. 

3. Canister cooling in the vertical position (case 12) is optimal since the 
centroid of the waste form will remain on the centerline axis. This is 
desirable for lifting purposes. 

Hopper Transfer 
(Cullet) 

Cases 10,13 

1. Material handling/transfer operations from the vitrification building to the 
vault present little operational concern. 

2. The availability of this system is expected to be high since these types of 
transfer systems have extensive demonstration. 

3. Hoppers can be exchanged during daily operations to increase the plant 
production capacity at no impact to facility operations. This is significant 
for recovering from lost production events. 

Practices for safe handling of liquid sulfur are established by the 
National Safety Council and should be referenced when preparing and 
handling SPC and SC. The SPC mixing system requires an off-gas treatment 
system to scrub vapors and gases released during mixing operations. 
Handling of SPC requires more controls than ordinary cements. For 
example, the cooling phase of SPC must be carefully controlled because of 
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excessive voids that may form that jeopardize the impermeability of the 
waste form. Mixing equipment is complex, requiring heat treatment and a 
vacuum system to remove residual moisture and gases. However, SPC has 
flexible operating characteristics. Once SPC is heat treated, heat loss 
is minimal due to- its poor thermal conductance. This feature allows 
heated SPC to be handled longer during process operations. Additionally, 
SPC can be reheated from the solid form into a molten liquid phase. This 
feature minimizes the need to use water and facilitates clean up 
operations. 

6.7.3 Maintainability 
Maintenance is required for repair, and replacement of process, material 
handling, and special purpose equipment. In general, three types of 
maintenance are required for these concepts: contact maintenance of non
radioactive and radioactive equipment, semi-remote maintenance of 
radioactive equipment using special techniques or equipment to protect 
personnel, and remote maintenance using-remote handling equipment with 
radiation barriers for personnel. In general, equipment should be 
designed for minimum maintenance activity and designs should minimize 
requirements for special test equipment and remote tooling. The 
maintenance of all container processing systems are summarized in Table 
6.7.3-1. 

Table 6.7.3-1 Container Processing System Maintainability 

Large 
Containers with 

Overpacks 
(Cutlet) 

Cases 1,3,5,6,8 

1. Contact maintenance is permitted in facility locations where shielded 
overpacks are used. 

2. All canister and overpack process equipment require maintenance. 

Large 
Containers 
without 

Overpacks 
(Cutlet) 

Cases 2,4,7 

1. Prior to contact maintenance, all canisters must be moved into shielded 
interim storage locations. 

2. All canister process equipment require maintenance. 

Pump Transfer 
(Sulfur/Gullet) 

Case 9 

1. All transfer equipment requires semi-remote and remote maintenance systems. 
Line pluggage and steam leakage of the heat jacketed pipes present serious 
maintenance challenges. 

2. Since no reliability data is available to support this concept, there is high 
risk associated with its availability. 

3. Historical experience based on the mechanical pumping of grout exists and 
indicates that this type of slurry requires high maintenance. This data 
appears unfavorable for this application. 

Large Metal 
Containers 

(Sulfur/Cutlet) 
Cases 11,12 

1. Most maintenance systems are semi-remote and remotely maintained and are 
inherently more complex than contact maintained systems. 

2. The canister process concepts minimize equipment and operational 
requi rements. 

Hopper Transfer 
(Cutlet) 

Cases 10,13 

1. . Most maintenance systems are semi-remote and remotely maintained and are 
inherently more complex than contact maintained systems. 

2. These options are expected to have high availability since they require few 
support systems. 
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6.7.4 Maturity of Technology 
All container processing system technologies are well developed. However, 
certain unit operations such as decontamination and welding may require 
qualification programs. The maturity of technology of all container 
processing systems are summarized in Table 6.7.4-1. 

Table 6.7.4-1 Container Processing System Maturity of Technology 

Large 
Containers with 

Overpacks 
(Cullet) 

Cases 1,3,5,6,8 

1. The canister/overpack process methods discussed in these options are 
conventional in nature and considered low risk for this application. 

Large 
Containers 
uithout 

Overpacks 
(Cullet) 

Cases 2,4,7 

1. The canister process methods discussed in these options are conventional in 
nature and considered low risk for this application. 

2. Decontamination systems may require demonstration to show qualify its 
effectiveness. 

Pump Transfer 
(Sulfur/Cullet) 

Case 9 

1. The enclosed transfer system requires full demonstration for this 
application. 

2. Pumping experience is based on slurries containing solid particles that 
remain uniformly distributed in the liquid phase. The cullet/SPC slurry 
differs from this class of slurry because the density of the solid cultet is 
greater than the liquid phase SPC. This feature presents high risk of solids 
deposition when pumping in horizontal flow regimes. Additives may be added 
to the cullet/SPC slurry to reduce the liquid viscosity or suspend solids, 
however, these techniques require laboratory and full scale testing for 
demonstration. Appendix C discusses these issues more thoroughly. 

3. The use of an extensive heat-jacketed piping distribution system with freeze 
valves for transferring the molten cullet/SPC slurry requires full scale 
demonstration since it is assumed to be a FOAK. 

4. Since little historical data is available, reliability engineering currently 
can not demonstrate this concept could meet its design capacity. 

Large Metal 
Containers 

(Sulfur/Cullet) 
Cases 11,12 

1. The canister process methods discussed in these options are conventional in 
nature and considered low risk for this application. 

Hopper Transfer 
(Cullet) 

Cases 10,13 

1. The hopper process methods discussed in these options are conventional in 
nature and considered low risk for this application. 

SPC, although commonly used in industry for its high mechanical strength 
and resistance to corrosive environments, has not been demonstrated in the 
waste immobilization field. Limited studies, both domestic and 
internationally, have been performed investigating SPC for hazardous or 
radioactive waste immobilization. However, issues such as the catalytic 
degradation of elemental sulfur by microorganisms, the reduction of 
moisture content for slurries or wastes containing large amounts of water, 
and long-term durability of SPC must be addressed. Preliminary laboratory 
tests have been performed; however, full scale testing is required for 
demonstration of SPC for this application. 
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6.7.5 Schedule Impacts 
Generally, FOAK components and/or systems with little to no reliability 
data have high risk associated with the completion of scheduled 
activities. The development period for FOAK components/concepts are 
generally scheduled concurrent to pre-Title, Title I and II design 
durations. Cases 9, 10, 11 and 12 use SPC to immobilize the cullet waste 
~orm. SPC in the waste immobilization field requires development and 
demonstration prior to its application. Case 9, in addition to using SPC, 
utilizes many FOAK concepts for its pumping and heat-jacketed distribution 
systems. A qualitative schedule impact assessment associated with 
engineering development and demonstration of FOAK components/concepts 
recognizes that the element of schedule risk appears greatest for case 9. 

6.7.6 Regulatory Impacts 

The low-level waste stream meets the criteria of a dangerous waste, and 
the processing of these dangerous wastes is regulated in the state of 
Washington by WAC 173-303, Dangerous Waste Regulations. These regulations 
are the state equivalent of the federal RCRA hazardous waste regulations 
in 40 CFR 260-270. The processing described in this section will require 
a permit in accordance with WAC 173-303. This permit must be in existence 
prior to the start of operations, and the permit covers a TSD (Treatment, 
Storage and Disposal) facility. Thus, the permit can be prepared to cover 
all treatment and storage activities. All container options within this 
study must conform to the same requirements. 

For a discussion on the regulatory impacts on the use of SPC, see Section 
8.5.6. 
6.7.7 Safety 

There are no significant safety concerns regarding the various waste form 
container processing systems. 
6.7.8 Costs 

Vitrification building costs for each container option are shown in 
Table 6.7.8-1. These costs include all aspects of the plant (process 
systems, container handling systems, etc.). The cost basis for estimating 
the Vitrification facility was obtained from case 2B of the Phase 1 TWRS 
Facility Configuration Trade Studies. All costs are expressed in 1994 
dollars. The costs stated in the table are direct costs only. No other 
costs such as escalation, contingency, project management, construction 
management, or engineering are included in the table. The overall summary 
costs that appear in Section 4.9 have the appropriate contingency, 
management, and engineering cost factors applied. 

Due to the poor technical feasibility of the monolithic container option, 
a facility layout concept, a facility cost estimate, and an equipment cost 
estimate was not prepared for this option. However, compared to the other 
container cases, facility costs for the monolithic pour option ace most 
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Table 6.7.8-1. Low-Level Waste Vitrification Building Costs 

CASE WASTE FORM CONTAINERS 
VITRIFICATION 

BUILDING 
$MM 

SPC/FINE 
AGGR 
£MM 

1 Unshielded Canisters and Shielded 
Overpack Casks 

807 N/A 

2 Shielded Casks 765 N/A 
3 Unshielded Canisters and Unshielded 

Overpack Canisters 
807 N/A 

4 Unshielded Canisters 765 N/A 
5 Unshielded Canisters, Unshielded 

Overpack Canisters, and Concrete 
Shielded Casks 

839 N/A 

6 Unshielded Canisters and Concrete 
Shielded Casks 

808 N/A 

7 125-MT Shielded Casks 774 N/A 
8 Unshielded Canisters and Unshielded 

Overpack Canisters (Hanford MPC 
Size) 

808 N/A 

9 Pumping Transfer (Sulfur/Cullet) 576 29 
10 Hopper Transfer of Glass to Vault 

(Sulfur/Cullet) 
583 44". 

11 Non-Load Bearing Metal Canister 
(Sulfur/Cullet) 

592 44 

12 Load Bearing Metal Canister 
(Sulfur/Cullet) 

595 44 

13 Hopper Transfer of Glass to Vault 
(Cullet) 

580 N/A 

Notes: 
(1) SPC system is attached to the storage facility for this concept. 

likely to be higher since the canister processing lines required for the 
scaled capacity plant (recall, monolith process scaled from a 20-MT per 
day reference plant) are numerous and are remotely operated and 
maintained. 
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7.0 On-Site Transportation 

Transfer of low-level waste is dependant upon the waste form. This section 
discusses several transfer options to transport low-level waste forms from a 
process facility to a storage facility. These options include shielded container 
transportation, unshielded container transportation, and tunnel transfer. A 
summary section is included to provide an evaluation summary for the on-site 
transportation options based on the assessment categories established in Section 
1 of this report. 

7.1 Shielded Container Transportation 

On-site transportation for movement of shielded containers from the 
vitrification building loadout area to the storage facility could be done 
with a straddle carrier. Shielded container include cases 1, 2, 5, 6, and 
seven and are discussed in Section 5 of this report. 

Large capacity straddle carriers are commercially available for loads of 
80 MT which would be adequate for all except the 125-MT shielded cask 
(Case 7). It is presumed that a straddle carrier with a 125-MT capacity 
could be designed. While other types of carriers are possible, a straddle 
carrier is preferred because it has a high load capacity and 
maneuverability with low weight. 

The straddle carrier travels from the loadout area to the pad area and 
down a ramp, if a below grade pad is used, and sets the container down 
near a crawler crane. The straddle carrier travels at a speed of 
approximately 1 mph. The straddle carrier then returns to the 
vitrification building to pick up another container. 

With a production rate of 2-3 hours per container, one straddle carrier is 
probably adequate (does not include spare). Shielding of the operator cab 
will be required because the container surface dose rate is assumed to be 
0.1 mSv/hr. 

7.2 Unshielded Container Transportation 

The type of on-site transportation for movement of unshielded containers 
from the vitrification building loadout area to the storage facility 
depends on whether the containers will be stored in concrete sleeves on a 
pad or in a storage vault. These storage options are detailed in Section 
8.2. Canister cases 3, 4, and 8, discussed in Section 5 of this report, 
and represent the unshielded canister configurations for this 
transportation option. 

For storage in concrete sleeves on a pad, the unshielded containers would 
be loaded into an open top steel shield on a straddle carrier in the 
vitrification building loadout area, then driven to the storage pad area. 
The combined weight of the container, shield and hoisting mechanism is in 
the range of 100 MT. Straddle carriers are capable of carrying loads of 
this magnitude. 
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An open top shield is probably acceptable since the top is 6-7 m above the 
working level, however, a removable top could be provided if required. 
For storage in vault, a straddle carrier carries the container inside a 
shield from the vitrification building to a nearby vault and inserts it 
vertically into a shielded cell. 

The transporter is a tracked carrier to distribute the load over a large 
area of the cell covers and walls and carries a centrally located shield. 
This arrangement enables a much lighter weight vehicle compared to a 
counterweighted boom hoist carrier. Preliminary estimates indicate that 
cover blocks supported by 46-cm thick walls are adequate to support the 
weight of the straddle carrier. 
During a typical operating sequence the straddle carrier would be 
positioned over a loadout well in the Vitrification Building. The carrier 
would withdraw the container into a fixed cylindrical steel shield on the 
carrier. The straddle carrier would drive down a ramp leading into the 
vault and across the cell covers which form the top of the vault to the 
appropriate cell. 

The steel shield would be fitted with an internal top running trolley 
hoist similar to that described in Section 8.2.2. 
7.3 Tunnel Transfer 
Several variations for low-level waste tunnel transfer exist for the 
alternatives presented in this report. Cases 10 and 13 utilize a railed 
hopper for the transfer of cullet while cases 11 and 12 specify a railed 
cart. Cases 11 and 12 differ in functional requirements; case 11 
requiring the tunnel structure to provide cooling systems to solidify the 
liquid waste form during transfer. The tunnel transfer concept, however, 
is common to all these 4 cases since it accommodates remote material 
transfer, and is discussed generically below. Details specific to each 
case noted above has been considered in the basis for these alternatives 
and is reflected in costs reported in Section 7.4.8. 

A transfer tunnel, approximately 500 m in length, is designed as an 
unmanned facility for remote material transfer. Due to the type of 
material transported, it is expected that the internal structure of the 
tunnel will be contaminated. Design and administrative control features 
are required to ensure that the sum of the total effective dose 
equivalents recorded on individual workers is less than 500 mrem annually 
if the tunnel is designed to accommodate regular maintenance activities. 
D0E/EH-0256T, US DOE Radiological Control Manual, Revision 1, April 1994, 
shall be referenced as a design guide when establishing design criteria 
for this facility. Additionally, ALARA guides should be considered that 
provide this concept with design features allowing non-routine maintenance 
for recovery from any credible event. Ventilation requirements for the 
tunnel will be determined upon completion of a safety analysis for this 
structure. However, since airborne particulate and resuspension of 
settled contamination could present maintenance access problemSj it is 
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expected that the ventilation system will contain a HEPA filter system. 
Airlocks, located on both tunnel entry ports, must be designed to maintain 
negative pressure gradient from the tunnel into the Vitrification Building 
and vault in order to minimize the spread of contamination. 

7.4 Summary Comparison 

The paragraphs below summarize and discuss on-site transportation of 
containers in regards to process flowsheet/facility design impacts, 
operability/complexity, maintainability, maturity of technology, schedule 
impacts, regulatory impacts, safety, and costs. In some cases, no impacts 
have been identified and hence, the text simply states, "none". 

7.4.1 Process Flowsheet/Facility Design Impacts 

The transfer tunnel option requires equipment and facility resources. 

7.4.2 Operability/Complexity 

Since all transporter systems and equipment are based on manually operated 
commercially available equipment, operations should not be complex for 
either shielded or unshielded containers. 

Shielded container operations consist of lifting, transporting and placing 
heavy loads in an outdoor environment. 

Operations involving unshielded containers are somewhat more complex in 
that: 

(1) Engagement and disengagement of the hoist hooks must be done 
with the aid of a TV camera inside the steel shield. 

(2) The steel shield must be positioned within 15 cm when 
inserting or removing a container. However, neither viewing 
nor handling should pose a problem to an experienced crane 
operator. 

The remote/automated features of tunnel transfer provides less of an 
operational impact than manual operations. However, the concept of tunnel 
transfer is inherently more complex than manual transfer. 

Railed transporters required to transfer low-level waste through the 
tunnel may require decontamination facilities to facilitate maintenance of 
these systems. 

7.4.3 Maintainability 

Standard commercial maintenance practices can be applied to all equipment 
for transport and handling from the vitrification building loadout area to 
the storage facility. Cranes and straddle carriers can be manually 
accessed at all times for maintenance purposes. 
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Railed transporters required to transfer low-level waste through the 
tunnel may require contact and/or semi-remote maintenance on mechanical 
systems. 
Design of the transfer, tunnel must consider ALARA guides for non-routine 
maintenance activities. Periodic decontamination of the tunnel may be 
required to maintain radiation exposure levels below such a point so that 
regular maintenance activities can be performed without respirators and 
without loss of plant availability. 

7.4.4 Maturity of Technology 
Cranes and straddle carriers are in common use throughout industry and 
therefore represent a mature technology. For handling unshielded 
containers some modifications are required. These include: 

: Replacing the conventional wheels on a straddle carrier with 
a track drive to distribute the load over the cover blocks and 
walls in the case of vault storage. 

: Steel shields containing a top running hoist and shield doors 
are not "off-the-shelf" items and would have to be designed. 
Nonetheless, such systems have been built and the technology 
is based on standard purchased parts and proven design 
practices. 

Transport equipment required for remote tunnel transfer are equally 
developed and demonstrated throughout industry and therefore represent a 
mature technology. For handling low-level waste forms some modifications 
may be required. These include: 

: Sealed fill and dump mechanisms to prevent contained low-level 
waste materials from escaping confinement (e.g., hopper 
design). 

-:• Design features to facilitate decontamination of transporter 
prior to maintenance. 

7.4.5 Schedule Impacts 
None. 

7.4.6 Regulatory Impacts 
Neither the federal regulations in 40 CFR 263.10(b) nor the state 
regulations in WAC-173-303-240(4) require on-site regulation for the 
transportation of hazardous wastes. However, WHC-CM-7-5, Environmental 
Compliance Manual, Chapter 7, Solid Waste Management, Section 7.9.2(5), 
establishes a requirement for a "uniform hazardous waste manifest" for all 
on-site (as well as off-site) transportation of hazardous materials. Two 
exceptions include, (1) Hanford bulk shipments that are destined for tank 
farm storage, and (2) on-site waste transfers where control of the waste 
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remains with the same RCRA unit manager. 

7.4.7 Safety 
One safety concern with on-site transportation of the glass waste forms in 
large containers is the potential for a drop during transportation to the 
storage vault or pad. The drop is assumed to result in the failure of the 
container. Based upon HWVP data, the respirable fines fraction (for 
particles < 10 ym) produced by the drop is assumed to be 7.0xl0"4. The 
brittle nature of cullet will tend to make it more susceptible to become 
fines as compared to glass monolith, when subjected to a drop. Therefore, 
the respirable fines fraction is conservatively assumed to be twice the 
HWVP value of 3.5xl0"4. Ten percent of these respirable fines are assumed 
to be released as a puff from the failed container, with the rest being 
released at a fraction release rate of 3.6E-05 per hour. Results of the 
analysis are presented in Figures 7.4.7-1 through 7.4.7-4. 

These results indicate that, for all the large containers, there are no 
Safety Class 1 (SC-1) consequences associated with the container drop 
accident. Therefore, no SC-1 design features are required. 

However, for the 125-MT shielded cask (container case 7), results of the 
analysis indicate that the on-site dose Limit of 5 rem will be exceeded at 
the present on-site distance of 100 meters. Therefore, the 125-MT 
shielded cask may need to be designed as Safety Class 2. Further analysis 
in conjunction with reduced source terms may eliminate this safety 
requirement. 

For the other large containers, there are no SC-2 consequences associated 
with the container drop accident. No SC-2 design features are therefore 
recommended. 

Low-level waste volumes for tunnel transfer are determined such that the 
safety evaluation indicates no credible events and that all consequences 
are acceptable. 

7.4.8 Costs 

Equipment costs for transportation options for the thirteen container 
options are shown in Table 7.4.8-1. Additionally, construction costs of 
the tunnel transfer facility are shown in Table 7.4.8-2 for comparison 
purposes. These costs are considered part of transportation costs, 
however, they are included in the storage vault costs (direct cost) for 
cases 10, 11, 12 and 13 presented in Section 8.4.8. 
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Figure 7.4.7-1 

Offsite Doses due to Drop of Container 
(Glass Waste Forms in Large Containers) 
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Figure 7.4.7-2 

Offsite Doses due to Drop of Container 
(Glass Waste Forms in Large Containers) 
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Figure 7.4,7-3 

Onsite Doses due to Drop of Container 
(Glass Waste Forms in Large Containers) 
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Figure 7 .4 .7-4 

Onsite Doses due to Drop of Container 
(Glass Waste Forms in Large Containers) 
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500 1,000 1,500 2,000 

Onsite Distance (meters) 
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Table 7.4.8-1 Equipment Costs 

Case Container Type/Alternative Equipment Load, HT Minimum 
Rating Req'd, MT 

Cost, Thousands 

1 Shielded Container Straddle Carrier 
Crane 

56'" 
56 

56 
100 

250 
1,000 

2 Shielded Container Straddle Carrier 
Crane 

59 
59 

59 
100"' 

250 
1,000 

3 Unshielded Container in Concrete Sleeve 
on Pad 

Straddle Carrier with Shield 

Crane with Shield and Internal Hoist 

Yard Crane 

75"' 

80<" 

45 

75 

130"' 

45 

350 

1,400 

800 
3 Unshielded Container in Vault Straddle Carrier Mith Shield and 

Internal Hoist 
75'" 75 800 

4 Unshielded Container in Concrete Sleeve 
on Pad 

Straddle Carrier with Shield 

Crane with Shield and Internal Hoist 

Yard Crane 

84'" 

89"' 

45 

84 

140'" 

45 

350 

1400 

800 

4 Unshielded Container on Vault Straddle Carrier with Shield and 
Internal Hoist 

84'" 84 800 

5 Shielded Container Straddle Carrier 

Crane 

62 

62 

62 

100'" 

250 

1,000 

6 Shielded Container Straddle Carrier 

Crane 

68 

68 

68 

100"' 

250 

1,000 

7 Shielded Container Straddle Carrier 

Crane 

125 

125 

125 

170"' 

250 

1,000 

8 Unshielded Container in Concrete Sleeve 
in Pad 

Straddle Carrier 

Crane with Shield and Internal Hoist 

Yard Crane 

50'" 

55"' 

45 

50 

100'" 

45 

350 

1400 

800 

8 
< 

Unshielded Container in Vault Straddle Carrier Mith Shield and 
Internal Hoist 

50'" 50 800 

9 Pumping Cullet/Sulfur NA NA NA NA 
10 Hopper Railed Hopper(s) 20 20 333"' 

11 Non-Load Bearing Box Railed Transporter(s) 90 90 1688"' 
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Case Container Type/Alternative Equipment Load, HT Minimum 
Rating Req'd, MT 

Cost, Thousands 

12 Load Bearing Container Railed Transporter(s) 90 90 1688'" 

13 Hopper Railed Hopper(s) 20 20 333'" 
Notes: (1) Weight of shielded container. 

(2). Rating required to carry load with boom extended to working reach. 
(3) Weight of unshielded container and steel shield. 
(4) Weight of unshielded container, steel shield with bottom doors and top running trolley hoist. 
(5) Weight of unshielded container, steel shield and top running trolley hoist. 
(6) Cost included in the Vitrification building equipment costs. 

Table 7.4.8-1 Equipment Costs (Con't) 

Table 7.4.8-2 Tunnel Construction Data 

EXCAVATION 
(M3) 

BACKFILL 
(M3) 

TOTAL 
CONCRETE 

(M3) 

TOTAL CONSTRUCTED 
C0ST(1) 

($MM) 

30,049 26,532 4,645 6.28 

Notes: 
(1) Cost of tunnel included as direct storage cost for cases 10 through 13. 
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8.0 On-Site Storage 
Several criteria must be considered in the design of on-site storage facilities 
for low-level waste containers. These include: 

: For manned facilities, shielding must be provided for workers 
routinely working in areas exceeding 0.001 mSv/hr because this could 
result in exposures greater than 2.0 mSv/yr. The surface dose rates 
of shielded containers and unshielded containers are assumed to be 
0.1 mSv/hr and 10 mSv/hr respectively. Therefore, additional 
shielding is required during transportation and storage operations. 
If additional shielding sufficient to reduce the dose rate to 
0.001 mSv/hr were provided as a part of container design, the 
container costs would be prohibitively expensive. Therefore, 
shielding is provided instead as a part of the transportation and 
storage facilities. 

: Both shielded and unshielded containers can be stored above ground 
on an interim basis but will eventually require transfer to a below 
ground facility for burial at a sufficient depth to allow placement 
of 5 meters of cover fill. The top of the cover fill is' assumed to 
be grade level rather than mounded. 

: As an alternative to above ground interim storage followed by below 
ground burial, interim storage could initially be in a below ground 
facility and later covered with 5 meters of cover fill. 

For unmanned storage facilities constructed below grade, the maximum 
dose rate for an uncontrolled area designation above the cover fill 
is 0.5 micro-Sv/hr. Control features must be provided for dose 
rates in excess of this. 

The following sections discuss storage options for the waste form configurations 
discussed in previous sections of this report. Section 8.1 presents interim and 
final storage options for the shielded canister cases presented in Section 5. 
Section 8.2 presents interim and final storage concepts for the unshielded 
canister cases of Section 5. Section 8.3 presents storage concepts for the 
alternative cases presented in Section 5. 

8.1 Storage of Shielded Containers 

Handling and storage of containers with integral shielding is relatively 
simple, consisting of transfer from the vitrification building loadout 
area to a storage pad and placement with a crane. These canister options 
are discussed in Section 5 and include cases 1, 2, 5, 6, and 7. 

8.1.1 Interim Storage Method 
The pad is a single square or rectangular 30-cm thick slab. The pad could 
be located above ground for temporary storage with eventual transfer off-
site or relocation to a similar pad below grade for permanent on-site 
storage. The below grade pad would be similar to the above grade pad 
except excavated to a depth of 10-12 meters below grade to allow for 5 
meters of fill cover for burial. An alternative approach would be to 
prepare only a below grade pad for interim storage. The arrangement for 
below grade storage is shown in Figure 8.1.1-1. A straddle carrier is 
driven into the vitrification building loadout area. The carrier picks up 
the shielded container and transports it to the pad area. The crawler 
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crane picks up the shielded container and places it next to the other 
containers which are arranged on a triangular pitch to minimize pad area. 
Commercially available cranes have sufficient reach to place a number of 
containers from one location. The crane is then moved to the next 
location when the radius limit for the load is reached. If it were 
decided to permanently store the containers on-site the area could simply 
be covered with fill for burial. Sizes, design features and costs for 
above and below grade pad storage of shielded containers are summarized in 
Tables 8.1.1-1 and 8.1.1-2. Costs are in total dollars and do not reflect 
the cost structure used in Section 8.4.8. 

For this study, it is assumed that no building is required for weather 
protection, confinement, or shielding. A security fence or thin shield 
wall around the pad's perimeter would be provided to keep personnel from 
entering the area. It is also assumed that no monitoring provisions for 
particulate are required. 

Operating personnel such as crane operators, transporter operators, etc., 
can be adequately protected by shielding the operator cabs. For 
containers stored above ground, a fence would be provided around the pad 
at a distance of 107 m to reduce the dose rate to 0.001 mSv/hr. As an 
alternative, a berm could be constructed around the pad. For below ground 
pad storage where container sides are shielded by earthen walls, exposure 
is from the horizontal surfaces of the container tops. The dose rate from 
this configuration might be slightly less, allowing a somewhat closer 
fence. 

Table 8.1.1-1 Above Grade Pad Storage for Shielded Containers 

Costs, $ 
Millions (3) 

Case Pad Dimensions 
Meters (1) 

Pad Area 
Acres 

Concrete Volume 
m* 

Concrete 
for Pad (2) 

1 322 x 277 22.0 27,154 17.00 

2 312 x 268 20.7 25,531 15.99 

5 346 x 298 25.5 31,459 19.70 

6 344 x 296 25.5 31,147 19.69 
7 297 x 255 18.7 23,114 14.48 

Notes; (1) Assumes 15-cm annular clearance around containers for handling. Containers 
located on triangular pitch. 

(2) Assumes 30.5-cm pad thickness. 
(3) Does not include sales tax or contractor mark-up 
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Table 8.1.1-2 Below Grade Pad Storage for Shielded Containers 

Concrete Volume, M' Costs, $ Millions (6) 

Case Pad (1) 
Dimensions, 

N 

Pad Area 
Acres 

Pad 
Depth <2) 
Below 

Grade, M 

Excavation(3) 
Volume, m' 

Pad(4) Retaining 
Ualls(5) 

Concrete 
for Pad 
t Walls 

Excavation Total 

1 322 x 277 22.0 10.7 1,133,726 27,154 12,049 31.38 7.96 39.34 
2 312 x 268 20.7 10.7 1,070,560 25,531 11,684 29.96 7.51 37.47 
5 346 x 298 25,5 11.3 1,382,000 31,459 13,687 36.03 9.54 45.57 

6 344 x 296 25.2 11.5 1,389,559 31,147 13,798 36.15 9.55 45.70 

7 298 X 255 18.7 10.7 976,194 23,114 11,119 27.74 6.85 34.59 

N o t e s : (1) Assumes 15-cm annular clearance around containers for handling. Containers located on triangular pitch 
(2) Allows for 5 m cover for burial. 
(3) Includes a 2 horizontal to 1 vertical slope around perimeter to prevent cave in. 
(4) Assumes 30.5-cm pad thickness. 
(5) Assumes 0.91-m retainer wall thickness to resist soil pressure after backfilling around perimeter. 
(6) Ooes not Include sales tax or contractor mark-up. 
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8.1.2 Final Storage 

Final storage consists of the following alternatives: 

1) Removal from interim storage and transport to an off-site 
repository. Appendix I presents a discussion on the methods 
of off-site transportation. 

2) Removal from above ground interim storage and transfer to 
another on-site below ground facility followed by backfilling 
with 5 meters of cover fill. 

3) Backfilling a b.elow ground interim storage facility with 
5 meters of cover fill. 

The costs associated with the various possible combinations of interim and 
final storage are shown in Tables 8.1.2-1 for shielded containers. For 
each container case this table lists: 

1) Cost of interim storage (ref. Tables 8.1.1-1 and 8.1.1-2). 

2) Cost of final storage. 

3) Total cost. 

Costs are in total dollars and do not reflect the cost structure used in 
Section 8.4.8. The cases in Table 8.1.2-1 that are tagged with an 
asterisk, represent cases that appear to be the most logical to carry 
forward in the overall evaluation. These cost figures do not consider any 
of the costs associated with protecting workers from radiological source 
terms. 
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Table 8.1.2-1 Storage Costs for Shielded LLW Containers 

Case Interim Storage Final Storage Total 
Cost (3) 
Millions 

* 

Case 

Method Cost 
Millions 

$ 

Method Cost 
Millions 

* 

Total 
Cost (3) 
Millions 

* 

1-1 Above ground on pad 17.00 Buried below ground on pad 47.30 (1) 64.30 

i-n Above ground on pad 17.00 Offsite TBO TBD 
111! Below ground on pad 39.34 Buried below ground on pad 7.96 (1) * 47.30 
1-IV. Below ground on pad 39.34 Offsite TBD TBD 

2-1 Above ground on pad 15.99 Buried below ground on pad 44.98 (1) 60.97 

Z-It Above ground on pad 15.99 Offsite TBO TBD 
2-111 Below ground on pad 37.47 Buried below ground on pad 7.51 (1) * 44.98 
2-IV Below ground on pad 37.47 Offsite TBD TBD 

SI Above ground on pad 19.70 Buried below ground on pad 55.11 (1) 74.81 

5-11 Above ground on pad 19.70 Offsite TBD TBD 
5-IJI Below ground on pad 45.57 Buried below ground on pad 9.54 (1) * 55.11 

S-1V Below ground on pad 45.57 Offsite TBO TBD 

6-1 Above ground on pad 19.69 Buried below ground on pad 55.25 (1) 74.94 

6-11 Above ground on pad 19.69 Offsite TBD TBD 
6-1 It Below ground on pad 45.70 Buried below ground on pad 9.55 (1) * 55.25 

6-IV Below ground on pad 45.70 Offsite TBD TBD 

7 1 . Above ground on pad 14.48 Buried below ground on pad 41.44 (1) 55.92 

7-11 Above ground on pad 14.48 Offsite TBD TBD 
7-III Below ground on pad 34.59 Buried below ground on pad 6.85 (1) * 41.44 

7-IV Below ground on pad 34.59 Offsite TBD . . TBD 

N o t e s : (I) Assumes same cost for backfill as excavation. 
(2) TBD denotes "To be determined". 
(3) Does not include sales tax or contractor mark-up. 
* Most logical cases to carry forward in the overall evaluation. 
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8.2 Storage of Unshielded Containers 

Handling and storage of unshielded containers is relatively simple, consisting 
of transfer from the vitrification building loadout area to a storage location 
with shielding provided for the containers during handling and storage 
operations. These canister options are discussed in Section 5 and include 
cases 3, 4, and 8. Unshielded containers can be stored temporarily on pads 
or in vaults, with eventual transfer off-site or relocation to a similar below 
grade configuration for permanent on-site storage . Discussions on both 
concepts are provided below, followed by a discussion on final storage. 

8.2.1 Interim Pad Storage 

Pad storage could also be used for unshielded containers provided the 
containers are shielded during handling and storage. Unshielded container 
options are discussed in Section 5 and include cases 3,4, and 8. Since 
unshielded containers have a surface dose rate assumed to be 10 mSv/hr, 
precautions must be taken to provide radiation protection at all times. It 
is assumed that shielding sufficient to reduce the surface dose rate to 0.1 
mSv/hr will be adequate for transportation and storage. The overall 
arrangement for pad storage of unshielded containers is shown in Figures 
8.2.1-1, 8.2.1-2, and 8.2.1-3.At the storage pad, a steel shield suspended 
from the crawler crane and fitted with sliding bottom shield doors would be 
positioned over the straddle carrier shield described in Section 7.2. The 
doors would be opened and the crane hook from an internal top running trolley 
hoist is lowered to engage the lifting lug on the container. A traveling 
hoist is necessary to position the hook to engage and disengage the lifting 
lug. An internal CCTV would be used to view this operation. Once the 
container is drawn up into the steel shield, the doors would be closed. 
Shield doors are necessary since the bottom of the unshielded container could 
be in direct line of sight with the crane operator, straddle carrier operator, 
and other personnel during lifting operations. 

Shield doors would be fitted with rollers and ride in a track attached to the 
shield. Doors would be operated by jack screws or linear actuators on both 
sides of the doors and driven through a common gearing system. Power to the 
shield doors and trolley hoist would be provided through a cable reel on the 
crane boom and controlled by the crane operator. 

The shields for storage of the unshielded containers on the pad are simple 
concrete pipes or sleeves with 30-cm thick walls and weigh approximately 45 
MT each. The sleeves could be transported to the pad area via a truck, where 
they are unloaded and uprighted by a mobile yard crane. The yard crane could 
also be used to remove and replace cover block shields on the sleeves after 
container emplacement. 
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Figure 8.2.1-1 Transporter and Pad Storage for Unshielded LLW Containers 
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Fiaure 8.2.1-2 Steel Shield for Crawler Crane (Container Emplacement in Concrete 

Pipe on Support Pad, Side View) 
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Figure 8.2.1-3 Steel Shield for S t r a t i ^ i W W (Container Emplacement in Vault 

Cubicles, End View) 
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>The number of empty sleeves would be limited to 1-2 rows (100-200 empty 
sleeves for a square pad) to limit the reach required of the crane. The 
combined weight of an unshielded container, steel shield and trolley hoist 
could approach 100 MT. A crane with a 150 MT rating has a capacity of 100 MT 
at a reach of approximately 6 m which is equivalent to 2 container rows. It 
is anticipated that container emplacement operations and empty sleeve 
placement would occur concurrently throughout the life of the plant. 

Sizes, design features and costs for below grade pad storage of unshielded 
containers are summarized in Table 8.2.1-1. Costs are in total dollars and 
do not reflect the cost structure used in Section 8.4.8. 

8.2.2 Interim Vault Storage 
Unshielded containers could be stored in some type of vault storage. Two 
types which were considered were a totally enclosed remote facility and a 
manually operated and shielded system. A system that can be manually operated 
and accessed, such as that shown in Figures 8.2.2-1, 8.2.2-2 and 8.2.2-3, is 
preferable because of its simplicity in design and maintenance, and 
retrievability of waste forms. 

Transportation of the unshielded container is described in Section 7.2. At 
the vault, a hoist on the straddle carrier lifts off the cover blocks as the 
straddle carrier is positioned over the cell. The container is lowered into 
the cell. The lifting yoke is disengaged and withdrawn into the shield. The 
straddle carrier then backs up and the cover block is replaced. The shield 
is similar to that shown in Figure 8.2.1-2 except that it is open on the 
bottom and does not have shield doors. The shield is low enough to protect 
the transporter operator from any radiation beam during transport or 
emplacement. By locating the operator cab directly behind the shield, the 
operator is also protected when the transporter is backing up and until the 
cover block is replaced. 

In addition to the individual cells, the vault has a border of approximately 
3 m around the perimeter to enable the transporter to access the outer row of 
cells. 

Size, design features and costs for below grade vault storage of unshielded 
containers is summarized in Table 8.2.2-1. 
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Table 8.2.1-1 Below Grade Pad Storage for Unshielded Containers in Concrete Sleeves 

Concrete Volume, M* Costs, S Millions (6) I 

Case Pad<1) 
Dimensions 

Pad 
Area 

Access 

Pad Depth 
Belou(2) 
Grade, M 

Excevation(3) 
Volume, M' 

Pad(4) Retaining 
Ualls(5) 

Concrete 
for Pad 
& Walls 

Excavation Concrete 
Sleeves 

Total 

3 375 x 322 29.9 11.3 1,601,989 36,844 14,808 42.8 11.06 350 403.86 

4 357 x 307 27.0 11.3 1,458,359 33,325 14,085 39.61 10.07 315 364.68 

8 448 X 385 42.7 10.4 2,063,175 52,607 16,407 54.79 14.99 478 547.78 | 

Notes: 
(1) Assumes 15-cm annular clearance between container and concrete sleeve and 15 cm annular clearance around sleeves for handling. Cont 

located on triangular pitch. 
(2) Allows for 5-RI cover for burial. 
(3) Includes a 2 horizontal to 1 vertical slope around perimeter to prevent cave in. 
(4) Assumes 30.5-cm pad thickness 
(5) Assumes a 0.91-m retainer wall thickness to resist soil pressure after backfilling around perimeter. 
(6) Does not include sales tax or contractor mark-up. 
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Figure 8.2.2-3 Vault StorageTubTiScfens for Unshielded LLW Containers 
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Table 8.2.2-1 Below Grade Vault Storage 

• 
Concrete Volume, H* Costs, $ Millions <7> 

Case Vault(l) 
Dimensions, 

M 

Vault 
Area 
Acres 

VauU(Z) 
Depth 
Below 

Grade, H 

Excavation(3) 
Volume, m1 

Base(4' Cell and 
Retaining 

Walls (5X6) 

Concrete 
for Pad 
& Ualls 

Excavation Total 

3 359 x 359 31.9 12.50 1,837,579 116,150 332,625 536 12.9 548.9 
4 339 x 339 28.4 12.50 1,648,054 104,514 299,495 482 11.6 493.6 
8 422 x 422 44.1 11.66 2,312,553 161,826 465,904 750 16.7 766.7 

N o t e s : (1) Assume 15-cro annular clearance between container and cell walls for handling. Containers located on rectangular pitch. 
(2) Allows for 5-m cover for burial. 
(3) includes a 2 horizontal to 1 vertical slope around perimeter to prevent cave in. 
(4) Assumes 0.91-tn base thickness to support cell walls, cover blocks, straddle carrier and container. 
(5) Assumes 0.46-m cell wall thickness to support cover blocks, straddle carrier and container. 
(6) Assumes 30.5-cm retainer wall thickness to depth of 5 m. No retainer wad needed below depth of 5 m. 
(7) Does not include sales tax or contractor mark-up. 
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*8.2.3 Final Storage 
Final storage for unshielded low-level waste containers consists of the 
following alternatives: 

1) Removal from interim storage and transport to an off-site 
repository. Appendix I presents a discussion on the methods of off-
site transportation. 

2) Removal from above ground interim storage and transfer to another 
on-site below ground facility followed by backfilling with 5 meters 
of cover fill. 

3) Backfilling a below ground interim storage facility with 5 meters of 
cover fill. 

The costs associated with the various possible combinations of interim and 
final storage are shown in Tables 8.2.3-1 for unshielded containers 
respectively. For each container case this table lists: 

1) Cost of interim storage (ref. Tables 8.2.1-1 and 8.2.2--1). 

2) Cost of final storage. 

3) Total cost. 

Costs are in total dollars and do not reflect the cost structure used in 
Section 8.4.8. The cases in Table 8.2.3-1 that are tagged with an asterisk, 
represent cases that appear to be the most logical to carry forward in the 
overall evaluation. These cost figures do not consider any of the costs 
associated with protecting workers from radiological source terms. 
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Table 8.2.3-1 Storage Costs for Unshielded LLW Containers 

Case Interim Storage Final Storage Total 
Cost (3) 
Millions 

S 

Case 

Method Cost 
Millions 

$ 
Method Cost 

Millions 
$ 

Total 
Cost (3) 
Millions 

S 

3-1 Above ground on pad with sleeves 373 Buried below ground on pad with sleeves 415 (1) 788 
3-1.1 Above ground on pad with sleeves 373 Buried below ground in vault 562 (1) 935 
3-III Above ground on pad with sleeves 373 Offsite TBO TBD 
3-IV Below ground on pad with sleeves 404 Buried below ground on pad with sleeves 11.1 (1) * 415 
3-V Below ground on pad with sleeves 404 Offsite TBO TBD -
3-VI Below ground in vault 549 Buried below ground in vault 12.9 (1) 562 
3-VII Below ground in vault 549 Offsite TBD TBO 

4-1 Above ground on pad with sleeves 336 Buried below ground on pad with sleeves 375 <1> 711 
4-11 Above ground on pad with sleeves 336 Buried below ground in vault 505 (1) 841 
4-1II Above ground on pad with sleeves 336 Offsite TBO TBD 
4-IV Below ground on pad with sleeves 365 Buried below ground on pad with sleeves 10.1 (1) * 375 

4-V Below ground on pad with sleeves 365 Offsite TBD TBD 
4-V1 Below ground in vault 494 Buried below ground in vault 11.6 (1) 506 
4-V1I Below ground in vault 494 Offsite TBD TBD 

8-1 Above ground on pad with sleeves 511 
1 

Buried below ground on pad with sleeves 563 (1) 1,074 

8-11 Above ground on pad with sleeves 511 Buried below ground in vault 783 (1) 1,294 
8-III Above ground on pad with sleeves 511 Offsite TBD TBD 
8-1V Below ground on pad with sleeves 548 Buried below ground on pad with sleeves 15.0 (1) * 563 

8-V Below ground on pad with sleeves 548 Offsite TBO TBO 
8-VP Below ground in vault 767 Buried below ground in vault 16.7 (1) 784 
8-VII Below ground in vault 767 Offsite TBD TBD 
J 

N o t e s : (1) Assumes same cost for backfill as excavation. 
(2) TBD denotes "To be determined". 
(3) Does not include sales tax or contractor mark-up. 
* Most logical cases to carry forward in the overall evaluation. 
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6.3 Vaults, Alternative Concepts 
The primary structural concept for vault designs in this section includes 
reinforced concrete structures designed as unmanned facilities. Design 
features shall allow for remote operations. Examples of such features include 
remote operator control facilities, remote material transfer, portable mixing 
and ventilation/cooling systems, and remote recovery and maintenance systems. 
Additionally, vault designers may be required to provide design features that 
facilitate the filling of the void space once the vault is loaded at its 
design capacity. An example of such a design feature would be to include 
removable portals on the ceiling of the vault structure that will allow fill 
material such as concrete to be poured into the void space at a later time. 
In general, facility descriptions are beyond the scope of this report and are 
not discussed to any detail. 

Size, construction features and costs for below grade vault storage of these 
concepts are summarized in Table 8.3-1. Costs as reported in the table are 
total dollar costs and do not reflect the cost structure reported in Section 
8.4.8. The sections below describe these storage concepts. 

8.3.1 Pumping Vault 

A simplistic vault concept is illustrated in Figure 8.3.1-1. Section 6.4 
provides a discussion on the process/transfer systems required for case 9, 
introduced in Section 5.3.1. Molten SC is poured into the vault chambers for 
storage. Dimensions of a vault chamber are 36.6 m x 18.3 m x 9.1 m, where 
each chamber is expected to contain approximately 53,000 m 3 of SC. To 
accommodate the amount of glass produced over the life time of the plant, 42 
similar vault chambers are required. 

A heat-jacketed piping system delivers the molten SC from the LLW plant 
approximately 500 m to the storage vault. Using a simple piping arrangement, 
branch.lines provide each chamber with two fill lines, each fill line 
including four fill ports for a total loading capacity of 8 fill ports per 
chamber. Non-mechanical freeze valves, illustrated in Figure 8.3.1-2 are used 
to control the flow of molten SC throughout the piping system. Freeze valves 
are also included on each fill port for control. 

Vault chambers are filled by operating heat-jacketed transfer pipe and freeze 
valves to allow molten SC to flow to the desired location. As a chamber fills 
with molten SC, fill ports are closed by cooling freeze valves which cause 
solid plugs of SC to form. 

During filling and subsequent cooling operations, the vault requires 
ventilation. The ventilation system should be mobile so that it can service 
any chamber at a given time. This system should consist of a metal fiber 
filter, a High Efficiency Particulate Air (HEPA) filter, a vacuum blower, and 
associated piping and instrumentation. A metal fiber filter provides the 
first stage of filtration. A support system is necessary for periodic 
cleaning of the filter. Secondary filtration of the vent gas is done by the 
HEPA filter. Vent gas is drawn through the ventilation system by a blower and 
discharged to the atmosphere. Should recovered sulfur from the Claus Process 
be used, a gas analyzer located on the vent discharge is provided to monitor 
for high levels of H 2S in the vent gas. Ventilation equipment should be 
mounted on a trailer to provide ventilation to any given chamber through a 
vent connection on the vault. Two ventilation systems should be furnished so 
that the filling operations could be performed on one chamber while the other 
is in the cooling cycle. 
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Table 8.3-1 Below Grade Vault Costs, Alternative Concepts 

CASE 
NO. 

DESCRIPTION PAD DEPTH 
BELOW 

GRADE ( N ) 

EXCAVATION 
VOLUME 

CH 1) 

CONCRETE 
PAD 

VOLUME 
It?) 

CONCRETE 
VAULT COVER 

VOLUHE 

CONCRETE 
WALL 

VOLUHE 
( M 1 ) 

TOTAL 
CONST*!" -" ON 

COSH. I ) 
(JMH) 

9 Pumping sulfur/glass to 
vault 

15.5 536,979 25,691 25,691 20,598 101 

10 Mixing sulfur/glass in 
vault 

17.4 640,429 26,048 26,048 25,749 92 

11 Non-load bearing canister 
vault 

17.4 493,626 26,048 26,047 26,110 95 

12 Load bearing canister 
vault 

17.4 537,132 29,937 29,937 26,954 105 

13 Loose cullet vault 17.4 640,429 26,048 26,048 25,749 93 

Notes: 
General 

: Prices are expressed in 1994 dollars 
: Escalation to project centroids are excluded. 
: Material prices include 7.8 percent sales tax. 
: Material prices include 5 percent contractor mark-up (capital costs only). 
: Exclusion of eng/pm/cm for expense cost per conference note no. 1025, dated 8/30/94 

(1) Cost includes construction and material costs of vault, control room, transfer tunnel, 
crane maintenance area. 
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8.3-2 Vault, Sulfur/Gullet 

Section 8.3 provides a general system description for the vault facility. 
Section 6.4 provides a discussion on the process/transfer systems required for 
hopper transfer of cullet to the vault facility, also introduced as case 10 
in Section 5.3.2. 

A simplistic vault concept is illustrated in Figure 8.3.2-1. Dimensions of 
a vault chamber are 36.6 m x 18.3 m x 9.1 m, where each chamber is expected 
to contain 12,860 MT of SC. To accommodate the amount of glass produced over 
the life time of the plant, 42 similar chambers are required. A 40 MT top 
running crane is included in the vault facility. All chambers are designed 
to permit crane access. 

The transfer hopper enters the vault facility through a double door transfer 
system and enters the unloading area. Once engaged on the unloading platform, 
a dump valve on the bottom of the hopper opens and cullet gravity falls into 
a heated bin located beneath the platform. After cullet is heated to 
approximately 160 °C, it is gravity fed into a preheated mixer. 
Simultaneously, approximately 3.3 m of SPC is gravity fed into the pre-heated 
mixer from a SPC measuring bin. An SPC supply system is located i-n a surface 
facility above the vault building. The supply system consists of a day bin, 
feeder system, piping and other components. As required, the SPC is gravity 
fed from a measuring bin, and into the preheated mixer located in the vault 
facility. The heat content of the cullet combined with the pre-heated mixer 
is sufficient to melt the SPC, and the resulting temperature of the SC is 
approximately 135 °C. When the SC meets product specification, it is poured 
into an insulated hopper for transfer into a vault location. 

The volume of an insulated hopper is sized under the assumption that the SPC 
efficiently occupies the cullet void volume of 0.30. Hence, the volume of an 
insulated hopper is 10 m 3 and transports approximately 24.3 MT of the molten 
cullet/SPC waste form. The insulated hopper can be exchanged for a larger 
capacity hopper to increase plant capacity. 

The insulated hopper is suspended from a 40-MT top running overhead crane and 
is used to pour molten SC into the open vault chambers. An electric cable 
reel from the trolley provides power to the hopper. Vibrators/ mechanical 
flatteners are included on the hopper design to flatten cullet cones formed 
during the pouring of molten SC. An electric cable reel from the trolley 
provides power to the hopper. This configuration provides optimal loading of 
the open chambers. A remote maintenance area is provided for this concept. 

During filling and subsequent cooling operations, vault chambers are 
ventilated by a ventilation system. The ventilation system for this section 
is similar to the system described in Section 8.3.1. 
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8.3.3 Vault, Non-Load Bearing Metal Container, Sulfur/Gullet 

Section 8.3 provides a general system description for the vault facility. 
Section 6.5 provides a discussion on the process/transfer systems required for 
the non-load bearing container introduced in Section 5.3.3 as case 11. 

An airlock at the transfer tunnel vault interface minimizes the potential for 
the spread of contamination. At the transfer tunnel connection with the vault 
facility, the railed system is approximately 6 m above the vault floor 
elevation. A hydraulic lift station lowers the transfer cart to the unloading 
area, where a vault crane unloads the waste form from the transfer cart. 
After unloading operations, the transfer cart returns to the Vitrification 
building. 

The storage concept for this option requires approximately 42 bays within the 
vault that accept 162 ambient temperature boxes each. Figure 8.3.3-1 
illustrates this concept. The vault is characterized by a 6 x 7 grid layout 
of vault bays. After cooling operations, a railed transport cart passes 
through an airlock into a receiving area in the vault. A bridge crane meets 
the transport cart in the receiving area and unloads a horizontal waste form 
using a lifting eye on the waste form. The crane transfers the waste form and 
places it into a storage location in the vault. 

A single bridge crane services all storage locations in the vault, where a 
rail system is provided on each row of bays. Hoists, located on a monorail 
above the railed transport system in the vault receiving area, are provided 
to lift the bridge crane and re-position it to another row of bays after all 
storage positions of the previous row of bays are occupied. This design 
allows the use of a single bridge crane, thus minimizing equipment 
requirements, and is illustrated in Figure 8.3.3-2. One backup bridge crane 
is included in this concept. To perform all required functions, the crane 
should be sized to approximately 90 MT. A maintenance area is provided to 
service the bridge crane and the railed transport carts. 
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8.3.4 Vault, Load Bearing Metal Container, Sulfur/Gullet 
Section 8.3 provides a general system description for the vault facility. 
Section 6.6 provides a discussion on the process/transfer systems required for 
the load bearing container, introduced in Section 5.3.4 as case 12. This 
vault concept is expected to have minimal contamination levels due to the 
engineered fill system required for filling the canister. 

An airlock at the transfer tunnel vault interface minimizes the potential for 
the spread of contamination. At the transfer tunnel connection with the vault 
facility, the railed system is approximately 6 m above the vault floor 
elevation. A hydraulic lift station lowers the transfer cart to the unloading 
area, where a vault crane unloads the waste form from the transfer cart. 
After unloading operations, the transfer cart returns to the Vitrification 
building. 

Figure 8.3.4-1 illustrates this vault concept. Approximately 200 ambient 
temperature canisters are stored per vault bay. In order to accommodate the 
amount of glass produced over the life time of the plant, approximately 36 
bays are required in a 2 column x 18 row matrix. 
Canisters received in the center corridor of the vault facility from the 
transfer tunnel are at ambient conditions. A transporter verticalizes the 
canister, where a gantry crane receives it and delivers it to its storage 
location. 
The crane concept for this alternative is a large gantry crane which spans the 
area of 2 bays and the center corridor during loading/unloading operations. 
The gantry is supported in the middle by center rails located along the center 
corridor, and on the ends by rails located along the parallel exterior walls 
of the facility. The gantry acts as a movable platform for a bridge crane, 
which is used to place canisters in vault storage locations. The two bays 
along the span of the gantry crane are filled before the gantry is moved to 
the next row of vault bays. 
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8.3.5 Loose Gullet Vault 

Section 8.3 provides a general system description for the vault facility. 
Section 6.4 provides a discussion on the process/transfer systems required for 
hopper transfer of cullet tu the vault facility, also introduced as case 13 
in Section 5.3.2. 
Figure 8.3.5-1 illustrates the storage concept for this alternative. A total 
of 41 vault chambers are required to provide storage for the cullet produced 
over the life time of the plant. Each chamber is approximately 36.6 m x 18.3 
m and filled to a depth of around 7.9 m. A 35 MT top running crane is 
included in the vault facility. All chambers are designed to permit crane 
access. 

The transfer hopper enters the vault facility through a double door transfer 
system and enters the unloading area. Once the transfer hopper has r^ched 
an unloading platform in the vault, the 35-MT overhead crane removes the 
hopper off the transfer cart and transports it to chamber in the vault. An 
electric cable reel from the trolley provides power to the hopper. The volune 
of the hopper is sized based on the design capacity of the low-level 
vitrification plant and is approximately 10 m3, or 18.5 MT of cullet. The 
hopper can be exchanged for a larger rapacity hopper during normal plant 
operations to increase plant capacity. An equipment maintenance area is 
provided for this concept. 

During filling operations, cullet dust is expected to be generated. A vault 
ventilation system, complete with HEPA filters, is required to maintain the 
vault at negative (gage) pressure until the vault is filled and sealed. The 
ventilation system is expected to be small since minimal changes of air are 
required. 
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8.4 Summary 
The paragraphs below summarize and discuss on-site storage of containers in 
regards to process flowsheet/facility design impacts, operability/ complexity, 
maintainability, maturity of technology, schedule impacts, regulatory impacts, 
safety, and costs. In some cases, no impacts have been identified and hence, 
the text simply states, "none". 

8.4.1 Process Flowsheet/Facility Design Impacts 
The interim and final storage concepts of Sections 8.1- and 8.2 could 
potentially require significant land allocations provided the backfill of the 
interim below grade pads are not used for the final storage method. Storage 
facility design impacts for Section 8.3 vault concepts are more complex since 
the waste forms are not packaged in decontaminated containers. This impacts 
HVAC design as well as structural design of these facilities. Section 8.3.1 
and 8.3.2 storage concepts require the molten low-level waste to be poured 
directly onto the vault's floor. Mitigating design features may be required 
to ensure that vault integrity be maintained over its design life. 
Additionally, design features to remove residual heat and sulfur sublimation 
may require engineered systems for these concepts. 

8.4.2 Operability/Complexity 

All operations associated with storage of shielded and unshielded containers 
of Sections 8.1 and 8.2 are simple pick and place operations. • 
The storage concept of Section 8.3.2 requires SPC added to cullet waste form 
prior to storage. This operation complicates the overall operability of this 
concept. Additionally, using a hopper for dispositioning the waste is 
inherently more complex than a crane (this also applies to the concept of 
Section 8.3.5) since more mechanical systems are involved. Problems are 
anticipated with the operation and availability of the hopper since the molten 
SC will tend to solidify on hopper components during and between operations. 

Concepts of Sections 8.3.1 and 8.3.2 require molten concrete to be poured onto 
the vault floor structure and be contained in dedicated chambers. The 
thermally hot-vault design must accommodate the heat removal required to 
solidify and stabilize the molten slurry for storage. Temperatures of the 
molten slurry can reach 135 °C, where the slurry is expected to cool to ambient 
within a specified duration. This condition presents a formidable challenge 
to vault designers who must ensure structural concrete temperatures remain 
well below this expected temperature while the SC cools. Although design 
features for heat removal are well established, the thermally hot-vault 
concept is expected to have an impact on the operability of this type of 
facility. As an example, the potential interaction between SPC/SC and 
conventional concrete may challenge the integrity of the vault design. The 
formation of sulfates, as discussed in Appendix D, can interact with 
conventional concrete to change its chemical composition and physical 
properties. This effect is a corrosive process, and if ignored, may limit the 
life expectancy of the vault facility. Furthermore, when hot SC contacts 
conventional concrete, volatilization of water from the concrete may occur. 
Hence, designers may be required to consider any number of alternatives to 
prevent the direct contacting of conventional concrete and SC. These 
alternatives may range from barriers such as epoxies or inert lioers, to 
constructing the vault facility out of SC. Additionally, sulfur sublimation 
on equipment components presents potential operational problems for the 
thermally hot-vault concept. Further investigation is required to understand 
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the full scope of this problem. 

Operability of the storage concept of Section 8.3.1, the pumping vault, is 
inherently more complex than any of the other storage options. This is 
primarily due to the lack of demonstration of first of a kind systems proposed 
for this concept. 

The concepts of Section 8.3.2 through 8.3.5 utilize conventional material 
handling methods for transporting the low-level waste forms in a contaminated, 
unmanned environment. Operability of remote facilities is inherently more 
complicated than contact facilities. 

8.4.3 Maintainability 

For storage concepts of Sections 8.1 and 8.2, there are no maintainability 
issues except for occasional debris and tumbleweed removal from the storage 
area, if required. 

Maintainability of FOAK systems is unknown. The maintainability of the 
pumping vault, Section 8.3.1, is the most uncertain of all storage options. 

Design features such as dedicated maintenance areas (e.g., Crane Maintenance 
Areas, or CMAs) provide access to remote equipment items such as vault cranes 
and hoppers for Section 8.3 concepts. Decontamination may be required on some 
equipment components. 

The hopper concept of Section 8.3.2 used to fill the vault is expected to have 
high maintenance/replacement for mechanical components due to the 
solidification of the waste form. Hopper maintenance facilities must provide 
total replacement capability. 

8.4.4 Maturity of Technology 

Preparation of the facility for storage of either shielded or unshielded 
containers, as presented in Sections 8.1 and 8.2, involves conventional 
concrete construction practices and present no challenges. 

The FOAK systems of Section 8.3.1, pumping vault, require full demonstration 
for this concept prior to application. 

8.4.5 Schedule Impacts 

Generally, FOAK components and/or systems with little to no reliability data 
have high risk associated with the completion of scheduled activities. The 
development period for FOAK components/concepts are generally scheduled 
concurrent to pre-Title, Title I and II design durations. Cases 9, 10, 11, 
and 12 use SPC to immobilize the cullet as a waste form for storage. Case 9, 
in addition to using SPC, utilizes many FOAK concepts in its storage concept 
for pumping and distribution of the molten waste. Additionally, cases 9 and 
10 use a thermally hot-vault concept that requires development and 
demonstration. 

8.4.6 Regulatory Impacts 

The low-level waste stream meets the criteria of a dangerous waste,.and the 
processing of these dangerous wastes is regulated in the state of Washington 
by WAC 173-303, Dangerous Waste Regulations. These regulations are the state 
equivalent of the federal RCRA hazardous waste regulations in 40 CFR 260-270. 
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The processing described in this section will require a permit in accordance" 
with WAC 173-303. This permit must be in existence prior to the start of 
operations, and the permit covers a TSD (Treatment, Storage and Disposal) 
facility. Thus, the permit can be prepared to cover all treatment and storage 
activities. All container options within this study must conform to the same 
requirements. 
The SPC portion of the SPC/cullet concrete may meet the Washington State and 
EPA definition of a solid waste; see WAC 173-303-016 and 40 CFR 261.2. If the 
SPC in this waste form is also dangerous/hazardous, it would be classified as 
a dangerous waste subject to the requirements of WAC 173-303. These include 
such features as double containment and leak detection capabilities, both of 
which would greatly increase the construction and operating costs of the low-
level waste burial sites. 

In a related trade study (C/A 2013), the potentially hazardous nature of SPC 
waste form was examined to determine if it meets the definition of a dangerous 
waste by WAC 173-303. An analyses of all the criteria for dangerous wastes 
shows that the disposal of SPC is not a dangerous waste by WAC 173-303, and 
therefore, is not subject to the requirements of WAC 173-303. The TCLP 
toxicity testing on SPC remains to be substantiated, but this does not appear 
to be a significant factor. 

The potential release of either H2S or S0 ? during the encapsulation of cullet 
with molten SPC could be regulated as a dangerous waste. However, this does 
not affect the solidified low-level waste cullet cement since neither of these 
gases are expected to be emitted in significant concentrations during storage. 

The final area of concern is that of biodegradation of SPC during storage. 
The potential formation of dangerous materials such as H 2S0 4 could have a 
significant effect on the long-term stability and permitting of SPC used for 
the disposal/storage of low-level waste. This is an area that will require 
further testing and evaluation. 
8.4.7 Safety " 

There are no significant safety concerns regarding on-site interim storage of 
the large low-level waste containers, presented in Sections 8.1 and 8.2. 

For concepts presented in Sections 8.3.1 and 8.3.2, a facility hazard 
categorization analysis based upon DOE Order 5480.23 guidelines has been 
conducted. Both the heavily-shielded source terms and lightly-shielded source 
terms have been evaluated. Results of the analysis are presented in Table 
8.4.7-1. These results indicate that the vault for storing sulfur/glass waste 
is required to be designed as a Hazard Category 2 facility. 
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Table 8.4.7-1 Facility Hazard Categorization Analysis 

Glass Waste Forms in Sulfur in Vaults (Cases 9 & 10) 
"Heavily-Shielded" Source Terms 

Cutlet Inventory (36.5mx18.3mx9.1m, 90% fill, 115 lb/ft3) 1.01E+07 kg 

nuclide 

Sr-90 
Cs-137 
Am-241 

TOTAL: 

HC2 Limit HC3 Limit LLW Glass Inventory Fractions of 
(Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

2.20E+04 
8.90E+04 
5.50E+01 

1.60E+01 
6.00E+01 
5.20E-01 

3.28E-01 
2.77E-02 
3.37E-04 

3.31E+06 
2.79E+05 
3.40E+03 

1.50E+02 
3.14E+00 
6.17E+01 

2.07E+05 
4.65E+03 
6.53E+03 

3.56E-01 3.59E+06 2.15E+02 2.18E+05 

• Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 

Glass Waste Foras in Sulfur in Vaults (Cases 9 & 10) 
"Lightly-Shielded*' Source Terms 

LLU Cultet Inventory (36.5m x 18.3m x 9.1m, 90% fill, 115 lb/ft3) 1.01E+07 kg 

NucIi de 

Sr-90 
Cs-137 
Am-241 

TOTAL: 

HC2 Limit HC3 Limit LLW Glass Inventory Fractions o.f 
(Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

2.20E+04 
8.90E+04 
5.50E+01 

1.60E+01 
6.00E+01 
5.20E-01 

3.28E-03 
2.77E-04 
3.37E-04 

3.31E+04 
2.79E+03 
3.40E+03 

1.50E+00 
3.14E-02 
6.17E+01 

2.07E+03 
4.65E+01 
6.53E+03 

3.89E-03 3.92E+04 6.33E+01 8.64E+03 

Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 

One safety concern with this low-level waste storage concept is the 
potential for a sulfur dust explosion inside the vault. The explosion is 
postulated to result in the lifting of the vault cover and the 
pulverization of 1% of the cullet-SPC stored inside the vault. 
Furthermore, the distribution for the pulverized particles is assumed to 
be such that only 0.1% of these particles is respirable (< 10 /mi). All 
the respirable particles created by the explosion are assumed to be 
released as a puff from the storage vault. Both the heavily-shielded 
source terms and lightly-shielded source terms have been evaluated. 

The resultant radiological consequences are shown in Figures 8.4.7-1 and 
8.4.7-2. These results indicate that the sulfur dust explosion will not 
result in any SC-1 consequences for any site boundary distance greater 
than about 5 km. However, the resultant on-site doses are well beyond the 
SC-2 limit of 5 rem. Further study is recommended to determine if SC-2 
design features are required. 
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Figure 8.4.7-1 

Offsite Doses due to Sulfur Dust Explosion 
(Glass Waste Forms in Sulfur in Vaults) 
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Figure 8.4.7-2 

Onsite Doses due to Sulfur Dust Explosion 
(Glass Waste Forms in Sulfur in Vaults) 
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hazard categorization analysis based upon DOE Order 5480.23 guidelines has 
been conducted. Both the heavily-shielded source terms and lightly-
shielded source terms have been evaluated. Results of the analysis are 
presented in Table 8.4.7-2. These results indicate that the vault for 
storing containerized low-level waste is to be designed as a Hazard 
Category 2 facility. 

One safety concern with this low-level waste storage concept is the 
potential for a container drop during handling operations inside the 
vault. The drop is assumed to result in the failure of the container. 
Based upon HWVP data, the respirable fines fraction (for particles 
< 10 JM) produced by the drop is assumed to be 3.5x10 -4 It should be 
noted that the cullet-SRC in a container will probably be less susceptible 
to become fines as compared to glass monolith in a container. Therefore, 
using the value of 3.5xl0*4 is probably quite conservative. Ten percent 
of these respirable fines are assumed to be released as a puff from the 
failed container, with the rest being released at a fractional release 
rate of 3.6x10 per hour. Results of the analysis are presented in 
Figures 8.4.7-3 and 8.4.7-4. These results indicate no SC-1 or SC-2 
consequences associated with the container drop accident. No SC-1 or SC-2 
design features are therefore recommended for this storage concept. 

Table 8.4.7-2 Facility Hazard Categorization Analysis 
Containerized Sulfur/Glass Waste in Vaults (Cases 11 t 12) 

"Heavily-Shielded* Source Tenas 

Cullet Inventory (198 2mx2mx8m containers, 95X fill, 115 lb/ft') 1.11E+07 kg 

HC2 Limit HC3 Limit LLU Glass Inventory Fractions of 
Nuclide (Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

Sr-90 2.20E+04 1.60E+01 3.28E-01 3.64E+06 1.65E+02 2.27E+05 
Cs-137 8.90E+(K 6.00E+01 2.77E-02 3.07E+05 3.45E+00 5.12E+03 
Am-241 5.50E+01 5.20E-01 3.37E-04 -3.74E+03 6.79E+01 7.19E+03 

TOTAL; 3.56E-01 3.95E+06 2.37E+02 2.40E+05 

- Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 

Containerized Sulfur/Glass Waste in Vaults (Cases 11 I 12) 
"Lightly-Shielded" Source Terns 

Cullet Inventory (198 2mx2mx8m containers, 95% fill, 115 lb/ft') 1.11E+07 kg 

HC2 Limit HC3 Limit LLW Glass Inventory Fractions of 
Nuclide (Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

Sr-90 2120E+04 1.60E+01 3.28E-03 3.64E+04 1.65E+00 2.27E+03 
Cs-137 8.90E*04 6.00E+01 2.77E-04 3.07E+03 3.45E-02 5.12E+01 
Am-241 S.50E+01 5.20E-01 3.37E-04 3.74E+03 6.79E+01 7.19E+03 

TOTAL: 3.89E-03 4.32E+04 6.96E+01 9.51E+03 

- Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 

CWBS2002.RHL#01 8 -38 February 28, 1995 8:55am 



Figure 8.4.7-3 

Offsite Doses due to Drop of SPC/LLW Container 
(Containerized Sulfur/Glass Wastes in Vaults) 
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Figure 8.4.7-4 

Onsite Doses due to Drop of SPC/LLW Container 
(Containerized Suifur/Glass Wastes in Vaults) 
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For the storage concept presented in Section 8.3.5, a facility hazard 
categorization analysis based upon DOE Order 5480.23 guidelines has been 
conducted. Both the heavily-shielded source terms and lightly-shielded 
source terms have been evaluated. Results of the analysis are presented 
in Table 8.4.7-3. These results indicate that the vault for storing 
containerized low-level waste is to be designed as a Hazard Category 2 
facility. 

One safety concern with this lowrlevel waste storage concept is the 
potential for a transfer hopper drop during handling operations inside the 
vault. The drop is assumed to result in the failure of the transfer 
hopper. Based upon HWVP data, the respirable fines fraction (for 
particles < 10 //m) produced by the drop is assumed to be 7.0xl0"4. The 
brittle nature of cullet will tend to make it more susceptible to become 
fines as compared to cullet-SPC or glass monolith, when subjected to a 
drop. Therefore, the respirable fines fraction is conservatively assumed 
to be twice the HWVP value of 3.5xl0"4. Ten percent of these respirable 
fines are assumed to be released as a puff from the failed container, with 
the rest being released at a fraction release rate of 3.6E-05 per hour. 
Results of the analysis are presented in Figures 8.4.7-5 and 8.4.7-6. 
These results indicate no SC-1 or SC-2 consequences associated with the 
container drop accident. Therefore, no SC-1 or SC-2 design features are 
recommended for this storage concept. 

Table 8.4.7-3 Facility Hazard Categorization Analysis 
Gtass Waste Foras in Vaults without Sulfur (Case 13) 

"Heavily-Shielded" Source Terms 

Cullet Inventory (36.5mx18.3mx9.1m, 90% fill, 115 lb/ftJ) 1.01E+07 kg 

HC2 Limit HC3 Limit LLU Glass Inventory Fractions of 
Nuclide (Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

Sr-90 2.20E+04 1.60E+01 3.28E-01 3.31E+06. 1.50E+02 2.07E+05 
Cs-137 8.90E+04 6.00E+01 2.77E-02 2.79E+05 3.14E+00 4.65E+03 
Am-241 5.5OE+01 5.20E-01 3.37E-04 3.40E+03 6.17E+01 6.53E+03 

TOTAL: 3.56E-01 3.59E+06 2.15E+02 2.18E+05 

• Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 

Glass Waste Foras in Vaults without Sulfur (Case 13) 
"Lightly-Shielded" Source Terms 

Cullet Inventory <36.5mx18.3mx9.1m, 90X fill, 115 lb/ft3) 1.01E+07 kg 

HC2 Limit HC3 Limit LLW Glass Inventory Fractions of 
nuclide (Ci) (Ci) (Ci/kg) (Ci) HC2 Limit HC3 Limit 

Sr-90 . 2.20E+04 1.60E+01 3.28E-03 3.31E+04 1.50E+00 2.07E+03 
Cs-137 8.90E+04 6.00E+01 2.77E-04 2.79E+03 3.14E-02 4.65E+01 
Am-241 5.50E+01 5.20E-01 3.37E-04 3.40E+03 6.17E+01 6.53E+03 

TOTAL: 3.89E-03 3.92E+04 6.33E+01 8.64E+03 

- Facility Hazard Classification per DOE Order 5480.23: Hazard Category 2 
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Figure 8.4.7-5 

Offsite Doses due to Drop of Transfer Hopper 
(Glass Waste Forms in Vaults without Sulfur) 
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Figure 8.4.7-6 

Onsite Doses due to Drop of Transfer Hopper 
(Glass Waste Forms In Vaults without Sulfur) 
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Another safety concern with this low-level waste storage concept is the 
potential for leaching of radionuclides from cullet if water leaks into 
the vault. A MRP 5.46 environmental hazard safety classification analysis 
has been performed for this accident scenario, assuming that the water 
inleakage covers the cullet in the vault. Furthermore, it is 
conservatively assumed that 10% of the Cs and Tc, plus 1% of the other 
nuclides, will be leached from the cullet into the water. Results of the 
analysis, as presented in Tables 8.4.7-4 and 8.4.7-5, indicate only SC-3 
effects associated with this scenario. Therefore, no SC-1 or SC-2 design 
features are recommended for this storage concept. 

Table 8.4.7-4 
MRP 5.46 ENVIRONMENTAL HAZARD SAFETY CLASSIFICATION 
Glass Waste forms in Vaults without Sulfur (Case 13) 

"Heavily-Shielde<f Source Teres 

Overall Volume of LLU Storage Vault * 36.5m x 18.3m x 9.1m » 6,078 m' 
Storage Vault Fill Fraction * 90% Void Space Fraction = 30% 
Volume of Cullet in Storage Vault • (6,078 m' x 90%) « 5,470 m' • 
Density of Glass = 115 lb/ftJ « 1,840 kg/m' 
Cullet Inventory in Storage Vault = (5,470 m 1 x 1,840 kg/m3) = 1.01E+07 kg 
Water Leakage into Vault = (5,470 m' x 30%) « 1,641 m 1 = 433,594 gallons 
Fraction of Cs and Tc in Glass Cullet leaching into Water « 10.OX 
Fraction of Other Radionuclides in Glass leaching into Water = 1.0% 

QUANTITY AND HALF-LIFE CONSIDERATIONS 

Half-Life Cullet Inventory Water Act Release in terms of tVi (Ci) 
Nuclide (years) (Ci/kg) (Ci) (Ci) < 1 year 1-100 yrs > 100 yrs 

Sr-90. 2.8SE+01 
Y-90 7.32E-03 
Tc-99 2.13E+05 
Cs-137 3.01E+01 
Ba-137m very short 2.66E-02 
Np-237 2.KE+06 4.13E-16 
Pu-239 2.41E+04 
Pu-240 6.58E+03 

3.28E-01 
3.28E-01 
5.09E-04 
2.77E-02 

1.64E-05 
4.37E-06 

3.29E+06 
3.29E*06 
5.11E+03 
2.78E+05 
2.67E+05 
4.14E-09 
1.65E+02 
4.38E*01 

3.29E*04 
3.29E+04 
5.11E+02 
2.78E+04 
2.67E+04 
4.14E-11 
1.65E+00 
4.38E-01 

Am-241 4.33E+02 3.37E-04 3.38E+03 3.38E+01 

TOTAL: N/A 7.11E-01 7.14E+06 1.21E+05 
multiplying factors 
Sum of multiplying factors (f2) 

3.29E+04 

2.67E+04 

5.96E+04 
100 

2,100 

3.29E*04 

2.78E+04 
5.11E+02 

4.14E-11 
1.65E+00 
4.38E-01 
3.38E+01 

6.07E+04 5.47E+02 
1,000 1,000 

TOTAL QUANTITY OF RADIOACTIVE MATERIAL RELEASED 

Waste Water available for release 
multiplying factor (f3) 

433,594 gallons 
100 

PROXIMITY TO ENVIRONMENTAL RECEIVERS 

a. depth to aquifer > 150 feet 
multiplying factor (f4a) 1 

b. distance to sensitive surface water > 3,000 feet 
multiplying factor (f4b) N/A 

c. distance to site boundary > 10,000 feet 
multiplying factor (f4c) N/A 

CALCULATION OF ENVIRONMENTAL IMPACT FOR SAFETY CLASSIFICATION 

EXSC = Cf2) (f3) - 210,000. • Safety Class 3 
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Table 8.4.7-5 

MRP 5.46 ENVIRONMENTAL HAZARD SAFETY CLASSIFICATION 
Glass Waste Fonts in Vaults without Sulfur (Case 13) 

"Lightly-Shielded* Source Terws 

Overall Volume of LLW Storage Vault = 36.5m x 18.3m x 9.1m = 6,078 m3 

Storage Vault Fill Fraction = 90X Void Space Fraction = 30X 
Volume of Cullet in Storage Vault = (6,078 m3 x 90X) = 5,470 m3 

Density of Glass = 115 lb/ft3 = 1,840 kg/m3 

Cullet Inventory in Storage Vault = (5,470 m3 x 1,840 kg/m3) = 1.01E+07 kg 
Water Leakage into Vault = (5,470 m3 x 30X) = 1,641 m5 = 433,594 gallons 
Fraction of Cs and Tc in Glass Cullet leaching into Water = 10.OX 
Fraction of Other Radionuclides in Glass leaching into Water = 1.0X 

OUANTITY AND HALF-LIFE CONSIDERATIONS 

Half-Life Cullet Inventory Water Act Release in terms of fk (Ci) 
Nuclide (years) (Ci/kq) (Ci) (Ci) < 1 year 1-100 yrs > 100 yrs 

Sr-90 
Y-90 

Tc-99 
Cs-137 
Ba-137m 
Np-237 
Pu-239 
Pu-240 
Am-241 

2.85E+01 3.28E-03 3.29E+04 3.29E+02 
7.32E-03 3.28E-03 3.29E+04 3.29E+02 3.29E+02 
2.13E+05 5.09E-04 5.11E+03 5.11E+02 
3.01E+01 2.77E-04 2.78E+03 2.78E+02 
very short 2.66E-04 2.67E+03 2.67E+02 
2.14E+06 4.13E-16 4.14E-09 4.14E-11 
2.41E+04 1.64E-05 1.65E+02 1.65E+00 
6.58E+03 4.37E-06 4.38E+01 4.38E-01 
4.33E+02 3.37E-04 3.38E+03 3.38E+01 

2.67E+02 

3.29E+02 

2.78E+02 
5.11E+02 

4.14E-11 
1.65E+00 
4.38E-01 
3.38E+01 

TOTAL: N/A 7.97E-03 8.00E+04 1.75E+03 5.96E+02 6.07E+02 5.47E+02 
100 multiplying factors 10 

Sum of multiplying factors (f2) 1,110 

TOTAL OUANTITY OF RADIOACTIVE MATERIAL RELEASED 

Waste Water available for release 433,594 gallons 
multiplying factor (f3) 100 

PROXIMITY TO ENVIRONMENTAL RECEIVERS 

1,000 

a. depth to aquifer 150 feet 
multiplying factor (f4a) 1 

b. distance to sensitive surface water > 3,000 feet 
multiplying factor (f4b) N/A 

c. distance to site boundary > 10,000 feet 
multiplying factor (f4c) N/A 

CALCULATION OF ENVIRONMENTAL IMPACT FOR SAFETY CLASSIFICATION 

EHSC = (f2) (f3) = 111,000 - Safety Class 3 
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8.4.8 Costs 
Total costs for construction of storage facilities were shown as follows: 

1) Costs for storage of shielded containers are reported in Table 
8.1.2-1 (includes interim and final storage). 

2) Costs for storage of unshielded containers are reported in Table 
8.2.3-1 (includes interim and final storage). 

3) Costs for below grade vault storage of alternative cases (Table 8.3-
1). 

Costs, as reported in the tables above, are total direct construction 
costs. However, for reporting life cycle costs, a phased construction 
approach is used. As an example of the phased-construction approach, a 
square 90,000-m2 pad whose sides would eventually be approximately 300 x 
300 meters could begin with a 300 x 125 meter section built as a part of 
plant construction. This size would allow placement of containers for 
approximately one year in the first 30 meters of the 125-meter deep zone 
and still provide a distance of 95 meters to the end of the pad. 
Excavation and concrete pouring could then begin on the first increment of 
pad extension with construction personnel in the order of 90 to 100 meters 
away. This distance should provide sufficient distance from the 
containers to reduce the background dose rate in the construction area to 
less than 0.001 mSv/hr. 

This cycle of periodic pad extension would continue for the life of the 
plant with construction occurring far enough away from containers to allow 
for unrestricted construction activities concurrent with container 
placement. Using this rationale as the basis, each storage method assumes 
a phased construction approach. For the interim storage options for the 
containerized cullet, a 40/60 direct/capital split is assumed. For the 
alternate cases, an approximate 20/80 split is assumed. The primary 
reason for the difference of direct to expense split is due to the 
distance requirements for unrestricted construction/operation activities 
for the pad storage options. For the vault alternatives, it is assumed 
that a smaller percentage of the facility could be build as a direct 
expense item, and unlimited that unlimited construction and operation 
activities would be permitted due to the shielding offered by the facility 
during the phased construction. Costs for the storage of the waste form 
containers presented in Section 5 are noted in Table 8.4.8-1 below. The 
direct/capital and expense costs for this section are noted in the table. 

Costs for the construction of vaults presented in Table 8.4.8-1 are based 
on concrete as the material of construction. For various reasons, it may 
be advantageous to construct the vaults out of alternate materials such as 
SPC. Installed costs of SPC are approximately $915 per cubic meter. 
Installed costs of conventional concrete are approximately $350 per cubic 
meter. Therefore, the use of SPC rather than conventional concrete will 
increase costs by a factor of 2.5. This factor also applies to using SPC 
for other items such as casks or shield sleeves discussed in Sections 5.1 
and 5.2 of this report. 
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Table 8.4.8-1 Low-Level Waste Form Storage Costs 

CASE DESCRIPTION DIRECT COST 
($MM) 

ANNUAL COST 
($MM) 

1 Container in Steel Cask (1) 17.6 1.9 
2 Steel Cask only (1) 16.8 1.8 
3 Canister in Overpack (1) 24.4 2.6 
4 Single Canister only (1) 22.4 2.4 
5 Overpack in Concrete Cask (1) 20.4 2.2 
6 Canister in Concrete Cask (1) 20.8 2.2 
7 125 MT Steel Cask only (1) 15.6 1.7 
8 H-MPC in Overpack (1) 31.6 3.4 
9 Pumped Sulfur/Cullet (2) 19.9 5:8 
10 Hopper Transfer, Mixed 

Sulfur/Cullet at Vault (2) 
17.5 5.3 

11 Non-Load Bearing Canister, 
Sulfur/Cullet (2) 

17.1 5.6 

.12 Load-Bearing Canister, 
Sulfur/Cullet (2) 

23.1 5.9 

13 Hopper Transfer to Vault (2) 16.7 5.4 
Notes 

(1) Storage costs for canister below grade pad options assume 40% 
capital, 60% expense interim costs, 100% expense final storage 
costs. 

(2) Vault and vault equipment costs include transfer tunnel, a crane 
maintenance area (both if applicable) and are reported as 
approximately: 

19 percent capital, 81 percent expense (Case 9) 
19 percent capital, 81 percent expense (Case 10) 
18 percent capital, 82 percent expense (Case 11) 
22 percent capital, 78 percent expense (Case 12) 
19 percent capital, 81 percent expense (Case 13) 
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9.0 Waste Form Retrieval 

This section provides an overview discussion of retrieval methods that may be 
considered for recovering waste forms discussed in this report. Retrievability, 
as discussed in this section, is a function of storage method and is considered 
for discussion purposes only. Retrievability of low-level waste is not included 
in the cost basis of this study. The following sections address retrievability 
of containerized options discussed in Section 5. 

9.1 Shielded Containers 

Shielded container cases considered in this section refer to the containerized 
options discussed in earlier sections of this report and include cases 1, 2, 
5, 6, and 7 from Section 5. Two storage options, concrete pads and below 
grade concrete pads, are discussed in Section 8.1 as interim storage options 
for shielded container cases. For this discussion, it is assumed that a 
storage pad excavated to a depth of 10 to 12 meters below grade was the 
selected interim storage method. 

Retrievability of shielded containers from below grade concrete pads would 
rely on conventional equipment similar to that used to place the canisters on 
the pad. A crane with adequate reach can be used-to remove the canister from 
the pad, then a transporter can be used for transferring the canister to 
another facility for further processing. 

Finally, the excavation site (below grade concrete pad) shall require 
characterization according to the local, state and federal regulatory 
requirements of such a time. The appropriate environmental remediation 
activities shall be performed in order to restore the site, as required. 

9.2 Unshielded Containers 

Unshielded container cases considered in this section refer to the 
containerized options discussed in earlier sections of this report and include 
cases 3, 4, and 8 from Section 5. Interim storage concepts for unshielded 
containers is discussed in Section 8.2 and are pad and vault storage. 

Retrieval concepts for both of interim storage options could use similar 
equipment as used during the storage functions. Primarily, a shielded crane 
would be used to remove the container from a storage location, and a straddle 
carrier with a shield used to remove the container from the storage site to 
another facility for further processing. Hence, conventional equipment with 
the appropriate safety/protection features could be used for recovering 
unshielded waste forms. 

Finally, the storage site(s) shall require characterization according to the 
local, state and federal regulatory requirements of such a time. The 
appropriate environmental remediation activities shall be performed in order 
to restore the site, as required. 

9.3 Alternative Cases 

Alternative cases considered in this section refer to the sulfur/cullet and 
loose cullet options discussed in earlier sections of this report and include 
cases 9 through 13 from Section 5. Common to these cases is the below-grade 
vault concept for storage of these waste form alternatives and the environment 
in which the waste is maintained. 
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The vault facility shall be designed in accordance to local, state and federal 
regulations, consistent with its design criteria. Furthermore, if the design 
criteria specifies that storage material be retrieved in the future, then 
current regulatory guides (i.e., DOE Order 6430.1A, General Design Criteria) 
require that facility design features that facilitate decontamination and 
decommissioning (D&D) activities must be considered. This aspect of vault 
design remains outside of the scope of this report, and hence, is assumed not 
to influence any provisions far the long-term retrievability of cullet/sulfur 
LLW. 

Conventional mining methods could be modified to recover the cullet/SPC waste 
forms over an indefinite period of time. Over this period, the vault 
structure can be either in-tact or collapsed, depending upon if the structure 
was back filled (see section 8.3.1). It is assumed that the method of LLW 
retrieval is independent of the condition of the structure. The following 
discussion describes current mining techniques as they could be utilized to 
recover these waste forms. This discussion does not elaborate on the type of 
equipment required to support recovery operations, material handling, storage, 
separation, or shipping of recovered materials, as such equipment is subject 
to change as technology progresses. 

During recovery operations, measures to protect worker and public safety must 
be taken as required. Special considerations for radiological, toxicological 
and the chemical nature of the cullet/SPC must be considered. Recovery 
operations would consider the LLW retrieval site as consisting of several 
composite layers: ground cover, vault ceiling, miscellaneous metal equipment, 
LLW form, and vault floor. The vault ceiling and floor are all assumed to be 
reinforced concrete. Each layer requires specific recovery techniques. 

Ground cover with overburden material can be removed using conventional front 
end loaders and back hoes. Two factors simplify this removal effort: the 
vault is a shallow burial site, and ground cover is not expected to be 
contaminated. Once the ground cover is removed, all other removal operations 
must take the appropriate measures to contain potentially contaminated 
materials to protect worker and public safety. 

Several alternatives are available for the removal of the vault ceiling: 
water piercing, drill and blasting, plasma blasting, shaped charges or 
breaking techniques. Water piercing uses high pressure water jets to cut into 
concrete. Possibly this might be used either to drill holes for blasting the 
concrete into blocks or for cutting the concrete into blocks. Drill and 
blasting requires boring into the concrete and uses explosives to break the 
reinforced vault ceiling. This method can be controlled such that the 
energetic yield from the explosion is transferred directly to the reinforced 
concrete, causing it to fracture and break into small pieces. Plasma blasting 
is an alternative to conventional explosives; the advantage is that it is 
suitable for sulphurous ore that can combust with the heat and flame produced 
by conventional explosives. Shaped charges, refined by the military for 
years, is ideal for blowing calculated holes in things. This technology could 
break into the vault roof without the- need to drill holes. Alternatively 
shaped charges could be used to make holes, of a certain depth in the concrete 
into which other explosives are poured for the breaking of the concrete. 
Finally, conventional breaking techniques, such as impact breaking, could be 
used to reduce the size of concrete for removal. Vacuum systems, with' 
required filtration, are used jointly with breaking techniques to minimize 
dust and the spread of contamination. Since the concrete is reinforced, rebar 
must be cut either mechanically or thermally prior to removal. 
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After the vault ceiling layer has been removed, miscellaneous metal equipment 
items are removed. These components minimally will have surface 
contamination, some containing solidified waste material. Remote systems 
utilizing special cutting and removal equipment or semi-remote systems using 
special equipment and shielding to protect the operator, can be used. 
Miscellaneous metal components includes items such as Heating, Ventilation and 
Air Conditioning (HVAC) duct work, electrical conduit and cable and process 
piping. 

After the top layers have been removed, it is likely that some of the 
cullet/SPC waste form has broken into smaller pieces and is ready for removal 
by the appropriate handling equipment. Impact breaking techniques can be 
performed remotely in environmentally controlled areas to reduce the larger 
volumes of solid LLW in vault for removal. Remote equipment using vacuum 
systems can be used to remove the smaller pieces of waste forms generated 
during removal activities. Mitigation of potential dust explosions must also 
be considered. 

The vault floor is removed using similar methods discussed above for the vault 
ceiling. 

Finally, the excavation site(s) shall require characterization according to 
the local, state and federal regulatory requirements of such a time. The 
appropriate environmental remediation activities shall be performed in order 
to restore the site, as required. The scope of these activities is not 
discussed in this report. 
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APPENDIX A 
Abbreviations and Acronyms 

AASHTO American Association of State Highway and Transportation Officials 
Am Americium 
Ba Barium 
C/A cost account 
cc cubic centimeter 
cctv closed circuit television 
CFR Code of Federal Regulations 
Ci Curies 
cm centimeter 
CMA Crane Maintenance Area 
cont'd continued 
cs carbon steel 
Cs Cesium 
CWBS contract work breakdown structure 
DOE Department of Energy 
DOT Department of Transportation 
dpm disintegrations per minute 
D&D decontamination and decommissioning 
EHSC Environmental Hazard Safety Classification 
EPA Environmental Protection Agency 
FOAK first of a kind 
ft foot 
HC Hazard Category 
He helium 
HEPA high efficiency particulate air 
hr hour 
HVAC heating, ventilation, and air conditioning 
HWVP Hanford Waste Vitrification Plant 
kg kilogram 
km kilometer 
lb pound mass 
llw low-level waste 
m meter 
mrem mi 11i roentgen-equi valent-man 
mm millimeters 
MPC Multipurpose Canister 
MRP Management Requirements and Procedures 
mSv millisi evert 
MT metric ton 
no number 
Np Neptunium 
od outer diameter 
product'n production 
Pu Plutonium 
RAMI reliability, availability, maintainability, inspectability 
RCRA Resource Conservation and Recovery Act 
rem roentgen-equivalent-man 
SC safety class 
sec second 
SPC sulfur polymer cement 
Sr Strontium 
ss stainless steel 
std standard 
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Sv si evert 
Tc Technetium 
TCLP toxicity characteristic leaching procedure 
tec total estimated cost 
TIG tungsten inert gas 
TOE total operating efficiency 
TSD Treatment, Storage, and Disposal 
TWRS Tank Waste Remediation System 
U Uranium 
USDOE United States Department of Energy 
WAC Washington Administrative Code 
WHC Westinghouse Hanford Company 
wt weight 
Y Yttrium 
$M thousands of dollars 
$MM millions of dollars 
(M micron 
X degrees Centigrade 
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APPENDIX B 

FEED AND PRODUCT SAMPLING 

Introduction 

The following analysis of product sampling is based on the previously defined 
6.35 mm (1/4 inch) nominal particle size for the LLW cullet. 
The decision to produce 6.35 mm cullet particles may have been based on the 
assumption that crushing to this size would be necessary to permit slurrying of 
the cullet with molten sulfur.polymer cement followed by pumped transfer to the 
disposal vaults. If, in fact, such an assumption was the basis for cullet 
sizing, then the need to pass the newly formed cullet through a Roll Crusher to 
reduce the particle size to 6.35 mm may be re-evaluated. If a larger particle 
size for the product cullet is consequently selected, the design or operation of 
the product sampling devices discussed below may be affected. 

Discussion 
The current design of the LLW cullet handling system appears to offer two 
locations from which samples may be drawn; 

(a) the 4.8 wt.% aqueous slurry in the LLW Cullet Catch Tank (TK-416 
A&B), or 

(b) the continuous stream of damp, size-classified material flowing from 
the outlet of the Screen (FS-422 A&B) to the LLW Cullet Day Lag 
Storage (B-427 A&B). 

Sampling of Cullet Slurries 

Factors that will determine the feasibility of sampling cullet slurries include: 

(i) the flow characteristics of aqueous cullet slurry in sample piping. 

(ii) the availability of a suitable pump or other device to move the 
slurry. 

(iii) separation of a representative sample stream from the main body of 
process slurry. 

Each of these issues are briefly examined below. 

• Flow Characteristics of Cullet Slurry 

The terminal settling velocity of a 6.35 mm (1/4 inch) cullet particle in water 
is calculated to be 0.55 m/sec (1.82 ft/sec). Therefore, the minimum recommended 
velocity for an aqueous slurry of cullet flowing vertically upward is twice that, 
or 1.1 m/sec (3.64 ft/sec). 

It is further calculated that the dilute slurry from the LLW Cullet Catch Tank, 
which contains only 1.9 volume percent suspended solids, will remain in the 
heterogeneous flow regime (and avoid saltation) when flowing at the same v.elocity 
through a 1-inch horizontal pipe. 

The more concentrated 16-17 weight percent slurry from the Recycle Cullet Catch 
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Tank, on the other hand, is calculated to fall into saltation when flowing under 
these same conditions. For this slurry, the minimum velocity to avoid saltation 
in a 1-inch horizontal pipe is calculated to be 1.29 m/sec (4.23 ft/sec). To 
provide an adequate margin of safety, an even higher velocity would probably be 
selected for this slurry in actual, practice. 

The following preliminary conclusions can be drawn from these findings: 

1. It should be possible to transfer aqueous cullet slurries through sample 
lines at reasonable velocities. 

2. It should be possible to avoid the saltation flow regime in horizontal 
sample lines provided the cullet slurry is sufficiently dilute, and 
minimum velocities are maintained. This, in turn, suggests' that the 
cullet slurry sample lines may be routed horizontally for short distances, 
provided that the piping is removable. 

3. Embedded or non-removable sample piping should be avoided if at all 
possible. 

4. If the use of embedded or non-removable sample piping cannot be avoided, 
then the lines should be vertical and straight to permit free drainage. 

5. The cullet slurry sample lines should be flushed immediately with solids-
free water following an interruption of slurry flow. 

It is also emphasized that additional literature research and/or hydraulic 
testing of aqueous cullet slurries should be performed. This effort should 
provide more data on the flow characteristics of slurry through elbows and other 
fittings. It should also give some indications of long-term pipe wear caused by 
the abrasive cullet, and of the extent of cullet breakup caused by pumped 
transfer. All of these issues are, at present, major uncertainties. 

• Pump Selection 
Pumping of aqueous cullet slurry is perceived to be an extremely difficult 
service. This is because the cullet consists of relatively large, irregularly 
shaped pieces of hard, jagged glass that have a high specific gravity. From 
examination of cullet samples, it also appears that the extensive internal 
fracturing could lead to breakage of the particles during highly turbulent flow. 
Examples of roughly comparable process streams handled in general industrial 
applications include slurried bottom ash from coal burning power plants, slag 
slurries, and gravel slurries. Any pump handling aqueous cullet slurry must, 

(a) have sufficiently large internal clearances to pass the largest 
particles, and 

(b) be able to deliver the required flow rate and discharge pressure. 

In addition to these mandatory capabilities, the following characteristics are 
also highly desirable. 

(c) design and operating characteristics that minimize pump wear and 
fracture or breakage of the cullet particles. 

(d) reliability and long life. 
(e) ease of maintenance. 
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*(f) amenability of pump to remote installation and removal. 

(g) minimal space requirements. 

One approach to pump selection is to first identify those designs that at least 
satisfy the mandatory functional requirements, and to then rank these candidates 
on the basis of their other desirable, but non-mandatory, characteristics. 

• Vertical, Tank-Mounted Pump 

From preliminary contact with the Lawrence Pump Co., it has been determined that 
the specific type of vertical cantilever pump used for sampling of in-cell tanks 
at DWPF, and previously planned for the same service at HWVP, will not be 
suitable for handling of aqueous cullet slurries. However, the Lawrence Pump Co. 
can provide a recessed impeller vortex pump, in either a horizontal or a 
vertically cantilevered, tank-mounted configuration, that would be suitable. The 
pump impeller is mounted inside a recessed cavity at the top of the casing. Its 
rotation sets up a vortex inside the casing that imparts a pumping action to the, 
liquid, even though most of the liquid does not actually touch the impeller. For 
this reason, it is reported that the pump can handle suspended solids up to about 
the size of its discharge nozzle. 

This pump is not self-priming, and must be started with a flooded casing. Once 
started, however, it can if necessary draw down a tank liquid level by means of 
a tailpipe connected to the pump suction. Overcoming the settling tendencies of 
large suspended solids requires high suction velocities, especially if a vertical 
pump is used. It is reported that these pumps have successfully operated with 
suction velocities up to 4.6m/sec (15ft/sec). There is, of course, a trade-off 
between higher suction velocities and friction losses on the one hand, and the 
maximum allowable length of the pump suction pipe on the other. 

Preliminary estimates by the manufacturer indicate that a recessed impeller 
vortex pump rated at 0.19 m3/min (50gpm) total throughput and 38 m (125 ft.) TDH 
could be provided for sampling service. Since the net forward flow through a 
1-inch sample line is estimated to be about 0.038 m3/nrin (lOgpm), most of the 
pumpage would have to be returned to the source tank through an external bypass 
line. The physical size of the sample pump will be determined by the rotating 
speed. At 1200 rpm, a 15-inch impeller would be needed. Assuming that a 
vertical, tank-mounted pump is selected, the required inside diameter of the pump 
mounting flange is estimated to be 35 inches. Increasing the pump speed to 
1800 rpm will reduce the impeller diameter to about 11 inches, and reduce the 
required size of the mounting flange to about 24-25 inches. Higher operating 
speeds also have the effect of increasing pump wear. 

If the pump driveshaft bearings are placed at the mounting flange to extend their 
operating life, then the maximum distance from the mounting flange to the center 
of the impeller will be about 1.8m (6 ft.). This should allow for an adequate 
tank vapor space while still maintaining submergence of the pump casing and 
impeller. Greater driveshaft lengths could be achieved by placing the bearing 
below the mounting flange, although bearing life would be reduced. 

• Horizontal, Externally - Mounted Pump 

Another design that should be suitable for aqueous cullet slurry is a horizontal, 
flooded suction centrifugal pump designed especially for abrasive slurries 
containing large suspended solids. One example of this type is the Goulds 
Model 5500 Severe Duty Slurry Pump. According to the manufacturers literature, 
a Model 5500, size 3 x 4 - 17, can handle suspended solids up to 1-i.nch in 
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diameter. This pump can also deliver 1.5 m /min (400 gpm) at a total head of 
38.1 m (125 ft) when operated at approximately 1120-1170 rpm. The discharge 
pressure capabilities of this pump appear to be adequate for sampling service, 
based on the calculated sample line pressure drop of 4 psi/100 ft (9.2 ft of 
fluid per 100 ft of pipe). This calculation assumed a vertical velocity of 3.6 
ft/sec through a 1-inch, Sch 80 sample line. 

The manufacturer's literature also indicate that an increase in the size of 
suspended solids would require an even larger pump with a higher throughput. 
Because particle size dictates high pump capacity, it is possible that cullet 
slurry pumps might not be suitable for exclusive use in sampling. However, such 
pumps would be well suited to continuously transferring the entire production of 
cullet from the LLW Cullet Catch Tank to the Screen. It should then be possible 
to draw a sample stream by tapping off from the pump discharge line, as shown on 
Figure B-l. 

This figure also indicates that the selection of a horizontal, externally mounted 
cullet transfer/sampling pump may affect the design of the LLW Cullet Catch Tank. 
Under the currently preferred approach, the catch tank would be provided with a 
cone bottom leading to the pump suction line. By constructing the tank and pump 
suction line for free-drainage, only a minimal degree of tank agitation should 
be needed during normal operation, thereby minimizing equipment wear and breakup 
of the cullet particles. The incoming cullet would be allowed to fall 
continuously through the tank and outlet line enroute to the pump inlet. The 
greatest need for the tank agitator might be the re-suspension of settled cullet 
following an unscheduled pump shutdown. Accommodating such an upset may also 
create the need for a special Y-type on/off valve, designed for slurry service, 
at the entrance to the pump suction line. Closure of this valve would prevent 
settling of the cullet from the catch tank into the pump suction line during an 
unscheduled pump outage. 

An alternative to the cone-bottom catch tank design would be a flat or dished-
bottom design with a side.drawoff for the pump suction (see Figure B-2). The 
main disadvantage of this approach would be the need to more vigorously agitate 
the tank contents, since the cullet must actually be suspended in order to move 
towards the tank outlet nozzle. This increased degree of agitation would be 
expected to increase equipment wear and mechanical damage to the cullet. 

• Separation of a Representative Sample 
The material introduced to the suction of the sample pump must be representative 
of the total cullet production in order to insure reliable sampling. Thus, the 
issue of cullet sampling is closely inter-related with the design, operation and 
degree of agitation maintained inside the LLW Cullet Catch Tank. 

If both the cullet slurry sample and transfer pumps are mounted on top of the 
catch tank, then there will also be a need to sufficiently agitate the tank 
contents to suspend the larger cullet particles. This preliminary evaluation has 
identified three potential ways of doing this. The first option is to mount a 
separately removable, bladed agitator on top of the tank. Since the top of the 
tank must also accommodate the sample pump and the transfer pump, the diameter 
of the agitator blade will be limited. The smaller the agitator blade, the 
higher will be the required rotating speed to suspend the cullet and the greater 
will be the wear on both the agitator and the cullet. 
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. The/second option would be to first minimize the submergence of the pumps and 
their suction pipes as much as possible, and to then increase the diameter of the 
agitator blade to a minimum clearance with the tank wall. This would require 
that the entire top head of the tank be remotely removable. Although it should 
still be possible to remove the pumps separately from the agitator, the agitator 
itself would no longer be separately removable. This arrangement should minimize 
the required agitator speed, and thereby reduce wear on both the cullet and the 
equipment. It has the disadvantages of complicating the tank design and 
eliminating the capability to drawn down the tank to a low level. 

The third option is to eliminate the bladed agitator, and route a portion of the 
continuous transfer pump discharge stream back to an eductor or similar mixing 
device submerged near the bottom of the catch tank. This approach would require 
an increase in the transfer pump capacity and physical size, and would complicate 
the discharge piping. Further investigation will also be needed to determine if 
this approach could adequately agitate the catch tank. The required degree of 
catch tank agitation can be significantly reduced by replacing the top-mounted 
vertical transfer pump with an externally mounted, horizontal pump taking suction 
off the very bottom of the tank. As part of this change, the catch tank itself 
would be re-designed to incorporate a free-draining cone bottom rather than a 
flat or dished bottom. The aqueous slurry of newly formed cullet would enter the 
top of the catch tank, pass through an internal pipe, and discharge just below 
the suction port of the top-mounted sample pump. By maintaining an adequate 
suction velocity, the sample pump should then be able to draw a representative 
sample without the assistance of a tank agitator. The material not drawn into 
the sample pump would meanwhile descend into the cone bottom of the tank and then 
enter the transfer pump suction line. 

As noted above in the discussion of pump selection, another option is to 
eliminate the tank mounted sample pump, and instead rely on a horizontal, heavy 
duty slurry pump for both sampling and continuous transfer. Since this pump 
would handle virtually all of the newly formed cullet, the contents of the pump 
discharge line would, by definition, be representative of the total cullet 
production. The task of drawing a representative sample stream from this line 
would therefore depend on the proper design and placement of the sample tap, and 
on maintaining the proper sample line velocity. These should be manageable 
problems that can be resolved during later phases of design. 

This sampling concept, which is shown on Figure B-l, should permit either 
continuous or intermittent circulation of the sample slurry. It should be 
possible to terminate the sample flow by closing a valve in the sample cell, and 
then introducing a small volume of solids-free water to back out the slurry from 
the sample supply line. The sample return line would meanwhile 
free-drain to the LLW Cullet Catch Tank. 

Sampling of Dry or Damp Cullet 

Figure B-3 shows a device that should be considered for sampling falling streams 
of dry or damp cullet, such as the material flowing from the Screen (FS-422A&B) 
to the LLW Cullet Day Lag Storage (B-427A&B). 

The proposed device operates on the principle of a worm drive conveyer. The 
conveyer is mounted horizontally in the vertical section of the line where the 
cullet falls freely from the screen to the bin. When not in use the worm is 
covered with a lid which rotates around the axis of the drive. A sample is 
collected by rotating the lid around and to a position under the drive shaft. 
In this position the lid catches falling cullet. When the worm drive is started. 
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Figure B-3 
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the? collected cullet is conveyed by worm action from the process stream and 
discharged at a point above a sample cup. The sample cup is suitably shaped, 
wide at the bottom and narrow at the top, to prevent caking of the cullet. 
Cullet which overflows or misses the cup falls back into the process stream 
through a pipe leg. When the cup is full it is closed mechanically and rotated 
to a position in a sample rabbit send station. There, the cup is opened 
mechanically and the cullet is allowed to fall into an open rabbit sample 
container. Cullet which overflows or misses the sample container falls back into 
the process stream through a pipe leg. Finally, the sample container is closed 
mechanically, inserted into a rabbit, and sent pneumatically to the analytical 
facility. These operations are performed automatically by in-cell equipment, 
without the assistance of manually operated manipulators. 

Devices similar to that described have been used in Germany, (DWK). More details 
concerning such a sampler are being sought to support detailed evaluation of the 
design and operating experience. 
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# APPENDIX C 

PUMPED TRANSPORT OF MOLTEN SLURRIES OF SULFUR POLYMER CEMENT 
AND CULLET THROUGH HORIZONTAL PIPES 

Background 

The LLW Treatment Facility process design originally proposed by WHC was based 
on the production of LLW glass cullet, which was crushed to achieve a 6.35 mm 
(1/4 - inch) maximum particle size and then screened to remove fine particles 
below some unspecified diameter. Following sampling, testing and drying, the 
glass product stream was to be continuously mixed with an approximately equal 
mass rate of molten SPC to form SPC concrete, and then pumped as a hot slurry 
through as much as 457m (1500 feet) of horizontal piping to disposal vaults. It 
was further intended that the heavy cullet settle to the bottom of the vault and 
that the top layer of molten, solids-free SPC be decanted and returned to the LLW 
Treatment Facility for re-use. In this way, the solidified concrete left behind 
after vault filling was expected to consist of about 70 wt % cullet and 30 wt % 
SPC. The SPC itself was to be a mixture of sulfur and two additives, 
dicyclopentadiene (DCPD) and oligomer of cyclopentadiene. This formulation was 
intended to yield a low porosity matrix upon solidification. 

Introduction 

The LLW Treatment Facility produces a total of 200 Mg/day (18,372 lbs/hr) of LLW 
cullet having a specific density of 2643 Kg/m3 (165 lbs/ft3) and a maximum 
particle size of about 6 mm (1/4 inch). Molten SPC has a density of 1922 Kg/m3 

(120 lbs/ft ) and a viscosity of 50+ 25 cP at its optimum handling temperature 
of 135°C (275°F). 

As shown by Figure C-l, a solid particle carried by a liquid through a horizontal 
pipe is acted upon by the following forces, 

flowing fluid - horizontal 
gravity - vertically downward 
fluid buoyancy - vertically upward 
fluid turbulence - upward and downward 

The terminal setting velocity for a particle in a given liquid is a measure of 
the net combined effect of gravity, fluid buoyancy and viscous drag. The 
calculated settling velocities for various sized cullet particles in molten SPC 
are given below: 

Particle Size Terminal Settling Velocity 

0.5 mm 0.0013 m/sec (0.0043 ft/sec) 
2.0 mm 0.021 m/sec (0.069 ft/sec) 
4.0 mm 0.052 m/sec (0.17 ft/sec) 
6.35 mm (1/4 inch) 0.088 m/sec (0.29 ft/sec) 
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For comparison, higher settling velocities result if the SPC is replaced by 
molten sulfur, which is slightly less dense and has a viscosity of only 8.66 cP 
at 135°C 

Particle Size Terminal Settling Velocity 

0.5 mm 0.0134 m/sec (0.0438 ft/sec) 
2.0 mm 0.070 m/sec (0.23 ft/sec) 
4.0 mm 0.015 m/sec (0.50 ft/sec) 
6.35 mm (1/4 inch) 0.26 m/sec (0.85 ft/sec) 

Slurry Flow Regime 

The ideal slurry for horizontal piping would contain particles that, by virtue 
of their size or density, were non-settling. In that case, the solids would be 
evenly distributed throughout the liquid phase. 

To the extent that the solids tend to settle under flowing conditions, there will 
develop a concentration gradient along the vertical axis of a horizontal pipe. 
This is called heterogeneous flow. Obviously, the greater the settling tendency, 
the greater will be the risk of line pluggage due to solids deposition. The most 
extreme form of heterogeneous solids transport is characterized by the formation 
of a bed of solids that is dragged along the bottom of the pipe by the faster 
moving liquid phase. This is known as saltation, and because it carries a high 
risk of solids deposition and line pluggage, it is deemed to be an unacceptable 
flow regime for this application. 

A number of technical references were used to determine the flow regime and 
transport characteristics of the proposed sulfur polymer cement/cullet system. 

The Fluor Process Manual covering hydraulics (Ref. 1) gives the following "rule-
of-thumb" breakdown of flow regime as a function of particle size. 

a. Particles of a size less than 40/J; transported as a homogeneous suspension 

b. Particles of a size between 40/* and 0.15mm; transported as a suspension 
which is maintained by turbulence 

c. Particles of a size between 0.15 and 1.5mm; transported by suspension and 
saltation 

d. Particles of a size greater than 1.5mm transported by saltation. 

Solids in category "b" tend to settle because gravity forces dominate. The 
larger particles and the liquid phase tend to retain their own identities, not 
interacting chemically or physically. These slurries are known as heterogeneous 
slurries. 

The Fluor Daniel Hydraulics Manual also states that the correlations developed 
to predict the minimum transport velocity are subject to uncertainty, because the 
actual behavior of a specific system is dependent upon complicated interactions 
between phases. For this reason, the minimum transport velocity should be 
measured experimentally and scaled up. 

The Fluor Process Manual also gives the following equation to predict the flow 
regime of a given slurry. 
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N, - V 2 ((:„£? 
C v Dg (S-l) 

where, 
N, = dimension!ess number 
V = slurry velocity, ft/sec 
C d • particle drag coefficient 
C v • volumetric fraction of solid phase in total slurry 
D = diameter of pipe, feet 
g = 32.2 ft/sec2 

S = Solid density 
liquid density 

= 155 for cullet/SPC slurry 
120 

If N,<40, the manual indicates that the flow is in saltation, otherwise it is 
heterogeneous. 
For the specified flow rates of the cullet/SPC slurry, the calculated values of 
Nj are 78 for a 1^-inch line, and 22 for a 2-inch. Thus, a 1^-inch line is 
predicted to yield.heterogenous flow, while a 2-inch line is expected to result 
in saltation. 
If the highly viscous SPC were to be replaced by the same mass flow rate of 
molten sulfur, the calculated values of N, would be 27 for a 1^-inch line, and 
8 for a 2-inch. Thus, the lower viscosity sulfur/cullet system has an even 
greater tendency towards saltation than the SPC/cullet system. This is because 
a less viscous liquid exerts less drag force on a falling particle, and therefore 
the drag coefficient (Cd) in the above equation is less. Another, less important 
factor, is the fact that molten sulfur is less dense than molten SPC, and so 
exerts a slightly smaller buoyant force on suspended solids. It should also be 
noted that this equation predicts saltation flow even if water, at a velocity of 
8 ft/sec, is used as the carrier fluid. 

Of the different transport fluids and line sizes examined above, only a 1^-inch 
line carrying a slurry of molten SPC/cullet is predicted to avoid saltation. 
Even then, there will be a significant concentration gradient along the vertical 
axis of a horizontal pipe. 

Transfer Line Pressure Drop 

The published pressure drop correlations for horizontally flowing, settling 
slurries are based on the use of water as the transport fluid (Ref. 2). The 
literature emphasizes that testing should be done to determine the transport 
characteristics of slurries using alternate fluids. The literature also indicate 
that even for aqueous systems, only very rough approximations of pressure drop 
can be made for slurries in the saltation flow regime. 

For the proposed slurries of SPC/cullet or sulfur/cullet, the analysis of piping 
pressure drop begins with the determination of liquid phase velocities. These 
velocities are shown by the following table, along with the corresponding 
friction losses based only on the liquid phase, without accounting for entrained 
solids. The pressure drop for water flowing at the same velocity is also given. 
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U-inch 2-inch 
Liquid Phase Velocity (ft/sec) 

SPC 5.23 3.17 
Sulfur 5.47 3.32 
Water 5.47 5.47 

Liquid Phase Pressure Drop, (psi/100 ft) 
SPC 10.11 3.71 
Sulfur 8.08 2.47 
Water 3.6 1.0 

For those cases previously determined to be in the saltation flow regime; rough 
approximations of friction losses were calculated from the following equation. 

izi« = 81 [q D (S-l)] 1' 5 

iHC V* (C d) 0- 5 

where, 
i = pipeline pressure gradient for mixture, ft of slurry/ft of pipe 
i H = pipeline pressure gradient for water (or liquid phase, assumed), ft 

of liquid/ft of pipe 
C = volume fraction solids in slurry 
D = pipe ID, feet 
S = density of solid phase/density of liquid 
C d = drag coefficient of particle 

For cases outside the saltation flow regime, the slurry pressure drop was 
calculated from the following equations. 

For [g D fS-1)] less than 0.1, then 
V 2 (C d) 0- 5 

10.354 i-iu = 6.3 la D (S-UJ (Rev. 2, p. 16) 
iMC V 1 (C d) 0- 5 

For [g D (S-1)] greater than 0.1, then 
V 2 (C d) 0' 5 

i-iu = 280 [g_P_iSdJ.] 1' 9 3 (Rev. 2, p. 16) 
iHC V2" (C d) 0- 5 

It has been determined that the Reynolds Number for 1/4-inch cullet particles 
falling through molten SPC or molten sulfur will be in the range of 2 to 500. 
Therefore, the drag coefficient (Cd) can be found by the following equation 

C d = 18.6 (N R er 0- 6 (Ref. 3, p. 7-4) 

where, 

NR e = 1488 DpV,pJu (Ref. 3 , "p. 7-2) 

and 
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= diameter of particle, feet 
= density of liquid phase, lbs/ft 
• liquid viscosity, cP 
= terminal settling velocity of particle, ft/s 

3,54 o0;71, D u
1- 1 4 (o_-sL)°-71. (Ref. 3, p. 7-4) 

and 
9 =32.2 ft/secz 

= density of solid phase, lbs/ft3 

The results of these calculations are given by the following table. 

SPC/Cullet System 
Cullet Rate, lbs/hrs 
SPC Rate, Ibs/hr 
Total Slurry Rate, lbs/hr 
Total Slurry Volume, gpm 
Avg. Slurry Velocity, ft/sec 
SPC Viscosity, cp 
Reynolds No. 
Flow Regime 
Friction Losses, psi/100 ft 
Total Friction Loss, psi 
Drag Coefficient, C d 

Sulfur/Cullet System 
Cullet Rate, Ibs/hrs 
Sulfur Rate, Ibs/hr 
Total Slurry Rate, lbs/hr 
Total Slurry Volume, gpm 
Avg. Slurry Velocity, ft/se 
SPC Viscosity, cp 
Reynolds No. 
Flow Regime 
Friction Losses, psi/100 ft 
Total Friction Loss, psi 
Drag Coefficient, C d 

U-inch 2-inch 

18,372 18,372 
18,652 18,652 
37,024 37,024 

33 33 
5.23 3.17 
75 75 

1,670 1,300 
Heterogeneous Saltation 

20.7 9.46 
311 142 
3.7 3.7 

18,372 18,372 
18,652 18,652 
37,024 37,024 

35 35 
5.47 3.32 

8.66 8.66 
14,112 10,996 
Saltation Saltation 

18.2 20 
273 300 
0.56 0.56 

Some of these results appear to be counter-intuitive. For example, the friction 
losses for sulfur/cullet flowing through a 2-inch line are shown to be higher 
than for a 1^-inch line. One explanation can be found by examination of the term 

[q D fs-n] 
k ,,2 l r x0.SJ 

1.5 

V< (Cd) 
in the pressure drop equation for saltation flow. It is seen that the "V2" in 
the denominator goes up and "D w in the numerator goes down as a result of a 
decrease in line size. This causes the overall term to decrease as the line size 
is changed from 2rinch to 1^-inch. Physically, this is an indication of a 
decrease in the excess pressure gradient due to the presence of solids (i-ij as 
the slurry velocity increases. In other words, the equation predicts that the 
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moV'ing solids bed will weigh less heavily on the bottom of the pipe, and exert 
less drag, at higher velocities. The calculation results suggest that this 
reduction in solids drag will more than offset the increased liquid phase 
pressure drop caused by a smaller pipe. 

It must again be emphasized that 
(1) only very rough approximations of saltation flow pressure drop can 

be obtained from generalized equations, and 
(2) the only generalized equations available were developed for aqueous 

slurries, which may behave quite differently from SPC/cullet or 
sulfur/cullet. 

Another apparent anomaly is seen by comparing the friction losses for SPC/cullet 
and less viscous sulfur/cullet flowing through a 2-inch pipe. Again, an 
explanation can be found by examination of the term 

[q D (s-i)] 1' 5 

V 2 (C d) 0- 5 

in the pressure drop equation for saltation flow. This term has a lower value 
for the SPC/cullet system because the high liquid phase viscosity yields a larger 
drag coefficient, C,,, in the denominator. The equation predicts that an 
increased drag coefficient enhances the ability of the flowing liquid phase to 
impart horizontal motion to the solids, thereby decreasing the excess pressure 
gradient (i-iw) attributable to the presence of solids. 

Analytical Methods Given in Chemical Engineers' Handbook 

The Chemical Engineers' Handbook by Perry (Fifth Edition, pages 5-46 & 5-47) was 
consulted for possible alternative techniques of analyzing slurry flow. Most of 
the correlations given were developed specifically for water suspensions of 
sands, ash, lime, gravel and coal, and so are not applicable to a slurry of 
molten SPC and cullet. However, the following generalized equation was given to 
predict the velocity at which particles (of a size greater than 0.08 inch) will 
begin to deposit. 

V c = 1.35 [ 2 J L J M 4 A L ] 0 " 5 

Px. 
where, 

V = velocity at onset of deposition, ft/sec 
g =32.2 ft/sec2 

D t = pipe diameter, feet 
p s = solid particle density, lb/ft3 

p L = liquid density, lb/ft 
The following table gives the calculated solids deposition velocities, and for 
comparison, the previously determined actual velocities for the line sizes 
considered. 
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U-inch 2-inch 

SPC/Cullet Slurry 
Solids Deposition Velocity, ft/sec 3.09 2.75 
Actual Velocity, ft/sec 5.23 3.17 

Sulfur/Cullet Slurry 
Solids Deposition Velocity, ft/sec 2.73 2.43 
Actual Velocity, ft/sec ' 5.47 3.32 

It is seen that cullet particles passing through a 2-inch line - and previously 
determined to be in saltation - are close to deposition and termination of flow. 
Use of Additives to Reduce Liquid Viscosity 
Nucon International designs and fabricates a wide variety of pollution control 
equipment and systems. A Mr. Louis Kovach of Nucon indicated that in the course 
of producing a proprietary catalyst, powdered iodine is added to dry sulfur 
before the resulting mixture is heated above 300°F. The iodine, which 
constitutes about 1 weight percent of the final mixture, is reported to prevent 
sulfur polymerization and the attendant increase in viscosity that would 
otherwise occur at these temperatures. Mr. Kovach was not aware of any cases in 
which iodine had been added to molten sulfur polymer cement. 

It appears that there are no potential benefits from the addition of iodine to 
either molten SPC or sulfur at the planned operating temperature of 135°C 
(275°F). Even if an additive could be found to reduce the liquid phase 
viscosity, the foregoing comparison of SPC vs. sulfur indicates that the problem 
of solids settling would not be alleviated. 
It should also be noted that WAC 173-303-090(8), Dangerous Waste Regulations, 
classifies elemental iodine as a dangerous waste because of its toxicity. 
Therefore, the treatment, storage and disposal of iodine-bearing wastes is 
regulated. Two crucial issues would be the potential for iodine volatilization 
from molten SPC during handling, and the potential for leaching of iodine from 
solidified SPC during long term storage. 

Pumping of Conventional Concrete and SPC Concrete (Cullet in SPC) 

The problem of pumping slurries of conventional concrete might at first appear 
to be very similar to that of pumping molten SPC concrete. However, the physical 
characteristics of conventional concrete slurry make it much more amenable to 
pumped transfer through horizontal piping than either SPC/cullet or sulfur/cullet 
slurries. Most significantly, the mortar of cement, water and sand that 
constitutes the continuous liquid phase has a density in the range of 90 to 105 
lbs/ft3. Since the gravel aggregate typically has a density of about 94 lbs/ft3, 
its tendency to settle is at most minimal. As previously noted, the difference 
in density between cullet and SPC or sulfur produces significant settling 
velocities, particularly for the larger particles. 

It should also be noted that the specially-designed, piston-type pumps used to 
handle conventional concrete slurries must typically be taken out of service and 
overhauled after about 200 hours of operation. The specialized suction and 
discharge valves which must open and close with each pump stroke are particularly 
subject to wear, and require regular maintenance and inspection. It is very 
unlikely that pumps of this type would be suitable for continuous, long-term 
operation handling high-temperature, radioactive material. 

A potential alternative to a piston-type concrete pump which might be used to 
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transport SPC concrete would be a specially-designed transfer system using 
multiple, heat-jacketed pressure vessels and compressed air, like that shown on 
Figure C-2. The system would require at least three pressurized transfer 
vessels, arranged in parallel, to handle the continuously generated sulfur 
polymer concrete. It would also be necessary to convert the molten cement into 
a higher density mortar in order to inhibit the settling of the cullet particles. 
This would require the addition of a sufficient amount of fine particles having 
an appropriate specific gravity to the molten cement. 

Each pressurized transfer vessel would go through a repeating operating cycle. 
The vessel would initially stand empty at ambient pressure, having just been de-
pressurized to a vent system. After opening of the top-mounted feed supply 
valve, freshly-made molten concrete would be poured into the vessel from an auger 
or mixer. It is estimated that this operation would take 5-10 minutes. Upon 
filling of the vessel, both the vent and feed supply valves would be closed, and 
the stream of fresh concrete diverted to another vessel. The newly filled vessel 
would then be raised to the pressure required for transfer of the concrete to the 
disposal vaults by opening the compressed air supply valve. Once the targeted 
internal pressure had been reached, the bottom discharge valve would 
automatically open. At that point, the air in the top of the vessel would act 
as a piston and force the molten concrete out the bottom of the vessel and into 
the transfer line. Vessel pressure would be maintained during this delivery step 
by the continued supply of air from the air receiver. Following displacement of 
the concrete from the transfer vessel, both the bottom discharge valve and the 
compressed air supply valve would be closed, followed by a gradual opening of 
the vent valve. 

A sufficient number of pressurized transfer vessels would be needed to insure the 
semi-continuous delivery of concrete to the transfer line. In order to permit 
periodic maintenance or replacement of the operating valves, at least one spare 
transfer vessel should be provided. Since it is anticipated that the bottom 
discharge valve will require the most frequent maintenance, it should be 
bracketed by upstream and downstream isolation valves and placed in a remotely 
removable jumper. There should also be a separate and dedicated transfer vessel 
to contain solids-free molten sulfur. This sulfur should be used to displace the 
molten concrete slurry from the buried transfer line immediately following any 
interruption of concrete flow. 

This alternative concrete transfer system would obviously be much more complex 
than a piston pump. This added complexity might, however, be necessary to 
achieve an acceptable level of equipment maintainability. 

Previous Experience with Handling of Sulfur Polymer Concrete 

A number of contacts were made to determine past industrial experience with the 
handling and transport of molten sulfur polymer concrete. 

Mr. Bill McBee, who originally developed sulfur polymer cement while working for 
the U.S. Bureau of Mines, made the following points. 

• To his knowledge, no pilot-scale testing has ever been done to determine 
the feasibility of a previously proposed concept to pump SPC and glass 
aggregates through a pipeline. 

• Martin Resources of Odessa, Texas holds an exclusive license from the U.S. 
Department of Commerce to produce SPC, and so is the sole domestic 
supplier. 
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• In about 1991, some of the chemicals added to sulfur to make sulfur 
polymer cement were changed (no change was made with respect to 
dicyclopentadiene, DCPD). This new SPC formulation, which is more 
reactive than the old, was adopted to facilitate the manufacture of a 
stabilized, flaked SPC produce at the factory. The previous SPC 
formulation had been less reactive, and was much more difficult to handle 
in the manufacturing process. 

• The allowable time limit on workability, or pot life, for molten SPC is 
very much a function of the specific chemical modifiers. During testing 
in the 1970s, the previous formulation of SPC remained sprayable even 
after being continuously maintained in a molten state at 125°C for three 
weeks. The present formulation of SPC, however, has a much shorter pot 
life due to the greater reactivity of the new additives. 

• The higher the viscosity of molten SPC, the greater will be its tendency 
to retain air and form internal voids in the course of mixing and 
handling. 

Mr. Harold Weber of the Sulfur Institute also stated that no pilot-scale work 
involving pumped transfer of SPC and glass aggregate had been performed to date. 

Finally, Mr. Frank Ward and Mr. Ted Aadland of the F.E. Ward Company in 
Vancouver, Washington were contacted. Their company specializes in industrial 
construction using SPC. They made the following major points concerning cullet 
and sulfur transport. 

• To their knowledge, pumping of sulfur polymer concrete has not been 
demonstrated 

• Maintaining large cullet particles in suspension, or at least inhibiting 
their settling, would require the use of a liquid mortar of comparable 
density, rather than just unmodified sulfur polymer cement. The sulfur-
based mortars used in industrial construction typically contain fine 
material consisting of either high quality type F flyash or silica flour. 
The aggregate blended into this mortar to form concrete slurry has usually 
been quartzite. Messrs. Ward and Aadland did not indicate the relative 
amounts of sulfur polymer cement, fine solids and aggregate used to 
prepare their industrial concretes, nor did they indicate what the 
transport properties of this molten material might be. Fluor assumes that 
the presence of fine solids would make this material more viscous than a 
slurry consisting of only molten cement and aggregate. 

Subsequent to these discussions, Fluor determined that the density of 
cullet is essentially the same as that of natural quartz. Therefore, the 
formulation of a non-settling or slow-settling concrete slurry would be 
the same for either a cullet aggregate or a natural quartz aggregate. 

• The current formulation of sulfur polymer cement appears to have a pot 
life. It might be possible to maintain SPC at its optimum molten 
temperature for about one day before experiencing a significant rise in 
viscosity. 

Summary and Conclusions 

Pumped transport of molten slurries of sulfur polymer cement and cullet through 
long lengths of horizontal, heat-traced piping involves a number of significant 
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• Flow Regime 
The tendency of the larger cullet particles to settle out from the lighter 
liquid phase will result in highly heterogeneous flow, or in many cases, even 
saltation flow. This creates a very significant risk of pluggage for a long 

• transfer line. The basic problem is that the cullet particles are large and 
of a significantly higher density than the SPC liquid phase. 
Parties familiar with the handling of SPC concretes in industrial construction 
have indicated that a higher density mortar phase would be needed to inhibit 
cullet settling. The preparation of such a mortar would require the addition 
of size-graded fine solids of appropriate density to the molten SPC. The 
relative amounts of SPC, fines and cullet aggregate in the final molten 
concrete formulation are not presently available to Fluor. It seems 
reasonable to assume, however, that the presence of these fines would increase 
the slurry viscosity beyond the levels currently predicted for SPC/cullet 
mixtures. Also, the inhibition of cullet settling, if achievable, would by 
itself preclude decanting of excess SPC from the molten concrete after its 
deposition in the disposal vaults. This would increase the total required 
volume of vault space beyond current projections. 

• Transfer Line Pressure Drop 
Of the four different slurry formulation and line size combinations examined, 
only the use of a H-inch line to handle SPC/cullet slurry avoided saltation 
flow. Because of the high risk of line pluggage, saltation flow is deemed to 
be completely unacceptable for this application. The calculated friction loss 
for that one case is a near-prohibitive 20.7 psi/100 ft, or 311 psi over 1500 
feet of piping. It must also be emphasized that the only generalized pressure 
drop equations available were developed for aqueous slurries, and that testing 
would be needed to accurately determine the flow characteristics of molten SPC 
or sulfur slurries. 

• Pump Selection 

A pump capable of overcoming the very significant transfer line friction 
losses would most likely be a positive displacement type, similar to those 
used to handle slurries of conventional concrete. These units require 
frequent and extensive maintenance, and are not deemed to be suitable for 
continuous long-term operation handling high-temperature, radioactive 
material. 

As an alternative to a positive displacement pump, it might be possible to 
use a specially-designed transfer system using multiple, heat-jacketed 
pressure vessels and compressed air to provide the motive force. Such a 
system would be very complex and expensive, containing numerous operating 
valves and pressure vessels, and at least one air compressor. 

• Past Experience 
To the best knowledge of the authorities contacted by Fluor Daniel, pumping 
of molten SPC slurries has not been demonstrated in industrial applications 
or even on a pilot scale. 

In addition, the observed molten phase pot life of the current SPC formulation 
imposes a workability time limit that by itself will make the proposed 
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.decanting of excess SPC from large disposal vaults for recycle and re-use 
extremely difficult, if not impossible. If it is not feasible to decant off 
the "excess" SPC used to transport the cullet, then the final matrix will 
contain a higher SPC to cullet ratio that originally planned, and more vault 
space will be required. 

If a final decision is made to abandon pumped transfer of LLW cullet in molten 
slurry, then the overall process design of that portion of the facility 
downstream of the melter, and the need for each unit operation now contained 
therein, should be carefully re-examined. 
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APPENDIX D 

SULFUR EFFECTS ON CONCRETE 

Exposure to sulfur can have negative consequences on the integrity of reinforced 
concrete structures. Sodium, potassium, calcium, or magnesium sulfates (sulfate 
salts) can react with compounds present in hardened portland cement and cause 
damage. These sulfates accumulating at the surface of the concrete can react 
with free calcium hydroxide (hydrated lime) which is liberated during the 
hydration of the cement and form calcium sulfate (gypsum). Gypsum and hydrated 
calcium aluminate (tricalcium aluminate is a content of cement) can combine to 
form calcium sulfoaluminate (ettrirtgite). Both of these chemical reactions 
create compounds which expand in size. When the salts react at the surface of 
the concrete they react with the above mentioned substances in the concrete and 
can push into the surface of the concrete and expose voids and cracks. Where 
there are surface voids and cracks the reactions can occur as the salts get into 
the cracks and voids creating enlarged cracks and voids and allowing for further 
deterioration. All these compounds can be leached away by aqueous solutions 
leaving larger voids and cracks where the concrete materials were and where the 
reacted materials expanded into cracks and pores. This repeated process leaves 
the concrete susceptible tofurther intrusion. 

The presence of sulfurous gases can create similar concrete hazards. Sulfurous 
gases can combine with moisture to form sulfuric acid. This acid can combine 
with the calcium hydroxide to form calcium sulfate which, through the processes 
described above, expands locally crushing the concrete. This crushed concrete 
can be later leached away. Periodic exposure to these processes can cause 
accelerated cracking, and eventually lead to exposure of the embedded steel, 
leaving it vulnerable to corrosion. 

There are other factors which can aggravate the concrete deterioration described 
above. If the concrete is subjected to these sulfurous compounds under pressure 
the compounds will be more aggressively forced into the voids and cracks of the 
concrete creating a more extensive and quicker deterioration problem. If the 
sulfur material is of a rough consistency, abrasion on the surface of the 
concrete can result. This abrasion can also lead to development of cracks and 
voids at the concrete surface and result in a surface condition which is more 
susceptible to sulfate intrusion. 

Several measures can be taken to reduce the negative effects of sulfur on the 
concrete. Using a dense, high quality concrete with a low water-cement ratio 
will produce a concrete with fewer voids. Type V cement limits the amount of 
tricalcium aluminate to 5% giving it better sulfate resistance. Air entrainment 
improves concrete workability and allows the use of lower water-cement ratios 
thereby reducing voids. Pozzolans such as fly ash can be added in the amounts 
of 15 to 25 % of the portland cement. These pozzolans react with the calcium 
hydroxide reducing that which is available to combine with the sulfates. Calcium 
chloride should not be added in the concrete mix as it reduces sulfate 
resistance. 

Although these measures will reduce the susceptibility of concrete to sulfate 
attack, there is no way to assure ourselves that, given enough time, the concrete 
will not begin to deteriorate. The best solution is to assure ourselves that 
sulfates or sulfurous gases do not come into contact with concrete structures. 
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APPENDIX E 

LIFE CYCLE COST ANALYSIS 

1.0 INTRODUCTION 

This appendix describes the methodology for preparing the life cycle cost 
analysis for the low-level waste form study. This analysis was performed in 
order to provide a common basis upon which to compare costs of the 13 different 
low-level waste form options. This analysis uses the net present value method 
for comparing costs that occur at different times. This method "discounts" 
future costs back to the present value, defined as time 0. The present value of 
a future cash flow can be thought of as the amount of money that must be 
deposited in a bank today, at the given compound interest rate, that will result 
in the required amount at the given time in the future. The discount, or 
interest rate is defined by the Office of Management and Budget in appendix C of 
their circular A-94. The real discount rate for projects with a 30-year time 
span is 2.8 percent. 

The net present value of each option consists of three components: initial 
capital cost, annual operating and maintenance costs, and final closure costs. 
Each of these components are derived below. Table E-l summarizes the results of 
this analysis. 

2.0 CAPITAL COSTS 

Direct capital costs consist of three basic components: vitrification building 
and associated equipment cost, a portion of the interim storage facility cost, 
and the onsite transporter cost. Derivation of these costs are discussed in 
Sections 4, 5, and 6 of the report. Total capital costs for each alternative are 
shown in Table E-2. Direct costs are adjusted by the following factors to arrive 
at total capital costs: 

Engineering - 40% of direct cost 
Construction Mgmt - 10% of direct cost 
Project Management - 10% of direct, engineering, and const, mgmt costs 
Contingency - 40% of direct, engr., const, mgmt, and proj. mgmt 

costs 

The interim storage facility will be partially built during initial construction 
and completed in stages during the life of the facility (14 years). The eight 
large container options utilize open, below grade storage pads. The first 40 
percent of the storage pads must be built initially. At first glance this 
appears to be an excessive amount, however, sufficient distance must be provided 
between the area where storage operations are ongoing and the construction area. 
This distance serves two functions, first to provide sufficient separation 
between the operating crews and the construction crews so as not to create 
interference between the two, and second to provide sufficient shielding of the 
construction crew. The present design of the canister shielding is 10 mrem/hr 
at the surface. The required uncontrolled area radiation field is 0.05 mrem/hr. 
Approximately 100 meters is required to provide this shielding. 

The five sulfur and dry cullet options utilize vaults which have concrete walls 
between the various sections. These walls provide natural separation between the 
operating and construction crews and provide shielding of the construction crew. 
Because of this, only the first 6 vaults for these options will be built during 
initial construction. 
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Table E-1; Low-Level Waste Fac i l i t y Li fe Cycle Costs 

($MILLIONS) 

TOTAL TOTAL NET 
CASE CAPITAL ANNUAL PRESENT 
NO DESCRIPTION COSTS COSTS VALUEd) 

OPTIONS 

1 CANISTER IN STEEL CASK $1,907 $296 $5,816 

2 STEEL CASK ONLY $1,808 $223 $4,861 

3 CANISTER IN OVERPACK $1,927 $298 $5,874 

4 SINGLE CANISTER ONLY $1,826 $186-' $4,457 

5 OVERPACK IN CONCRETE CASK $1,988 $296' $5,922 

. 6 CANISTER IN CONCRETE CASK $1,917 $199 $4,724 

7 125 MT STEEL CASK ONLY $1,826 $173 $4,305 

8 H-MPC IN OVERPACK $1,946 $372 $6,749 

9 PUMPED SULFUR/CULLET $1,375 $70 $2,549 

10 SULFUR MIXED AT VAULT $1,387 $69 $2,556 

11 SULFUR IN NON-LOAD BEARING CANS $1,407 $73 $2,620 

12 SULFUR IN LOAD BEARING CANS $1,428 $82 $2,753 

13 GULLET IN VAULTS WITHOUT SULFUR $1,378 $65 $2,500 

NOTES 
(1) NET PRESENT VALUE AT YEAR 0 FOR CAPITAL. OPERATING, AND 

COSTS AT 2.8% INTEREST RATE PER OMB CIRCULAR A-94 
D&D 
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TABLE E-2 
LOW-LEVEL WASTE FACIUTY CAPITAL COSTS 
_ ($MILUONS) 

CASE 
NO DESCRIPTION 

VIT BLDG EQUIP 
COSTS COSTS (1) 

INTERIM 
STORAGE 
COSTS (2) 

ONSITE 
TRANSP 

COSTS 

TOTAL 
DIRECT 
COSTS ENG 

CONST 
MGMT. 

PROJ 
MGMT CONTGY 

TOTAL 
CAPITAL 

COSTS 

OPTIONS 

1 CANISTER IN STEEL CASK 807 332 17.6 1 $826 330 83 124 545 $1,907 

2 STEEL CASK ONLY 765 313 16.8 1 $783 313 78 117 517 $1,808 

3 CANISTER IN OVERPACK 807 332 24.4 3 $834 334 83 125 551 $1,927 

4 SINGLE CANISTER ONLY 765 313 22.4 3 $790 316 79 119 522 $1,826 

5 OVERPACK IN CONCRETE CASK 839 336 20.4 1 $860 344 86 129 568 $1,988 

6 CANISTER IN CONCRETE CASK 808 332 20.8 1 $830 332 83 124 548 $1,917 

7 125 MT STEEL CASK ONLY 774 321 15.6 1 $791 316 79 119 522 $1,82 | 

$1,941 
to 

8 H - M P C IN OVERPACK 808 332 31.6 3 $843 337 84 126 556 

$1,82 | 

$1,941 
to 

9 PUMPED SULFUR/CULLET 576 237 19.19 0 $595 238 60 89 393 $1,376 

10 SULFUR MIXED AT VAULT 583 233 17.48 0 $600 240 60 90 396 $1,38* 

11 SULFUR IN NON-LOAD BEARING CANS 592 237 17.1 0 $609 244 61 91 402 $1,407 

12 SULFUR IN LOAD BEARING CANS 595 241 23.1 0 $618 247 62 93 408 $1,428 

13 CULLET IN VAULTS WITHOUT SULFUR 580 229 16.74 0 $597 239 60 90 394 $1,378 

(1) EQUIPMENT COSTS ARE INCLUDED IN VIT BUILDING COSTS. THEY ARE USED AS THE BASIS FOR ANNUAL EQUIPMENT REPLACEMENT COSTS. 
(2) ONLY THE PORTION OF INTERIM STORAGE COSTS INCURRED AT INITIAL CONSTRUCTION ARE SHOWN. 
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3.0 OPERATING COSTS 

Operating costs have many components as discussed below. Total annual operating 
costs are shown in Table E-3. 

3.1 Containers 
The largest and most variable of the operating costs is container costs. 
Containers consist of one or more of the following: 

• canisters 
• overpack canisters 
• large cans 
• steel casks 
• concrete casks 

Sulfur vault options 1 and 2 and the cullet in vaults without sulfur options 
do not use any containers. Container options 2, 4, and 7 and sulfur vault 
options 3 and 4 use one container. Container options 3, 6, and 8 use two 
containers. Container option 5 uses three containers. The total number of 
containers to be produced during the life of the facility has been* calculated 
based on the total quantity of glass that will be produced and the volume of 
glass that can be stored in each container. The annual number of containers 
produced is the total number divided by 14. 

3.2 Materials 

Materials costs includes the cost of shielding sleeves for canister options 
3, 4, and 8; Sulfur Polymer Cement (SPC) for all sulfur options; and fine 
aggregate for sulfur option 1. Fine aggregate is less expensive than the SPC 
it displaces, thus making the material costs for sulfur option 1 cheaper than 
the other 3 sulfur options. 

3.3 Storage 

Container options 3, 4, and 8 use unshielded canisters. Shielding is provided 
in the storage vault by free-standing sleeves. These sleeves are treated as 
operating expenses like containers. 

Directs costs for storage options are indicated in the note sections of the 
appropriate cost tables and vary from approximately 20 percent for the vault 
options to 40 percent for the interim storage options. The remainder of the 
storage construction costs, approximately 80 percent for the vault options and 
60 percent for the interim storage options are prorated over the 14 year 
operating life. These expense, or operating storage costs have construction 
management, project management, and contingency added to them like capital 
costs, but no engineering costs are added. 

3.4 Operations and Maintenance 
The next component of operating costs is Operations and Maintenance (O&M). 
This consists of salaries paid to the operations and maintenance personnel. 
An average annual rate of $90,000 per man-year is used here. Staffing levels 
for the entire facility (HLW, LLW, Separations, and common facilities) were 
estimated to be 708 as shown on Table E-4. Table E-5 breaks down tbe total 
staffing into the four facilities mentioned above. The base case, which is 
pumped sulfur/cullet, has a staff of 249 people. Staffing levels for the 
alternative waste form options were estimated using the following criteria. 
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TABLE E-3 

LOW-LEVEL WASTE FACILITY OPERATING COSTS 
(tMILUONSt 

CASE 
NO DESCRIPTION 

TOTAL ANNUAL UNIT (1) ANNUAL 
NO. OF NO. OF COST OF COST OF 

CONTAINERS CONTAINERS CONTAINERS CONTAINERS 

ANNUAL ANNUAL ANNUAL 
COST OF COST OF STORAGE 
MATU2) STORAGES CM 

ANNUAL ANNUAL 
STORAGE STORAGE 

PM CONTGY 

NO. OF ANNUAL ANNUAL TOTAL 
OPERATING 0 4 M EQUIP ANNUAL 

STAFF C0STSI4) C0STSI5) COSTS 

OPTIONS 

1 CANISTER IN STEEL CASK 

2 STEEL CASK ONLY 

3 CANISTER IN OVERPACK 

4 SINGLE CANISTER ONLY 

5 OVERPACKIN CONCRETE CASK 

6 CANISTER IN CONCRETE CASK 

7 129 MT STEEL CASK ONLY 

8 H-MPC IN OVERPACK 

9 PUMPED SULFUR/CULLET 

10 SULFUR MIXED AT VAULT 

11 SULF UR IN NON -LOAD B EARING CANS 

12 SULFUR IN LOAD BEARING CANS 

13 CULLET IN VAULTS WITHOUT SUtf UR 

17,257 

16,300 

15,152 

13,634 

15,152 

13,634 

6,171 

27,892 

NONE 

NONE 

6,800 

7,460 

NONE 

1,233 $178,301 $218.6 $0.0 

1,164 $128,466 $150.7 $0.0 

1,082 $179,164 $193.9 $28.9 

674 490,121 $67.8 $24.2 

1,082 $201,608 $218.5 $0.0 

•74 $125,910 $122.6 $0.0 

441 $225,086 $99.2 $0.0 

1,099 $128,380 $256.7 $36.9 

NONE NONE NONE $2.1 

NONE NONE NONE $3.1 

486 $3,382 $1.8 $3.1 

533 $17,626 $9.5 $3.1 

NONE NONE NONE $0.0 

GGREGA rEFOR SULFLR OPTIONS 

$1.9 $0.2 $0.2 $0.9 

$1.6 $0.2 $0.2 $0.9 

$2.6 $0.3 $0.3 $1.3 

$2.4 $0.2 $0.3 $1.2 

$2.2 $0.2 $0.2 $1.1 

$2,2 $0.2 $0,2 $1.1 

$1.7 $0.2 $0.2 $0.8 

$3.4 $0.3 $0.4 $1.8 

$5.8 $0.6 $0.6 $2.8 

$5.3 $0.5 $0.6 $2.6 

$5.6 $0.8 $0.6 $2.7 

$5.9 $0.6 $0.6 $2.8 

$5.4 $0.5 $0.6 $2.8 

253 

249 

257 

253 

257 

253 

249 

257 

249 

245 

253 

257 

241 

$22.8 

$22.4 

$23.1 

$22.8 

$23.1 

$22.8 

$22.4 

$23.1 

$22.4 

$22.1 

$22.8 

$23.1 

$21.7 

$49 8 

$47.0 

$49.8 

$47.0 

$50.4 

$49.8 

$48.2 

$49.8 

$35.6 

$35.0 

$35.8 

$36.2 

$34.4 

o 
I o 
I 

$295.5 

$223.1 

$298.2 

$185.8 

$295.8 

$199.0 

$172.6 

$372.2 

$69.9 

$89.2 

$ 7 2 5 . 
$81! 

- • o\ 
$85» CO 

o -
=3 

3=» O c+ c+ 
&> 
n 
= T 
3 
<T> 
=3 

a v 
(1) ACTUAL DOLLARS PER CONTAINER 
(2) INCLUDES SLEEVESFOR CANISTER OPTIONS AND SPC ANOFINE 
(3) REMAINDER OF THE INTERIM STORAGE COSTS PRORATED OVER 14 YEARS 
(4) COMPUTED AT $90,000 PER MAN-YEAR 
(5) COMPUTED AT 15% OF DRECT EQUIPMENT COSTS 
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Table E-4: TWRS Staff ing Analysis 

POSITION 

- STFTTTATFING 

Total POSITION 

Day 
Shift 

A 
snirt 

B 
Shift 

C 
Shift 

D 
Shift 

Training 
Shift 

Sub 
Total 

Total POSITION E NE BU E NE BU E NE BU E NE BU E NE BU E NE BU E NE BU Total 
BUIUDNG SUPPORT 
PLANT MANAGEMENT 

Plant Manager 1 1 0 0 1 
Administrative Assisstant 1 1 0 0 1 
Technical/Budget Analysts 
Clerical 

2 
1 2 

2 0 0 
1 2 0 

2 
3 

JOB CONTROL . 
Managers 
Claricaj 

2 
4 

2 0 0 
0 4 0 

2 
4 

Facility Administrator 
Job Control Specialists 
Material Specialists 
Schedulers 

3 
4 
2 

10 

3 0 0 
4 0 0 
2 0 0 

10 0 0 

3 
4 
2 

10 
Planners 10 10 0 0 10 
Crane Planners 2 2 0 0 2 

PLANT ENGINEERING . 
Managers 
Clerical 

1 
2 

1 0 0 
0 2 0 

1 
2 

Designers / Drafters 2 0 2 0 2 
Plant Engineers 14 14 0 0 14 

ANALYTICAL LABORATORY 
Managers / Supervisors 
Clerical 

1 
2 

1 1 1 1 1 6 0 0 
0 2 0 

6 
2 

Chemists 3 3 3 3 3 3 18 0 0 16 
Chemical Technicians 4 11 11 11 11 11 0 0 59 59 

STANDARDS LABORATORY 
Managers 
Clerical 

1 
1 

1 0 0 
0 1 0 

1 
1 

Chemists 2 2 0 0 2 
Chemical Technicians 2 0 0 2 2 

RADIATION PROTECTION 
Managers 
Clerical 

1 
1 

1 0 0 
0 1 0 

1 
1 

Hearth Physics Technologists 
FACILITY SERVICES 

18 0 0 18 18 

Managers/Supervisors 

Clerical 
1 

1 
1 0 0 
0 1 0 

1 
1 

Process Operators 
Crane Operators 
Power Operators 
Driver 

18 
3 
4 
2 

2 
2 
3 

2 
2 
3 

2 
2 
3 

2 
2 
3 

2 
2 
3 

0 0 28 
0 0 13 
0 0 19 
0 0 2 

28 
13 
19 

2 
COMPUTER SUPPORT 

Managers 
Clerical 

1 
1 

1 0 0 
0 1 0 

1 
1 

System Admin. / Analyst 
DOCUMENT CONTROL 

3 3 0 0 3 

Managers 1 1 0 0 1 
Clerical 2 0 2 0 2 
Document Control Specialist 
Technical Editor 

4 
2 

4 0 0 
2 0 0 

4 
2 

PROGRAM OFFICE 
Program Managers 
Clerical 

1 
1 

1 0 0 
0 1 0 

1 
1 

Program Scheduler 
Activity Engineer 

1 
3 

1 0 0 
. 3 0 0 

1 | 
31 

Subtotal 78 19 51 4 18 4 1B 4 18 4 • 18 4 18 98 19 141 2581 
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Table E-4: Staff ing Estimates, Page 2 

POSITION 

SHIFT sTAfFiNd1 

Total POSITION 

Day 
Shift 

A 
Shift 

B 
Shift 

C 
Shirt 

0 
Shift 

Training 
Shift 

SlC 
Total 

Total POSITION E NE BU E NE 8U E NE BU E NE BU E NE BU E NE BU E NE 3U Total 
ENGINEERNG «SUPPORT 
PROCESS & TECHNOLOGY ENGINEERING 

Managers 
Clerical 

3 
4 

3 0 
0 4 

0 
0 

3 
4 

Shift Engineers 
Process Engineers 
Technicians 

3 
20 

2 

1 1 1 1 1 7 0 
20 0 

0 2 

0 
0 
0 

7 
20 
2 

SURVEILLANCE & TESTING 0 0 0 0 
Manager 
Clerical 

1 
1 

1 0 
0 1 

0 
0 

1 
1 

Surveilance A Testing Engrs. 
QUALITY ASSURANCE & CONTROL 

10 10 0 
0 0 

0 
0 

10 
0 

Manager 
Clerical 

1 
1 

1 0 
0 1 

0 
0 

1 
1 

Qualty Control Inspectors 
Quality Assurance Engineer 

SAFETY ENGINEERING 

5 
3 -

S 0 
3 0 
0 0 

0 
0 
0 

s 
3 
0 

Managers 
Clerical 

1 
1 

1 0 
0 1 

0 
0 

1 
1 

Emergency Preparedness Specialist 
Radiation Engineers 
Nuclear Engineers 
Industrial Safety Engineers 

NUCLEAR MATERIALS ADMINISTRATION 

1 
5 
5 
2 

-
1 0 
S 0 
5 0 
2 0 
0 0 

0 
0 
0 
0 
0 

1 
5 
S 
2 
0 

Managers 
Clerical 

1 
2 

1 0 
0 2 

0 
0 

1 
2 

Specialists 
TRAINMG 

3 3 0 
0 0 

0 
0 

3 
0 

Managers 
Clerical 

1 
2 

1 0 
0 2 

0 
0 

1 
2 

Trahers 8 8 0 0 8 
Subtotal 73 13 1 1 1 1 1 78 13 0 91 
PROCESS STAFF 
OPERATIONS MANAGEMENT 

Operations Manager 
Shift Manager 
Shift Support Manager 
Operation! Plant Engineers 
Clerical 

1 
2 
2 
8 

2 

1 
2 

1 

1 
2 

1 

1 
2 

1 

1 
2 

1 

1 
2 

1 

1 0 
7 0 

12 0 
8 0 
0 7 

0 
0 
0 
0 
0 

1 
7 

12 
8 
7 

OPERATORS 
Receipt 1 2 2 2 2 2 0 0 11 11 
Cesium Ion Exchange 
Effluents 

i 
i 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

0 0 
0 0 

11 
11 

11 
11 

Evaporators i 2 2 2 2 2 0 0 11 11 
LLW Metier 2 3 3 3 3 3 0 0 17 17 
HLWMerter 2 2 2 2 2 2 0 0 12 12 
Product Handling 

HAZARDOUS MATERIAL CONTROL 
2 2 2 2 2 2 0 0 ' 12 12 

Manager 
Clerical 

1 
2 

1 0 
0 2 

0 
0 

1 
2 

Technicians 3 0 3 0 3 
Engineers 

ENVIRONMENTAL CONTROL 
8 8 0 0 8 

Manager 
Clerical 

1 
1 

1 0 
0 1 

0 
0 

1 
1 

Technicians 2 0 2 0 2 

Engineers 
RADIATION PROTECTION 

5 5 0 0 5 

Managers / Supervisors 
Clerical 

3 
1 

1 1 1 1 1 8 . 0 
0 1 

0 
0 

6. 
1 

Health Physics Technologists 
Subtotal 31 11 10 

8 
4 1 23 

8 
4 1 23 

8 
4 1 23 

8 
4 1 23 

8 
4 1 23 

0 0 
51 16 

40 
12S 

40 
192 
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Table 4: Staf f ing Estimates Cont'd, Page 3 

POSITION 

SHIPT 5TAFPIN& " 

Total POSITION 

Day 
Shift 

A 
ShKt 

B 
Shift 

C 
Shin 

0 
Shift 

Training 
Shflt 

SID 
Total 

Total POSITION E NE BU E NE BU E NE BU E NE BU E NE BU E NE BU E NE BU Total 
MAINTENANCE 
MAINTENANCE MANAGEMENT 

Manager 1 1 0 0 1 
Clerical 1 0 1 0 1 
Maintenance Engr. 
Training Coordinator 

MECHANICAL MAINTENANCE 

3 
1 

3 0 0 
1 0 0 
0 0 0 

3 
1 
0 

Managers/Supervisors 

Clerical 

1 
1 

1 1 1 1 1 6 0 0 
0 1 0 

6 
1 

Penon in Charge 1 1 0 0 1 
Millwrights 
Pipe Fitters 
Insulators 

6 
8 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

0 0 16 
0 0 18 
0 0 2 

16 
18 
2 

Riggers 2 2 2 2 2 . ' 2 0 0 12 12 
OTMBIS 1 2 2 2 2 2 0 0 11 11 

Welders 2 0 0 2 2 
Carpenters 2 0 0 2 2 
Painters 2 0 0 2 2 
Sign Writer 1 0 0 1 1 

1 & E MAINTENANCE 0 0 0 0 
Managers^upervisors 
Clerical 

1 
2 

• 1 0 0 
0 2 0 

1 
2 

Person in Charge 1 1 1 1 1 1 6 0 0 6 
l&E Technicians 8 2 2 2 2 2 0 0 18 18 
Electricians 6 2 2 2 2 2 0 0 16 16 

MANIPULATOR MAINTENANCE 0 0 0 0 
Managers/Supervisors 
Clerical 

1 
1 

1 0 0 
0 1 0 

1 
1 

Person in Charge 1 1 1 1 1 1 6 0 0 6 
Mill Wrights 2 2 2 2 2 2 0 0 12 12 
Electricians 2 2 2 2 2 2 0 0 12 12 
1 AETechtscians 2 2 2 2 2 2 0 0 12 12 

Subtotal 11 5 46 3 18 3 18 3 18 3 18 3 18 26 5 136 167 

TOTAL 190 48 110 12 1 59 12 1 59 12 1 59 12 1 59 12 1 59 250 53 402 708 

(1) E = Exempt NE = Non-Exempt BU = BargtnMg Unit 
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Table E-5: Staffing Breakdown by Plant 

LLW HLW PRETREAT COMMON. 
POSITION PLANT PLANT FACILITY AREAS TOTAL 

BUILDING SUPPORT 
Plant Management 7 7 
Job Control 14 8 8 7 37 
Plant Engineering 6 5 3 5 19 
Analytical Laboratory 34 25 21 5 85 
Standards Laboratory 6 6 
Radiation Protection 6 5 4 5 20 
Facility Services 23 17 14 10 64 
Computer Support 5 5 
Document Control 9 9 
Program Office 6 6 
Subtotal Building Support 83 60 50 65 258 

ENGINEERING & SUPPORT 
• " 

Process & Technology Engineers 13 9 7 6 37 
Surveillance & Testing 4 3 2 3 12 
Quality Assurance & Control 3 2 2 3 10 
Safety Engineering 5 4 3 3 15 
Nuclear Materials Administration 6 6 
Training 3 2 2 4 11 
Subtotal Engineering & Support 28 20 16 25 91 

PROCESS STAFF 
Operations Management 12 9 7 7 35 
Operators 29 24 31 1 85 
Hazardous Material Control 5 4 3 2 14 
Environmental Control 3 2 2 2 9 
Radiation Protection 19 14 12 4 49 
Subtotal Process Staff 68 53 55 16 192 

MAINTENANCE 
Management 1 1 1 3 6 

Mechanical Maintenance 28 20 17 9 74 
l&E Maintenance 16 12 10 5 43 
Manipulator Maintenance 25 18 1 0 44 
Subtotal Maintenance 70 51 29 17 167 

GRAND TOTAL 249 184 150 123 708 

PERCENT OF TOTAL 

BASE CASE 

0.35 0.26 

3B 

0.21 

NA 

0,17 

NA 
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Estimates are for round-the-clock operation: 

• 4 people are required for each canister, overpack, or cask loading 
step in the process. 

• 8 people are required to operate a shielded vault system. 
• 4 people are required to operate a below grade storage pad. 
• 4 people are required to operate the sulfur handling system. 
• 4 people are required to operate and maintain the sulfur pumping 

system. 
• 4 people are required to operate the large sulfur/cullet container 

water cooling system. 
The application of these estimates is shown below and incorporated into the 
operating staff numbers of Table E-3. 

DELTA 

CASE STAFF 
CI +4 
C2 +0 
C3 +8 
C4 +4 
C5 +8 
C6 +4 
C7 +0 
C8 -4 
SI BASE 
S2 -4 
S3 +4 
S4 +8 
Nl -8 
rnient Replacement 3.5 Eq 

Annual equipment replacement costs are estimated at 15 percent of the initial 
equipment capital costs. This cost includes an allowance for normal equipment 
failures as well as melter replacement. Equipment replacement costs are 
incorporated into table E-3. 

4.0 FINAL CLOSURE 

Final closure consists of backfilling the container storage pads or vaults, 
installing the Hanford Barrier* over them, and Decontaminating and 
Decommissioning (D&D) the entire facility. A bottoms up estimate was prepared 
for the closure costs of the pads. D&D costs were estimated as 40 percent of the 
initial capital costs. Table E-6 presents the final closure costs for each 
option. 

5.0 NET PRESENT VALUE 

Net present value costs were calculated based on an interest rate of 2.8 percent 
per the Office of Management and Budget circular A-94. Net present value 
determines the equivalent cost in year 0 (end of construction) of all capital and 
operating costs. All costs are expressed in 1994 dollars. Net present value 
costs are shown on Table E-6. 
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Table E-6: Closure and Net Present Value Costs 

(SMILLIONS) 

TOTAL TOTAL FINAL NET 
CASE CAPITAL ANNUAL D&D CLOSURE PRESENT 
NO DESCRIPTION COSTS COSTS COST(1) COST VALUE (2) 

OPTIONS 

1 CANISTER IN STEEL CASK $1,907 $296 $763 $9 $5,816 

2 STEEL CASK ONLY $1,808 $223 $723 $9 $4,861 

3 CANISTER IN OVERPACK $1,927 $298 $771 $12 $5,874 

4 SINGLE CANISTER ONLY $1,826 $186 $730- $11 $4,457 

S OVERPACK IN CONCRETE CASK $1,988 $296 $795 $11 $5,922 

6 CANISTER IN CONCRETE CASK $1,917 $199 $767 $11 $4,724 

7 125 MT STEEL CASK ONLY $1,826 $173 $731 $8 $4,305 

8 H-MPC IN OVERPACK $1,946 $372 $779 $16 $6,749 

9 PUMPED SULFUR/CULLET $1,375 $70 $550 $0 $2,549 

10 SULFUR MIXED AT VAULT $1,387 $69 $555 $0 $2,556 

11 SULFUR IN NON-LOAD BEARING CANS $1,407 $73 $563 $0 $2,620 

12 SULFUR IN LOAD BEARING CANS $1,428 $82 $571 $0 $2,753 

13 CULLET IN VAULTS WITHOUT SULFUR $1,378 $65 .$551 $0 $2,500 

(1) 40% OF TOTAL CAPITAL COST 
(2) NET PRESENT VALUE AT YEAR 0 FOR CAPITAL, OPERATING, AND D&D 
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APPENDIX F 
COST BASIS 

1.0 Introduction 

Thirteen cost estimates were prepared in support of the LLW Form Study: 

• Eight containerization estimates 

• Five alternate estimates 

The container estimates compared shielding & types of containerization. The 
estimates included the quantity and type of container, facility onsite 
transportation, interim and final storage costs, and the engineering, 
construction & project management costs. 

The vault estimates compared ways and methods to transport the LLW to the 
vaults, and included the costs for facility, vault & vault equipment, and the 
engineering, construction & project management costs. 

The estimates were prepared as very rough order of magnitude utilizing 
quantity take-off and factoring techniques. 

2.0 DOCUMENTS AND DRAWINGS 

DOCUMENTS: 

Hanford Waste Vitrification Plant (HWVP) baselined Preliminary Design 
Estimate, rev. "F" dated July 1991. 

DRAWINGS: 

Various drawings and concept sketches prepared by engineering as basis for the 
estimate. 

3.0 QUANTITIES 

The following quantity abbreviations are used throughout the estimate or 
estimate backup line items: 

DESCRIPTION UNIT ABBREVIATIONS 

Excavation and Backfill M3 = Cubic Meters 
Concrete M3 
Structural Steel MT = Metric Tons 
Liner Plate, Architectural Finishes M2 = Square Meters 
Machinery and Equipment Ea = Each 
Power Cable M = Meters 
Miscellaneous Individual Items Ea 
Miscellaneous Allowances and Composites Lot 
Manhour Allowances MH = Manhours 

4.0 LABOR RATES 

An estimated average craft wage rate of $31.50/hour is applied to the direct 
construction manhours. The average rate is based on the current Hanford site 
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stabilization agreement, and current Hanford site prevailing wages. The rate 
covers the craft's base wage, plus benefits and state legislated burdens. 

5.0 GENERAL REQUIREMENTS 
On 02/15/94, an estimate kick-off and alignment meeting among Fluor Daniel, 
Ebasco/BNFL and Westinghouse Hanford Company, was held in Richland, 
Washington. The purpose of the meeting was to establish the basis for pricing 
and to review estimating methodologies used in the preparation of the trade 
studies estimates. The following general estimating allowances were 
established at the meeting to ensure estimating continuity among the 
participants estimates: 

A. Title I,II & III engineering costs are calculated at 40% of direct 
construction costs. 

B. Construction management is calculated at 10% of direct construction 
costs. 

C. Project management costs are calculated at 10% of the sum of direct 
construction, engineering and construction management costs. 

D. Field construction is fixed price. An allowance of 53% is applied to 
direct field labor dollars to provide for the indirect field labor, 
temporary facilities, personnel protection, weather protection, area 
maintenance, small tools and consumables, field and home office 
staff, QA/QC staff, construction equipment usage, bond and 
insurance, and Washington State Business and Occupation (B&O) tax. 

E. 5% is applied to material and equipment costs to cover overhead and 
profit. 

F. 10% is applied to subcontract costs to cover overhead and profit. 

6.0 ESCALATION 
All costs are expressed in 1994 U.S. dollars. Allowance for escalation cost 
beyond 1994 is excluded from the estimate. 

7.0 CONTINGENCY 
A contingency of 40% has been applied to direct field costs, engineering, 
construction management and project management per agreement among Fluor 
Daniel, Ebasco/BNFL and Westinghouse Hanford Company, at the estimate kick-off 
meeting held in Richland, Washington on 02/15/94. 

8.0 ROUNDING 
U.S. Department of Energy - DOE Order 5100.4, Page J-2, Subparagraph (M) 
requires rounding of a cost estimate to $1000 for item cost, and $10,000 for 
total cost. Reference: DOE 5100.4, Figure 1-11, Dated 10-31-84. 

9.0 REMARKS 

The following assumptions are made in the preparation of the estimate: 

• The site arrangement capital cost estimate is expressed in present day 
(1994) dollars plus contingency. Escalation to the centroid dates of 
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engineering, procurement, construction, & construction management is 
excluded by project direction. 

• Sufficient skilled labor is available on site during the period of 
construction. 

• No radioactive or otherwise contaminated soil or underground obstructions 
will be encountered during the excavation of the facility. 

• No project mission change or major rework will occur during the 
engineering and construction of the facility. 

The following cost impacts are excluded from the scope of the estimate: 

• All capital, start-up and operating spare parts 

• Allowance for special work procedure (SWP) construction 

• Pre-conceptual and conceptual design 
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APPENDIX G 

MONOLITHIC CANISTER PROCESSING SYSTEMS 

G.l Monolithic Canister Processing Systems 

This appendix discusses the reference case HWVP-type canister assumed for the 
monolith glass production process from Section 4.5. The following sections 
introduce the canister and the overpack configuration, describes the canister 
processing system, and estimates canister costs. The information presented in 
this section is referenced from High Level Waste Form Study. CWBS 2006, February, 
1995, Fluor Daniel, Inc. 

G.l.l Canister and Overpack Configuration 

Unshielded HWVP-Tvpe Canister 

Figure G.1-1 shows a conceptual sketch of a small unshielded canister filled 
with monolithic glass. It is assumed that the configuration of the canister 
is similar to the Hanford Waste Vitrification Plant (HWVP) canister. The 
canister shall be 4.57 m tall and 0.68 m in diameter. The canister is made 
of stainless steel. It is assumed that the canister is 0.95 cm thick on all 
surfaces. The calculated empty weight of the canister is 0.785 MT. 

The following assumptions are made for the monolithic glass in the canister: 

: The canister is filled with glass to approximately 89 cm from the 
top of the canister. 

: The specific density of the waste glass is 2,643 Kg/m3 irrespective 
of waste oxide loading. 

Based on these assumptions, the total quantity of glass per canister is 1.26 
m 3 with a weight of 3.33 MT. For a 200-MT per day low-level waste plant, the 
mass balance shows 400,000 MT of glass being produced over the life of the 
plant. Based on these numbers, 20 canisters are produced every 8.0 hours. 
The total number of canisters produced over the life of the plant is 120,120. 

Concrete Overpack Configuration 

Figure G.l-2 shows a conceptual sketch of a concrete shielded cask for an 
unshielded 4-pack overpack canister that contains four canisters filled with 
glass. It is assumed that the cask is a cylinder with a flat bottom and flat 
bolt-on top. The calculated empty weight of the cask is 90 MT. The weight 
of a cask that contains an overpack loaded with four canisters filled with 
monolithic glass is 112.96 MT. For the 200-MT per day low-level waste plant, 
the mass balance shows 400,000 MT of glass being produced over the life of the 
plant. Based on these numbers, a full cask is produced every 2 hours. 

The total number of overpacks produced over the life of the plant is 30,030. 
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Figure G.1-1 
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Figure G.l-2 
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G.1.2 Canister Processing System Description 

Figure G.1.2-1 depicts a block flow diagrar of the canister and overpack 
handling systems. All handling operations are automated as much as possible. 
Rail cars or trucks transport the canisters and overpacks to the vitrification 
plant site. A modified fork lift unloads the canisters from the rail cars and 
transports them to a staging area. A different modified' fork lift or gantry 
crane unloads the overpacks and moves them to a separate staging area. In 
their respective staging areas, canisters and overpacks are cleaned, 
inspected, and stored until the vitrification plant is ready to process them. 

A crane or monorail hoist lowers the canisters onto carts that are in a tunnel 
within the vitrification facility. Figure G.1.2-2 shows a pictorial 
representation of the canister and overpack movement within this facility. 
Note that this figure shows relative elevations only and does not represent 
a section cut of a facility plan view. The cart system, which is considered 
to be a "dirty system", contains several carts on two independent concentric 
looping tracks. The carts transport the canisters in a basket configuration 
to the canister fill cell where the canisters are filled with glass. The 
basket configuration contains the hot canister and allows it to be lifted 
without stressing it. The carts then transport the filled canisters to 
positions that are below a hatch in the fill cell. A canister handling robot 
lifts the basket configuration off of the carts and through the hatch into the 
canister cooling cell. In the cooling cell, canisters are allowed to cool in 
the baskets in water-jacketed racks for approximately 50 hours. The empty 
cart then moves through a door and into the canister weld cell. When cooled, 
a canister is removed,from the basket and lowered with the canister handling 
robot through a hatch and onto the empty cart in the weld cell. In this cell, 
canisters are welded and inspected. Upon passing a successful inspection, the 
carts transport the canisters to the canister decontamination cell. A 
canister handling robot removes the canisters from the carts and places them 
into ultrasonic decontamination tanks. After the decontamination process is 
completed, the handling robot moves the canisters into rinse chambers. 
Nozzles within the rinse chambers spray water onto the canisters. When the 
canisters are dry, a canister handling robot lifts the canisters up through 
a hatch and into the smear test cell. The empty carts are then decontaminated 
and returned to receive more canisters via the looping tracks in the tunnel. 

After successful smear tests and inspections are completed, the canister 
handling robot picks up the canisters and places them into overpacks. Each 
overpack is filled with four or seven canisters. The overpacks are brought 
into the overpack area on carts. This cart system, which is considered to be 
a "clean system", contains several carts on a single looping track. After the 
last canister is placed into an overpack, a cart transports the overpack to 
a weld and inspection area. After a successful inspection is performed, the 
cart moves the overpack into a smear test area. An overpack handling robot 
then picks up the overpack from the cart and places it on the smear test 
turntable. The empty cart then returns via its looping track to receive 
another overpack. 
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Upon completing a smear test, the handling robot transports the overpack into 
a decontamination area. The overpack is then decontaminated only if the smear 
test shows unacceptable contamination levels. If an overpack requires 
decontamination, it is transported back to the smear test station for a final 
smear test after the decontamination process is completed. The overpack 
leaves the decontamination area via the handling robot. The robot places the 
overpack on a stand that is located beneath a hatch. A crane lifts the 
overpack off of the stand and into the full-overpack staging building. 

A transporter then moves the overpacks from the staging area to an on-site 
interim storage facility. Overpacks are stored until the repository is ready 
to accept them. 

G.1.3 Cooling Concerns 

Canister cooling is difficult to accomplish. For example, a 0.6-m diameter 
monolithic canister's surface requires approximately 44 hours to cool from 
1,150 °C to 100 °C. Canister cooling studies generated during the HWVP 
Increased Capacity Study showed that the primary resistance to heat transfer 
is the glass form. With a canister that contains a 1.7-m diameter monolithic 
glass form, the surface area to volume ratio significantly changes. Cooling 
times may exceed hundreds of hours for the same temperature difference. The 
maximum temperature of the glass exiting a combustion melter may be close to 
1,300 °C. This increased temperature difference would add several additional 
hours of cooling time. This concern is significant since the glass may reside 
for an extended period of time in a critical temperature range where de
vitrification can occur. A very large cooling space would also be required 
to store canisters for long time periods. 

G.1.4 Canisiter Cost Estimates 

Table G.1.4-1 estimates the annual costs of containers averaged over the 
lifetime of the plant. These estimates are reported in direct costs and do 
not include other costs such as escalation, contingency, project management, 
construction management, or engineering. All containers are estimated on a 
fabricated per mass basis in 1994 dollars and are reported as an annual cost. 
Stainless steel containers are estimated at $10.45 per kilogram; carbon steel 
containers are estimated at $3.48 per kilogram; and concrete containers are 
estimated at $1.10 per kilogram. Also included in this table is an unshielded 
This information came from the reference CWBS 2006 noted above. 

The total annual cost of the HWVP-type canister with the. 4-pack concrete 
overpack (reference case 3B) is approximately 461.9 million dollars per year 
for a shielded cask estimated for a high-level waste source term. Estimated 
costs for a shielded low-level waste concrete cask would be lower. The annual 
cost of the HWVP-type canister with the 4-pack unshielded metal overpack was 
also estimated from the. reference source CWBS 2006 and is reported as 
approximately 145 million dollars per year. 
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Table G.1.4-1. High Level Waste Form Container Costs 

WASTE FORM CONTAINER 
SS. WT. 

MI 
CS. WT. 

MI 
CONCRETE 

WT. 
MI 

UNIT 
PRICE(I) 

TOTAL NO. 
Pi 

CONTAINERS 
REQUIRED 

ANNUAL NO. 
OF 

CONTAINERS 
REQUIRED 

ANNUAL 
COST OF 

CONTAINERS 
$MM 

Unshielded Small Canisters 
(Monolith) 

0.785 N/A N/A 8,843 120,120 8,580 75.9 

Concrete Shielded Casks for 
Unshielded 4-Pack Overpack 
Canisters (Monolith) 

6.5 N/A 90.0'*' 179,945 30,030 2,145 386.0 

Unshielded 4-Pack Overpack 
Canisters for Unshielded HWVP-Type 
Canisters 

2.86 
1 

N/A N/A 32,218 30,030 2.145 69.1 

NOTES ! 
(1) Unit costs include 7.8X sales tax 
(2) The cask's 70-cm thick wall yields a radiation dose rate of 0.1 mSv/hr at the outer surface of the cask as calculated for a high-level 

waste source term. Actual concrete thicknesses required for a cask with a low-level waste source term would be lower than this figure. 
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APPENDIX H 

ALTERNATIVE CANISTER SHAPES 

Alternative Waste Form Container Shapes 

The shape of the low-level waste container impacts the container's cost, 
production rate, quantity, process procedures, and storage provisions. 'All of 
the low-level waste form containers discussed in Section 5 have a cylindrical 
shape. This section evaluates the impacts of changing the container's shape from 
a cylinder to a rectangular form. Shapes other than cylinders or rectangles do 
not appear to be feasible, so no other shapes are addressed in this study. 

Container case 4, described in Section 5.2.2, will be used as the basis for the 
rectangular shape comparison. The impacts of the shape change should be similar 
for all other container cases. Container case 4 utilizes a single unshielded 
stainless steel container. The rectangular container case discussed in this 
section will also use a single stainless steel container. The rectangular 
container's side lengths will be equal to the diameter of the container in case 
4, which is 2.13 m. The rectangular container's height and thickness will also 
be equal to those of the case 4 container. A sketch of the rectangular container 
is shown in Figure H-l. 

The calculated empty weight of the rectangular container is 11.2 MT. Based on 
the glass cullet assumptions previously stated in Section 5.1, the total quantity 
of glass cullet per container is 37.4 MT. The total weight of a container filled 
with glass is 48.6 MT. 

For the detached 200-MT per day low-level waste plant, the mass balance shows 4.0 
x 10 5 MT of glass being produced over the life of the plant. Based on these 
numbers, a full rectangular container is produced every 4.48 hours. The total 
number of containers produced over the life of the plant is 10,715. The total 
estimated cost of the containers is 1,352 $MM. 

The processing of rectangular containers will be more complex than the processing 
of cylindrical containers. In particular, the decontamination steps and the 
smear test and inspection steps will be more complex. Cylindrical containers can 
be smear tested and decontaminated by rotating the containers to contact smear-
clothes and solution from spray nozzles. To accomplish these tasks with a 
rectangular container, the container or processing equipment would need to move 
in at least two directions. 

Based upon the product of the container quantities and the smearable surface area 
on each container, the total surface area to be smeared can be calculated for 
each case. For the 13,634 cylindrical containers with a surface area of 41.1 m 
each, a total of 5.6 x 10 5 nr require smear testing. For the 10,715 rectangular 
containers with a surface area of 55.93 m 2 each, a total of 6.0 x 10 5 m 2 require 
smear testing. The rectangular configuration therefore requires an additional 
40,000 m 2 of smear test area. 
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Figure H-l 
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For the rectangular case, the additional smearable area requires longer smear 
test and decontamination processing times per container. This additional time 
should not affect overall processing since an additional hour is allowed for the 
rectangular containers. Note that the throughput of cylindrical containers is one 
per 3.52 hours versus one per 4.48 hours for the rectangular containers. 

A rectangular container storage concept similar to that of the cylindrical 
container in case 4 has been produced. A cost estimate has also been produced 
for this storage concept. The rectangular storage concept is identical to the 
rectangular case's except that rectangular storage provisions are employed rather 
than circular ones. Containers are packed into a square pattern rather than a 
triangular pattern. Costs of the storage provisions for the rectangular case are 
402 $MM versus 375 $MM for the storage provisions of the cylinders. 

Table H-l summarizes all of the comparisons discussed above. Since the 
rectangular shapes tend to increase overall costs and add complexity to the 
container processing systems, rectangular shapes appear to be inferior to 
cylindrical shapes. 

Table H-l Comparison of Cylindrical and Rectangular Containers 

ITEM 
CYLINDRICAL 
CONTAINERS 
(CASE 4) 

RECTANGULAR 
CONTAINERS 

Weight of Cutlet per Container 29.3 MT 37.4 MT 
Weight of Steel per Container 8.0 MT 11.2 MT 
Weight of Cutlet and Steel per Container 37.3 MT 48.6 MT 

Smearable Surface Area per Container 41.1 m2 55.9 m2 

Container Production Rate 3.52 hrs/container 4.48 hrs/container 

Total Quantity of Containers 13,634 10,715 

Total Weight of Steel of All Containers 109,072 MT 120,008 MT 

Total Smearable Surface Area of All 
Containers 

5.6 x 105 m2 6.0 x 10 s ra2 

Cost of Each Container $83,600 $117,000 

Total Cost of Containers 
(See Note 1) 

1,229 SMM 1,352 SMM 

Total Cost of Storage Units 
(See Note 2) 

375 SMM 402 SMM 

Total Container and Storage Costs 1,604 SMM 1,754 SMM 

N o t e s : 1. The total estimated costs of the containers include 7.8 X sales tax. 
2. Storage unit costs include costs for interim and final storage. Costs are based on buried 

below grade pads with sleeves. 
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APPENDIX I 

OFF-SITE TRANSPORTATION OF LOW-LEVEL WASTE FORM CONTAINERS 

1.1 Off-Site Transportation 

If low-level waste containers are disposed of outside the Hanford site 
boundaries, then off-site transportation of these containers is required. This 
section describes off-site transportation from a generic point of view. Waste 
form container sizes and shapes may ultimately be determined by some of the 
findings stated in this section. 

1.2 Introduction 

Transportation of containers of vitrified radioactive waste from the Hanford site 
to an off-site location can be accomplished in several ways. Each of these has 
various limiting parameters which can be used to envelope the size and weight of 
the containers and affect the cost of shipping. Transportation by rail, truck, 
or barge, or a combination of the three could be used. A brief discussion of 
these different transportation methods and their limits follow. This discussion 
was developed from the standpoint of transporting generic, non-toxic material and 
does not address regulatory requirements associated with transporting hazardous 
or radioactive materials. 

1.3 Discussion 

1.3.1 Rail 

There are several types of rail cars which can be used. These include open 
flatcars and partially or totally enclosed rail cars or boxcars. There are 
standard rail cars and there are those which can be custom designed to 
accommodate special needs. A flatcar has a 3 m wide flat surface about 1 m 
above the top of the rails. There is no side or roof confinement and any 
hauled material would need to be self shielded and secured to the car. The 
maximum size of the hauled material is constrained by bridge and tunnel 
clearances and the load capacity of the flatcar. The standard flatcar is 
limited to a load size of about 4 m wide and 3.7 m high and has a maximum haul 
capacity of 68 MT. 

Flatcars can be custom designed to accommodate larger and heavier loads. 
Adding reinforcing or more axles would provide additional capacity. The 
maximum gross weight (flatcar with load) allowed on eastern Washington rail 
systems is 119 MT. This limit can be exceeded, but special approval from the 
rail operators and an evaluation of the bridge load capacities along the route 
would be required. Tunnel and bridge clearances vary along different sections 
of the rail system, therefore, larger loads could be accommodated with a study 
of specific routes. 

Non-standard loads and sizes would need approval from rail lines operating the 
sections of track over which the material is hauled. Extra cost and time 
would be required for use of non-standard flatcars but they could_ handle 
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larger loads and sizes than the standard flatcar. 
Gondolas and enclosed boxcars can be used to transport this material. These 
are more restrictive in size but will provide encTosure on both the sides and 
over the top. With a gondola or open top boxcar the material is more confined 
than it would be on a flatcar however, the width of the load is limited to 
u- er 3 m. Height limits would be the same as for the flatcar. A fully 
er losed box car would have the same width restrictions but has an inside 
height limit of about 2.7 m. The standard gondola and standard box car have 
a maximum haul capacity of 91 MT. These railcars provide some environmental 
protection but do not offer any significant shielding benefits. If shielding 
is a requirement then a specially designed car would be required. 

As with the flatcars, custom designed gondola and box cars can be developed 
to accommodate larger and heavier loads. The transporting of these larger, 
heavier loads could be accomplished only after obtaining special permits from 
the rail operators and evaluating the specific routes for clearances and 
bridge capacities. 

1.3.2 Truck 
Weights and sizes of trucks hauling materials are regulated by the state 
through which the material is being transported. In the State of Washington, 
as in most other states, the standard highway and bridge design is based on 
an AASHTO HS 20 load. A HS 20 load is a standard tractor/trailer truck with 
a gross vehicle weight of around 33 MT. In the State of Washington the actual 
allowable gross vehicle weight allowed on the highways without obtaining a 
special permit is between 41 MT and 45 MT. Gross loads of 45 MT to 91 MT 
require a special permit but usually do not entail much effort in the way of 
state overview and evaluation of actual bridge and road capacities. Gross 
weights over 91 MT require more overview and an evaluation of bridge and road 
capacities. Gross weights of up to 454 MT have been approved for transport, 
but there are extreme restrictions in terms of route and frequency of 
shipments. 

The allowable physical size of a vehicle and its hauled load is governed by 
lane width and bridge height clearances. The standard lane width and bridge 
clearances will accommodate a load with a maximum width of 3 m and overall 
height of 4.6 m. Widths of 3 to 4.3 m can be handled with an oversize load 
permit. Widths over 4.3 m require a police escort and could only occur at 
certain times and with limited frequency. The maximum width that can be 
handled on an interstate highway is 7.3 m. The maximum height that could be 
transported is dependent on the actual bridge clearances along a specific 
route. 

A typical tractor/trailer rig weighs about 14 to 18 MT and can haul a load of 
up to 18 MT. This configuration could provide environmental protection but 
not any shielding. The standard low-boy trailer has a tractor with a flat 
trailer behind. This configuration weighs about 27 MT and has a haul capacity 
of 45 MT. Larger 9 and 13 axle low-boy trailers weighing 34 to 45 MT can be 
used to handle loads up to 68 MT. Custom designed truck/trailers can be 
developed to handle higher loads and meet special requirements. Specially 
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designed low boys have been used to haul loads with a gross weight of up to 
454 MT. 

The top surface of these type of trailers is usually about 2.4 m wide and 1 
m above the surface of the road. They provide no environmental protection or 
shielding. Environmental protection or even shielding could be provided, but 
would add to the overall gross weight. 

1.3.3 Barge 

Transportation over water by barge is another option for conveying materials 
off-site. The load size and weight are unrestricted as a barges can usually 
handle very large and heavy loads. The barge can be loaded directly from the 
Hanford Site at the Columbia River. The load can then be transported to an 
off loading facility in the proximity of its final destination. It must be 
remembered that this transportation scheme could only be used in conjunction 
with rail and/or truck transport to move the containers to and from the barge. 
Off loading and environmental concerns must be addressed before this option 
can be adopted. 

1.4 Transportation Methods Applied to Low-Level Waste Containers 

The total weights of filled containers with shielding listed in Table 4.2-1 range 
from 25.6 to 125 MT. These weights include the weight of the on-site storage 
shielded containers. When waste form containers are shipped to the repository, 
they are removed from the on-site shielding containers and are placed into 
transportation casks. Based on shielding requirements, the weights of the 
transportation casks will be similar to the weights of the storage containers. 
Therefore, the total weights in Table 4.2-1 may closely approximate the weights 
of the shipments to the final disposal location. If this is the case, then 
several of the container configurations approach or exceed the standard 
transportation limits and thus special transportation considerations are required 
for those cases. Additional trade studies are therefore required to optimize the 
relationships between the final container design sizes and weights and the 
transportation arrangements. 

1.5 Synopsis 

There are several means of transporting vitrified radioactive wastes from the 
Hanford Reservation. Scenarios using rail, trucking, barges or a combination of 
these could be developed. Regardless of the selected transportation mode, the 
size and weight of the package being transported will affect the cost and the 
number of obstacles which must be overcome. Generally, the larger and heavier 
the load, the more cumbersome and costly it becomes to transport it. The 
availability of transporters decreases and the cost increases as the weight goes 
up. The level of regulatory overview also increases with increasing weight. 
Proper route selection becomes more important as size and weight increases. And 
finally, regulatory overview for the transportation of radioactive hazardous 
wastes must be researched and incorporated into the transportation scheme. 
Regulatory aspects of transporting low-level wastes are discussed further in 
Section 4.6.4.6. 
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1.6 Other 
The off-site transportation of low-level waste containers will become subject to 
federal and state regulations for the transportation of radioactive 
wastes/materials. In addition, the container may also be subject to federal and 
state regulations for the transportation of RCRA-type hazardous wastes, depending 
upon several administrative and regulatory decisions. 

In this section, the regulations covering the off-site transportation of low-
level wastes will be reviewed. The regulations apply to all container cases that 
are included in this study. Since the eventual off-site transportation container 
may not be the filled canister per se, the goal of this section is to review 
regulatory requirements by code rather than attempt a compliance review of a 
container that has not yet been established. Regulatory requirements for both 
radioactive and hazardous materials are included. 

Transportation of Radioactive Wastes/Materials 
The transportation of radioactive materials is subject to 10 CFR 71, Packaging 
and Transportation of Radioactive Materials. These regulations include 
requirements for both packaging standards and package tests. The standards 
include general design requirements including the maximum weight and curie 
content for each type of container, external surface radiation standards, and 
special criticalitv requirements for packages (containers) that contain fissile 
material such as U and a 9 P u . The package tests include several environmental 
(temperature, pressure, vibration, water spray, immersion and leachability) and 
structural (free drop, compression, bending, and penetration/percussion) 
evaluations. Note that the shipping container/package subject to the above 
requirements need not be the containers discussed in the low-level waste form 
study; any of, the low-level waste form canisters could be placed inside a 
shipping container where the shipping container must meet the requirements of 10 
CFR 71. 

In addition to the above, 49 CFR 173, Shippers - General Requirements for 
Shipments and Packages, Subpart I (Radioactive Materials), contains additional 
design and performance criteria for the transportation of packages containing 
radioactive materials. These include impact, percussion, bending and heat tests. 
See 173.469(b). 

Transportation of Hazardous Wastes 
The off-site transportation of hazardous wastes is regulated by 40 CFR 263 
(federal code) and by WAC 173-303-240 through WAC 173-303-270 (state code). 
These regulations are operational in nature and include such items as requiring 
an EPA identification number, the manifest system, and record keeping. 

WAC 173-303-190 requires that dangerous waste generators package all dangerous 
waste for transport in accordance with DOT regulations on packaging, 49 CFR Parts 
173 (General Requirements for Shipments and Packages), 178 (Specifications for 
Packagings) and 179 (Specification for Tank Cars). Subpart B of 49 CFR 173 
describes the requirements for preparation of hazardous materials for 
transportation. WAC 173-303-190 also contains various marking and placarding 
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requirements for transportation containers. 
There are no significant safety concerns for off-site transportation systems that 
meet 10 CFR 71 and applicable DOT requirements. 

No specific cost estimates have been prepared during the course of this study for 
the off-site transportation of Hanford low-level waste containers. In general, 
the larger and heavier the load, the more cumbersome and costly it becomes to 
transport it. The availability of transporters decreases and the cost increases 
as the weight goes up. 

Off-site transportation costs will most likely not be a major differentiator 
between the various container cases since transportation casks will be re-usable. 

CUBS2002.RHL#01 I - 5 February 27, 1995 2:35pm 



WHC-SD-WM-TI-686, Attachment 1 
Revision 0 



DISTRIBUTION SHEET 
To From Page l of l 
Distribution D. E. Mitchel l Date 2/28/95 

Project Title/Work Order EDT No. 608729 
WHC-SD-WM-TI-686, Rev. 0, Immobilized Low-Level Waste Disposal 
Options Configuration Study 

ECN No. 

Name MSIN 

Text 
With 
All 

Attach. 

Text 
Only 

Attach./ 
Appendix 

Only 

EDT/ECN 
Only 

Central Fi les L8-04 X 
OSTI (2) L8-07 X 
S. K. Baker H5-70 X 
K. D. Boomer H5-49 X 
R. U. Elwell G6-04 X 
L. F. Ermold S7-84 X 
J . S. Garf ie ld H5-49 X 
F. M. Mann H0-36 X 
D. E. Mitchel l (10) H5-49 X 
R. J . Murkowski G4-01 X 
G. F. Williamson (12) G6-13 X 

RECEIVEE 
MAR 2 7 1995 

OST1 

A-6000-135 (01/93) WEF067 

OiSTWBUTJON Of THIS DOCUMENT IS UMi 



y A R Q S ^7% ft ENGINEERING DATA TRANSMITTAL 
Paaa 1 of ^ -

t.HDT 6 0 8 7 2 9 
2 . To: (Rece iv ing O r g a n i z a t i o n ) 

LLW Program 
3 . From: ( O r i g i n a t i n g Organ i za t i on ) 

Disposal Engineering 
4 . Re la ted EDT Mo.: 

5 . P r o j . / P r o g . / D e p t . / D i v . : 

LLW 
6 . Cog. Eng r . : 

D.E. Mitchel l 
7. Purchase Order No . : 

NA 
8 . O r i g i n a t o r Remarks: 

This document is being cleared for public use and must be 
released to meet a DOE RL milestone on March 1, 1995 

9 . Equip./Component No . : 

NA 
8 . O r i g i n a t o r Remarks: 

This document is being cleared for public use and must be 
released to meet a DOE RL milestone on March 1, 1995 10. S y s t e m / B l d g . / F a c i l i t y : 

NA 
1 1 . Receiver Remarks: 12. Major Assm. Dug. No . : 

NA 
1 1 . Receiver Remarks: 

13. Pe rm i t /Pe rm i t A p p l i c a t i o n No . : 

NA 
14. Required Response Da te : 

2/28/95 

15. DATA TRANSMITTED (F) (G) (H) ( I ) 
(A) 

Item 
No. 

(B) Document/Drawing No. 

(C) 
Sheet 
No. 

(D) 
Rev. 
No. 

(E) Title or Description of Data 
Transmitted 

Approval 
Desig
nator 

Reason 
for 

Trans
mittal 

Origi
nator 
Dispo
sition 

Receiv
er 

Dispo
sition 

1 WHC-SD-WM-TI-686 Rev 0 Immobilized Low-Level 
Disposal Options 
Configuration Study 

N/A 1 1 

16. KEY 

Approval Designator (F) Reason for Transmittal (G) Disposition (H) & (1) 
E, S, Q. D or N/A 
(see WHC-CM-3-5, 
Sec. 12.7) 

1. Approval 4. Review 
2. Release 5. Post-Review 
3. Information 6. Dist. (Receipt Acknow. Required) 

1. Approved 4. Reviewed no/comment 
2. Approved w/comment 5. Reviewed w/comment 
3. Disapproved w/comment 6. Receipt acknowledged 

(G) (H) 17. SIGNATURE/DISTRIBUTION 
(See Approval Designator for required signatures) 

(G) (HI 

Rea
son 

Disp. (J) Name (K) Signature (L) Date (M) MSIN _ (J) Name (K) Signature (L) Date (M) MSIN Rea
son 

Disp. 

1 i Cog.Eng. D.E. M i t c h e l l Qfi^istdl^J/>&>!% 0<>7i (z) L.2-0 7 *? 
1 l Cog. Mgr. J . S . G a r f i e l d —. A^ JQLAJJLJ U5«W 

QA / / v % ? r 
S a f e t y v 

Env. 

1 I LLW Program G.F. W i l l i amson G i r i 3 

18. 

£& 
19. 

G.F. Williamson 

20 . 

J.S. IMrfleld / 'JJ 7/10: 
2 1 . DOE APPROVAL ( i f r equ i red ) 

C t r l . No. 
- [ ] Approved 

[ ] Approved w/comments 
Signature of EDT Date 
Originator 

£& 
Autho 
for Re 

rized Represer 
ceiving Organ 

rtative Date 
zation * 

^nizamyftian ager Date [ ] Disapproved w/commer i t s 

BD-7400-172-2 (04/94) GEF097 

BD-7400-172-1 (07/91) 



INSTRUCTIONS FOR COMPLETION OF THE ENGINEERING DATA TRANSMITTAL 
(USE BLACK INK OR TYPE) 

BLOCK TITLE 

<1>* 

(2) 

(3) 
(4) 
(5)* 

<6)« 

EDT 

To: (Receiving-Organization) 

From: (Originating Organization) 

Related EDT No. 

Proj./Prog./Dept./Div. 

Cognizant Engineer 

(15)* Data Transmitted 

(A) * Item Number 

(B)* Document/Drawing No. 

( O * Sheet No. 

(D)° Rev. No. 

(E) Title or Description of 
Data Transmitted 

(F) * Impact Level 

(G) Reason for Transmittal 

(H) Originator Disposition 

(I) Receiver Disposition 

( IS) Signature of EDT Originator 

(19) Authorized Representative 
for Receiving Organization 

(20)* Cognizant Manager 

(21)* DOE Approval 

.(7) Purchase Order No. • 
(8)* Originator Remarks • 

(9) Equipment/Component No. • 
(10) System/Bldg./Facility • 
(11) Receiver Remarks • 
(12) Major Assm. Dwg. No. • 
(13) Permit/Permit Application No. • 
(14) Required Response Date • 

(16) Key • 

(17) Signature/Distribution 

(G) Reason • 
(H) Disposition • 
(J) Name • 
(K)* Signature • 
( U * Date • 
(M)* MSIN e 

Pre-assigned EDT number. 

Enter the individual's name, title of the organization, or entity (e.g.. Distribution) that the EDT is 
being transmitted to. 

Enter the title of the organization originating and transmitting the EDT. 

Enter EDT numbers-which relate to the data being transmitted. 

Enter the Project/Program/Departmant/Division title or Project/Program acronym or Project 
Number, Work Order Number or Organization Code. 

Enter the name of the individual identified as being responsible for coordinating disposition of 
the EDT. 

Enter related Purchase Order (P.O.) Number, if available. 

Enter special or additional comments concerning transmittal, or "Key" retrieval words may be 
entered. 

Enter equipment/component number of affected item, if appropriate. 

Enter appropriate system, building or facility number, if appropriate. 

Enter special or additional comments concerning transmittal. 

Enter applicable drawing number of major assembly, if appropriate. 

Enter applicable permit or permit application number, if appropriate. 

Enter the date a response is required from individuals identified in Block 17 
(Signature/Distribution). 

Enter sequential number, beginning with 1 , of the information listed on EDT. 

Enter the unique identification number assigned to the document or drawing being transmitted. 

Enter the sheet number of the information being transmitted. If no sheet number, leave blank. 

Enter the revision number of the information being transmitted. If no revision number, leave 
blank. 

Enter the title of the document or drawing or a brief description of the subject if no title is 
identified. 

Enter the appropriate Impact Level (Block 15). Also, indicate the appropriate approvals for each 
item listed, i.e., SQ, ESQ, etc. Use NA for non-engineering documents. 

Enter the appropriate code to identify the purpose of the data transmittal (see Block 16). ~ 

Enter the appropriate disposition code (see Block 16). 

Enter the appropriate disposition code (see Block 16). 

Number codes used in completion of Blocks 15 (G), (H), and (I), and 17 (G), (H) 
(Signature/Distribution). 

Enter the code of the reason for transmittal (Block 16). 

Enter the code for the disposition (Block 16). 

Enter the signature of the individual completing the Disposition 17 (H) and the Transmittal. 

Obtain appropriate signature(s). 

Enter date signature is obtained. 

Enter MSIN. Note: If Distribution Sheet is used, show entire distribution (including that 
indicated on Page 1 of the EDT) on the Distribution Sheet. 
Enter the signature and date of the individual originating the EDT (entered prior to transmittal 
to Receiving Organization). If the EDT originator is the cognizant engineer, sign both 
Blocks 17 and 18. 
Enter the signature and date of the individual identified by the Receiving-Organization as 
authorized to approve disposition of the EDT and acceptance of the data transmitted, as 
applicable. 
Enter the signature and date of the cognizant manager. (This signature is authorization for 
release.) 

Enter DOE approval (if required) by letter number and indicate DOE action. 

'Asterisk denote the required minimum items check by Configuration Documentation prior to release; these are the minimum release requirements. 

BD-7400-172-1R (07/91) 



* USE THIS COPY AS THE ORIGINAL * ~f'- N 

/*€^g/h/m_v!J 
ENGINEERING DATA TRANSMITTAL 

2. To: (Receiving Organization) 

LLW Program 
3. From: (Originat ing Organization) 

Disposal Engineering 

Page X of ZL. 

LEW 6 0 8 7 2 9 
4 . R e l a t e d EDT N o . : 

5. Pro j . /Prog. /Dept . /D iv . : 

LLW 
6. Cog. Engr.: 

D.E. Mi tchel l 
7. Purchase Order No.: 

NA 
8. Originator Remarks: 

This document is cleared and released for public use. 

9. Equip./Component No.: 
NA 

10. System/Bldg./Facility: 
NA 

It. Receiver Remarks: 12. Major Assm. Dwg. No. 
NA 

13. Permit/Permit Application No. 
NA 

14. Required Response Date: 
M rm 

15. DATA TRANSMITTED (F) ( G ) ( H ) (I) 
IA) 

Item 
No. 

(B) Document/Drawing No. 

(C) 
Sheet 

No. 

ID) 
Rev. 
No. 

(E| Title or Description of Data 
Transmitted 

Approval 
Desig-

\Jnator 

Reason 
for 

Trans
mittal 

Origi
nator 

Dispo
sition 

Receiv
er 

Dispo
sition 

WHC-SD-WM-TI-686 Rev 0 Immobilized Low-LevelU 
Disposal Options 
Configuration Study 

M/A 

16. KEY 
Approval Designator (F) Reason for Transmittal (G) Disposition (H) & II) 

E. S. Q. D or N/A 
(see WHC-CM-3-5, 
Sec.12.7) 

1 . Approval 4 . Review 
2. Reteass 5. Post-Review 
3 . Information 6. Dist. (Receipt Acknow. Required) 

1 . Approved 
2 . Approved w/comment 
3. Disapproved w/comment 

4-. Reviewed no/comment 
5. Reviewed w/comment 
6. Receipt acknowledged 

(G) (H) 1 7 . SIGNATURE/DISTRIBUTION 
(See Approval Designator for required signatures) 

IG) (H) 

Rea
son 

Disp. (J) Name (K) Signature I U Date (M) MSIN (J) Name (K) Signature (L) Date (M| MSIN Rea
son 

Disp. 

Cog.Eng. D.E. Mitchell gjfi 0<>7( (z) h ?'Q7 * 
Cog. Mgr. J.S. Garf ie ld 

QA f 
Safety 

Env. 
tefc LLW P r o g r a m G . F . Wl i r ra f f ison ^ ^ " " g T ^ - f r f fc^j 

18. 

Signature of EDT ignature 
Originator 

3-3'*s-
Authorized Representative Date 
for Receiving Organization 

21. DOE APPROVAL (if required) 
Ctrl. No. 

[] Approved 
[] Approved w/comments 
[3 Disapproved w/comments 

BD-7400-172-2 (04/94) GEF097 

BD-74O0-172-1 (07/91 

file:///Jnator

