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1 .O INTRODUCTION AND TECHNOLOGIES SUMMARIES 

3 "1.1 Introduction 

4 

5 

6 

Per order of the U.S. Environmental Protection Agency (EPA), Silos 1 and 2, along with the 

material stored in them, are required to  be removed, stabilized,' packaged, and shipped for 

disposal off-site ('EPA 1991). This document contains design criteria and design descriptions of 

7 four alternative methods for accomplishing this task. 

8 1 .l .l Silos Background 

9 

1 0  

11 

12  

Silos 1 and 2 contain thorium- and radium- bearing Silos 1 and 2 material, known as "K-65 

residues,'' which are the remains left from the processing of Belgian Congo and Australian 

pitchblende ores. he Silos 1 and 2 material is contained in t w o  large silos, which are often 

referred to as the K-65 Silos or Sibs 7 and 2, located at the Fernald Environmental Management 

13 Project (FEMP). The K-65 residue (or material) is also referred to  as silos material(s), residue(s1, 

or waste(s). The Silos 1 and 2 material is a major source of radon because of its high radium 

curie (Ci) concentrations. The Silos 1 and 2 material also contain high curie concentrations of 

radioactive lead and thorium, Lead-210, and Thorium-230. The amounts of radioactive 

17  constituents are given in Section 2. The Ci concentrations in the Silos 1 and 2 material are high; 

18 but, their presence accounts for little of the bulk mass of the constituents. The bulk 

19 constituents are described in Section 2. Samples of the Silos 1 and 2 material have exceeded 

20 .the EPA Toxicity Characteristic leaching Procedure (TCLP)2 Test limit of five parts per million 

a 16 

U.S. Environmental Protection Agency (EPA). 1991. Consent Agreement as Amended under CERCLA 
Sections 120 and 106(a) in Matter of: U.S. Department of Energy Feed Materials Production Center, 
Fernald, Ohio. Chicago, IL: Office of Public Affairs, Region 5. (OAR Index No. G-000-710.12) 

1 

. 

The [http:/lwww.epa.gov/epaoswer/hazwaste/test/l3 TCLP is given in 40 CFR Part 261, Appendix I I .  1 1 .pdfl 0@0069 

' 1-1 
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(ppm) for lead. Silo 1 leached an average of 614 ppm lead3, while Silo 2 leached an average of 

51 6 ppm lead2. 

A hydrated BentoGrout” clay (a bentonite product of Cetco) layer was placed in the silos in order 

to  form a cap over the silos material that would attenuate the release of radon. The 

BentoGrout” has become contaminated with Silos 1 and 2 material and now requires treatment 

also. 

1.1.2 Purpose 

The purpose of this document is to provide a basis for the conceptual designs, and document the 

conceptual process and facility designs, for four technologies being evaluated in this Revised 

Feasibility Study (FS) for the remediation of the Silos 1 and 2 material. The four stabilization 

technologies being evaluated are: 

Vitrification - Joule-heated; 

Vitrification - Other; 

Chemical Stabilization - Other. 

Chemical Stabilization - Cement-based; and 

These conceptual designs will be used to establish cost estimates and allow for comparison of 

the four technologies in the FS process. 

1.1.3 Structure of this Document and Presentation of the Technologies 

’ Fernald Environmental Management Project (FEMP). 1993. Remedial lnvesti ation Report for Operable 
Unit 4. Prepared under contract for the U.S. Department of Energy: Fernald field Office, Fernald, OH. 
(AR Index Numbers Vol. 1-111: U-006.304.15 - 17) 

Documentation of Remedial Investigation/Feasibility Study activities for each operable unit is made 
available for public review. The Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) Administrative Records for the FEMP site are located at the Public Environmental Information 
Center IPEIC) in Harrison, OH. 51 3-648-7480. 

1-2 
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This document is divided into seven sections. The contents of each section are briefly described 

2 below. 

3 Section 1 Introduction and Technology Summaries 

4 

5 

6 

7 

This section gives a brief description of Operable Unit 4's (OU4) remedial requirements, 

the materials involved, and an introduction of the potential technologies for remediation. 

A brief description, with pictorials, for each technology is given. Expected quantities 

produced (with supporting calculations) are given for each technology. 

1 Section 2 General Design Criteria 

2 

3 

4 

This section defines the quantities and types of materials needing processing. It presents 

the criteria to  which a full-scale treatment facility is to  be designed and gives constraints 

placed on the design. 

Section 3 POP Generated Criteria 

6 

7 

8 

9 facilities. 

This section takes results from the Proof of Principle (POP) Testing Project's extrapolate 

expected values (e.g., capabilities, production rates, etc.) for the full-scale treatment 

facility. These values are used as the basis and criteria for designing the full-scale 

10 

1 1  

12 

13 

14 

15 

16 

17 

Sections 4 through 7 

These sections contain the conceptual designs for the four technologies. Detailed design 

descriptions and specific design criteria for each technology are given in these sections. 

Detailed mass and energy balances and conceptual drawings for each technology are 

included at the end of each section (i.e., Section 4). The sections are: 

4 Vitrification - Joule-heated 

5 Vitrification - Other 

6 Chemical Stabilization - Cement-based 
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7 Chemical Stabilization - Other 

1.2 Temporary Storage of the Silos 1 and 2 Material 

0 40730-RP-0003 

By the time the full-scale treatment facility is constructed, the Silos 1 and 2 material will ‘no 

longer be contained in the silos; but rather, the Silos 1 and 2 material will be placed in temporary 

storage tanks in the Transfer Tank Area (TTA). To gain a better understanding of the condition 

of the materials to  be treated, a brief discussion of the temporary storage of the Silos 1 and 2 

material follows. 

Silos 1 and 2 contain approximately 8,012 yd3 of material and 878 yd3 of BentoGrout”. The 

inside dimensions of the silos measure 80 feet (ft) in diameter by 26 ft high. To de-couple the 

tasks and associated challenges of retrieval and treatment, the silos material will be moved to  

temporary storage tanks in the TTA before being treated in the full-scale treatment facility. The 

volume of material stored in the TTA is expected to be more than in situ volume. The 

Silos 1 and 2 material is at 70 weight percent (wt%) solids in the silos. During retrieval 

operations, the 6entoGrout”is mixed with the K-65 and is expected for prevent the K-65 from 

settling t o  more than 50 wt% solids. ‘This decrease in solids content causes an overall volume 

content increase of the Silos 1 and 2 material. 

The average measured dry density of the Silos 1 and 2 material is 90 pounds per cubic 

foot (lb/ft3). Using this density, the calculated amount of material (dry) requiring treatment is 

approximately 20 million pounds (Ib) (1 0,000 tons). Samples collected at different locations in 

Silos 1 and 2 indicate that the average moisture content of the Silos 1 and 2 material is 

approximately 30 wt%. The BentoGrout” was placed in the silos at an average moisture content 

of 75  wt%. These percentages equate to  14,800 tons of silos material in a volume of 

8,890 yd3. 

The Silos 1 and 2 material will be slurried with water and then pumped into the temporary tanks. 

Solids in the slurry will be allowed to  settle in the TTA and the water will be returned to  the 

silos to  retrieve more Silos 1 and 2 material. Settling tests, performed at a FEMP laboratory, 

1’-4 

000022 



2 

3 

4 

5 

6 

7 

a 

9 

1 0  

11 

1 2  

e 
15 

16 

- 8 0 8 0 Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

indicate that BentoGrout" may interfere with the settling of the solids from the slurry in the 

temporary tanks. A slurry consisting of actual Silos 1 and 2 material and BentoGrout"' settled 

to approximately 50 wt% solids, which is significantly less than the existing 70 wt% in the silos. 

This information was used in the calculations to  determine the expected quantities in the 

temporary tanks. The calculations are presented in Attachment 1. Figure 1.3-1 summarizes the 

results of these calculations. 

1.3 

The Silos 

Technology Summaries 

and 2 material, staged in the TTA, will be rez zd using one of the four technologies. 

Figures that present the quantities expected to be produced by a given technology are included 

in the summaries; the supporting calculations for the quantities are contained in Attachment 1. 

The calculated quantities are based on criteria given in this document. Table 1.3-1, organized by 

technologies, presents a summary of the quantities of treated materials produced and the number 

of containers required to ship it to the disposal site. The term "Waste Loading" represents the 

unit dry weight of Silos 1 and 2 material per unit weight of treated materials. 

<END OF PAGE> 
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Silos 1 and 2 Design Basis and Descriptions 
4 a 7 3 a - ~ ~ - o o a 3  

In Situ Storaqe 

8,890 cu. yd. 
14,787 Tons at 30 wt% 
Moisture 
9.955 Tons Dry 

15.760 cu. yd. 
19,976 Tons at 50 wt% Moisture 
9,955 Tons Dry 

Bulking Factor: +77% 

FIGURE 1. 9 0 8 0  -1 
~~ 

TRANSFER TO TTA -COMON TO ALL TECHNOLOGIES 

Silo 1 
4,760 cu. yd. 
7,918 Tons 

Silo 2 
4,130 cu. yd. 
6,868 Tons 

a a 
I 

C 

\ 

-ITA 
8,440 cu. yd. 
10,666 Tons 

-ITA 
7,320 cu. yd. 
9,244 Tons 

1-7 
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Silos 1 and 2 Design Basis and DescriDtions - 

0 407 30- R P1OOO3 

1 "Overall Bulking Factor" represents the percentage of increased volume of treated material 

2 

- 3  

4 

. 5  

compared to  the raw (i.e., original) material volume. A higher value is generally desirable for 

Waste Loading because it represents a higher percentage of Silos 1 and 2 material per unit 

weight; and, a lower value is desirable for Overall Bulking Factor because it represents less total 

volume of waste to  dispose of at  the Nevada Test Site (NTS). Definitions for these factors and 

6 how they are calculated are given in Section 2.6 - Treatment Factors. 

1.3.1 Vitrification - Joule-heated 

The Vitrification - Joule-heated technology uses heat and additives, as necessary, to  incorporate 

the Silos 1 and 2 materials into a vitrified form (Le., glass). The passing of electrical current 

through the molten glass generates most of the heat in the joule-heating process. The process 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

is contained with the off-gas collected and treated for release to  the 500 standard cubic feet per 

minute (scfm) Radon Control System (RCS). The molten glass is collected, cast into monoliths, 

cooled, and placed in shielded containers for shipment and disposal. 

The process and facility for this technology were developed based on input from the contractor's 

POP report. 40730-RP-0001, Appendix H, Attachment H1 contains the contractor's summary 

report; and 40730-RP-0001, Appendix H, Section H.3 contains the list of changes from the 

contractor's design and the reasons for the changes. 

The contractor representing this technology chose a melter with molybdenum electrodes to  supply 

the joule-heating. After joule-heating transforms the wasteform into glass, it is poured into steel 

molds to  form monoliths. The monoliths are cooled and then placed into shielded concrete 

containers for shipment and disposal. The melter has the capability to  remove a molten sulfate 

layer if it forms on the surface of the molten glass pool. However, the contractor plans (as 

demonstrated at the POP demonstration run) to  size and operate the melter at rates such that 

the sulfates have enough time to  be reduced to  sulfurous oxide gases by the heat. The sulfurous 

oxide gases are captured in the off-gas scrubber system. The melter also has the capability to  

drain molten metal as it forms in the glass bath. Some lead metal production is expected with 

molybdenum electrodes. However, the amount was demonstrated to  be small during the POP 

e 
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demonstration. Other electrode materials and/or methods may not produce molten lead. For 

2 example, 1nconnel”and tinoxide are materials that are used as electrodes that would not 

3 chemically react with the molten glass. 

1 A simplified flow diagram of the process is shown in Figure 1.3-2. A pictorial that presents the 

2 expected amount of glass produced, the number of containers, and their disposal volume is 

3 provided in Figure 1.3-3. Supporting calculations are given in Attachment 1. A sketch of a 

4 plausible shipping and disposal container is shown in Figure 1.34. 

<END OF PAGE> 
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In Situ Storaae 

C 

8,890 cu. yd. 
14,787 Tons at 30 wt% 0 Moisture - 
9,955 Tons Dry 

TemDOraW Storaae 

15,760 cu. yd. 
19.976 Tons at 50 wt% 
Moisture 
9,955 Tons Dry 

Bulking Factor: +77% 

Vitrification 

Bulking Factor: -73% 
4,283 cu. yd. 
9,955 Tons 

Pac kaaing 

Bulking Factor: +170% 

FIGURE 1.3-3 

VITRIFICATION - JOULE - HEATED 
BULKING FACTOR PICTORIAL Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

4,760 cu. yd. F] 4,130 cu. yd. ' - 8 0 8 0  
7,918 Tons 6,868 Tons 

a a 
C 

-ITA 
8,440 cu. yd. 
10,666 Tons 

DisDosal 
Overall Bulking Factor: +31% 
(Includes a +0.7% increase from 
recycle and rework.) 

Transferred at 10 - 30 wt% Solids 
Process Summaw: 

Waste Form: Monolith Glass 
Additives: Fluxes, Stabilizers, Reductants 
Density: 2.37 Tonslcu. yd. (2.81 glcc) 
Waste Loading: 90% 
Chemically bond water, hydroxide, etc.. 
results in approximately 10 wt% additional 
loss to off-gas 

a 

a 
11,635 cu. yd. 
25,179 Tons 

2,398 Containers 

Waste Form 
Contains 2% 
Air Pockets 

Container Summary: 

Inner Containers: 
Quantity: 4 metal transfer. containers (MTCs) 
Dimensions: 30L  x20W x40H 
Material: 1l8-inch steel 
Weight: 0.082 Tons ea.; 0.328 Tons total 
% Fill: 87% by volume 

Outer Container: 
Quantity: 1 
Dimensions: 
Exterior: 72"L x54'W x58"H (includes runners) 
Interior: 6 0  L x 4 2  W x60H 
Material: Highdensity concrete with steel fiber 

reinforcement 
Runners: Built into the container 
Weight: 6 Tons empty 
% Fill: 79% by volume 

1-1 1 



FIGURE 1.3-4 
SHIPPING AND DISPOSAL CONTAINER 

VITRIFICATION - JOULE-HEATED 

Silos 1 and 2 Design Basis and Descriptions 
407 304 P-0003 

Outside Dimensions: 72" L x 54"  W x 58" H x 6" wall 

Vitrification - Joule Heated (monolith) 
4 Monolith Blocks per Contoiner 
Weight of Woste per Contoiner: 8,344 Ibs 
Externol Volume of Contoiner: 130.5 cu. ft. 
2,398 Concrete Containers 0000343 
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1.3.2 Vitrification - Other 

The Vitrification- Other technology uses heat and additives, as necessary, t o  transform the 

Silos 1 and 2 material into a vitrified form (i.e., glass). Most of the heat comes from a 

non-joule heating source, such as combustion or plasma arc. . Combustion is the method 

chosen by the contractor t o  represent this technology. The process is contained with the 

off-gas collected and treated for release to  the radon treatment systems 1500 scfm capacity 

existing from the RCS and 300 scfm additional capacity provided by a Radon Treatment 

System designed by the c ~ n t r a c t o r ) ~ .  The molten glass is quenched, producing frit, and placed 

in shielded containers for shipment and disposal. 

The process and facility for this technology were developed based on input from the 

contractor's POP report. 40730-RP-0001, Appendix H, Attachment H2 contains the 

contractor's summary report and 40730-RP-0001, Appendix H, Section H.3 contains the list 

of changes from the contractor's design and the reasons for the changes. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

The contractor representing this technology demonstrated a cyclone melter that uses natural 

gas as its heat source. In the full-scale design, the contractor chose to  dry the feed slurry t o  

reduce fuel consumption and off-gas volume. The dry Silos 1 and 2 material is then blended 

with glass additives and injected at the top of the melter. The solids react and absorb heat 

from the burning gases while falling and being conveyed downward by the products of 

combustion through 'the vertical chamber of the melter. The melting solids then collect and 

form a molten pool in the refining section at the bottom of the melter. The molten glass then 

flows over a weir and exits the melter into a pool of water t o  form frit (granular glass). The 

frit is mechanically conveyed by water into a shielded concrete container for shipment and 

disposal. Heat remaining in the glass dries the glass as it is conveyed. Sulfates are reduced 

" In most plasma arc technologies, the heat to produce glass comes from an electrical arc. The off-gas is 
minimal, and therefore, a slurry can be easily accommodated. The only off-gas is water vapor, gases of 
decomposition, and enough air flow through the rnelter to maintain negative pressure. The volume off-gas 
system for the plasma arc system would be less since combustion air is not required. Additionally, radon 
treatment capacity is not an issue with plasma ard systems due to the relatively low flow of off-gas from 
the melter. 

1-13 
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7 7 .  

t o  sulfurous oxide gases by the heat in the melter. The sulfurous oxide gases are captured in 

the off-gas scrubber system. Lead volatilized from the melter is captured in the off-gas system 

and recycled back to  the melter. A simplified f low diagram of the process is shown in 

Figure 1.3-5. A pictorial that presents the expected amount of glass produced and number of 

containers and their disposal volume is given in Figure 1.3-6. Supporting calculations are in 

Attachment 1. A sketch of a plausible shipping and disposal container is shown in Figure 1.3- 

<END OF PAGE> 
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In Situ Storaae 
8,890 cu. yd. 
14,787 Tons at 30 wt% 
Moisture 
9,955 Tons Dry 

c 
C 

TemDorarv Storaae 
15,760 cu. yd. 
19.976 Tons at 50 wt% 
Moisture 
9.955 Tons Dry 
Bulking Factor: +77% TTA 

8,440 cu. yd. 
10,666 Tons 

Vitrification 

Bulking Factor: -45% 
8.689 cu. yd. 
10.298 Tons 

TTA 
7,320 cu. yd. 
9,244 Tons 

Packaaing 

Bulking Factor: +88% 

FIGURE 1.36 
BULKING FACTOR PICTORIAL 

VITRIFICATION - OTHER 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

4,760 cu. yd. 4,130 cu. yd. 
7,918 Tons 6,868 Tons 

a a 

Disposal 

Overall Bulkinq Factor: +84% 

a 

a 
-~ 

16.450 cu. yd. 
22,461 Tons 

2,162 Containers 

(Includes a 0.6% increase from recycle 
and rework.) 

1-16 

Container Summaw: 

Dimensions: 
Exterior: 78" L x 6 6  W x 6 5  H (wlo 

forklift runners) 
Interior: 68" L x 5 6  W x 55" H 
Material: 5-inch thid, highdensity 

concrete with steel wire 
screen reinforcement 

Runners: 2-10 x 4 concrete strips 
Weight: 5.60 Tons empty (with 

forklift runners ) 
% Fill: 90% by Volume 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

FIGURE 1.3-7 
SHIPPING AND DISPOSAL CONTAINER 

' VITRIFICATION - OTHER 

. .  . . .  
. .  . .  

. .  . . .  

I I- 

8 0 8 0  

Concrete 

Outside Dimensions: 78" L x 66" W x 69" H x 5" wall 

Vitrification - Other (Frit) 
Weight of Woste per container: 9,577 
External Volume of Container: 205.6 
2,162 Concrete Containers 

I bs 
cu. ft. 
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1.3.3 Chemical Stabilization - Cement-based 0 40730-RP-0003 

The Chemical Stabilization - Cement-based technology involves using inorganic chemicals t o  

produce both stabilization and solidification. This technology uses Portland cement and other 

hydraulic binders that react with water to  form a solid product. The following additives may 

be used: f ly ash, granulated blast furnace slag, clays, pozzolans, gypsum, micro silica, or other 

chemical additives that reduce volume, reduce porosity (which reduces leachability), chemically 

alters the Silos 1 and 2 material to  reduce leaching, or increases compressive strength. Also, 

the technology may include pretreatment to  produce similar effects. 

The process and facility for this technology were developed based on input from the 

contractor's POP report. 40730-RP-0001, Appendix H, Attachment H3 contains the 

contractor's summary report and 40730-RP-0001, Appendix H, Section H.3 contains the list 

of changes from the contractor's design and reasons for the changes. 

The contractor representing this technology chose t o  mix the grout (mixture of Silos 1 and 2 

material, water, and additives) in a separate batch mixer and then place the grout into the 

shipping and disposal container. This will be referred as "external" mixing. The container 

considered in this report has 4-inch concrete walls for radiation shielding purposes.6 A 

dewatering step is required t o  increase waste loading in the final product. The contractor 

accommodated this requirement by running the slurry through a filter press. Slaked lime 

(calcium hydroxide) was added to  inhibit the gelling properties of BentoGrout" that tend t o  

plug the filter. Iron ( 1 1 )  sulfate was also used t o  reduce the chromium (Cr'6) in the slurry t o  

chromium (Cr'3) so it could be filtered with the solids and not be expelled with the filtrate. 

Some lead becomes soluble in the decant because of the increased pH from the calcium 

hydroxide addition. Chemical treatment is needed t o  remove lead (as a minimum) from the 

water before release. The solids from the filter press (filter cake) are placed into a paddle 

mixer. The contractor then adds additional lime and iron ( 1 1 )  sulfate and Portland cement with 

Fernald Environmental Management Project (FEMP). 1999. Disposal Container Size Optimization Study for 
Chemical Stabilization - Cement. 40730-ES-0002. Prepared under contract for the U.S.  Department of 
Energy: Fernald Field Office, Fernald, OH. (PROD Index No. 4-202.1) 
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40730-RP-0003 c the filter cake in the mixer. The contractor also chose triple super phosphate (TSP7) as an 

2 

3 Section 3. 

additive t o  help control the leaching of lead. Results of using phosphates are discussed in 

1 

2 

3 

4 

A simplified f low diagram of the process is shown in Figure 1.3-8. A pictorial that presents 

the expected amount of grout produced and number of containers and their disposal volume 

is provided in Figure .1.3-9. Supporting calculations are given in Attachment 1. A sketch of 

a plausible shipping and disposal container is shown in Figure 1.3-10. 

<END OF PAGE> 

\ 

' Notice that each chemical stabilization technology uses a "TSP" chemical in the treatment process, but 
there are two types of TSP. For Chemical Stabilization - Cement-based, TSP stands for triple super 
phosphate, which is a mixture of calcium, magnesium, and hydrogen phosphates. For Chemical 
Stabilization - Other, TSP stands for trisodium phosphare. 
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In Situ Storaae 
8,890 cu. yd. 
14,787 Tons at 30 wt% 
Moisture 
9,955 Tons Dry 

TemDorarv Storaae 

15,760 cu. yd. 
19,976 Tons at 50 wt% 
Moisture 
9.955 Tons Dry 

Bulking Factor: +77% 

Chemical Stabilization 

Bulking Factor: +73% 
27,254 cu. yd. 
33.1 83 Tons 

Packaainq 

Bulking Factor: +70% 

Silos 1 and 2 Design Basis and Descriptions FIGURE 1.3-9 40730-RP-0003 
BULKING FACTOR PICTORIAL 

CHEMICAL STABILIZATION - CEMENT 

= - 8 0 8 r !  

Silo 1 
4,760 cu. yd. 
7,918 Tons 

Silo 2 
4,130 cu. yd. 
6,868 Tons 

k I I a 

DisDosal 

Overall Bulking Factor: +436% 
(Includes a +16% increase from 
recycle and rework.) 

a 
TTA 

7,320 cu. yd. 
9,244 Tons 

Transferred at 10 - 30 wt% Solids 

a pg ..-. 

- 0  0 

a 
47,652 cu. yd. 
63,637 Tons 

6,078 Containers 

1-21 

Process Summarv: 

Waste Form: Semiflowable Grout 
Additives: Cement, Calcium Hydroxide, 
Phosphate, Iron Sulfate 
Density: 1.28 Tonslcu. yd. (1.52 glcc) 
Waste Loading: 30 wt% 
Secondary Waste: Filter Press Liquid - 
High Lead and Selenium 

Waste Form Contains 
5% Honeycombing, 
Airpockets 

Container Summarv: 

Dimensions: 
Exterior: 7 8  L x 67" W x 6 6  H wlo forklift 

runners 
Interior: 7 0  L x 59" W x 5 8  H 
Material: 4 highdensity concrete with 

wire-screen reinforcement 
Runners: 2 - 1 0  x 4" concrete strips 
Weight: 4.59 Tons empty 
% Fill 90% by volume 
Other: 0.0125 Tons plastics, 0.05 Tons 

absorbent, 0.025 Tons metal-foil 
liner for radon control 



FIGURE 1.3-10 
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

SHIPPING AND DISPOSAL CONTAINER 
CHEMICAL STABILIZATION - CEMENT-BASED 

Concrete 

Outside Dimensions: 78"  L x 67" W x 70" H x 4" wall 

Chemical Stabilization - Cement 
Weight of Waste per container: 11,247 Ibs 
External Volume of Container: 21 1.7 cu. ft. 
6,078 Concrete Containers 

0 0 0 0 4.0 



=-. 8 0 8 0  
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

1.3.4 Chemical Stabilization - Other 
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The Chemical Stabilization - Other technology involves using inorganic chemicals t o  provide 

both stabilization and solidification. This technology uses a hydraulic binder that reacts with 

water t o  form a solid product. The original intent of this techriology was t o  be an alternative 

t o  using Portland cement or silicates as the main binder, such as using sulfates and 

phosphates. became apparent during the POP bidding process that few 

companies have used a non-Portland cement or a non-silicate binder in a large full-scale 

remediation effort. Therefore, the use of Portland cement or a non-silicate was accepted; and, 

the selection of the POP contractor focused on chemical additives, in addition to  the binder, 

that imparted desired qualities t o  the treated Silos 1 and 2 material. The selected contractor 

stated that additives such as phosphates and sulfides would be investigated as necessary to  

obtain the desired treated wasteform. The contractor finally selected triSodium phosphate 

(TSP') as the additive of choice. The phosphate appeared to  be useful in preventing premature 

hardening of the grout in the mixer; however, it did not appear t o  have significant impact on 

the leaching of lead. Results of using phosphates are discussed in Section 3. The process and 

facility for this technology were developed based on input from the contractor's POP report. 

40730-RP-0001, Appendix H, Attachment H4 contains the contractor's summary report and 

40730-RP-0001, Appendix H, Section H.3 contains the list of changes from the contractor's 

design and why the changes were made. 

However, it 

The contractor representing this technology chose to  mix the grout in the shipping and disposal 

container itself. This will be referred t o  as "in-container" mixing. External mixing is also 

adaptable t o  this technology. The container has a %-inch steel wall for radiation shielding 

purposes. The container has an internal mixing assembly that is disposed with the container. 

A dewatering step is required t o  increase waste loading of the final product. The contractor's 

original plan t o  meet this requirement was t o  place disposable filters in the container and draw 

' Notice that each contractor uses the term TSP, but there are two types. For Chemical 
Stabilization - Cement-based, TSP stands for Triple Super Phosphate. For Chemical Stabilization - 
Other, TSP stands for trisodium phosphate. 
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2 

3 

excess water through the filters. However, the filters plugged from the fines in the slurry. The 

contractor met this requirement by allowing the solids to  settle in the slurry holding tank and 

then decanting off the excess water. 

1 

2 

3 

4 

A simplified f low diagram of the process is shown in Figure 1.3-1 1. A pictorial that presents 

the expected amount of grout produced and number of containers and their disposal volume 

is provided in Figure 1.3-1 2. Supporting calculations are given in Attachment 1. A sketch of 

a plausible shipping and disposal container is shown in Figure 1.3-13. 

<END OF PAGE> 
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FIGURE 1.3-1 2 
BULKING FACTOR PICTORIAL 

CHEMICAL STABILIZATION - OTHER 

In Situ Storage 
8.890 cu. yd. 
14,787 Tons at 30 wt% 
Moisture 
9,955 Tons Dry 

Temporaw Storaae 

15,760 cu. yd. 
.19.976 Tons at 50 wt% 
Moisture 
9,955 Tons Dry 

Bulking Factor: +77% 

Silo 1 
4,760 cu. yd. 
7,918 Tons 

I 1 a 

Chemical Stabilization 

Bulking Factor: +90% 
29,895 cu. yd. 
41,479 Tons 

Packaainq 

Bulking Factor: +35% 

Disposal 

TTA 
8,440 cu. yd. 
10,666 Tons 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

Silo 2 
4,130 cu. yd. 
6,868 Tons 

I I a 
C 

TTA 
7,320 cu. yd. 
9,244 Tons 

Transferred at 10 - 30 wt% Solids 

[?gs 0 0  

0 0 

a 

a 

Process Summary: 

Waste Form: In-container Mixing 
Additives: Cement, Flyash, Phosphate 
Density: 1.42 Tons/cu.yd. (1.68 g/CC) 
Waste Loading: 24 wt% 
Decant Recycle and Treatment 

Waste Form 
Contains 2% Air Pockets 

Container Summaw: 

Dimensions: 
76" dia. x67.5"H (excludes runners 
8 1.5-inch high lid) 

Material: 3/4-inch steel plate 
plastic lined 

Runners: 4-inch high I-beams 
Weight: 2.68 Tons empty 

% Fill: 85% by volume 
Other: 0.05 Tons absorbent 

0.5 Tons internals. etc. 

Overall Bulking Factor: +388% 
(Includes a +32% increase from 
recycle and rework.) 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 FIGURE 1.3-1 3 

SHlPPlfiG AND DISPOSAL CONTAINER 
CHEMICAL STABILIZATION - OTHER 

- - 8 0 8 0  

Carbon Steel 

Outside Dimensions: 76”  D x 73”  H x 3/4”  wall 

Chemical Stabilization - Other 
Weight of Waste per Container: 14,536 Ibs 
External Volume of Container: 191.6 cu. f t .  
6,106 Carbon Steel Containers 
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1 

2' 

3 

4 

' 5  

' 6  

7 

8 

9 

2.0 GENERAL DESIGN CRITERIA 

Design criteria are fundamental bases or standards that a project must meet. Some criteria 

are intrinsic or absolute; for example, the amount of Silos 1 and 2 material that shall be 

treated. Other criteria are assumed values, based on best knowledge at the time, used t o  

provide a common basis for estimating schedule and cost for the four technologies. The four 

technologies adhere t o  these criteria as much as possible in order t o  establish a common basis 

among them. The common basis allows better comparison of the technologies and their 

estimates, A few exceptions, necessary for a given technology, may be noted in its respective 

design description. 

10 2.1 Silos 1 and 2 Material 

11 

12 

This section identifies the amount of Silos '1 and 2 material and BentoGroutw requiring 

treatment. It also presents the elemental composition of the material in Silos 1 and 2 as well 

as important characteristics, like expected moisture content and settling characteristics of the e materials as slurries (i.e., K-65 materials and BentoGrout'"when in the form of a slurry). 

15 

16 

17 <END OF PAGE> 
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Silo 1 Volume Silo 2 Volume 
(actual) (actual) 

f t3  f t3 
Material 

1 2.1 . l  Quantities 

Dry Density Dry Weight 
(estimated) (calculated) 

Ib/ft3 tons total 

- 2  Table 2.1-1 - Silos 7 and 2 Material Quantities, presents the quantities of material to  be 

3 processed: 

100,437 Silos (K-65) I -115,887 
Material 

4 

90.00 9,735 

5 
6 
7 

BentoGrout'" 

8 
9 

12,606 11,100 18.50'' 2 20 

18 
12 

13 

TABLE 2.1-1 
SILOS 1 AND 2 MATERIAL QUANTITIES' 

I I I I I Total 128,493 1 11,537 NA 9,955 19 
16 

17 

18 The estimated average amount of the major radioactive constituents is presented in Table 2.1- 

19 

20 

.21 

2 - Major Radionuclides in the Silos 7 and 2 Material. Radium, radon generation, and decay 

daughters are assumed t o  be in secular equilibrium. Concentrations given are for dry 

Silos 1 and 2 material. 

<END OF PAGE> 

Values from the Fluor Daniel Fernald (FDFI Report Units Waste Information Manual, Oct. 1995. Values 
corrected for BentoGrout"' density (see next footnote). 

l o  The density of BentoGrout'" is approximately 74 Ib/ft3 as a wet slurry. The BentoGrout"' slurry contains 7 5  
wt% water as placed in the silos. Therefore, its effective in situ dry density is approximately 
( 7 4  Ib/ft31( 1 .OO - 0.75) = 18.50 Ib/ft3. 

2-2 



Silos 1 and 2 Design Basis and Descriptions 3 - 8 0 8 0  
40730-RP-0003 

TABLE 2.1-2 
MAJOR RADIONUCLIDES IN THE SILOS 1 AND 2 MATERIAL" 

1 

picocuries per gram dry Silos 1 and 2 material (pci lg) 

2.1.2 Characteristics 

3 

4 

5 

6 

7 

Table 2.1-3 - Silos I and 2 Elemental Compositions/According to PNL Analysis and FDF 

Analysis for SO,, presents the elemental makeup basis of the Silos 1 and 2 material. 

Approximately eight years ago, samples of the Silos 1 and 2 material were collected during the 

Remedial Investigation/Feasibility Study (RVFS). Small quantities of Silos 1 and 2 material 

were withdrawn from three zones in each silo using a vibrating core-drilling instrument. 

8 

9 

1 0  

Portions of the core-drilled samples were sent t o  Batelle-Pacific Northwest Laboratories (PNL) 

for characterization; other portions were archived. Analytical results of these tests are 

presented in a treatability report" prepared by PNL; these results are summarized in Table 2.1- 

l1 Fernald Environmental Management Project (FEMP). 1993. Remedial lnvesti ation Report for Operable 
Unit 4. Prepared under contract for the U.S. Department of Energy: Fernald field Office, Fernald, OH. (AR 
Index Numbers Vol. 1-111: U-006.304.15 - 17) 

lZ Battelle Pacific Northwest Laboratories (PNL) and Fernald Environmental Management Project (FEMP). 
1993. Operable Unit 4 Treatability Study Report for the Vitrification of Residues from Silos I, 2, and 3. 
Prepared under contract for the U:S. Department of Energy: Fernald Field Office, Fernald, OH. (AR Index 
No. U-006-409.1 I Note, actual Silos 1 and 2 material from various areas within the silos were analyzed 
and used in this study. 
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6 

7 

8 

9 

10 

3. Some of the archived samples were later analyzed by the Fluor Daniel Fernald (FDF) 

laboratories t o  verify the PNL  result^'^. These results were similar t o  the PNL results with the 

exception that sulfate (sulfur) measured higher: 3.40 w t %  for Silo 1 and 3.50 w t %  for Silo 2 

(values are not normalized values). The values in Table 2.1-3 are used for the design basis; 

they present the PNL average numbers with the greater FDF values for sulfate included. 

Variability seen in the sampling efforts of the Silos 1 and 2 material (Silos 1 and 2 combined) 

is shown in Table 2.1-4 - VariaMityin K-65 Samples, for the major elements. This variability 

includes the PNL sampling effort described above and other sampling efforts. The analytical 

elemental composition for BentoGrout", and basis for placing it on the silos caps, is shown in 

Table 2.1-5 - Average BentoGrout" Composition. 

<END OF PAGE> 

l 3  Fernald Environmental Management Project (FEMP). 1996. Operable Unit 4 Vitrification Pilot Phase I 
Interim Treatability Study Repon. FDF Report. No. 401 10-WP-0002, Revision 1 .  Prepared under contract 
for the U.S. Department of Energy: Fernald Field Office, Fernald, OH. (PROD Index No. 4-401.9) 
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57.00 
13.68 
7.18 
3.88 
3.65 
2.96 
2.85 
2.05 

0.78 
0.71 
0.49 
0.48 
0.48 
0.47 
0.42 
0.33 
0.32 
0.22 
0.22. 
0.09 
0.09 
0.07 
0.07 
0.06 
0.06 
0.02 
0.01 
0.01 
0.00 

1.37 

- 
- 
- 
- 
- 
- 
- - 

100.00 
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j 

, 

1 

< 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

szz?s5l 

TABLE 2.1-3 
SILOS 1 AND 2 ELEMENTAL COMPOSITIONS 

ACCORDING TO PNL ANALYSIS AND FDF ANALYSIS FOR SO, 
(Elemental makeup expressed in wt% as oxides) 

Silo 1 wlo BentoGrout'" Silo 2 wlo BentoGrout'" 

ComDonent.' 

SiO, 
PbO 
Ba 0 
so3 

CO, 

Fe203 
Na,O 
MgO 
K,O 
'2O5 
MOO, 

NiO 

CaO 

TiO, 
c o o  

SrO 
CI 

CUO 
ZrO, 
SeO, 

MnO, 
Be0 
F 

CdO 
Li,O 
Tho, 

Ce203 

N2°5 

Nd203 

v2°3 

Cr203 

As203 

UO, 
'Z05 
ZnO 

Totals 

Measured" 

50.00 
12.00 
6.30 
3.40 
3.20 
2.60 
2.50 
1.80 
1.20 
0.68 
0.62. 
0.43 
0.42 
0.42 
0.41 
0.37 
0.29 
0.28 
0.1 9 
0.1 9 
0.08 
0.08 
0.06 
0.06 
0.05 
0.05 
0.02 
0.01 
0.01 
0.00 

co.01 
<0.01 
CO.01 
co.01 
CO.01 
co.01 
CO.01 

87.72 
- 

q ~ r m a l i z e d * ~  I' ComDonent" 

SiO, 
PbO 
Fe203 

so3 

CO, 

MgO 

K2O 

UO, 

Ba 0 
CaO 

Na,O 

'2O5 
N2°5 

NiO 

T i02  

coo 
ZrO, 
CUO 

Ce203 

Nd203 

Cr203 

. '2'3 
MOO, 
SrO 

SeO, 
MnO, 
ZnO 
CI 
F 
B e 0  
CdO 
Li20 
Tho, 
'2'5 

Measured" 

51 .OO 
6.20 
6.10 
3.50 
3.40 
3.40 
3.00 
2.50 
1.70 
0.88 
0.68 
0.68 
0.62 
0.47 
0.36 
0.33 
0.33 
0.29 
0.21 
0.16 
0.14 
0.08 
0.08 
0.08 
0.08 
0.06 
0.05 
0.04 
0.03 
0.01 
0.00 
0.00 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

86.46 

N o r m a l i ~ e d ' ~  

58.99 
7.17 
7.06 
4.05 
3.93 
3.93 
3.47 
2.89 
1.97 
1.02 
0.79 
0.79 
0.72 
0.54 
0.42 
0.38 
0.38 
0.34 
0.24 
0.19 
0.16 
0.09 
0.09 
0.09 
0.09 
0.07 
0.06 
0.05 
0.03 
0.01 
0.01 
0.01 
- 
- 
- 
- 
- - 

100.00 
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'1  These Silos 1 and 2 material are shown as oxides, which is a convention frequently used, especially 

in the ceramic and soil fields. However, the in situ compounds are not necessarily oxides. For 
example, Feldspar minerals are known t o  compose part of the mix. The gases CO,, SO,, and N,O, 

would most likely be combined with the oxide t o  form carbonates, sulfates, and nitrates. For 

example, BaO + SO, - BaSO,. 
Many of  these metal oxides (listed above) form hydroxides and hydrates, which are not decomposed 

by  low-temperature.drying ( 1  05 "C) and are not normally detected b y  most analytical methods. This 

factor could account for  most o f  the variability; some could be sampling and analytical error: 
Normalized means that measured w t %  values have been proportioned so that their sum total is 

100%. The normalized basic values should more closely represent the expected composition of the 
Silos 1 and 2 materials if it were dried at a higher temperature and the hydroxides and hydrates 

decomposed. 

? 2  

' 3  

<END OF PAGE> 
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Element Number of 
Mean 

Expressed as Oxide Samples 

TABLE 2.1 -4 
VARIABILITY IN K-65 SAMPLES l 4  

(Elemental makeup expressed in wt% as oxides) 

Standard Deviation 

<END OF PAGE > 

, l 4  Dr. Donald Paine, letter No. C:WMTSP(SP):97-0064 to Ms. Nina Akgundh, Characterization of Silos 1 
and 2 material, July 1, 1997. 
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1 

2 

3 

4 

5 

6 

7 

’ TABLE 2.1-5 

Component Measured ( w t % )  Normalized (wt%)16 

SiO, 65.40 67.35 

AI203 15.80 16.27 

M9O 6.30 6.49 

Fe203 3.60 3.71 

Na,O 3.40 3.50 

CaO 1.80 1.85 

K2O 0.80 0.82 

AVERAGE BENTOGROUT” COMPOSITION ’’ 
(Elemental makeup expressed in w t %  as oxides) 

Tota l  

I I BentoGrout’” . 

97.10 100.00 

I Rank I I i 

1 

2 

3 2.2 Contractor - FDF Interface 

4 

5 

The division of responsibilities between the contractor (of a technology) and FDF for the 

full-scale treatment facility is presented in Figure 2.2-1 - Contractor-FDF hterface Diagram. 

6 

’’ Battelle Pacific Northwest Laboratories, (PNL) and Fernald Environmental Management Project (FEMP). 
1993. Operable Unit 4 Treatability Study Report for the Vitrification of Residues from Silos I, 2, and 3. 
Prepared under contract for the U.S. Department of .Energy: Fernald Field Office, Fernald, OH. (AR Index 
NO. U-006-409.1) 

l6 Normalized means that measured w t% values have been proportioned so that they add up to100%. 
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FIGURE 2.2-1 
CONTRACTOR-FDF INTERFACE DIAGRAM 

Radon 
Control To Atmosphere 
System 

Process Contractor‘s 
Off-gas Remediation Facility 
Equipment 

1 . ’  - Waste 
Form Feed -’ Processing 

Equipment f Packaging 

i 

. Preparation Feed 

I 
I 
I 

I 

I I I I 

Liquid and Solid Waste 
Characterization and Treatment 

I 
I I I I 

r + I 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

' 19 

20 

. 21 

22 

23 

24 

25 

26 

2.3 Process and Facility Constraints 

The process and facility are t o  be sized for the following constraints: 

A. The Silos 1 and 2 material (and generated secondary wastes) are processed 

during a 3-year period. 

The remediation facilities are designed and sized t o  process the Silos 1 and 2 

material with 70% availability. Therefore, the facility must process at a higher 

production rate when operating t o  compensate for lost production time when the 

plant has planned and unplanned downtime. 

B. 

2.4 

The Silos 1 and 2 material is retrieved from the TTA using an existing slurry pumping system. 

The final remediation contractor must install transfer lines from the TTA t o  the process facility 

t o  transport the slurry. A 4-inch, 150-lb raised-face flange interface at the TTA will be 

available for connection. Applicable requirements are listed below. 

Slurry Feed f rom the Transfer Tank Area 

Assumption:The solids content of the delivery slurry is expected t o  vary. However, 

the solids content is expected t o  be in the range of 10 t o  30 w t %  solids. Process 

equipment is installed and sized for 10 wt% solids. Process equipment is installed t o  

concentrate and maintain a constant solids content for feed to  the remediation 

systems. 

Basis: Experience with the FEMP Vitrification Pilot Plant (VITPP) and transfer of 

similar Silos 1 and 2 material at Niagra Falls. 

A. The maximum delivery f low rate of the slurry is 5,900 pounds per hour (Ib/hr) on 

a dry weight basis. 

2-1 0 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

13 

16 

17 

18. 

19 

20 

21 

22 

B. The process technology dictates when the slurry is delivered. However, for the 

design estimate, a routine schedule is stated for each technology. Such a 

schedule, at the maximum flow rate of 5,900 Ib/hr solids, could be 5 hr/day, 5 

dayslweek. A technology requiring delivery in excess of 12 hr/day needs to  use 

calculations that include a maximum of 70% availability (uptime) for the transfer 

system. 

The transfer process shall include contingencies such as low solids (<  10 wt%)  

content during the removaVflushing of heal solids (last of the solids) in the TTA. 

Decanted water from the slurry pumping system is recycled back t o  the TTA. 

Process water is available to  provide makeup water on an as-needed basis. 

A t  the end of the project, the TTA tanks are flushed and each technology 

processes the water and the resulting Silos 1 and 2 material at the treatment 

facility. 

Given sufficient time [approximately 24 hours], the Silos 1 and 2 material will 

settle t o  50 w t %  solids with an average density of 1.5 g/cm3. Approximately half 

of the BentoGrout” portion of the solids will not settle. 

Basis: 

C. 

D. 

E. 

F. 

( 1  ) Settling data performed in the FEMP laboratory by John Roberts, November 

1998; (2) Florida International University (Flu). Hemispheric Center for 

Environmental Technology. 1 998. Rheology Testing of Fernald K-65 Waste 

Residue Slurry. Miami, FL. Prepared for Fluor Daniel Fernald IFDF): Fernald, OH. 

(PROD Index No. 4-302.3 - 4); and (3) ongoing laboratory studies at ‘FDF. 

2.5 Treated Silos 1 and 2 Material Acceptance Requirements 

The treated Silos 1 and 2 material must pass the following tests: 

A. Amearance. The treated wasteform appears uniform and homogeneous to  

Lumps, pockets of unmixed Silos 1 and 2 material, non-magnified vision. 

additives, layers, etc. will be considered failures. 

2-1 1 
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B. Compressive Strenqth. The treated wasteform exhibits an unconfined 

compressive strength at least 50 psi per the American Society for Testing and 

Materials (ASTM) C39. 

C. No Liauids. The treated wasteform does not contain any free standing liquids per 

ANS 55.1. 

D. TCLP. .The result of the TCLP analysis must be below the present Resource 

Conservation and Recovery Act (RCRA), as amended, in order t o  meet the waste 

acceptance criteria (WAC) for the metals listed in Table 2.5-1 - RCRA TCLP 

Limits. TCLP analysis is performed when samples have reached at least 50 psi, 

if chemically stabilized, and immediately upon cooling, if vitrified. 

<END OF PAGE > 
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Mercury (Hg) 

Selenium (Se) 

TABLE 2.5-1 
RCRA TCLP LIMITS 

TCLP Limit 

PPm 
Constituent 

0.20 

1 .o 

I . Arsenic (As) I 5.0 .I 
I Barium (Ba) I 100.0 I 
I Cadmium (Cd) I 1 .o I 
I Chromium (Cr)' I 5.0 I 

I 5.0 I I Lead (Pb) 

Silver (Ag) I 5.0 I 

E .  DustindParticulate. Fine particles of Silos 1 and 2 material (and secondary 

wastes, etc.) are immobilized so that the treated material does not contain more 

than 1 wt% of loose, less-than-10 micrometer, diameter particles, or 15 w t %  of 

loose, less than 200-micrometer, diameter particles. 

F. RCRA Characteristics. The treated wasteform shall'not exhibit a characteristic 

of a hazardous waste as defined by 40 Code of Federal Regulations (CFR) 261 

Subpart C - Characteristics of Hazardous Waste (261.20 through 261.24 and 

OAC 3745-5 1-20 through OAC 3745-5 1-24). Also, the waste must not contain 

any listed waste as identified in 40 CFR Part 261.30 through 40 CFR Part 

261.33, and OAC 3745-5 1-30 through OAC 3745-5 1-33. 

2-1 3 
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1 2.6 Treatment Factors 

2 The conventions t o  estimate how the Silos 1 and 2 material respond quantitatively t o  

3 treatment are "Waste Loading" when the issue is weight, and "Bulking Factor" when the issue 

4 is volume. The equations for calculating Waste Loading and Bulking Factor are presented next. 

5 2.6.1 Waste Loading 

6 Waste loading of the treated Silos 1 and 2 material is calculated and expressed as: 

7 

8 

9 (Equation 1) 

Waste loading (wl )  = Dry weinht of Silos 1 and 2 material (w/BentoGrout") x 100 w t %  

Weight of the treated Silos 1 and 2 material 

10 

11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 

21 

22 

23 

Dry weight is defined as the resulting weight of the Silos 1 and 2 material dried at 

105 "C. 

2.6.2 Bulking Factor 

The bulking factor is determined by the resulting treated volume divided by the original (or 

'in situ') volume of the Silos 1 and 2.material in the silos (Table 2.1-l), expressed as: 

BF = (Vf+Vj)  x 100% (Equation 2) 

Where: 

BF = Bulking Factor 

Vi =Volume of Silos 1 and 2 material in the silos. 

V, =Volume of treated Silos 1 and 2 material w/BentoGrout". 

The bulking factor references the "bulk volume" of treated Silos 1 and 2 material. It does not 

include the volume of the shipping container or excess air (i.e., air pockets) that may become 

entrained during the processing and handling of the material. This is accounted for separately 

in volume determinations. 



5 

6 

7 

8 

9 

1 0  

11 

14 

15 

16 

1 7  

18  

1 9  

20 

21 

22 

23 

24 

25 
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2.6.3 Incremental Bulking and Overall Bulking Factor 

These bulking factors are used when describing steps in a process. The bulking factors 

describe how the effected volume of the Silos 1 and 2 material has increased or decreased 

from the previous step. These bulking factors include the volume of the containers, etc., that 

affect disposal cost. 

The overall bulking factor represents how a technology will increase the volume of the in situ 

Silos 1 and 2,material from inside the silos t o  final disposal in the ground. 

Incremental bulking factors are designated with a " + "  or "-" sign placed in front of the 

percentage amount t o  indicate an increase or decrease, respectively, in bulking. The 

incremental and overall bulking factors are calculated as follows: 

ABF = (v,+Vb)/vb x 100% (Equation 3 )  

Where: 

ABF= Bulking Factor 

Vb =Volume of Silos 1 and 2 material (plus container, if applicable) before 

a process step. 

V, =Volume of treated material after a process step. 

2.7 

Each technology has a sampling and analysis program. The following items are included in the 

program. 

Treated Silos 1 and 2 Material Sampling and Analysis 

A. Documentation of approach to  sampling and analysis with rationale supporting 

approach. 

Procedures for the specified analytical tests. 

Duplicate samples of the treated Silos 1 and 2 material are collected from (1 ) each 

chemical stabilization process batch and cured under conditions (e.g., temperature 

and humidity) similar t o  that of the treated Silos 1 and 2 material in containers, 

B. 

C. . 

2-1 5 
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6 

7 

8 

9 

10 
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13 

14 

15 

16 

17 

18 

. 19 

20 

. 21 

22 

23 

24 

25 

26 

27 

D. 

E. 

F. 

2.8 

or (2) each vitrification process shift. One sample is archived and the other is 

prepared for analysis. 

Proposed sampling frequency: A minimum of one sample of the treated 

Silos 1 and 2 material per shift shall be analyzed by the TCLP. For the chemical 

stabilization technology, unconfined compressive strength shall also be measured. 

Archived samples are stored until remediation.of the site is complete. The facility 

design shall provide for storage of the archive samples. 

Process sampling systems provide for process control, accountability, diagnosis, 

and documentation of compliance with treated Silos 1 and 2 material acceptance 

requirements. 

Rework and Recycle Water 

2.8.1 Rework 

To ensure that facilities are designed for the handling of rejected treated Silos 1 and 2 material, 

it is assumed that 1 % of the treated material will fail minimum shipment and/or disposal 

requirements, and require reprocessing. The design basis assumptions for rework are 0 
described below. 

A. Assumption: 

B. Assumption: 

C. Assumption: 

The vitrification technologies ultimately produce only 1.5 new 

shipping containers of processed material for each failed, full 

shipping container. This is because glass can be melted; thus the 

failed processed material is size-reduced, as necessary, and fed 

back into the melter. 

The chemical stabilization technologies produce 3 new shipping 

containers of processed material for each failed, full container of 

processed material because the failed grout is size-reduced and 

reintroduced into the solidification process as aggregate. 

The reworked shipping containers are considered secondary 

waste, even though they may be reusable and/or have small 

2-1 6 
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Silos 1 and 2 Material 

BentoG routm 

8 

9 

10 

1 1  

12  

13  

4 9  tons (dry) 

55 tons (dry) 

16  

Total Solids 

17 
18  

104 tons (dry) 
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(minor) amounts of residue in them. 

Full shipping containers requiring rework are scheduled during the 

processing window (e.g., rework occurs in parallel with 

D. Assumption: 

remediation operations). 

The rework station is designated as a radiologically contaminated 

area due to  the invasive nature of the size-reducing process. 

E. Assumption: 

2.8.2 Recycle Water 

Settling tests indicate that approximately one-half of the BentoGrout" settles. It. is assumed 

that some recycle water from the remediation process remains at the end of processing. This 

wastewater is used for the final flushing and cleaning of the TTA tanks in preparation for 

decontamination and demolition (DSlD). This newly generated wastestream is treated by the 

remediation process and packaged for disposal. Assume that half of the suspended 

BentoGrout" solids will find their way into the process. This equates to  25 w t %  or 55 tons 

(dry) of the BentoGrout" remaining in wastewater. Some Silos 1 and 2 material fines will also 

remain suspended and are shown in Table 2.8-1 - TTA Recycle Silos 7 and 2 Materid, which 

equates to  1 w t %  of the total Silos 1. and 2 material and Bent~Grout " . '~  

TABLE 2.8-1 
TTA RECYCLE SILOS 1 AND 2 MATERIAL 

19 

20 

22 
23 

l 7  This is the assumption that the facilities and estimates are based. However, recent settling tests being 
performed at the FEMP laboratories appear t o  indicate that the BentoGrout'" reacts with- Silos 1 and 2 
material (or vice versa) and prevents complete settling. This can increase the amount dilute Silos 1 and 2 
material the technologies need t o  process at the end of the project. This can have a significant impact on 
decanting operations, especially the decanting process used in the Chemical Stabilization - Other 
technology. See Section 3.1 - Waste Loading Criteria. 
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2.9 Containers and Product Handling Requirements 

Since the Silos 1 and 2 material is radioactive and contains radon, special requirements are 

placed on the containers for handling, shipment, and disposal. 

2.9.1 Physical Criteria 

A. The container must, a t  a minimum, meet the design requirements for an 

Industrial Package - Type 2 (IP-2) container (49 CFR Part 173.41 1). 

Containers remain watertight under expected inclement (hot, cold, rainy, 

icy, etc.) weather conditions at the FEMP, in transport, and until disposal 

at the NTS. 

The maximum weight of each container (including contents) is 21,000 Ib. 

Basis: DOE-FEMP experience indicates that 42,000 Ib is the maximum 

weight that can be routinely placed on a truck (for the expected 

type of trucks to  be used for shipment) with the guarantee of 

meeting U.S. Department of Transportation (DOT) axle weight 

limits on 'highways. Two smaller containers (rather than one 

large container) are used to  assist handling and loading at the 

FEMP, as well as material handling capabilities at the NTS. 

B. 

C. 

D. The disposal container is stackable and can withstand a compression test 

at 3,375 Ib/ft2 to  prevent collapse of the container after disposal. 

Basis: ' NTS Waste Acceptance Criteria. 

E. The surface of the filled container does not exceed a radiation exposure 

level of 70 milli-Roentgen equivalent man per hour (70 mrem/hr). 

Basis: The DOT requirement for  surface radiation levels is 

200 mrem/hr. However, in order t o  meet the DOT requirement 

for "exclusive use shipments" of radiation levels of 10 mrem/hr 

at 2 meters (m) from the transport vehicle, the results of 

Microshield@ modeling suggest an administrative limit for surfixe 

2-1 8 
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radiation levels of 70 mrem/hr be met. 

2 

3 

4 

5 

6 

7 

8 2.9.2 Product Handling 

F. If the treated wasteform is porous or does not significantly reduce radon 

emanation, then the container must have a liner and liner seal (in addition 

t o  being water tight and airtight) to  stop emanation. This means that, at 

a minimum, a thin-metal liner (or equivalent) is installed with the grout 

wasteforms. Glass is assumed to  be essentially non-porous (can contain 

the radon) and, thus, does not warrant the need for a liner. 

9 A. 

10 

1 1  

12 B. 

13 

C. 

16 

17 

18 D. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Container handling is a primary consideration for the layout of the facility. The 

in-and-out f low of the containers is addressed, and space is allotted for shielding, 

maintenance, and housekeeping. 

Containers are moved by conveyor whenever possible to make the operations 

safer, more efficient, and t o  minimize operator exposure. 

Filled containers are handled remotely. Remotely operated conveyors and cranes 

are used for all routine handling of filled containers. Specialty equipment for 

container lid handling, placement, and fastening are supplied for remote operation 

t o  provide high reliability, recovery from failure, and operating efficiency. 

Filled shipping containers are stored in the interim staging facility before off-site 

shipment t o  the approved disposal facility. The lifting and placement of shipping 

containers are performed remotely. However, workforce contact with the filled 

shipping containers is necessary to  secure and prepare shipments in accordance 

with FEMP procedures before departure from the site. 

Note: The external surfaces of the shipping containers are anticipated t o  be 

essentially free of loose surface radioactivity. However, radiological 

surveys will be performed and documented before shipment in 

accordance with FEMP procedures and DOT regulations. 

E. The shipping container is grappled in the interim staging facility by a remotely 

operated bridge crane and placed in an inspection area. Once a container has 
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1 been certified, it is loaded onto a t ruck ,  secured, and prepared for off-site 

2 shipment. 

3 

4 

5 

Note: ' The generation and buildup of radon is not anticipated t o  be a concern 

in t h e  interim staging facility, since t h e  shipping containers are sealed 

before staging; therefore, t he  facility will not require special ventilation. 

6 

7 

8 

9 

1 0  

1 1  

1 2  

13 

14 

15 

1 6  

1 7  

1 8  

1 9  

2.10 Container Staging 

Facilities to s t age  the  containers of failed material and t o  reprocess the  failed materials are 

included in the  overall process/plant design and included in t h e  overall schedule. 

Filled containers are s taged a t  the FEMP before being transported t o  the  disposal site. 

Management of t he  containers includes inspection, handling, certifying, staging, and 

shipment. Containers are stored a t  the contractor's facilities for 45 calendar days after the 

contractor has  ( 1 )  packaged the  treated material in compliance with t h e  Container and 

Product Handling Requirements, Section 2.9, and (2) has verified that  t h e  treated material 

complies with t h e  Treated Silos I and 2 MaterialAcceptance Requirements, Section 2.5. For 

the  chemical stabilization technologies, it is assumed that  t h e  grout reaches minimum strength 

in six days and the  TCLP analysis is performed on the  grout samples on t h e  seventh day. For 

vitrification technologies, t h e  TCLP analysis can be performed immediately and the  containers 

can be staged af ter  they have cooled. The contractor is responsible for t he  containers until 

they are properly turned over t o  FDF for shipment (for a period not to exceed 45 days).  

0 

20 Phvsical Criteria 

21  Filled containers are stacked in the  interim storage area no more than t w o  high; 

22 stacking is not allowed if the  containers' lids are not bolted or firmly attached. 

23 For chemical stabilization technologies, the  containers are stored in a controlled 

24 environment for seven days (six days cure time plus 1 day t o  perform the  TCLP). 

25 Basis: The POP testing demonstrated that  t he  remediation technologies could 

26 achieve minimum compressive strength within six days,  see 

27 Section 3.1.3 for additional information. 

A. 

B. 

a 2-20 
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1 C. One month inventory of empty shipping and disposal containers are maintained 

2 

3 

t o  support continuous operations. 

4 2.1 1 Treated Silos 1 and 2 Material Shipping 

5 

6 

7 

8 

9 

10 

11 

12 

13  

A. Maximum payload of 42,000 Ib (including the containers and their contents) may 

be shipped per truck. 

An  absorbent mat is placed onto cured, chemically stabilized waste to  eliminate 

free standing water from forming within the stabilized waste containers. 

B. 

Basis: Based on documented U.S. Department of Energy (DOE) cement/grout 

failures, transportation (DOT) incidents, and disposal site rejects have 

occurred either because of free standing water separating from the 

grout for various reasons, or from water condensation in the container 

from water-saturated grout. Although the treated wasteform can 

contain in excess of 50 w t %  water, some proposed treatment recipes 

contain only 10  w t %  cement, which chemically treats less than 5 w t %  

(absolute) of the water. This leaves the remaining water loosely bound 

16 

' 17 

18  

19 

or in the pores of the grout. Temperature gradients, continual 

evaporation, and condensation of the loosely-bound water could result 

20 

21 

22  water. 

23 2.1 2 Disposal 

in sweating and puddling of water inside the container; or, continual 

vibration during shipment could result in separation of the loosely-bound 

24 This revised FS assumes that the treated Silos 1 and 2 material will be disposed at the NTS. 

25 Disposal costs for the cost estimate shall be those required for disposal at the NTS. The 

26 present schedule indicates that the On-Site Disposal Facility (OSDF) will be closed by the time 

27 the Silos 1 and 2 material is remediated. Therefore, all treated Silos 1 and 2 material, 
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1 

2 

3 

' 4  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

secondary wastes, and D&D materials shall be assumed to  be properly size reduced, 

containerized, and shipped t o  NTS for disposal. 

2.1 2.1 Treated Silos 1 and 2 Material Disposal 

See Section 2.9 - Containers and Product Handling Requirements, and Section 2.5 - Treated 

Silos 7 and 2 MaterialAcceptance Requirements, for details on the disposal requirements for 

the Silos 1 and 2 material. 

2.1 2.2 Secondary and D&D Wastes 

Requirements for secondary and D&D waste include: 

A. Solid waste is size-reduced, packaged in 4 ft. x 4 ft. x 7 ft. or 4 ft. x 2 ft. x 7 ft. 

(width X height x length) standard issue boxes. The gross weight limit is 9,000 Ib 

per box. 

B. The interior volume of waste packages is loaded as efficiently and compactly as 

practical in order to  minimize shipping and disposal costs. 

C. Scavenged disposal containers with contamination or debris are assumed to be 

disposed at the NTS. 

2.13 Secondary Waste 

Design of the remediation process minimizes the generation of secondary waste and allows 

waste recycling back into the remediation process, to  the extent practical. Secondary wastes 

include wastewater, solid waste, spent filters, air emissions/gaseous effluents, etc. Secondary 

waste generated by remediation alternatives is collected, treated, and dispositioned in accordance 

with the applicable or relevant and appropriate requirements (ARARs) and existing site 

procedures. Solid waste may be generated during construction, operation, and D&D of the 

facility. 
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?rials is an integral part of the project 

philosophy to  meet environmental "as low as reasonablely achievable" (AURA)  goals. For 

example, off-gas sludges from the wet electrostatic precipitator (WESP) are collected and recycled 

into the melter feed. Designs include facilities for characterization, staging, segregation, 

containment, and treatment (if necessary) before disposal. Designs shall also include tanks and 

tank systems appropriate for the management of material characterized under RCRA. Facilities 

to  accommodate survey and packaging of secondary waste for on-site or off-site disposal in 

containers appropriate for the materials' classifications would also be included. Treatment and 

disposal of secondary wastes shall be included in the alternative's cost estimate. Mixing or 

blending to  dilute characteristically hazardous waste to  render it non-hazardous is prohibited. 

2.1 3.1 Secondary Liquid Waste Treatment 

All water or liquid streams potentially contaminated with hazardous or radioactive constituents, 

whether particulate or dissolved, are collected and treated for safe release to  the environment. 

The handling of liquid effluent is considered in the design and cost estimates. If further 

consideration indicates that a hazardous constituent (e.g., lead) will exceed the limits (listed 

below), then treatment (e.g., ion exchange) must 'be included in the final 'design. Water (liquid) 

effluents are sent to  the present on-site Advanced Wastewater Treatment ( A M )  facility for 

final disposition. Water effluent is collected, sampled, and analyzed for Table 2.13-1 - Wastewater 

Discharge Limits, constituents before being released to  the AWVVT. The water effluent must 

meet, at a minimum, the following requirements prior t o  being discharged to  the AWWT:' 

10 gallons per minute (gpm) maximum flow rate (assuming .no other silos 

function is operating at this time, as 10 gpm is the limit for OU4 in its 

entirety); 

1,000 ppm total suspended solids; and 

Metals and radionuclides concentrations and quantities equal t o  or less than 

the discharge limits given in Table 2.13-1 - Wastewater Discharge Limits. 
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1 The FEMP AWWT has not established total dissolved solids (TDS) limits on the 10 gpm liquid 

2 

3 

4 the A M .  

5 

effluent discharged from the OU4 remediation facilities. TDS is not a concern because the 10 

gpm wastewater stream will be significantly diluted by the much larger wastewater streams at 

<END OF PAGE> 
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Discharge Limit . Discharge Limit 
(mg/L) (pCi/L) 

Radionuclides 

TABLE 2.13-1 
WASTEWATER DISCHARGE LIMITS'* 

Barium (Ba) 

Cadmium (Cd) 

100.0 Lead-21 0 

1.0 or 
0.01 2 kglday 

Polonium-21 0 

Arsenic (As) I 5.0 11 Actinium-227 I 10 

~ 

Chromium (Cr) 

Lead (Pb) 

Mercury (Hg) 

~~ 

5.0 Protactinium-23 1 10 

100 5.0 or 
0.06 kg/day 

Radium-226 

BDL" Radium-228 100 

Silver (Ag) 

Iron (Fe) 

Selenium (Se) I 1.0 11 Thorium-228 I 400 

300 5.0 or 
0.003 kg/day 

0.055 kg/day2' Thorium-232 50 

Thorium-230 

Uranium-234 

Uranium-235/236 

Uranium-238 

l 8  Limits are set by the FEMP AWWT facility wastewater acceptance criteria. These limits are valid for 
discharges up to 10 gpm. 

Below detectable limits (BDL). 

5 PPm 
total U 

'* Iron does not have a concentration limit. a 2-25 
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1 2.1 3.2 Secondary Solid Waste Treatment 

2 All solid streams, potentially contaminated with hazardous or radioactive constituents, are 

3 collected and treated for safe release to  the environment. Secondary solid waste is size reduced 

4 as follows: 

5 

6 

7 

8 

Metal - 7 ft long by 4 ft wide by 1.5 ft high maximum 

Concrete - 6 ft long by 4 ft wide by 1.5 ft high maximum 

Other Materials - 7 ft long by 4 ft wide by 1.5 ft high maximum 

9 2.1 3.3 Gaseous Effluents 

10 

1 1  

12 

Environmental limits are placed on air emissions of radioactive particulate and radon during 

storage and treatment of a source material. Process off-gas is generated only by the treatment 

processes for the vitrification alteinatives; but, radon and particulates are produced by all remedial 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

alternatives. Vitrification off-gas is controlled by a system specifically designed to  mitigate acid 

gases and particulate emissions using best available technology. Acid gases are controlled by 

scrubbers and NO, removal systems. Particulate is controlled by electrostatic precipitation and 

high efficiency particulate air (HEPA) filtration and prefilters downstream from off-gas control 

equipment. Iso-kinetic monitoring for particulate material and radioactivity in the off-gas is 

provided at the discharge stack. The stack design accommodates stack test monitoring 

equipment for sampling and analysis of the off-gas to  ensure environmental limits are not 

exceeded. 

All air or gas streams, potentially contaminated with hazardous or radioactive gases or air borne 

particulates, are collected and treated for safe release to the environment. However, those 

streams that are expected t o  contain radon must meet the special requirements of Section 2.14 - 
24 

25 

26 

27 

Radon Handling and Control. Equipment selection/design of the full-scale treatment facility include 

enclosed systems and other controls that preclude or limit the release of gaseous and particulate 

radionuclides, and other air contaminants to  the environment. Point source off-gas control 

systems used in remediation shall use best available technology (BAT). 
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1 

2 

3 

4 

5 

6 

7 

A. All process equipment and enclosures venting to  the RCS are as airtight as practical 

to reduce air inleakage, and thus, reduce the ventilation load going t o  the RCS. 

Ventilation air from indoor storage areas that does not contain significant radon is 

treated for particulate control using HEPA filtration and released through a separate 

non-process stack. All HEPA filtration systems are designed for dioctyl phthalate 

(DOP) testing, and differential pressure (DP) monitoring and alarms. 

B. 

8 2.14 Radon Handling and Control 

9 

10 

11  

12 

1 3  

There will be an existing control system for radon provided at the site at the time of remediation 

operations. The existing RCS will be built for the Accelerated Waste Retrieval (AWR) Project and 

be capable of handling 1,000 cubic feet per minute (ft3/min), with 500 ft3/min available for the 

full-scale treatment facility. The preconceptual full-scale design must include additional facilities 

for the treatment of radon-laden streams that exceed 500 ft3/min. (For cost estimating purposes 

over the 500 ft3/min, cost will be extrapolated from the present RCS design.) A 1 O-inch, 150-lb 

raised face flange interface at the AWR RCS facility is used for connection to  the RCS. 

16 

17  

18  

19 

20 

21 

22 

Radon in the off-gas is controlled by use of engineering process control features including carbon 

beds for adsorption of radon. Radon in ventilation air from process equipment, and areas that 

contain exposed Silos 1 and 2 material, is controlled in a similar manner by ventilation to  the 

RCS. Other significant point sources of radon such as open containers of chemically stabilized 

Silos 1 and 2 material are controlled with engineered ventilation hoods and treatment in the RCS. 

Radon control is monitored at the RCS point source discharge stack to  ensure that fence-line 

concentration limits are not exceeded. 

23 

24 facility designs: 

To minimize the need for radon control facilities, the following is observed in the process and 

25 

26 

A. Process equipment, rooms, cells, and structures that contain exposed Silos 1 

and 2 material are ventilated t o  the RCS. Also, air exposed t o  open containers of 
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grout (chemically stabilized Silos 1 and 2 material) are captured with engineered, 

ventilation hoods and sent t o  the RCS, or all air discharge/ventilation is sent t o  the 

RCS. 

B. Airlocks are used for the entry and exit points of cells. A "cell" is defined as an 
enclosed, air-controlled room housing process equipment or operations. 

Discharqe limits t o  RCS 

The process design for each technology ensures that the off-gasand/or ventilation air going 

to  the RCS has the following quality: 

90' F and 0.022 Ib water/lb,dry air, maximum; 

20 ppm (vol) SO,, maximum; 

15% (vol) CO,, maximum; 

20 ppm (vol) NO,, maximum; 

40 ppm organics, maximum; and 

Filtered or scrubbed for particulates. 

2.1 5 Facility Design 

The facility layout for each alternative minimizes space consumption anG impacts .J the site. 

The preconceptual design is functional in form and able to meet the requirements of the facility 

mission in the most prudent, cost effective, and sensible means. 

The layout for  the facility is governed by  a number of  specific issues and factors. It must 

be operable, maintainable, and protected from safety (health hazards) and radiological 

(radiological hazards) concerns. Provided within the concept, must be the application of 

ALARA principles and methods for exposure and contamination control. 

2-28 
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16 

17 
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19 

20 

21 

22 

23 

24 

25 

26 

Finally, each of the concepts is flexible and robust t o  allow for potential process and/or 

operational upsets and contingencies. 

2.15.1 Operability/Maintainability 

The facility layout and design for the full-scale treatment facility processes and packages the 

Silos 1 and 2 material in a safe and efficient manner. In doing so, the layout shows that the 

involved facilities are operable and maintainable. This includes a compact design that 

minimizes space consumption. Design flexibility is considered as each of the processes, 

systems, and structures are conceptually described by the-  POP contractors. Design 

modifications and alterations t o  many of the systems are expected in the actual design of the 

facility. 

The facility layout considers the requirements of the process and the FEMP as a whole to  

perform its mission. Operability is a qualitative assessment of those requirements. Like 

operability, maintainability requirements are considered in the facility design and layout. 

Maintainability is assessed by evaluating the complexity, reliability, and the repairability of 

associated equipment and systems. Repairability is influenced by factors such as: 

Available work space; 

Location of equipment; 

Controlled or uncontrolled areas; 

Method - replacement or repair; 

Number, type, and availability of maintenance personnel; 

Pre-maintenance preparation requirements; and 

And post maintenance clean-up. 

In developing the facility layout, consideration is given t o  practicality. Practicality refers to  

whether the equipment, layout, or design is "fit for its intended purpose." Does it perform its 

intended function efficiently and effectively? Do the layout and equipment perform efficiently 

2-29 
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' 4  
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9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

as required? The complexity of the design and equipment is a liability in the facility's layout 

because it can indirectly increase personnel exposure to  health hazards. Simplification is the 

key t o  reduce maintenance and operational requirements. Overall facility performance should 

benefit from the reduction in complex requirements. 

The facility layout provides space for equipment and for access t o  equipment and supporting 

systems. Aisles within work areas are wide enough not only to  facilitate operation and 

maintenance but t o  provide for equipment removal. The design of the facility weighs these 

requirements against safety and cost. Excessive additional space is also considered. Space 

requirements minimize and, at the same time, provide flexibility t o  perform operational and 

maintenance tasks safely and efficiently. 

Radiological or potentially contaminated areas are controlled and segregated from radiologically 

uncontrolled "clean" areas. Maintenance and Operations personnel have access t o  the 

equipment within the facility's radiological working areas. Areas t o  don and doff protective 

clothing as well as radiological survey equipment are provided. Additional access space is 

provided in controlled areas where maintenance personnel may be required t o  perform 

awkward tasks in bulky personal protective equipment (PPE) clothing. 

Facility systems are comfortable and natural for personnel to  operate, use, and maintain 

(human factors requirements). Deviations are allowable if ,compliance is not cost-effective or 

compromises safety, providing the deviations do not jeopardize the operability and 

maintainability of the system or facility. 

Exterior areas around the facility provide space for support services and general equipment. 

The production facility has the capability and means to  receive and store all chemicals, 

consumables, and materials necessary t o  operate and maintain the plant. Space is provided 

t o  decon, package, and store failed radioactive contaminated equipment before removal from 

the facility. This space is sufficient to  minimize adverse impact t o  facility operations. 
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3 

4 

5 

The facility is located t o  permit convenient tie-in into the existing infrastructure (i.e., roadways 

and utilities). Buildings and structures are located t o  minimize interference with existing 

underground and above ground utilities. The facility's location does not hinder the operation 

of other facilities co-located within the site boundaries, the ability t o  make mechanical 

alterations and refinements, or the final requirements for demolition of the facility. 

6 2.15.2 Piping 

7 

8 

9 

10 

Piping systems, components, and equipment exposed t o  freezing temperatures are insulated 

and heat traced where appropriate. Radioactive or hazardous materials conveyed by piping 

systems or held in vessels have secondary confinement. Leak monitoring is provided t o  detect 

leakage into the closed interstitial space. 

1 1  2.1 5.3 Mechanical Equipment 

Equipment is selected for practicality of design as referred t o  a "fit for purpose" selection or 

having a configuration that efficiently performs its intended function. Other factors considered 

include: reliability; maintainability; practicality; cost effectiveness; and use of a demonstrated 

technology that is readily supplied, and preferably, commercially available off the shelf. 

14 

15 

16 

17 

18 

19 

20  

21 

Modular and skid mounted equipment are used wherever practicable. Modularization of 

equipment systems can lead to  simplifying construction activities and have an overall cost 

benefit for the facility. Mechanical systems maximize the use of interchangeable equipment 

to  minimize spare parts inventories, operations, and maintenance training requirements. 

Redundant equipment is used within the facility t o  ensure reliability and t o  reduce worker 

exposure in controlled radiological areas. Similar types of equipment, which require operator 

22 monitoring, are located in close proximity t o  each other. Space is provided and identified for 

23 maintenance, preventative servicing, and/or repairing. Complex structures, systems, or 

24 components (SSCs), including electronic devices, or SSCs having a high probability of failure 

25 are located for easy access and maintenance. Complex operator interactive equipment, 

requiring operator interaction to  make constant interpretive judgements for operations, is 
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minimized. The structural design of the facility includes loads due t o  mechanical equipment 

imposed on the floor and on the superstructure. The facility design. includes the means to  

recover from postulated equipment failures and operator errors. 

2.16 HVAC 

2.16.1 General 

This section discusses the general design criteria for the treatment facility's heating, 

ventilation, and air conditioning (HVAC) systems. 

A. 

B. 

C. 

The HVAC systems for the remediation facilities are designed t o  maintain 

temperatures in the recommended range for the operation and optimum service 

life of plant equipment, and for comfort of workers in normally occupied areas. 

Electric resistance heating is used. 

0 The HVAC Air Supply Systems are sized and matched with the corresponding 

exhaust system. 

HVAC Systems are sized in accordance with the following criteria: 

1. 

2. 

Inside desian temDerature 

Cooling by Ventilation: 
Cooling by Refrigeration: 75 O F  

Heating (Electric): Minimum 55 O F  for equipment rooms and 
unoccupied areas. Minimum 65 O F  for corridors 
and operating areas. 

Outdoor air temperature + 10 O F  rise 

Humidity: No Controls. 

Outside desian temDerature for Zone 1, Zone 2 and Zone 3 

Summer-Maximum: 95 O F  

Winter-Minimum: -20°F 
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These criteria are also applicable for the analytical laboratory, warehouse, 

mechanical/electricaI building and staging areas. 

Areas within the remediation facilities are designated as Zone 1 ,  Zone 2, and D. 

Zone 3 according t o  air pressure and the number of air changes. The basis for the 

number of air changes is t o  provide comfort for plant personnel. 

Zone 1: Expected t o  be "clean" areas and are maintained at - 0.25 inch wg with 
a minimum of six air changes per hour. 

Zone 2: Expected. t o  be potentially contaminated areas and are maintained 
at -0.50 inch wg with a minimum of seven air changes per hour. 

Zone 3: Expected t o  be contaminated areas and are maintained at - 1 .O inch wg 
with a minimum of five air changes per hour. Plant personnel are 
expected t o  spend the least amount of t ime in Zone 3 (compared t o  
Zones 1 and 2). 

E. The process facility has three separate HVAC systems (except for Vitrification - 
Other, which has two).  One system is exclusively for Zone 3, one is for the 

curing room (in the chemical stabilization process) or cooling room (in the 

joule-heated vitrification'process) for Zone 2, and one is used for both the 

remainder of Zone 2 and all of Zone 1 .  

Vitrification - Other has only t w o  separate HVAC Systems: one 
dedicated t o  Zone 3 and the second for combined Zones 1 and 2. 

The air potentially contaminated with radon from specified areas in Zone 
3 are exhausted t o  the RCS for treatment. The maximum f low rate 
discharged t o  the RCS shall not t o  exceed the RCS design capacity. 

F. The following are the design criteria for sizing the HVAC equipment: 

Air handlers 

The heating and cooling requirements for the treatment facility are met by 

independent air handlers. The air handlers are t o  include a supply fan, inlet filters, 

and electric heating as applicable. Inlet filters are t o  include a pre-filter and a high 

2-33 

000079 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

efficiency filter. For the Vitrification - Joule-heated process, air conditioning is 

included with the air handler t o  cool the cooling room. 

The air handlers designated exclusively for Zone 3 and Zone 2 (curing room / 

cooling room) are designed for 100% capacity, with 100% backup. The air 

handlers designated for the combined Zones 1 and 2 are designed for 100% 

capacity and do not have back up systems. 

Exhaust fans 

The exhaust fans designated exclusively for Zone 3 and Zone 2 (curing room / 

cooling room) are designed for 100% capacity, with 100% backup. Combined 

Zones 1 and 2 have t w o  exhaust fans with 50% capacity, without any backup. 

Exhaust filters 

Exhaust filter units have a pre-filter and t w o  stage HEPA filters. The exhaust air 

discharged from all zones passes through a HEPA filtration system to  remove 

particulate from the air stream. After the exhaust air passes through the HEPA 

filters, it is discharged through a stack. Exiting air is isokinetically monitored for 

airborne radioactivity. 

The Exhaust Filter System for Zone 3 and exclusive Zone 2 (curing room / cooling 

room) has three filters with 50% capacity ( two are required for normal operation). 

Combined Zones 1 and 2 have two-filter systems with 50% capacity, without any 

backup. 

' 

Filter efficiency 

HEF - 90% efficiency on atmospheric dust 
Pie filter - 36% efficiency on 20 micron and larger 
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HEPA filter - 99.97 % efficiency on 0.3 micron particles 

Electric heatinq 

Electric heating is included with the air handlers dedicated for Zone 3 and Zone 2 

(curing room / cooling room) only. The combined Zones 1 and 2 area has 

individual electric heaters dedicated t o  each room. 

HVAC stacks 

Two  facility stacks are provided: one stack handles -the exhaust air discharged 

from areas expected t o  be contaminated areas (designated as Zone 3) and the 

other stack handles all other exhaust air from areas expected t o  be clean zones 

(designated as Zone 1)  and potentially contaminated areas (Zone 2). 

I 

13 

G. The lowest pressures are maintained in zones that have the greatest potential t o  

release radon gas. 

16 

17  H. Backup power are provided for all HVAC systems. Air conditioners and electric 

18 heaters do not have backup power. 

19 

20 

21 

22 

23 

24 

25 J. Design criteria for duct work construction: 

26 

I. Central heating/air-conditioning units are provided, as required, t o  maintain 

temperature controls as previously identified. Air conditioning is direct expansion 

refrigeration. Supplemental heating is provided by means of electric unit heaters 

in areas with minimal ventilation requirements. 
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Zone 3 

All exhaust duct work consists of galvanized steel construction, 16 ga 

minimum thickness, with welded construction. 

Supply fan isolation dampers and duct work inside Zone 3 areas consist 

of galvanized steel construction, 16 ga minimum thickness, with welded 

construction. 

Zone 1 and 2 

The same as above with flanged connections. 

2.1 6.2 Analytical laboratory 

The analytical laboratory has t w o  zones as follows: 

Zone 1 consists of the office area, which is clean without a filtered exhaust 

system. It has a standard wall-mounted heatingkooling unit typical of a 

modular building. . 

Zone 2 consists of the areas where hazardous materials are handled and is 

provided with a 2-stage HEPA filtered exhaust system with redundancy. It 

has an air handler to  heat and cool with 100% make up air without any 

recirculating. 

2.1 6.3 Warehouse 

The warehouse has a small office. The office has a standard wall-mounted heatingkooling 

unit. The other areas have electric heaters to  provide heat during cooler months. Ventilation 

is not provided. 

26 
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Heating and cooling functions are provided by electric heaters and ventilation, respectively. 

2.1 6.5 Staging Area 

The staging area includes a small office. The office has a standard wall-mounted 

heatingkooling unit. The area has a ventilation system; but, heat is not provided. . 

2.17 Support Systems 

2.1 7.1 Analytical Support Laboratory/Services 

The process facility uses an on-site dedicated laboratory staffed by site personnel t o  analyze 

process samples and provide for any additional requirements as space and equipment allow. 

The laboratory is composed of a trailer complex modified t o  provide the working space and 

conditions for the laboratory facility. 

The trailer HVAC and Drain Systems are designed t o  control the spread of contamination. 

There are t w o  separate HVAC Systems. One system is for the laboratory hoods. The other 

system is for environmental spaces. Two  separate drain systems, potentially radioactive and 

non-radioactive, are provided for the laboratory spaces. Individual catch tanks are provided 

for each system; they are located in a covered concrete vault adjacent t o  the trailer complex. 

The laboratory space is considered t o  be a Radiation Access Zone (RAZ) 4 because of the 

number of process and TCLP samples being handled on a daily basis within the laboratory and 

the resulting potential for radioactive contamination. The office space within the complex is 

considered t o  be uncontrolled access. The complex is divided into a non-radioactive area for 

office work space and a potentially-radioactive laboratory space. To check the spread of 

contamination, a survey/monitoring room is provided to  control entrance and egress of the 

laboratory space. 
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2.1 7.2 Mechanical/ElectricaI Building 

The Mechanical/ElectricaI Building provides space for the treatment facility's general utilities. 

The building is a pre-engineered metal building with a concrete floor. The structure has large 

roll-up doors t o  allow for access and possible replacement for all of the utility equipment. 

The building is divided into three sections: Maintenance Shop, Electrical Room and the Utility 

Equipment Room. The Maintenance Shop is designed for general servicing and repairing of 

mechanical equipment. The shop contains general equipment common t o  machine shops (i.e., 

drill press, lathe, etc.). It has a fenced-in area for a tool crib and a welding area equipped with 

a ventilation hood. The Floor and table space is provided for equipment disassembly. 

Maintenance Shop has a roll-up door to  allow forklift and truck access. A monorail near the 

entrance allows for off-loading of equipment or components from vehicles. The room has 

temperature activated fans to dissipate equipment generated heat loads. 

The Utility Electrical Room furnishes space for the facility's electrical requirements. Electrical 

power is routed from the site distribution power poles outside into the room. The equipment 

in the Electrical Room distributes the power t o  the facility. Space is provided within the room 

for the electrical switchgear, motor control center (MCC) cabinets, uninterruptable power 

supply (UPS) source, and other electrical equipment. The room is fire rated for t w o  hours and 

has a unit heater and a ventilation fan t o  provide environmental temperature control. 

The Utility Equipment Room contains the mechanical equipment, such as the air compressors, 

that provides utilities for the facility. It also contains the diesel generator for back-up power. 

The generator and support equipment are contained within a curbed area. An  overhead 

pipeway supports the distribution of the utilities. The room has heating units t o  provide for 

temperature control. 
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Mechanical/ElectricaI Building and surrounding area is an uncontrolled radiation access 

zone. It is expected that neither radioactive nor contaminated materials will be contained 

within this structure or the general area. 

2.17.3 Interim Container Staging 

The Interim Container Staging area provides for temporary staging of filled'containers until they 

can be released for shipment t o  the NTS. The containers in the area can be double stacked. 

The size of the facility varies upon the production capacity of the process; but, up to  45 days 

worth of production can be staged within the area. 

The staging area is enclosed in a field-erected, temporary structure. Within the structure is 

a modular, concrete shield wall approximately 2 ft-thick, with a remotely operated overhead 

crane. The structure has an engineered steel framework with a PVC coated polyester fabric 

stretched over it. A small shelter building is provided within the structure, but outside of the 

shielded area for the crane operator. It has a heater and AC unit for temperature control. For 

cement type stabilization, the prefabricated type structure is heated during freezing conditions 

t o  prevent freezing of the grout or hampering of the curing process. The ground adjacent t o  

the structure is sloped away from each side to  allow for the rain t o  runoff into the local 

controlled drainage system. 

A motorized roller conveyor moves filled containers' from the processing plant t o  the Interim 

Staging area. The container is lifted by an overhead bridge crane and moved into the interim 

storage. For shipment, a tractor-trailer enters the structure through a roll-up door. A container 

is removed from the storage area and moved t o  the load-out area. The bridge crane then 

places the container onto the trailer. 

The area inside the shielded portion of the Interim Container Staging Area is considered t o  be 

a RAZ 5. The area is a controlled area because of the high radiation exposure rate from the 

processed material stagged in the area. In keeping with ALARA principles, regular personnel 
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access is not allowed in the high radiation area. However, on an emergency basis, access can 

be made by a manned fork lift. The Loadout Area is considered to  be a RAZ 4 during container 

loading operations, and.a RAZ 1 otherwise. Personnel access into a Loadout Area is controlled 

4 during loading of containers onto trailers. 

5 2.17.4 Control Room Trailer 

6 

7 

The Control Room Trailer provides the space to  control and supervise the process functions 

and supporting activities. It contains all necessary equipment t o  perform those functions. 

8 

9 

10 

The control room is composed of a trailer duplex that borders the treatment facility. The space 

is divided into a shift supervisor's office, ready room, and control room. The duplex has it own 

dedicated HVAC system for heating and cooling. 

11 The Control Room Trailer is not in a radiological area. Access to  the trailer is not controlled 

1 2  except for movement through the control room t o  limit unwanted noise and distractions. 

13 2.1 7.5 Office Trailers 

14 

15 , 

16 

17 

18 High Nitrate Tank. 

Facility support personnel not directly associated with the day-to-day operation or maintenance 

of the facility are housed in existing on-site trailers (i.e., T-117, T-118). As needed, additional 

site trailers can be relocated and modified for office use. The trailers are located in and around 

T-117 and T-118. .Additional space may be made available adjacent t o  T-92 or north of the 

19 2.1 7.6 PPE Change Trailer 

20 

21 

22 

23 

A PPE Change Trailer is located adjacent to  the production facility. It services the radiological 

protection requirements of personnel entering the facility. The trailer is an on-site surplus 

trailer used for storage and donning of PPE. Facility personnel can suit-up in PPE clothing and 

enter the adjacent facility t o  perform their assigned tasks. Next to  the radiological working 
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areas of the facility, space is provided for temporary step-off pads and survey equipment so 

that Maintenance and Operations personnel can doff their PPE. 

3 2.1 7.7 Change Trailer 

4 

5 

6 

It is assumed that the existing trailer complex T-89, 90, 91, and 9 2  will be available for 

olothing change, showering, and access control. If necessary, t o  better control site access, 

the trailer complex could be relocated. 

7 2.17.8 Parking 

8 

9 

The existing parking lot East of the Haul Road can be used for facility workers to  park their 

personal vehicles. Personal vehicles will not be allowed within the facility or surrounding area. 

2.18 . Utilities ’ 

2.18.1 Electrical 

3 

4 

5 

6 

7 

8 

Each remediation option is supplied electrical power in a similar manner. Normal electrical 

power is supplied by the local utility company, Cincinnati Gas & Electric Company (Cinergy). 

Power at 13.2 kilovolt (kV) is supplied via the site distribution system to  a new oil-filled, pad- 

mounted transformer located adjacent t o  the treatment facility. A transformer steps down 

13,200 volts t o  480 volts. The rating of the transformer varies with each option; a 480-volt 

switchgear is supplied as needed by each option. 

9 Electrical design considers energy conservation, ease of maintainability, and “off the shelf“ 

10 equipment. 

11 

12  

13  

Space is provided within the facility for the MCC cabinet, UPS source, and other electrical 

equipment. The space is fire-rated for t w o  hours and has ventilation and heating units to  

provide for environmental temperature control. 
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Interior and exterior lighting meet or exceed the Illuminating Engineering Society (IES) and 

Institute of Electrical and Electronics Engineers (IEEE) recommendations for the type of work 

being performed within those areas. Grounding electrodes are used in  accordance with IEEE 

Standard 142-1 991 , Practice for Grounding for Industrial and Commercial Power Systems, 

(ANSMEEE 1991 1. 

2.1 8.2 Emergency Power 

Emergency power is supplied for critical items in order to  prevent a release of contamination 

or equipment failure. Typical loads t o  be considered are: breathing air, additional RCS needs, 

instrumentation and controls (including stack monitoring), agitators, cement mixing and pouring 

operations, melter room cooling, glass cooling, and facility HVAC. 

2.18.3 Communications 

The treatment facility complex is connected t o  a Public Announcement System (PA) for 

emergency messages. Local Area Network (LAN) Computer hookups are included in the 

control room. 

2.1 8.4 Water 

Site utility water services supplied t o  the facility and process are isolated from the potential 

of becoming contaminated. Back-flow prevention equipment and engineering methods and 

controls ensure that the water supply systems do not become contaminated. 

2.18.5 Steam 

No Requirements. 

2.1 8.6 Compressed Air 

Air compressors, dryers, and accumulator tanks are used t o  satisfy the requirements for plant 

operations and instrument systems. 
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2.1 8.7 Breathing Air Lines 

A breathing air line provides for performing hands-on maintenance activities in areas where 

radon exposure is a potential. The air intake is located far enough away to  provide a clean air 

supply during credible airborne release emergencies. 

2.1 8.8 Sanitary Sewer 

A sanitary line is not available. However, existing restroom trailers in the area will be 

relocated. See Section 2.17.7 - Change Trailer. 

2.18.9 Stormwater 

Protection of surface waters are ensured by segregation of contaminated from uncontaminated 

runoff, and by control of runoff from all areas of the project. Contaminated runoff is held for 

characterization and pre-treated (if necessary) before being released t o  the site AWWT facility. 

Restrictions on uncontrolled discharges t o  surface water bodies are met through engineering 

controls, and best management practices (BMPs). All storm drainage is designed in 

accordance with the Ohio Department of Transportation ( ODOT) Location and Design Manual, 

using a 25-yr, 24-hr storm event for Hamilton County for sizing drainage systems for 

potentially contaminated areas and structures. The existing drainage pattern in the vicinity of 

the plant is maintained, and area drainage uses existing features such as culverts and catch 

basins wherever possible. Clean runoff, including building roof drains and runoff from areas 

of fixed contamination, are discharged either into the stormwater collection basin, or routed 

t o  adjacent drainage systems. Areas used for processing of material are protected from 

precipitation and stormwater run on and run-off. Clean and contaminated runoff waters are 

not combined. 

Stormwater systems provide for drainage away from the facility, collection, and segregation 

of contaminated stormwater from uncontaminated. Paving, catch basins, curbs, and retention 

basins are used in conjunction with open drainage systems (e.g., culverts, ditches, and gutters) 

t o  provide for efficient and complete drainage around the work site. The existing drainage 
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pattern in the vicinity of the plant shall be maintained. Area drainage patterns shall make use 

of existing drainage systems such as culverts and catch basins whenever possible. 

2.18.10 Natural Gas 

Natural gas is presently available on-site, although not in the OU4 area, and will be available 

during operation of the remedial facility. 

2.19 Health and Safety 

Mission and property protection are included with the safety criterion because accidents are 

assumed to be a major interruption of the mission and could potentially be damaging or costly 

t o  the equipment. Failure t o  consider, within the design, health and safety threats t o  the 

public or site personnel foreshadows potential capital property loss and possible failure to  

complete the facility's mission. 

Standard industrial health and safety practices, regulations, and guidelines are followed. 

However, radiological protection is unique to  this type of project/process. Therefore, the 

safety concepts, requirements, and basis for design, as elaborated here, are addressed 

separately because of their potential to  be discriminating or key factors in determining layout 

requirements. 

2.1 9.1 Personal Protective Equipment 

Radiological or potentially-contaminated areas are controlled and segregated from "clean" 

areas. Maintenance and Operations personnel need access t o  the equipment within the 

facility's radiological working areas. The design includes provisions for the removal of PPE, 

disposal of contaminated materials, and personneVequipment monitoring before exiting the 

area. 

Additional access space is provided in controlled areas where maintenance personnel are 

required t o  perform awkward tasks in bulky PPE clothing. 
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1 2.19.2 Radiological Considerations 

2 Radiological requirements accentuate the complexity of operations and maintenance activities. 

3 

4 

5 

6 

All functions and activities are directed to  maintain worker exposure to ionizing radiation 

ALARA. The ALARA philosophy states that any exposures t o  ionizing radiation by general 

employees, the public, or the environment is t o  be minimized t o  the extent that social, 

technical, economic,, practical and public policy considerations allow. 

7 Remote handling and maintenance areas provide for appropriate decontamination equipment, 

8 

9 

10 

11 

14 

15 

.16 

17 

18 

19 

. 20 

21 

22 

safety showers, and eyewash stations to  accommodate contact maintenance requirements. 

The facility incorporates strategies to  avoid the spread of contamination and t o  simplify 

methods of operations and maintenance in radiologically controlled areas. Health Physics 

monitors are provided within the facility t o  ensure personnel safety. 

Project management shall be committed to  keeping exposure ALARA through engineering 

(design), management (administrative controls), and supervision (procedures). This principle 

is affected by six key elements that must be considered in the design: 

. 

Reduction of the time spent within radiological areas; 

Reduction of the source(s) of radioactivity; 

Increased distance from sources of radioactivity; 

Provision for containment of, and shielding from, sources of radioactivity; 

Minimized internal exposure through the use of confinement and ventilation; 

and 

Reduction of the labor requirements for operations. 
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The criteria for new facility design in regard to  reducing external exposures t o  ionizing radiation 

shall be in accordance with the requirements of 10  CFR 835, Occupational Radiation 

Protection §835.1002(b) Facility Design and Modifications. Specifically, personnel exposures 

shall not exceed a total effective dose equivalent (TEDE) of 1 rem/yr. Through the proper use 

of confinement and ventilation, the average internal exposure is not expected to  contribute 

greater than 200 mremlyr, or 20% of the TEDE limit. Therefore, the continuous occupancy 

design limit for external dose rate is established a t  0.4 mrem/hr. In addition, the design 

objective for any area of continuous occupancy (2,000 hr/yr) shall be t o  maintain exposure 

levels below an average of 0.5 mrem per hour and as far below this limit as reasonably 

achievable. 

Since the TEDE is the sum of the committed effective dose equivalent (CEDE) for internal 

exposures and the effective dose equivalent (EDE) for external exposures, the dose 

contribution resulting from potential airborne sources must be considered when developing a 

design control limit for external exposures. 

A value of $52,00O/manRem shall be used to  determine whether a function shall be completed 

"hands on" or engineered facilities installed in order t o  reduce radiation exposure. This means 

that engineered systems - e.g., remote handling, automation, extra shielding, etc. - shall be 

installed t o  reduce occupational radiation exposure if it can be done for $52,00O/manRem 

over the life of the project. 

2.1 9.3 Radiation Area Definitions 

Using the radiation modeling data, the proposed layout for remediation was evaluated t o  

establish preliminary RAZs. Access control was determined by delineating equipment and 

areas that must be segregated or isolated based on risks of external exposure. These areas 

were categorized with respect to  exposure rate and assigned a maximum occupancy factor 

based on limiting personnel external exposures t o  less than 800 mrem/yr. The assignment of 
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occupancy factors was based on detailed studies of the specific equipment design, a material 

balance study for the output of the system, and an ALARA analysis. 

3 Table 2.19-1 - RAZ Chart is an application of the ALARA philosophy. The chart 

4 administratively defines the radiological requirements within each zone and provides guidelines 

5 t o  operations and maintenance for maximum durations in those areas. 

6 A n  uncontrolled area does not require any occupancy restrictions or other personal protection 

7 requirements. Personnel can perform operations or maintenance tasks whenever required 

8 without radiological limitations. Individuals who enter only the uncontrolled area are not 

9 expected t o  receive a deep dose equivalent of more than 5 0  mrem/yr, or a CEDE of more than 

1 0  5 0  mrem/yr. 

' 11 A controlled area is any a,rea t o  which access is managed to  protect individuals from exposure 

t o  radiation and/or radioactive material. Individuals who enter only the controlled area without 

entering radiological areas are not expected to  receive a total effective dose equivalent (TEDE) 

of more than 100  mrem/yr from sources other than occupational exposure t o  radon or thoron 

and their progenies. Individuals who enter only the controlled area without entering 

radiological areas are not expected t o  receive a CEDE of more than 500  mrem/yr from 

exposure t o  radon or thoron and their progenies. 

cb 
1 4  

15 

16  

17 

18 

19 

20 

21 

A contamination area is an area where removable alpha.contamination levels are greater than 

20 disintegrations per minute per 100 square centimeters (20 dpm/lOO cm2) but less than or 

equal t o  2,000 dpm/100 cm2, or beta/gamma contamination levels are greater than 

1,000 dpm/100 cm2 but less than or equal t o  100,000 dpm/ l00  cm2. 
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RADIATION ACCESS 

ZONES 

1 

OCCUPANCY GUIDELINES 

TABLE 2.19-1 
RAZ CHART 

~ 

2 ’  8 hours per week 

~~ ~ ~~ 

Uncontrolled Areas 

3 

Radiation Area 

4 

- 

C 

0 
N 

T 

R 

0 

L 

L 

E 
D 

AREA 

3 hours per week 

Access requires a self 

reading pocket dosimeter 

(SRPD) and controls by a 

Radiological Work Permit 

Full-time 

5 

6 

1 I 40 hours per week 

No normal access. 

Additional engineering 

controls are required. 

R 

A 

D 

I 

0 

L 

0 

G 

I 

C 

A 

L 

AREA 

- 

- - 
H 

I 

G 
H 

R 

A 

D 

AREA 

- - 

~ ~- 

RADIATION LEVEL 

1.025 mrem/hr in habitable 

itructures, 0.050 mrem/hr all other 

ireas. 

1.050 mrem/hr < x 5 0.40 mrem/hr 

1.40 mrem/hr < x .s 2.0 mrem/hr 

LO mrem/hr < x s 5.0 mrem/hr 

5.0 mrem/hr <x s 1 0 0  mrem/hr 

100 mrem/hr s x < 1 RAD/hr 

1 RAD/hr 5 x <500 Rads in 1 hour 

hr) at 1 meter (m) from the source. 
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A high contamination area is an area where removable radioactive contamination levels are 

greater than 100 times the limits specified for a contamination area. High contamination areas 

are required t o  be posted with the words "Danger, High Contamination Area" and shall require, 

1 

3 

4 

5 

6 

1 

2 

at a minimum, Class A or Class B PPE for entry. For areas requiring routine access, sufficient 

engineering controls are used t o  preclude controlling the area as a high contamination area. 

In the case of system maintenance or any other activity resulting in a loss of containment, 

access t o  the area is restricted and it is posted as a high contamination area. 

A radiological area is an area, within a controlled area, that must be posted as a 

"Rad i a t i on A rea, " " H i g h Radiation A rea, " "Contamination A rea, " " H i g h Contamination Area, " 

or "Airborne Radioactivity Area" according to  5 10 CFR 835.603. RAZ 4 and RAZ 5 are 

radiological areas. 

RAZ 1 is any area accessible t o  individuals in which radiation levels could result in an individual 

receiving a deep dose equivalent exceeding 0.05 mrem/hr and up t o  0.4 mrem/hr at 

30 centimeters from the source or from any surface that the radiation penetrates. Individuals 

who enter only RAZ 1 areas are not expected t o  receive a TEDE of more than 1 rem/yr 

assuming an occupancy of 40 hr/week. For design efforts, RAZ 1 is designated for 

"continuous occupancy." 

RAZ 2 is any area accessible t o  individuals in which radiation levels are greater than RAZ 1 

criteria and could result in an individual receiving a deep dose equivalent of up to 2 mrem/hr 

at 30 centimeter (cm) from the source or from any surface that the radiation penetrates. 

Individuals who enter t o  perform routine duties (e.g., log keeping, sampling, inspections, etc.) 

are not expected to  receive a TEDE of more than 1 rem/yr, assuming an occupancy of 8 

hr/week. 

RAZ 3 is any area accessible t o  individuals in which radiation levels are greater than RAZ 2 

criteria and could result in an individual receiving a deep dose equivalent of up t o  5 mrem/hr 
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at 30 c m  from the source or from any surface that the radiation penetrates. Individuals who 

enter t o  perform routine duties (e.g., log keeping, sampling, inspections., etc.) are not expected 

t o  receive a TEDE of more than 1 remlyr, assuming an occupancy of 3 hrlweek. 

RAZ 4 is any area accessible t o  individuals in which radiation levels could result in an individual 

receiving a deep dose equivalent of more than 5 mremlhr at 30 cm from the source or from 

any surface that the radiation penetrates. These areas shall be posted with the words 

"Caution Radiation Area." Access requirements for RAZ 4 areas shall be delineated by a RWP. 

Individuals who enter t o  perform routine duties (e.g., log keeping,-sampling, inspections, etc.) 

shall be issued direct reading dosimetry, and an individual's dose shall be routinely monitored 

and maintained ALARA. 

RAZ 5 is a high radiation area, or any area accessible t o  individuals in which radiation levels 

could result in an individual receiving a deep dose equivalent of more than 100 mrem in 1 hr 

at 30 c m  from the source or from any surface that the radiation penetrates. These areas shall 

be posted with the words "Danger, High Radiation Area." During periods when access is 

required, positive control over each entry shall be maintained by RWP and continuous 

radiological control coverage. Direct reading dosimetry shall be required for entry, and worker 

dosage shall be maintained ALARA. For design purposes, routine access shall not be 

acceptable. 

RAZ 6 is a high radiation area in which radiation levels exist such that an individual could 

2 exceed a deep dose equivalent t o  the whole body of 1 Roentgen equivalent man (rem) in any 

3 hour at 30 c m  from the source or from any surface that the radiation penetrates. In addition 

4 

5 entry: 

t o  the requirements of RAZ 5 above, at least one of the following shall be used t o  control 

(1 ) A control device that  prevents entry t o  the area when high radiation levels exists 
or upon entry causes the radiation level to be reduced below the level defining a 
high radiation area. 
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A device that functions automatically t o  prevent use or operation of the radiation 
source or field while personnel are in the area. 

A control device that energizes a conspicuous visible or audible alarm signal so 
that the individual entering the high radiation area and the supervisor of the 
activity are made aware of the entry. 

A locked entryway. During periods when access t o  the area is required, positive 
control over each entry is maintained. 

Continuous direct or electronic ' surveillance that is capable of preventing 
unauthorized entry. 

A control device that shall automatically generate audible and visible alarm signals 
t o  alert personnel in the area before use or operation of the radiation source, and 
in sufficient time t o  permit evacuation of the area or activation of a secondary 
control device that shall prevent use or operation of the source. 

An airborne radioactivity area is any area where the measured concentration of airborne 

radioactivity, above natural background, exceeds or is likely t o  exceed 1 0 %  of the derived air 

concentration (DAC) values listed in Appendix A or Appendix C of 10 CFR 835. The airborne 

radionuclides of concern include Thorium-230, Radon-226, Radon-222 and its progeny. 

Participation in a personal air sampling (PAS) program and bioassay monitoring consisting of 

a routine urinalysis program is required. Radon and working level (WL) measurements are 

performed during operations; posting and controls shall be commensurate with the hazards as 

determined by these measurements. 

2.1 9.4 Surface Contamination Control 

The treatment facility shall incorporate features t o  prevent the buildup and spread of 

contamination. Surfaces from which material could be resuspended (e.g., scaffolding, open 

rafters, hanging light fixtures, cable runs, etc.) shall be kept to  a minimum. The design of the 

facility ventilation system is particularly important for controlling contamination and ensuring 

adequate diffusion of air so that resuspension is minimized. The surface finish of process 
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tanks and other similar equipment will be adequate t o  minimize the deposition of radioactive 

material, thus reducing the difficulties associated with future decontamination efforts. 

The Silos 1 and 2 material radionuclide inventory consists of naturally occurring alpha and 

beta-gamma emitting isotopes resulting from the uranium and thorium decay series. The 

primary (most limiting) radionuclides within Silos 1 and 2 material are Thorium-230 and 

Radium-226, both of which are alpha-emitters. The limits for fixed and/or removable 

contamination are found in Appendix D of 10  CFR 835. Where surface contamination by both 

alpha and beta gamma-emitting nuclides exists, the limits established for alpha and beta 

gamma-emitting nuclides shall apply independently. 

Due t o  the restrictive limits assigned t o  alpha emitters, operations and maintenance activities 

shall most likely be assigned t o  areas that shall be posted and controlled as contamination 

areas. These areas are designed and controlled to  keep contamination levels ALARA. The 

minimum requirements for working within a contamination area are: 

Appropriate PPE; 

Radiological controls established by a RWP; 

Radiolqgical Worker II training; and 

Personnel and material contamination monitoring upon exiting. 

2.1 9.5 Airborne Radioactivity Control 

The following criteria are used t o  design controls for limiting exposures t o  airborne radioactive 

materials: 

Areas with significant concentrations of airborne radioactive materials are 

provided with physical barriers t o  prevent the entry of persons not wearing 

respiratory protection. 
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HVAC systems are designed for 100% outside air, without recirculation. 

' Air sampling and monitoring are provided for the detection and 

measurements of airborne materials. 

The annual averaqe concentration of airborne radioactive materials at all 

locations routinely accessed by personnel are kept ALARA and do not result 

in a CEDE in excess of 100 mrem from sources other than radon or thoron 

and their progenies, or 5 0 0  mrem from radon or thoron and their progenies, 

in a year. 

The maximum allowable averaqe (chronic) airborne radon concentration in 

a normally occupied work area is 4 picoCuries per liter (pCi/L) with a 

maximum of 30 pCi/L instantaneous (acute) radon concentration. 
._ 

Releases from all silos activities (of which those described in  this text are 

only a part) do not add any more than 0.5 pCi/L radon concentrations to  the 

f ence-line. 

Basis: . The current limit is 3.0 pCi/L above background on an annual 

average. The latest proposed revised 10 CFR Part 834 limit (not 

identified as an ARAR) is 0.5 pCi/L above background annual 

average. This concentration 1.imit is being applied elsewhere (i.e., 

Silo 3, AWR, etc.). Radon emissions from Silos 1 and 2 

remediation must be limited such that they result in a contribution 

(annual average) of no more than 0.5 (pCi/L) t o  the fence-line 

concentrations. Excerpt from the waste pit remediation contract 
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reads: "Radon emission from the point sources shall meet a 

stack limit based on a maximum off-site impact of 0.5 pCi/L 

annual average." 

2.20 Environmental Considerations 

The design basis must ensure protection of human health and the environment during the 

remediation of the Silos 1 and 2 material. Protection of human health and the environment is 

a key criterion for the selected remedy of the Comprehensive Environmental Response, 

Compensation, and Liability Act  (CERCLA), as amended, and the NCP. Environmental 

requirements for the design and operation of the remediation project t o  ensure protection of 

off-site public and the environment are identified in the ARARs and t o  be considered (TBC) 

criteria. The ARARs and TBCs include various federal and state regulations under the Clean 

Air Act, Clean Water Act, RCRA, etc., as well as environmental requirements embodied in the 

various DOE Orders. These CERCLA threshold requirements will be identified in the Record 

of Decision (ROD), as amended, and are discussed for each alternative in this revised FS. 

Protection of human health and the environment is ensured by incorporation of the 

environmental regulatory requirements as engineering controls, or in the system design, using 

the principles of environmental ALARA. 

Environmental pathways t o  the off-site receptors for the remedial alternatives include 

discharges to  air, water, and through management of solid waste. Compliance is achieved 

primarily by isolating and removing the source term, or by altering or neutralizing the sources 

of environmental contamination. All air or gas streams, potentially contaminated with 

hazardous or radioactive gases or airborne particulates, are collected and treated before being 

released t o  the environment. In addition, during operations and D&D potentially contaminated 

water or liquid streams, and solid wastestreams are collected and treated before being released 

in order t o  protect human health and the environment. 
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2.20.1 Environmental ALARA in Design 

Environmental ALARA seeks primarily t o  prevent, and secondly t o  minimize, releases of 

contaminants t o  the environment. Prevention of release is achieved during design by 

containment for all sources. All tanks and lines with radon source material are totally 

enclosed, and vented to  the RCS using backup redundancy for key critical equipment. All 

particulate sources such as dry feed or additive bins are controlled by appropriate filtration. 

RCRA requirements for management of Silos 1 and 2 material, or wastestreams from 

processing Silos 1 and 2 material, dictate containment in tanks and appurtenant transfer lines. 

All tank systems containing source material with free liquids are designed with secondary 

containment and leak detection to  prevent spills or releases to  the environment. Secondary 

containment and leak detection systems include: tanks, containment systems, mixers, and 

melters associated with material thickening, slurry transfer and batching, recycle water, feed 

preparation, drying, and filtration. In addition, tanks for uncharacterized liquids from the 

off-gas system, wastewater, and solid waste systems would also fall under this design 

requirement. 

Minimization of releases is achieved by process design, which includes provisions for recycling 

of wastestreams as much as practicable. For example, water removed during dewatering in 

the feed preparation process is recycled into the Silos 1 and 2 material retrieval process, and 

filter solids are processed by reintroducing them with the silo feed material for treatment. 

Minimization of solid' waste also includes use of sea'led, painted, or otherwise easily 

decontaminated surfaces t o  facilitate D&D. 

2.20.2 Air Emission/Off-gas Control 

This information has been included in Section 2.1 3.3 - Gaseous Effluents. 

2.20.3 Liquid Waste Control 
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This information has been included with Section 2.13.1 - Secondary Liquid Waste Treatment 

for general wastewater management and Section 2.18.9 - Stormwater for criteria on surface 

wastewater management. 

2.21 Project Schedule 

A project schedule graphically depicts the plan for implementing the required activities for a 

given alternative t o  successfully complete a task. The schedule presents the logical 

relationships between activities, and indicates the anticipated duration and sequence of each 

operation, For this revised FS, the schedule for each alternative in Section 3 presents the 

activities required t o  complete the remediation of the Silos 1 and 2 material. Figure 2.21-1 

presents a generic baseline schedule of Silos 1 and 2 remediation activities, which serves as 

a template from which the four alternatives' schedules are derived in this FS. Many of the 

activities have been taken directly from the Silos Division Project technical baseline. However, 

each of the four alternatives' schedules discussed in the evaluations have been customized t o  

be technology-specific using durations provided by each contractor based upon the proposed 

process in the four POP Final Reports {40730-RP-0001, Appendix H). The following narrative 

provides a brief description of each activity in the project schedule. 

2.21.1 Proof of Principle Testing 

As stated previously, POP testing involved the pilot-scale testing of commercially available 

remediation technologies under four separate contracts. The testing involved the use of 

nonradioactive surrogates that simulated selected chemical and physical characteristics of the 

Silos 1 and 2 material. The results were published in final test reports (40730-RP-0001, 

Appendix HI. The POP testing provided technology-specific information on safety, 

implementability, reliability, cost, and schedule on a full-scale basis for treating the Silos 1 and 

2 material. The data has been integrated into the detailed analysis of the four alternatives in 

this section. The duration of this activity in Figure 2.21-1 reflects the actual contractual period 

of performance of the POP testing contracts. 
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2.21.2 Regulatory Documentation Process 
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Data from the POP testing supports the evaluation of alternatives in this revised FS, and will 

support subsequent development of the PP and ROD Amendment. The preparation, 

stakeholder review, agency review and approval of these documents constitute the "regulatory 

documentation process." The duration of this activity supports the EPA enforceable 

milestones established for the revised FS, PP, and ROD Amendment documents. Table 2.21-1 

summarizes the Silos 1 and 2 regulatory milestones as follows: 

TABLE 2.21-1 
SUMMARY OF SILOS 1 AND 2 REGULATORY MILESTONES 

. 

2.21.3 Procurement Process 

This activity summarizes the procurement activities necessary t o  prosecute a firm-fixed 

price/firm-fixed unit price, service contract for the remediation of the Silos 1 and 2 material. 

The procurement process begins with the development, review and approval of the technical 

requirements document (TRD) and the request for proposal (RFP). The TRD is a key 

component of the RFP. The TRD identifies the minimum requirements for the remediation 

contractor in the areas of project management, design and documentation. The procurement 

process also consists of proposal preparation, proposal evaluation, a best and final offer cycle, 

consent package preparation review, and approval cycles. The duration of all these activities 

is based upon recent OU4 (Silos Project) procurement actions involving a similar procurement 

process for the placement of service contracts for the Silo 3 Project and the AWR Project. The 

procurement process is expected t o  start immediately following the completion of the 

regulatory documentation process. 

2-57 



Silos 1 and 2 Design Basis and Descriptions 

1 

2 

. 3  

4 

1 

2 

. 3  

4 

5 

6 

e 40730-RP-0003 

2.21.4 Design and Documentation 

Due t o  radiological issues and DOE concerns, this project requires readiness reviews in 

accordance with DOE Order 425.1 and the FDF Pre-Operational Assessment Program. To 

comply with readiness requirements for this project, comprehensive documentation, 

evaluations, planning, and training are required. 

In accordance with the Silos 1 and 2 remediation contract, the succeSsful contractor is 

required t o  develop, obtain the appropriate reviews and/or approvals, issue, and implement 

documents in accordance with the project submittal register. The documentation is then 

appropriately reviewed and approved by DOE, EPA, and the Ohio Environmental Protection 

Agency (OEPA); and, inspected by stakeholders. This activity consists of specified review 

cycles for regulatory submittals in accordance with the Amended Consent Agreement. 

<END OF PAGE > 
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Figure 2.21 -2 presents a block f low diagram presenting various documentation and information 

required t o  be developed and submitted to  support the execution of the remediation of the 

Silos 1 and 2 material. The block f low diagram depicts the logical relationship of the 

documents relative t o  their support of the project activities. The block f low diagram 

distinguishes between documents that would be the responsibility of the contractor and 

documents that would be the responsibility of the contracting organization. The information 

presented in the block f low diagram has been factored into the remediation schedule and 

serves as a basis for estimates of costs associated with contract documentation development, 

project management, and administrative support (40730-RP-0001, Appendix C). 

2.21.5 Construction and Construction Acceptance Testing 

This activity involves the construction of the remedial facilities necessary for the remediation 

of the Silos 1 and 2 material and the staging of the packaged treated material before shipment 

t o  the NTS for disposal. This activity assumes that the infrastructure project (e.g., roads, 

utilities) is complete in the Silos 1 and 2 area and the Silos 1 and 2 material has been retrieved 

and stored in the AWR TTA. This activity includes the testing of the facilities and equipment 

t o  verify that utilities have been properly connected, installations have been done according 

t o  design, and that equipment purchases under the construction contract meet specification. 

<END OF PAGE> 
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1 2.21.6 Sys tems Operability Testing 

2 

3 

Systems Operability Testing (SOT) would be conducted t o  ensure that  t h e  following activities 

are completed a s  minimum requirements: 

4 

5 

A. Performance of integrated sys tems in meeting design and performance 

requirements; 

6 B. Optimum operating performance of the  integrated systems; and 

7 

8 

C. Identification and implementation of corrective actions for any problems that  may 

adversely affect operational reliability of the  system. 

9 Systems passing SOT would be reviewed for readiness in accordance with the  operational 

1 0  readiness review (ORR) program. 

2.21.7 Operational Readiness Review 

The primary management tool used by DOE t o  determine a contractor's readiness t o  operate 1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

a facility is t h e  preoperational assessment  process outlined in DOE Order 425 .1  . Based upon 

the  anticipated inventory of Silos 1 and 2 material being processed under static conditions and 

the  hazards associated with the  process, t he  criteria of an  ORR, in accordance with DOE Order 

. 425.1 ,  will need to be met. It is assumed that  the  following remedial activities, a t  a minimum, 

will be reviewed under an  ORR, and subsequent start-up.approva1 from DOE required before 

1 8  the  contractor and FDF can begin remediation operations: 

1 9  

20 B. Operation of t he  treatment facility and support systems; 

A. Retrieval and transfer of the Silos 1 and 2 material from the AWR TTA; 

21  

22 

C. 

D. 

Sampling and analysis systems and process; 

Loading of treated material into containers and interim staging of containers; 
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E. Transportation of the treated material t o  the NTS; and 

F. Safe shutdown of facilities. 

2.21.8 Proof of Process Testing 

Upon completion of the SOT and ORR process, the contractor would be given approval to 

operate i ts  facility with a non-radioactive surrogate that simulates Silos 1 and 2 material. 

Proof of Process Testing would encompass testing of the contractor's optimized formulation 

determined on a full-scale basis. The purpose of this activity would be t o  confirm and 

establish full-scale operability and operation parameters. It is likely that process adjustments 

would be necessary (e.g., waste loading, throughput rate) due t o  inherent operational 

differences associated with scaleup and working with the Silos 1 and 2 material. 

2.21.9 Remediation Operations 

Once the full-scale operational envelope has been established, the remediation operations 

would continue until all of the Silos 1 and.2 material, secondary wastes, and off-specification 

treated material has been reprocessed. Before remediation operations are considered 

complete, all treated material and secondary wastes would be verified t o  meet NTS WAC for 

disposal. 

2.21.10 Safe Shutdown and D&D of Facilities 

A t  the completion of femediation of the Silos 1 and 2 material and secondary wastes, the 

contractor would be required t o  remove gross quantities of hold-up material from existing 

equipment pipes and sumps, perform gross decontamination t o  prepare for dismantlement, and 

isolate utilities t o  i ts remedial facilities. The facilities would then be turned over to  the DOE 

contractor for dismantlement and proper disposal of remaining facilities. 
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3.0 POP GENERATED CRITERIA 

As summarized in 40730-RP-0001, Appendix H, the POP testing provided technology-specific 

information on the performance, safety, reliability, implementability, cost, and schedule for the 

full-scale remediation of the Silos 1 and 2 material. This information was used in the 

development of the preconceptual process designs for the four alternatives. The detailed 

evaluation and comparative analysis of alternatives in Sections 3 and 4 of the Revised 

Feasibility Study, and Section 3 of this document provide a discussion of the pertinent POP 

information that was used as design criteria. In some cases, basic engineering judgement or 

best management practices (BMP) determined that contractor-supplied information was either 

not technically supported or inappropriate for use in this revised FS design basis. Where such 

instances occur, proper justification is provided. 

Waste Loading Criteria 

Waste loading is a method t o  express how much treated material will be made from the Silos 1 

15  and 2 material on a per unit weight basis. The Silos 1 and 2 material is considered to  be dry 

1 6  

17 

1 8  equation is: 

t o  eliminate any confusion of how much moisture might be in the wastestream. The waste 

loading equation (Equation 1) was presented earlier. In simple terms the waste loading 

1 9  

20 

Waste loading (wl) = Dry weiqht of Silos 1 and 2 material w/ BentoGrout" x 100 wt% 

Weight of  treated Silos 1 and 2 material w/ BentoGrout" 

21 (Equation 1) 

22 Dry weight is defined as the resulting weight of the Silos 1 and 2 material dried at 

23 105°C. 
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Table 3.1-1 summarizes the waste loadings achieved during the POP demonstrations and the 

waste loadings used in the revised FS design. 

TABLE 3.1-1 
WASTE LOADING BY TECHNOLOGY 

Technoloqv POP Demonstration, wt% FS Desien, w t %  

Vitrification - Joule-heated 92.9 90 

Vitrification - Other 87 87 

Chemical Stabilization - Cement-based 40 30 

Chemical Stabilization - Other 18.6 24 

The following is the basis for the waste loadings used in the revised FS for each treatment 

technology. 

3.1 .l Vitrification - Joule-heated . 

If all the compounds in the surrogate were bound in the glass matrix, the calculated waste 

loading of the glass would be approximately 83.9 wt%.  However, some of the compounds 

in the surrogate thermally break down into gases or volatilize and leave via the off-gas system. 

Silica is the main constituent in the Silos 1 and 2 material and is not volatile. Based on glass 

chemistry, it is known that essentially all of the silica will enter the glass matrix. Also, since 

silica is not used as an additive, comparing silica concentrations in the slurry and glass gives 

a good indication of waste loading. The surrogate solids contained 62.63 w t %  silica and the 

demonstration glass contained 58.2 w t %  silica. Using Equation 1, this equates t o  a waste 

loading of 92.9 wt% (58.2/62.63 x 100 w t %  = 92.9 wt%).  The POP demonstration showed 
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that less than 0.5 w t %  of the solids went to  the off-gas system that is recycled during a 

full-scale facility. 

Laboratory results showed that  the operating envelope, at which the glass does not exceed 

RCRA TCLP limits, is rather large. Therefore, 90  w t %  waste loading will be used for this 

technology. 

3.1.2 Vitrification - Other 

Silica is also used to  determine the waste loading for this alternative. The surrogate solids 

contained 62.63 w t %  silica and the POP demonstration glass contained an average of 54.02 

t o  54.82 wt% silica. Based on Equation 1, this equates to  a waste loading of 87  wt%.  

However, all the lead (Pb) did not go into the glass. An average of 4.6 grams of lead oxide 

(PbO) per 100  grams of glass made went to  the off-gas that will be returned t o  the glass. 

Also, the glass contains an average of 4.7 grams of alumina per 100 grams of glass resulting 

from refractory erosion. The full-scale facility will use a chemically different refractory that 

will resist erosion and less refractory will enter the glass2'. Factoring the recycling of the lead 

into Equation 1 will decrease the waste loading approximately as much as eliminating the 

alumina from the glass. 

Laboratory results showed that the operating envelope, a t  which the glass does not exceed 

RCRA TCLP limits, is rather large. Also, good glass was produced even with variability in the 

feed composition from poor mixing in the mix tank during the POP demonstration. Therefore, 

87  w t %  waste loading is being used for this technology. 

21 

22 

*' The  full-scale remediation contractor will utiljze an optimized refractory material which will b e  compatible 
wi th  the  glass chemistry. This would minimize the erosion of the  refractory and any negative effects upon 
t h e  waste  loading, as was observed during the POP testing. 
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3.1.3 Chemical Stabilization - Cement-based 0 40730-RP-0003 

Approximately 12,900 Ib of cement were made during the POP demonstration and 40 w t %  

waste loading was reported. However, approximately 200 Ib of material were lost into the 

process and 180 Ib of solids (some dissolved) remained in the filter press decant. Some of 

these materials (assume 200 Ib) would be recycled back into the product during operation of 

a full-scale facility. These factors reduce the waste loading t o  approximafely 38 wt%.  

Other factors noticed during the POP demonstration that could adversely affect waste loading 

and need consideration when designing the full-scale facility are: 

A. The treated Droduct was observed t o  be nonflowing. The general consensus of 

those that witnessed the POP demonstration (FDF, DOE, and the OEPA) was that 

the final product was too stiff and non-flowing at the mixer discharge chute. 

Shovels and hoes were manually used t o  remove and guide the final product from 

the mixer discharge chute t o  the drums. The drums had t o  be bounced and 

rapped against the floor with the fork lift t o  force the final product t o  settle in the 

drums. A flowable grout would lend itself better t o  processing, remote operation, 

contamination control, and radon control. Modifying the treatment formula by 

adding extra water increases the treated product's flowability, but lowers the 

waste loading. Also, more cement may then need t o  be added to  ensure the 

treated wasteform sets, which also lowers the waste loading. 

B. The treated wasteform took a lonq time t o  cure and harden. A t  6 to  8 days, the 

final product was observed t o  be wet and pliable like a potter's clay with 

unconfined compressive strength (UCS) measured between 5 and 16 psi. A 

minimum of 50 psi was set in the design basis. A t  14 days, 5 of 11 batches had 

strengths ranging between 9 and 49 psi UCS. All batches were above 50 psi a t  

28 days with the lowest being at 63 psi. Long cure/set times require large 

environmentally controlled staging facilities until the final product cures. A cure 

time of no more than 6 days is desired to  minimize the size of the internal, 
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envir mentally controlled staging facilities t o  7 days storage, which includes 

1 day t o  run the TCLP. A product is considered cured when it is no longer damp 

and has UCS strength of at least 50 psi. 

Decreasing the cure time or set requires modifying the treatment formula by 

adding more cement. However, more water is also needed t o  make the grout 

mixable and flowable. Both of these additions decrease waste loading. 

C. Unbound water. Because of the lower cement content, little of the water is 

bound in the mix formulations. For example, a two-inch cured cube, weighing 

200 grams, lost 66 grams of moisture in a week when exposed t o  room air. This 

loss of moisture produces a porous and friable wasteform. The loss of weight 

indicates that the final product's matrix is porous, which can provide more 

channels for radon release. The impact of the drying on the TCLP and 

compressive strength is not known. Some of the unbound water may separate 

from the grout matrix during extended staging or transportation due to  

temperature changes or movement. 

Extra cement (or other absorbents) may be necessary t o  contain excess water and 

make the grout less friable. This addition decreases the waste loading. 

D. Process control is sensitive. Lead is. the main RCRA constituent of concern. 

Successful treatment requires a TCLP leach value for lead of less than 5 ppm. 

Chemical stabilization POP laboratory results indicate that controlling the 

leachability of the RCRA metals to TCLP limits, especially lead, is not as 

straightforward as originally envisioned. This is attributed t o  lead's amphoteric 

nature, that is, it is soluble under both basic and acidic conditions; it is least 

soluble with a pH around 9.5. Plotting the TCLP results for the various laboratory 

tested cement mixes against the final pH of the TCLP extraction fluid generally 
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shows this amphoteric character2'. 0 40730-FtP:0003 

Only one of the 12 bench-scale demonstration surrogate (DS), cement 

formulations passed the USC and remained within RCRA TCLP requirements. The 

formulations contained different blends of cement, hydrated lime, calcium sulfate 

(Plaster of Paris or gypsum), ferrous sulfate, and phosphate t o  treat the DS. The 

first t w o  compounds have a great impact on the final TCLP pH, and adding too 

little or too much can cause the RCRA TCLP limit for lead t o  be exceeded. This 

occurred in spite of phosphate addition. The formulations tested generally 

contained about 2 w t %  TSP, although some samples had little or no phosphate. 

A comparison of the laboratory results showed that additional phosphate had little 

affect or no reduction of lead leaching characteristics. Buffering capability, pH 

and set (see later discussion) appeared t o  be the dominant controlling factors. 

Calculations showed that known variability in the Silos 1 and 2 material frequently 

put the grout mix outside the operating envelope. Thus, the 40 wt% formulation 

is considered t o  have a narrow operating window; that is, it lacks robustness. 

More material (additives), needs t o  be added to  the mix t o  give it a wider operating 

window. One approach may be "tuning" the mixz3 t o  the TCLP Extraction Fluid 

No. 2, which will require more cement (or alkaline like calcium hydroxide). 

Another approach may be to  use less calcium hydroxide and more cement and the 

addition of f ly ash as used by the Chemical Stabilization - Other technology. The 

22 Lead generally shows this nature. The solubility curves take on different shapes and shift wi th respect t o  
specific lead compounds and the environment in which the compounds are located. Consequently, the 
chemistry of Silos 1 and 2 material can be complex and its-interaction wi th lead and grouts can present 
anomalies and unexplained results and trends. Some of this is evident in the POP test results and gives 
merit t o  sampling and pretesting feed batches before the grout is made. 

23 

The TCLP analysis process uses two  different extraction fluids - Extraction Fluid No. 1 is sodium acetate at 
a pH of 4.93 and Extraction Fluid No. 2 is an .acetic acid at pH 2.88. The pH and acid neutralization ability 
of the waste determines which extraction fluid is used. The DS demonstration formulation was "tuned" t o  
Extraction Fluid #1 and had an operating window of approximately 1 wt%. In other words, adding 6 w t %  
cement instead of 5 w t %  cement to  the DS surrogate was enough to  shift the pH to failure. Variability in the 
Silos 1 and 2 material can also change the pH and exceed the 1 w t %  variance. For example, calcium carbonate 
(known to vary up t o  16 w t %  in Silo 2) can neutral!ze the TCLP.acid and change th-e final TCLP pH. This 
increases process control sensitivity. The stronger acid concentration in Extraction Fluid No. 2 helps decrease 
sensitivity via overshadowing some of the pH and buffering variability in the Silos 1 and 2 material. 
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Cure time (degree of "set" or firmness of a sample) appears to  have a significant 

bearing on the TCLP results. POP results show that partially cured samples 

required the Extraction Fluid No. 2 t o  perform the TCLP and cured samples 

required Extraction Fluid No. 1. Therefore, running the TCLP samples early can 

give erroneous results. The extra cement used in making the grout faster-setting 

probably forces "tuning" the grout to  Extraction Fluid No. 2. A DS cement mix 

(1 174-52-01 ) with a waste loading of approximately 33 w t %  cured to  53.8 psi 

in seven days and used Extraction Fluid No. 2, but it was non-flowable and had 

a high TCLP. This would require extra water for thinning the formulation and 

extra cement, calcium hydroxide, fly ash, etc. t o  "tune" the formulation. Upon 

consideration of all the aforementioned chemistry issues, a final waste loading of 

30 w t %  is used for this technology. 
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The mass balance around the POP demonstration shows that decanted slurry contained 3,808 Ib of solids with 
9,175 Ib water from the surrogate slurry plus an additional 591 Ib of water used to  move the slurry. Then 
6,922 Ib of additives were used t o  make 20,496 Ib of grout held in 22.4 drums with an 18.6 w t %  waste 
loading. Unfortunately, the decant also had t o  be made into grout. The decant contained 874  Ib of solids 
contained in 2,407 Ib of water from the surrogate slurry plus an additional 21 6 Ib water used for moving the 
slurry. This made 5,280 Ib of grout in 6 drums of grout wi th a waste loading of 16.6 wt%. The POP 
demonstration actually performed at a waste loading of 18.2 w t %  if the treatment of the decant were included 
in the overall waste loading calculation; Le., 1874 + 3,808)/120,496 + 5,280) x 100 w t %  = 18.2 wt%. 
Three hundred and six Ib of untreated surrogate.material was held-up in the feed tank that was not treated. 
This was not used in the calculations since it is assumed accumulated, and as such, would become 
insignificant in a full-scale facility. ' 

3.1.4 Chemical Stabilization - Other 

Both chemical stabilization technologies use similar formulations. Their main difference is that 

the Chemical Stabilization - Other technology uses more cement and water to  make a more 

flowable formulation for in-container mixing. This formulation uses a significant amount of 

cement and fly ash, which indicates that Extraction Fluid No. 2 was used in the TCLP test. 

This "tuning" to  the TCLP Extraction Fluid No. 2 gives it more latitude in its operating window. 

The chosen DS recipe was formulated and tested at 24-25 w t %  waste loading using a slurry 

decanted to 37 wt%.  However, decanting was more challenging than planned during the POP 

demonstration and only 18.6 w t %  waste loading was achievedz4. The solids did not settle in 
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the slurry as well as they did during the laboratory and bench-scale tests. This was probably 

due t o  the numerous days of agitation of the surrogate slurry in the mix tank resulting in the 

erosion of the solids t o  fine particulate that .did not settle easily. Long mix times are not 

expected in the full-scale facility and the actual Silos 1 and 2 material solids are expected t o  

settle more easily than some constituents in the surrogate. 
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During the demonstration, the grout was mixable and appeared flowable; but, it became hard 

overnight. The addition of a 5.4 w t %  Silos 1 and 2 material t o  obtain 24 w t %  waste loading 

means that the solids content of the mix will be increased 5.4 w t %  and the water content of 

the mix will be decreased by 5.4 w t%.  Both actions will increase the thickness of the grout. 

The mixing of a thicker 24 w t %  grout was not demonstrated and is a concern since the 

planned full-scale container is 15 times larger than demonstrated. However, it is assumed that 

the mechanics of mixing the higher concentrations of solids can be resolved i f  necessary (i.e., 

install a higher torque motor and/or more substantial mixer paddle). Cost estimates and the 

facility design are based on a waste loading of 24 w t %  for this te~hno logy . ’~  

On-going settling tests being performed with actual Silos 1 and 2 material indicate that the 

Silos 1 and 2 material react with the BentoGrout” (or vice versa) and hinders or prevents the 

settling of the fines in the Silos 1 and 2 material. The percentage may be significant26. This 

implies that fines will be recycled back t o  the TTA with the decanted operation becoming more 

difficult as the operation continues. Also, the grout waste loading may also be affected and 

decrease with time. 

2 1  

22 

To estimate the disposal quantities at the demonstrated18.6 wt%waste loading, multiply the 24 wt% 
quantities by 1.29. Also, it is estimated that a fourth production line would be necessary to meet the 
schedule. 

’‘ FDF Report 40700-RP-0007, K-65 Settling Test Results, Revision 0,  November 1999, showed that 
significant portions (up to 50 wt%) of the Silos 1 and 2 material do not settle in 4 wt% BentoGrout” 
solution and remain in the decant. This will be factored into the future design efforts of the selected 
technology. 
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Characterization of the feed materials is critical for both vitrification and chemical stabilization 

technologies. The desired constituents that need characterization are different and discussed 

below. However, the determination of moisture content (or perdent solids) is critical for both 

technologies and needs to  be accurately determined. These determinations are necessary t o  

determine the amount of additives needed. Also, the accurate measurement and delivery of 

additives t o  the process is critical t o  both technologies. 

3.2.1 Vitrification Technologies 

The major constituents that need to  be measured for the vitrification process are silica and 

calcium (only for Silo 2). Argonne National Laboratory (ANL) analyzed samples of Silos 1 and 

2 material and gave a high reading of calcium, this may require adjustment of the glass 

formula. Analysis for sulfate may be important in determining the production rate (i.e., a high 

sulfate concentration would require that the joule-heated melter run at a slower production rate 

t o  give time for the decomposition of the sulfates, which is the rate limiting step (or 

bottleneck) of the vitrification process. The POP testing demonstrated 0.8 metric 

1 6  ton/day-meter’ production rate based on the DS, which contained similar sulfate 

1 7  concentrations found in the Silos 1 and 2 material. Therefore, it is assumed that the desired 

1 8  production rate of any single joule-heated melter can be achieved without the formation of 

19 sulfates being an issue, if the melter’s size is properly adjusted based upon the 0.8 metric 

20 ton/day meter’ factor. 

21 3.2.2 Chemical Stabilization Technologies 

22 

23 

Good characterization and process control of the batch makeup is essential in making 

’cement-based grouts that do not exceed RCRA TCLP limits and cure properly. 

24 

25 

A. A good test consists of: (1) blending Silos 1 and 2 material, cement, additives, 

and TCLP acid (in prescribed ratios) and then (2) determining the pH of the mix 
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before mixing the batches. This gives an indication of what the pH should be 

when the actual TCLP test is performed. If the pH is significantly different than 

9.5 pH, adjustments should be made in the ratios to  prevent probable exceeding 

the RCRA TCLP limits due to  high lead leachability. Also, if the pretest contains 

lead in the leachate, adjustments should be made t o  reduce the leachate. 

Basis: POP results and studies done at other sites. 

Section 3.3 - Robustness for details. 

See Attachment 2 and 

The official TCLP analysis can be performed on cured samples of the treated 

Silos 1 and 2 material. 

Basis: See Attachment 2 for details. 

Known weights of materials going into the batch are very important to  

determining the correct mix and need t o  be measured accurately. 

Basis: POP results. See Attachment 2 and Section 3.3 - Robustness for details. 

Robustness 

Robustness is defined as the ease of treatment process to  handle variability in the slurry. The 

range of robustness is defined as follows: 

Extremely Good Robustness One treatment recipe (formulation) treats all the 

Silos 1 and 2 material without need for characterization of the slurry delivered t o  

the process. Slurry characterization is performed as a quality function. 

Verv Good Robustness Adjustments in the water or solids content of the slurry 

feed t o  accommodate a treatment recipe. No other characterization of slurry is 

required. Slurry characterization is performed as a quality function. 

Good Robustness The slurry needs t o  be characterized t o  ensure that  the recipe 

is adequate. Infrequent modifications t o  the recipe are expected t o  produce a 

good result. 
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Marqinal Robustness The slurry needs t o  be characterized t o  ensure that the 

recipe is adequate. Some modifications t o  the recipe are expected t o  produce a 

good result. Additives need accurate measurement. 

Poor Robustness The slurry needs t o  be characterized. The recipe needs t o  be 

adjusted according the slurry analysis. Additives need accurate measurement. 

Sensitive Robustness Even with good analysis of the slurry and accurate 

measurement of the additives, some failures of the treated product are expected. 

Quantifying the robustness of a technology is best accomplished by subjecting a known 

treatment recipe t o  variable waste feed (slurry feed) t o  see how well the recipe performs. 

Also, the ability t o  measure variations in the slurry and t o  make the appropriate adjustments 

needs t o  be ascertained. 

Limited information is available t o  make a definitive statement for all of the technologies. 

However, some information is available from the POP results and previous work done with 

vitrification and chemical stabilization using surrogates and actual Silos 1 and 2 material. 

The POP demonstrations were performed with a well-defined surrogate and with only one 

treatment recipe. Therefore, variability in the product results (i.e., TCLP) is an indication of 

robustness sensitivity. Further, good product (i.e., product that does not exceed RCRA TCLP 

limits) continually made with a variable feed and additive composition (e.g., due t o  poor mixing 

in the feed tank) is an indication of process insensitivity. 

' 

The Vitrification - Joule-heated POP demonstration went well. The feed preparation and 

melter systems operated continuously with little variation. The TCLP of the glass produced 

from this demonstration was also consistent with a range between 1.3 t o  2.1 ppm lead. A 

stable operation gives good credit t o  the process, but it makes a robustness determination 

difficult. The determination of the robustness for this technology was better determined from 

the laboratory/bench-scale development activities when significant changes were introduced 
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into the glass melts. The laboratory results showed "very good robustness" and are discussed 

in greater detail later. 
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The Vitrification - Other POP demonstration showed "very good" robustness. The batch tank 

with the surrogate and additives did not perform well and the feed composition t o  the melter 

varied with time because of settling in the tank. As a result, the composition of the glass 

.varied in silica (47 to  57%), alumina, lead, additives, etc. However, it still produced a glass 

product that met specified WAC (i.e., TCLP varied from 0.42 t o  0.93 ppm for lead). (The 

TCLP for the joule-heated technology ranged from 1.3 to  2.1 ppm lead during its 

demonstration runs.) 

The Chemical Stabilization - Cement-based technology POP demonstration showed 

"sensitive" robustness. A consistent filter cake was made and measured with little variation. 

The additives were accurately measured and added to  the filter cake, but the resulting set 

times and compressive strengths of the grout varied. Likewise, the TCLP results of the grout 

varied by orders of magnitude, from 0.01 22 t o  2.240 ppm for lead. 

The Chemical Stabilization - Other showed better results ("good robustness") with the TCLP 

results of the grout varying from non-detect t o  0.043 ppm lead, except for the first batch, 

which was 0.812 ppm lead. This may indicate some possible sensitivity t o  mixing because 

mixing of the first batch did not go as smoothly as mixing of the later batches. 

Laboratory bench-scale results can also give an indication of robustness. For example, several 

variations in a formula are performed t o  find the better mix. An indication of a possible large 

operating window and good robustness would be a good performance of most or all of the 

recipe variations. An  indication of a narrow operating window and poor robustness would be 

a good performance of only a few or one of the variations. The t w o  vitrification technologies 

showed very good robustness. The Vitrification - Joule-heated technology performed the 

most  melts. Several melts were performed with different additives (not just varying 

concentrations of the same constituents) and the results indicated a "very good" robustness. 

. .  
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The Chemical Stabilization - Cement-based showed sensitive robustness. This is because 1 2 

DS mixes were performed and only t w o  remained with the RCRA TCLP limits for lead, but only 

one passed both the TCLP for lead and 50 psi USC requirements. Less is known about the 

Chemical Stabilization - Other technology because only a few mixes were made with different 

concentrations of the same binders and phosphate, but the results were good. It appears to  

have marginal t o  "good robustness." Therefore, the designs are based on the Chemical 

Stabilization - Other type formula. The Chemical Stabilization - Other is expected to be 

somewhat more robust than the Chemical Stabilization - Cement-based (as designed) because 

of its lower waste loading (i.e., 24 w t %  vs. 30 wt%). 

3.3.1 Operational Envelope and Robustness Diagrams for the Vitrification Technologies 

None of the technologies' recipes, except for Vitrification - Other (because of poor,mixing in 

the tank) was challenged by variability in the slurry's composition. Contractors for each of the 

vitrification technologies provided robustness triangles based on the results of the laboratory 

melts and the POP demonstration run. These triangles are presented in Figures 3.3-1 and 3.3- 

2. The composition of the glass shown in these figures is defined on three axises: 

SiO, Silica 

RO or MO Alkaline Fluxes, etc. These are the elements that have a valence of + 2 

(e.g., calcium, magnesium, barium, and lead). 

R,O or M,O Alkali.Fluxes. These are the elements that have a valence of + 1 (e.g., 

sodium, potassium, and lithium). 

In order for these charts t o  work, each point on the chart must add up to  100 wt%. However, 

there are some other elements (in small concentration) that do not directly f i t  into the above 

three categories. The Vitrification - Other technology simply assumes that 10 wt% exists in 

the other elements of the mixes (points). Therefore, the above three categories total 90 wt%, 

the addition of the 1 0  wt% allowance for other elements results in a total of 100 wt%. The 

3-1 3 



Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

1 Vitrification - Joule-heated technology included iron and sulfur in the RO category and the 

2 other elements were included in with SiO; category. 
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FIGURE 3.3-1 
OPERATING ENVELOPE DIAGRAM 
VITRIFICATION -- JOULE-HEATED 
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FIGURE 3.3-2 
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VITRIFICATION -- OTHER 
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To show robustness, calculations were performed using the contractor's POP demonstration 

recipe and applied t o  the known variations in the Silos 1 and 2 material. Glass compositions 

were calculated using the same additive mix used in the contractors' POP demonstration recipe 

and blended with analyzed Silos 1 and 2 samples presented in the PNL report, Operable Unit 4 

Treatability Study Report for the Vitrification of Residues from Silos I, 2, and 3, February 

1993 (AR Index No. U-006-409.1); and the ANL report, Chemical Analysis of Samples from 

Operable Unit 4,  December 10, 1997. PNL provided analysis from three different zones and 

a composite for each silo. ANL provided analysis on a sample from each silo. Other analyses 

of the Silos 1 and 2 material exist, but PNL's and ANL's are considered the most complete and 

accurate because they are comprehensive elementakompound analyses. 

To perform the calculations, equal amounts from each zone were substituted for the surrogate 

and the resulting calculated glasses were plotted on the triangles. Notice that all glasses fit 

within the operation envelopes, except for one. This point is derived from an ANL sample that 

contained visible calcium carbonate nodules. These nodules are what drive the glass 

composition outside the envelope. This sample appears to  be an outlier, but it is not known 

how many of the nodules exist in the silos. The glass formula can easily be adjusted to  

produce a glass in the operating envelope by replacing the calcium carbonate, which is used 

as one of the glass additives, with silica. The analysis indicates that the vitrification 

formulation shows very good robustness and that feed analysis for calcium (or silica) and total 

solids contents may be all that is necessary for process control. However, transferring the 

Silos 1 and 2 material t o  the TTA will result in mixing of the Silos 1 and 2 material and reduce 

this concern. The Sibs 1 and 2 material will be sampled as it is placed in the TTAs. This will 

result in a map of the variability of the Silos 1 and 2 material as it is placed in the TTA. 
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3.3.2 Operational Envelope and Robustness Diagrams for the Chemical Stabilization 

Technologies 

In comparison t o  the vitrification technologies, the task of developing operational envelopes 

for the chemical stabilization technology was more challenging because the chemical makeup, 

pH, extent of cure, and chemistry of the grout mixes are more important than the elemental 

makeup required for vitrification. As seen by the POP results, it appears that there are more 

factors affecting the quality of the grout than are included in the calculations for the 

operational envelopes. To establish an operating envelope for robustness comparison, the 

results from the POP testing and the attached report (Attachment 2) were investigated. These 

reports indicate that cement concentration and components that affect pH or have the ability 

t o  neutralize the TCLP acids have an effect on the TCLP results for lead. 

Most of the pH producers in cement are generated from the production of calcium hydroxide 

during the hydration of calcium silicate compounds in the Portland Cement grout. The 

remaining portion comes from the hydration of f ly ash. The Chemical Stabilization - 

Cement-based technology introduces additional calcium hydroxide directly t o  the filter press 

operation and into the grout mix. The results of t w o  bench-scale laboratory mixes performed 

during POP testing for the Chemical Stabilization - Cement-based technology help define the 

boundaries of the operating envelope with respect t o  cement concentration and pH 

concentrations. 

Both recipes are the same except for the amount of cement used in the grout. The grout with 

a cement concentration of 8.42 w t %  passed TCLP of 0.0144 ppm for lead. The grout with 

a cement concentration of 12.1 1 w t %  failed with a TCLP of 301 ppm for lead. Also, given 

that the passing grout requires 28 days t o  reach the required strength of 50 psi (i.e., grout 

with less cement probably would not be acceptable), the envelope in Figure 3.3-3 - Chemica/ 

Stabilization - Cement-based Operating Window Determination was established. The y-axis 

is the log of the TCLP. The x-axis is termed “Acid Neutralization Strength” and is shown as 

an equivalent hydroxide <OH > concentration. One mole of equivalent hydroxide <OH > will 
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neutralize one mole of acetic acid in the TCLP test and adjust the resulting pH of the TCLP test 

accordingly. The ability t o  neutralize the acid can be provided by the cement, calcium 

hydroxides, carbonates in the surrogate/Silos 1 and 2 material, etc. and are calculated and 

summed together in the hydroxide equivalent < OH > concentration. 

2 

3 

4 

5 

6: 
7 

8 

9 

10 

11 

12 

13 

16 

17 

18 

To determine robustness (like the vitrification technologies) calculations were performed by 

applying the contractor's POP demonstration recipe t o  the same known variations in the 

Silos 1 and 2 material used for evaluating the vitrification technologies. PNL provided analysis 

from three different zones and a composite for each silo. ANL provided analysis on a sample 

from each silo. Equal amounts from each zone were substituted for the surrogate and the 

resulting calculated grout plotted in the diagrams in Figures 3.3-4 - Chemical Stabilization - 
Cement-based Operating Envelope Diagram and 3.3-5 - Chemical Stabilization - Other 

Operating Envelope Diagram. Figure 3.3-4 depicts the Chemical Stabilization - Cement-based 

formulation as having a sensitive robustness. Figure 3.3-5 for the Chemical Stabilization - 
Other formulations shows most grouts (points) fitting within the envelope, and hence, showing 

good robustness. Therefore, it appears that a recipe formulation more like the Chemical 

Stabilization - Other, which gives a wjder operating envelope, should be used in the design 

of this technology. Characterization of the feed and TCLP pretests are recommended t o  

reduce the number of container failures with this recipe. 

<END OF PAGE> 
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The calculations were done t o  gain some insight into the robustness of the chemical 

stabilization wasteforms. As evident by the POP results, there are more factors affecting the 

qualities of the grout than were included in the calculations and figures. Further development 

work is required t o  establish the operating envelope for the chemical stabilization wasteforms. 

For example, these calculations and figures do not include the impact of the hydroxides 

assumed t o  be in the Silos 1 and 2 material27 (as indicated by the variability of the high pH 

in the Silos 1 and 2 material sample). Other factors that may affect the operating envelope 

(e.g., free standing water, cure time, and compressive strength of the grout) were not 

considered in this evaluation. 

<END OF PAGE> 

'' See Table 2.1 -3 - Silos 1 and 2 Elemental Compositions According To PNL Analysis and FDF Analysis for 
so,. 
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FIGURE 3.3-3 
OEPRATING WINDOW DETERMINATION 

CHEMICAL STABILIZATION -- CEMENT-BASED 
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POP - 

Silo 1 - 

Silo 2 - 

Passed POP 
Grout 

Surrogate Failed POP 
Grout 

Silo 1 Grouts 
'' Calculated 

Silo 2 Grouts 
Calculated 

~~ ~~ 

Operating Envelope 

Silo 2 Grout Outlier 
Calculated 0 

I 
I I I .  I I I 

0.000 0.001 0.002 0.003 0.004 0.005 0.006 

Acid Neutralization Strength 
as equivalent gmoles hydroxide per gram grout or residue 

Note: The above includes only the calculated impact of carbonates in the residues. 
The impact of other compounds, like hydroxides, are not given because the concentration 
of these are not known at  this time. However, the pH is know to vary in Silo 1 between 
9.1 and 10.7 pH units and in Silo 2 between 7.5 and 10.3 pH units which indicates 
some variation. 

FIGURE 3.3-4 
OPERATING ENVELOPE DIAGRAM 

CHEMICAL STABILIZATION -- CEMENT-BASED 
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0 Silo 2 Grout Outlier 
Calculated 

0.000 0.001 0.002 0.003 0.004 0.005 0.006 

Acid Neutralization Strength 
as equivalent gmoles hydroxide per gram grout or residue 

Note: The above includes only the calculated impact of carbonates in the residues. 
The impact of other compounds, like hydroxides, are not given because the concentration 
of these are not known at this time. However, the pH is know to vary in Silo 1 between 
9.1 and 10.7 pH units and in Silo 2 between 7.5 and 10.5 pH units which indicates 
some variation. 

FIGURE 3.3-5 
OPERATING WINDOW DIAGRAM 

CHEMICAL STABILIZATION -- OTHER 
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1 4.0 VITRIFICATION - JOULE-HEATED 
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4.1 Summary 

The Vitrification - Joule-heated technology processes the Silos 1 and 2 material and chemical 

additives t o  remediate the Silos 1 and 2 material constituents of concern. The treatment 

recipe is optimized t o  obtain a high waste loading, meets NTS WAC, and maintain steady-state 

operations. For this process, the Silos 1 and 2 material slurry is dewatered and combined with 

chemical additives t o  create a mixture that is continuously fed t o  the joule-heated melter. 

After sufficient retention in the melter, the glass is discharged t o  a monolith transfer container 

(MTC). The filled MTC is cooled and placed into a concrete shipping and disposal container 

(4 MTCs per container) for shipment. Off-gas from the melter is treated for acid gases and 

particulates before it is forwarded t o  the existing RCS for radon removal. The melter is cooled 

with water. 

4.1 .l Functional Analysis 

A functional analysis has been performed for the Vitrification - Joule-heated technology. 

Figure 4.1 -1 - System Block Flow Diagram Vitrification - Joule-heated, presents the individual 

functional requirements for the joule-heated treatment facility. The first level functions are 

high level functions to be accomplished by the treatment facility systems, structures and 

components. The subsequent levels in the functional analysis diagrams describe the means 

by which the high level functions are t o  be accomplished. Table 4.1-1 gives a brief description 

of the individual functional blocks shown in Figure 4.1-1. 
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Figure 4.1 -1 
Functional Analysis Diagram 
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2 
3 

4 

5 
6 
7 

8 

9 

10 

12 

1 3  

14 

'unction ID 

Overall 
System 

Function 

1 .o 

1 .I 

1.2 

1.3 

2.0 

2.1 

2.1.1 

TABLE 4.1-1 
FUNCTIONAL BLOCK DESCRIPTIONS 

VITRIFICATION - JOULE-HEATED 

Function Title 

Remediate Silos 
1 and 2 Material 

Retrieve Silos 1 
and 2 Material 

Mobilize Silos 1 
and 2 Material 

Transfer Silos 1 
and 2 Material 

Remove Heel 

Vitrify Silos 1 
and 2 Material 

Prepare Melter 
Feed 

Receive Silos 1 
and 2 Material 

Functional Description 
~~~ 

The Silos 1 and 2 material kretr ieved, mixed with glass 
forming additives, and vitrified in the joule-heated rnelter t o  
produce a product that can be disposed of safely. The process 
requires systems for normal and emergency off-gas treatment, 
secondary waste treatment, radon control (existing), venting 
gases, recycled cooling water and disposal of product. 

The Silos 1 and 2 material being stored in the TTA tanks is 
retrieved in a form suitable for feeding t o  the treatment 
process. 

~~ ~~ ~~ 

The Silos 1 and 2 material is mobilized using high-pressure 
water jets for the slurry. 

~~ ~~ 

The Silos 1 and 2 material is transferred with a sludge pump at 
approximately 10 w t %  solids through a pipe at a velocity high 
enough t o  prevent settling and plugging. 

The re,maining material after the normal pumping operation is 
removed. 

The Silos 1 and 2 material slurry and glass forming additives 
are blended and heated to  21 65" F in a joule-heated melter. 
The glass product and off-gas are separated. The glass product 
is cooled, transported, and packed in containers. 

The Silos 1 and 2 material slurry is blended with additives. 

~~ ~ 

The Silos 1 and 2 material slurry is pumped from the TTA, 
passes through a screen to separate oversized material, and is 
stored in the slurrv receiDt tank. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

TABLE 4.1-1 (cont.) 

Function ID 

2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.1.6 

2.1.7 

2.2 

2.2.1 

2.2.2 

2.2.3 

2.3 

Function Title 

Remove Water 

Analyze Silos 1 
and 2 Material 

Reduce Size 

Add Glass 
Formers 

Blend Mixture 

Receive Off  
Spec Glass 

Melt Feed 

Heat Mixture 

Cool Melter 

Transfer Feed t o  
the Melter 

Form Product 

0 Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

Functional Description 

The slurry is continuously fed t o  a gravity clarifier to  produce a 
30 w t %  sludge and an overflow with less than 1 w t %  Silos 1 
and 2 material solids, plus up to  approximately 4 w t %  
BentoGroutTM. 

The slurry from the clarifier is sampled and analyzed t o  ensure 
that a glass product suitable for disposal can be produced. 

The feed t o  the melter should be free from oversize particles for 
proper vitrification. Oversized particles are reduced in a 
hammer mill. 

Additives are formulated to  the Silos 1 and 2 material for 
proper vitrification. 

The Silos 1 and 2 material and glass forming additives are 
mixed thoroughly to  produce good glass product. The required 
quantities of materials are transferred sequentially to  the feed 
preparation tanks and mixed thoroughly. 

Off spec glass is recycled. It is ground and mixed with the feed 
t o  the melter. 

When heated, the mixture of Silos 1 and 2 material and 
additives melt to  form glass. The cooled glass product becomes 
a material suitable for safe disposal. 

Approximately 2.5 megawatts (MW) electrical power is used to  
heat the slurry feed to  the melter to  drive off water and 
degradation products and produce glass. 

Cooling tower water is used t o  cool the outer surface of the 
melter. 

The mixed feed from the melter feed tank is fed continuously to  
the melter. 

The molten glass pours into MTCs to  form monoliths. 
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1 TABLE 4.1-1 (cont.) 

8 

9 

10 

:unction ID 

2.3.1 
- 

2.3.2 

2.3.3 

2.4 

2.4.1 

2.4.2 

2.4.3 

2.4.4 

Function Title 

Cool Glass Form 

Pour Glass 

Cool Product 

Treat 
vitrif ication 
Normal Off-gas 

Cool Normal 
Off-gas 

Remove Acid 
Gases 

Discharge 
Normal Off-gas 

Remove 
Particulates 

Functional Description 

The molten.glass from the melter goes into an MTC surrounded 
by a water-cooled jacket for rapid cooling and t o  maintain 
container integrity. 

The molten glass product pours directly from the discharge 
chamber of the melter into a MTC. 

The filled MTC is further cooled by water jackets immediately 
after being filled, and is then air-cooled for approximately t w o  
days. 

The off-gas from the melter undergoes normal treatment for 
cooling and the removal of  acid gases, particulates, moisture, 
and radon. In the case of equipment malfunction, the off-gas 
from the melter is sent to  emergency treatment for cooling and 
particulate removal. 

The off-gas is cooled t o  140" F in the quench tower that 
conde,nses most of the water vapor. Water used for quenching 
is cooled in a heat exchanger before recirculating t o  the quench 
tower spray nozzles. The condensed water leaves in a purge 
stream that is directed to  the precipitator tank. 

The off-gas is scrubbed wi th  a dilute caustic solution t o  remove 
SO,. In the process, the off-gas is cooled t o  1 10" F. The 
caustic solution, which is heated in the scrubber, is cooled in 
an exchanger before returning to  the scrubber for recirculation. 
A purge stream from the scrubber removes condensate and 
solids. An NO, treatment system removes acid gases. 

The 500 (max) scfm of off-gas is directed t o  the existing RCS. 

The off-gas from the scrubber is sent t o  a WESP t o  remove the 
remaining particulate matter. The solids are flushed out as a 
10% slurry and collected in the precipitator tank. The material 
from this tank is transferred t o  the slurry receipt tank for 
recycle in the treatment system. 
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9 

10 

:unction ID 

2.4.5 
- 

2.5 

2.5.1 

2.5.2 

2.5.3 

3.0 

3.1 

3.2 

Function Title 

Remove 
Moisture 

Treat 
Emergency 
Off-gas 

Cool Off-gas 

Remove 
Particulates 

Vent Off-gas to 
Stack 

Discharge. 
Wastewater 

Collect 
Wastewater 

Analyze 
Wastewater 

Silos 1 and 2 Design Basis and Descriptions 0 40730-RP-0003 

Functional Description 
~ _ _ _ _ _ _ _ ~  

The off-gas is cooled to 45°F in the RCS condenser using 
chilled glycol solution. Most of the water in the off-gas gets . 
condensed. The condensed water is collected in the 
condensate tank and then is transferred to the wastewater 
treatment area for treatment. 

In case of an emergency, which prevents regular off-gas 
treatment, the off-gas from the melter is mixed with diluent air 
and cooled to 500" F, The cooled off-gas is sent to the 
emergency off-gas (EOG) knock out tank and filter where the 
bulk of the particulate matter is removed. Then, it passes 
through HEPA filters where most of the remaining particulates 
are removed before the gas is vented to the EOG stack. 

The off-gas is cooled to 5OO0F with atmospheric diluent air. 

The cooled off-gas passes through a knock out tank with 
integral high-temperature bag filter to capture most of the 
particulate particles. The off-gas passes through HEPA filters 
to remove most of the remaining particulates. 

The cooled emergency off-gas, free of most particulates, is 
vented to the atmosphere through a dedicated stack. 

The wastewater discharged from different areas of the process 
is collected. Samples are collected and analyzed to determine 
the type of treatment required. The treatment process includes 
removal of particulates, metals, and radionuclides. The treated 
wastewater is transferred to staging equipment, tested, and 
disposed of properly. 

The wastewater discharged from the different areas of the 
process is collected and transferred to the treatment area. 

Samples of the wastewater are collected for testing. Tests are 
conducted to determine the type and quantity of pollutants and 
the treatment required. 

0 
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:unction ID 
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Function Title 

1 TABLE 4.1-1 (cont.) 

2 

3 

4 

5 

6 

d 
9 

10 

1 1  

3.3 

3.4 

3.5 

4.0 

4.1 

Treat 
Wastewater 

Transfer 
Wastewater 

Stage 
Wastewater 

Control Radon 

Collect Radon 

4.2 

4.3 

5.0 

5.1 

Transport Radon 

Prevent 
Uncontrolled 
Relea'se 

Discharge 
Vented Gases 

Collect Gases 

Fu nc t i o na I Desc rip t io n 

The wastewater is treated for the removal of pollutants such as 
particulates, RCRA or other metals, and radionuclides. 

The treated wastewater suitable for disposal is transferred t o  
the AWWT. 

The treated wastewater is staged and sampled t o  ensure that it 
meets the acceptance criteria of the AWWT 

Off-gas and vents containing radon from different areas of the 
process are collected and transported t o  the RCS. The RCS 
treatment process includes cooling the gas t o  the required 
temperature and passing the gas through carbon beds to  
remove radon. Uncontrolled release of radon is prevented. 

Off-gas and vents from all process equipment containing radon 
are collected for treatment. 

The radon-containing gases are transported in air-tight pipelines 
t o  the'existing RCS. 

Uncontrolled releases of radon are prevented by  maintaining a 
negative pressure throughout the collection and transport 
treatment system. 

The vent streams are collected and discharged t o  the off-gas 
stream. 

The vessel vent streams are collected from different sources 
and are sent t o  the pipeline carrying off-gas from the melter. 
A t  this point, the off-gas stream and vessel vent stream are 
mixed. 
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5 

6 
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8 

9 

10 

11 

Function Title 

TABLE 4.1-1 (cont.) 

Functional Description (Function ID 

Discharge Gases I 5-2  

These gases are discharged t o  the Normal Off-gas System 
where they are processed for transfer t o  the RCS. 

~ 

6.0 Dispose Product 

6.1 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

6.2 

6.2.1 

The product from the vitrification system is received and 
packed into containers. The containers are sealed and loaded 
onto trucks. The trucks transport disposal of the containers t o  
the licensed disposal facilitv. 

Silos 1 and 2 Design Basis and Descriptions 0 40730-RP-0003 

Package 
Product 

Receive Product 

The vitrified product is received and packed into concrete 
shipping containers. 

The vitrified product is received as monoliths in MTCs. 

Provide Empty 
Containers 

The concrete shipping containers, into which the MTCs will be 
packed, are received, inspected, and staged. 

~ 

Fill Containers The concrete shipping containers are filled with the MTCs using 
a remotelv operated crane. 

Ship Containers 

Seal Containers The filled concrete shipping containers are lidded and sealed via I remotely operated mechanisms. 

The concrete shipping containers with the product are loaded 
onto trucks. Radiological smears are collected, analyzed, and 
documented. The concrete shipping containers are weighed 
and inspected. Exposure rates are taken and documented. The 
trucks are then released. 

Stage 
Containers 

The concrete shipping containers, which are filled with product, 
are staged for shipment. 
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TABLE 4.1-1 (cont.) 

~ 

Function Title Functional Description :unction ID 

6.2.2 
- 

Transport 
Containers 

Loaded trucks leave the FEMP for their ultimate disposal site. 

6.2.3 Release 
Containers 

The product is characterized. Samples of the product are 
collected and analyzed. The concrete shipping containers are 
weighed. The characterization is documented. The concrete 
shipping containers are inspected, paperwork is completed, and 
the concrete shipping containers are released for shipment. 

The concrete shipping containers ready for shipment are loaded 
onto trucks. 

~~ 

Load Containers 6.2.4 

Concrete shipping containers having external contamination are 
taken t o  a decontamination bav for surface washing. 

6.2.5 Decon 
Containers 

The trucks are staged and released. 6.2.6 Stage Trucks 

7.0 Recycle Reject 
Product 

A separate facility is provided t o  handle operations associated 
with the rework activities of the reject glass containers. This 
system interfaces with the Treatment System and the Process 
Vent System (PVS). 

The container of reject glass opened t o  access the treated 
material. Facility operators use a remote bolt removing device 
t o  remove the bolts from the container lid. 

A facility is designated for the removal of reject material from 
the disposal containers. The SSCs associated with removing 
the reject material operate concurrent with normal operating 
activities. 

Equipment is provided t o  size reduce the glass in the disposal 
containers. Equipment associated with size reducing the reject 
grout is remotely operated. 

~ 

Remove Lid 7.1 9 

10 

1 1  

7.2 Remove Waste 
Glass 

~~ 

Break up Glass 7.2.1 
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TABLE 4.1-1 (cont.) 

unction ID 

7.2.2 

7.2.3 

7.3 

7.4 

7.5 

Function Title 

Convey Glass 
Rubble t o  J a w  
Crusher 

Remove Metal 
Scrap 

Reduce Glass 
Rubble Size 

Transfer Rework 
Material t o  
Remediation 
Facility 

Package Metal 
Scrap 

I 

~~ 

A vacuum retrieval unit is employed t o  automatically convey 
the size reduced glass t o  the rubble jaw crusher. 

Removal metal scrap from the broken glass monolith. 

______ 

A means to  remotely and automatically reduce the size of the 
glass is available t o  ensure that the rework final product is 
homogeneous. 

~~ ~ 

A Bucket Conveyor System t o  transfer the crushed rework 
glass t o  the rework hopper is provided. This system interfaces 
with the PVS. 

~~ 

Collect package and ship the metal scrap from rework 
operations. 

4.1.2 System Model 

Figure 4.1-2 presents a block flow diagram for the treatment of the silos residues using 

joule-heated vitrification. 

<END OF PAGE> 
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4.1.3 Treatment Recipe 

- 0 40730-RP:0003 

The treatment recipe was developed by EnVitCo, Inc. under contract as the Proof of Principle 

Contractor for Vitrification - Joule-heated. In the development of the treatment recipe, 

EnVitCo met the objectives t o  produce a treated wasteform that passes TCLP, retains a 

relatively high concentration of sulfate, and maximizes waste loading. 

4.1.4 Mass and Energy Balance Overview 

The mass and energy balance is inserted at the end of this section in the form of process flow 

diagrams (PFDs) and associated spread sheets. 

4.1.5 Availability and Work Schedule 

The plant operates 24 hr/day, 7 daydweek. 

' 0  Basis: Continuous operation is normal to  high-temperature melter operation for 

overall operating efficiency and minimal wear on the melter. 

4.2 Feed and Additives Preparation (Systems 15, 16, and 44) 

The feed and additives preparation systems prepare Silos 1 and 2 material for transfer t o  the 

treatment process. 

<END OF PAGE> 
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9 4.2.1 System Description 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

. 2  The Feed Preparation System receives slurry from the TTA containing approximately 

25,400 Ib/day of dry Silos 1 and 2 material. The slurry is pumped with approximately 10 wt% 

solids. The slurry is thickened t o  approximately 30 w t %  solids and stored in tanks for blending 

and feeding t o  the melter system. The water separated from the slurry is recycled t o  the TTA 

for use in the slurrying operation. Additives are received into the additive feed system in bulk, 

stored in bins, and then added t o  the slurry in the feed preparation tanks by means of a weigh 

hopper and feeder and dense-phase pumping system. 

3 

4 

. 5  

6 

7 

8 

9 The slurry receipt tank (1 5-TK-0061, with a capacity of 30,000 gallons, receives slurry from 

10 

11  

1 2  

13 

the TTA. Slurry percent solids can only be roughly controlled. An  in-line densitometer in the 

slurry line t o  the slurry receipt tank provides specific gravity information t o  convert t o  percent 

solids. Vessel levels are monitored. The inventory in the slurry receipt tank is equivalent t o  

approximately four hours of slurry pumping. The slurry is milled (1 5-ML-001) and screened 

(1 5-SR-001) through 30 mesh t o  limit maximum particle size t o  0.6 millimeter (mm). 

Slurry from the receipt tank is pumped'to the clarifier (1 5-TK-001) where solids and liquid are 

separated by gravity. The overflow is directed t o  the overflow tank (15-TK-005) and is 

pumped back to  the TTA. The solids underflow from the clarifier is pumped t o  the slurry surge 

tank (1 5-TK-002). The slurry is pumped batch-wise to  a feed preparation tank (1 5-TK-003 or - 
004) where it is mixed with the correct proportion of additives transferred from the additive 

bins (44-BN-001, -002, and -003). The amount of additives for making glass is determined 

by the batch analysis and the amount of Silos 1 and 2 material (dry basis) determined by 

volume and weight measures in the feed preparation tanks. However, by using a robust glass 

formulation as demonstrated in the POP testing, only minor variations in additives (per batch) 

are anticipated. Densitometers are used t o  provide a rough control of percent solids in the 

a 
15 

1 6  
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1 8  
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25 feed system. 
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Slurry from the feed preparation tanks is transferred batch-wise t o  a melter feed tank 

(1 6-TK-001 or -002). The slurry is continuously recirculated through melter feed loop piping 

t o  reliably supply the melter feed pumps (16-PM-002 A & B). All tank levels are monitored. 

4.2.2 Assumptions 

A. Assumption: A clarifier system is employed t o  receive the 10 w t %  solids slurry 

feed and to  produce a 30 w t %  solids underflow. The thickened 

solids slurry from the clarifier is forwarded t o  the process. The 

overflow stream from the clarifier is directed t o  the recycle water 

system at the TTA for reuse in the slurrying operation. 

Basis: Operating conditions of settling based on previous experience. Single in- 

line clarifier expected to  support 70% overall plant availability. 

B. Assumption: One surge tank receives the thickened solids slurry and dispenses 

it t o  the feed preparation tanks as needed. The surge tank has 

the capacity t o  hold an approximate 2-day supply of 30 w t %  

solids slurry. 

Basis: The surge tank is sized t o  provide t w o  days of feed for the process when 

the clarifier is being repaired. 

C. Assumption: The t w o  feed preparatipn tanks, each capable of holding a 24-hr 

batch, are agitated. A batch is transferred from the surge tank 

t o  one of the feed preparation tanks in three hours. Additives are 

transferred within a half hour. The batch is continuously .stirred 

and is sampled upon thorough mixing. Once analytical results 

confirm the appropriate formulation, the contents of the feed 

preparation tanks are transferred t o  the melter feed tanks. The 

process time for preparing a batch of feed is approximately eight 

hours. 
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Basis: The feed preparation tanks must be filled, agitated, and sampled in a 

timely manner in order t o  maintain a continuous treatment process. 

D. Assumption: For a 24-hr batch with 1,090 Ib/hr of Silos 1 and 2 material, and 

waste oxide loading ranging from 55 w t %  t o  90 wt%, additive 

rates are 892 to  192 Ib/hr, respectively. Assuming 7 0  w t %  

waste loading, 467 Ib/hr of additives are needed for a 11,208-lb 

batch (plant size). 

Basis: Required for production rate of 15 tons/day of glass. 

E. Assumption: Each melter feed tank is sized t o  hold one-half of a 24-hr batch 

in order t o  provide continuous feed to  the melter. 

Basis: Engineering Judgement 

4.2.3 Key Equipment Descriptions 

The clarifier (15-TK-001) is a standard gravity thickener with a cone bottom and slowly 

rotating rake (1 5-AG-001) at the bottom. The rake delivers the settled solids t o  the center of 

the cone so that the thickened sludge can be removed by an underflow pump 

( 1 5-PM-001 A or B). 

4.2.4 System Interfaces 

The Feed and Additive Preparation Systems interface with the following structures, systems, 

or components (SSC):  

Electrical power for instrumentation, monitors, and motors. 

Compressed air is required for pneumatically operated valves, bin 

aerators, air slides, dense phase pumps, instrumentation, and controls. 

Silos 1 and 2 material slurry that enters via a pipeline from the TTA 

residue retrieval process. 
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Prepared feed slurry that exits via a pipeline to  the treatment system. 

The clarifier overflow (clarified liquid) that leaves via a pipe returning to  

the residue retrieval process at the TTA. 

Vessels containing Silos 1 and 2 material that’vent to  the process vessel 

vent (PVV) system. 

Recycled glass (off-specification) from the rework system. 

Solids from the WESP (off-gas system). 

4.2.5 Recycle Back t o  the TTA 

The Silos 1 and 2 material is retrieved from the TTA as a slurry. The clarifier effects the 

separation of the water and solids, thus providing a source of water for the ongoing slurrying 

operation. This reuse of clarifier overflow for slurrying is necessary because of the large 

amount of slurry water needed. 

4.3 Treatment (System 17) . 

The treatment system centers around a high-temperature melter constructed for continuous 

operation above 1450°C. However, the POP Testing Project developed glass formulations that 

allowed the melter t o  operate at low glass making temperatures (<  1200°C) during the POP 

demonstration. Operating at low temperatures increases the life of the melter. 

4.3.1 System Description 

The melter is a joule-heated glass melter (1 7-PE-001) that continuously receives slurry from 

the Feed Preparation System. The off-gas is vented to the Normal Off-gas Treatment System. 

The glass product is poured into MTCs t o  form monoliths. A normal capacity of approximately 

30,000 Ib of glass is produced each day, which fills approximately 13 MTCs daily. The 

monoliths are partially cooled by retractable water jackets before final air cooling. 
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The melter is located in a room with a dedicated air handling system in order t o  control 

emissions and maintain environmental conditions. Room air is monitored for radon and acid 

gases. Upon leak detection, feed t o  the melter is suspended. A catch basin sized t o  hold the 

glass volume in the melter is underneath the melter should glass leak. 

Feed t o  the melter is flow-regulated and interlocked with the Normal Off-gas System. Melter 

temr>erature and Dressure are monitored t o  control the melting process. 

< End of Page > 
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4.3.2 Assumptions 

A. Assumption: Approximately 94 w t %  of the Silos 1 and 2 material dissolves 

into the glass and 4.6 w t %  passes to  the Normal Off-gas 

System as SO,, NO,, and CO,, and' 1 w t %  passes t o  the 

Normal Off-gas System as entrained solids. 

Basis: Previous experience with glass formulation pilot studies and laboratory 

scale testing (reference letter from John Smets #M:SP:98-0236). 

B. Assumption: Approximately 47 w t %  of the additives (Li,CO,, Na,CO, , and 

CaCO,) dissolves into the glass; 52 w t %  decomposes t o  CO, 

and exits t o  the Normal Off-gas System, and an additional 

1 w t %  is entrained as solids in the off-gas. 

Basis: FDF, PNL feasibility studies, and EnVitCo POP Final Report (40730- 

RP-0001, Appendix H, Attachment H 1 ) .  

C. Assumption: FDF and contractors have produced glasses ranging from 55 - 

90 w t %  waste loading. An intermediate design waste loading 

of 70 w t %  was selected from the given range t o  ensure 

adequate additive storage and handling capacity. 

- Operating at a temperature from 1000 O - 1500 "C. 

(An operating temperature of 1 185°C was used during 

the POP demonstration and is assumed to provide for 

sufficient thermal destruction of sulfates, carbonates, 

and nitrates and give the SO,, CO, and NO, balance of 

4.3.2a). 

Basis: FDF, PNL feasibility studies, and EnVitCo POP Final Report 

(40730-RP-000 1, Appendix H, Attachment' H 1 1. 

D. Assumption: The melter glass production capacity is 0.8 tons/day/m2 using 
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Silos 1 and 2 glass formulations. 

EnVitCo POP Final Report (40730-RP-0001, Appendix H, 

Attachment H1) was limited t o  this capacity by the rate of 

sulfate destruction. 

Air inleakage to the melter of 200 ft3/min is assumed. 

Detlef Stritzke, "Findings from the Engineering Support 

Services Contract for Implementation of the Record of Decision 

for the Fernald Environmental Management Program Operable 

Unit 4," Contract No. 95SP4785.RPT. 

4.3.3 Key Equipment Descriptions 

The joule-heated melter is a ceramic-lined steel tank with an exterior structural shell of 

water-cooled panels. The melter has overall dimensions of approximately 6.5 m (21.3 f t )  wide 

by 9.0 m (29.5 f t )  long by 4.5 m (14.8 f t )  high. The melter system includes slurry feed 

pumps, molybdenum electrodes, resistence heaters for the plenum, a bottom drain for removal 

of reduced metals, a salt drain for removal of molten sulfates, dual glass drain orifices (one is 

a spare), and a 2.5 MW power supply. 

4.3.4 System Interfaces 

The Treatment System interfaces with the following SSC: 

Electrical power for melter power supply, instrumentation, monitors, and 

motors. 

Compressed air for pneumatically operated valves, instrumentation, and 

controls. 

Melter feed that enters via pipeline from the feed preparation system. 

Glass that is discharged from the melter glass drain orifice t o  the Product 

4-1 9 
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Melter off-gas that is exhausted via t w o  pipelines: one t o  the Normal Off- 

gas System and one t o  the Emergency Off-gas System. 

Recycle glass that is size- reduced and conveyed t o  a hopper to  be fed 

back into the melter via a separate port from the standard feed stream. 

The recycle glass is diluted by incoming feed or adjusting the chemistry 

with required additives via the standard feed system and melter port. 

Cooling water for the melter shell that is recycled through the cooling 

tower. 

4.4 

The forming, handling, and reworking of a glass monolith in a MTC are discussed in the 1999 

FEMP OU4 Trade StudyNitrification Waste Form Study in  detail. Empty concrete shipping 

containers and MTCs are handled and/or conveyed using forklifts and remotely operated 

motorized roller conveyors. Filled MTCs and shipping containers are handled and/or conveyed 

by remotely operated roller conveyors, gravity roller conveyors, monorails, or bridge cranes. 

Product Handling (Systems 23.24, 25 and 82) 

The motorized roller conveyor positioning is controlled either remotely by manual switches t o  

m'ove and align the MTCs and/or shipping containers at the various work stations. The 

operators are able t o  view the operations by means of remote closed circuit television (CCTV) 

systems and/or shielded viewing windows at the various work stations. 

The remotely operated monorail hoist and bridge cranes employ onboard CCTV viewing 

equipment t o  ensure positive grappling and placement of MTCs and/or filled shipping 

containers. 

4-20 
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4.4.1 System Description 

Fillincl and Coolincl Room ODerations 

A propane powered forklift places an empty capped MTC on the load-in conveyor. The MTC 

is uncapped with the cap being placed onto the conveyor in front of the MTC. 

The empty MTC, lead by the cap, is conveyed into the melter room and positioned at the fill 

station beneath the melter glass discharge orifice. The empty MTC is aligned and hydraulically 

lifted and sealed against the melter glass discharge orifice. A split cooling jacket, mounted 

on actuators, is moved into contact with the four sides of the empty MTC. The cooling jacket 

is designed t o  brace the MTC while it is being filled and t o  provide cooling and structural 

support t o  compensate for lost strength and rigidity in its steel walls at high temperature. The 

molten treated material is poured into the MTC until it is full. The motorized roller conveyors 

in the filling and cooling room are designed for high temperature service. 

When the MTC is full, the cooling jacket retracts and the full MTC is hydraulically lowered and 

conveyed t o  the secondary cooling station where it is hydraulically lifted and secured with a 

split cooling jacket, mounted on actuators. At  the same time, the next empty MTC is moved 

into the filling and cooling room and prepared for filling, as previously described. During the 

filling of the second MTC, the first MTC (at the secondary cooling station) is cooled t o  reduce 

the storage time requirements in the cooling room. Upon completion of the secondary cooling 

operation, the first MTC is released and conveyed t o  the capping station. The previously 

removed cap isl i f ted and installed on the MTC. The capped MTC is conveyed t o  the monolith 

cooling room through an airlock into the cooling room. 

Monolith Coolincl Room Operations 

All routine monolith cooling room (MCR) operations are performed remotely. The filled and 

capped MTC is conveyed from the melter room into the cooling room. The MCR bridge crane 

is brought into position t o  grapple, lift, and move the filled and capped MTC to the designated 

4-2 1 

* .  

0046157 



Silos 1 and 2 Design Basis and Descriptions 0 40730-RP-0003 

1 . position on the cooling rack grid. The full MTC is cooled by air that passes across its surface 

2 for approximately 48 hours. The MCR has a dedicated HVAC System. This convective 

3 cooling process reduces the MTC's surface temperature t o  approximately 15OOF. The 

4 perimeter of the MCR is protected from excessive heat loads by insulated thermal shields 

5 placed around the lower portion of the room. After the full MTC has satisfied the minimum 

6 cooling time requirement, it is grappled by the MCR bridge crane and placed onto a motorized 

7 - roller conveyor and conveyed through an airlock into the MTC staging area. 

8 ShiDDinq Container Area Operations 

9 

10 

11 

12 

1 3  

14 

15 

A n  empty concrete shipping container is placed onto the load-in conveyor within the airlock 

by a propane powered forklift with a rated capacity of six tons. The shipping container lid is 

removed and placed in front of the shipping container on the conveyor. The shipping container 

is then conveyed through an airlock t o  the MTC loading area. The remotely operated monorail 

hoist grapples the MTG in the adjacent airlock and transports it t o  the MTC loading area for 

placement into the shipping container. Two  MTCs are placed into the shipping container and 

the shipping container is indexed forward. Two  additional MTCs are loaded in the shipping 0 
16 
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26 

container, for a total of four. After the final MTC is loaded, the filled shipping container is 

conveyed t o  the lid installation station where the lid is remotely lifted and placed onto the 

shipping container. 

After the lid is installed, the filled shipping container is conveyed t o  the lid fastening station. 

After the lid is fastened, the shipping container is conveyed t o  the survey and decontamination 

station. Once the shipping container meets the radiological survey requirement for off-site 

shipment, it is conveyed through an enclosed passage t o  the interim staging facility. The 

shipping container is then removed from the conveyor by a remotely operated bridge crane and 

placed in the shielded staging area for processing before off-site shipment. 

I 

4.4.2 Assumptions 

Assumption: A 48-hour MTC storage capacity (32 MTCs) is required for the MCR, 
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following the jacketed cooling of the MTC in-the fill and cooling room. 

Basis: En VitCo POP Final Report (40730-RP-0001, Appendix H, Attachment 

H1). 

4.4.3 Key Equipment Descriptions 

Roller Convevors 

The roller conveyors are 4 ft  wide (5 ton capacity) and 5 f t  wide (1 0.5 ton capacity) heavy 

duty, motorized, chain driven, two-directional, roller conveyors of various lengths. Standard 

fabrication materials are used for conveyor components; however, the conveyors are 

special-order due t o  the size and load capacity required t o  support the filled shipping containers 

and/or MTCs. They are equipped with special features for lifting containers above the rollers, 

for right angle transfers and weighing containers, as required. The conveyors are segmented 

where the conveyance must pass through an airlock or shield door, in order t o  establish an 

effective seal and t o  prevent shielding void spaces. Two  kinds of conveyors are supplied, 

depending on their application, for handling MTCs (4 f t  wide) or shipping containers (5 f t  

wide). The conveyors located in the filling and cooling room are specifically designed to  

operate under high temperature conditions. 

MCR Bridqe Crane 

The MCR bridge crane is a remotely operated bridge crane with a rated capacity of 5 tons and 

a span of 30 ft. The crane is equipped with a special grapple device for lifting filled MTCs. In 

addition, the crane has CCTV capacity t o  ensure positive grappling and placement of the filled 

MTCs. 

Interim Staqinq Facilitv Bridqe Crane 

This crane is a remotely operated bridge crane with a rated capacity of 15 tons, a span of 

8 2  ft, a travel of 158 ft, and a l ift height of 20 ft .  The crane is equipped with a special 
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grapple device for lifting a full shipping container. In addition, the bridge crane has CCTV 

capacity t o  ensure positive grappling and placement of the shipping container. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Monorail Hoist 

The monorail hoist is equipped with a remotely operated hoist that travels between the MTC 

staging area through the connecting airlock into the container loading area. The monorail has 

a rated capacity of five tons with a l ift height of 15 ft .  The hoist employs a grapple t o  secure 

and transport a full MTC into the loading area for placement into a container. 

MTC Fill Station 

The MTC fill station provides for MTC lifting and filling. The MTC is positioned at the fill 

station by the conveyor system. The MTC is hydraulically lifted and sealed t o  the melter pour 

glass discharge orifice. 

MTC Coolincl Stations 

The cooling stations are t o  cool the MTCs before placement into the cooling room. The t w o  

cooling stations consist of a split cooling jacket that contacts the four sides of the MTC. 

Actuators on either side of the MTC engage/disengage the cooling jackets. The first cooling 

station is located at the filling station and provides structural support to the filling MTC. The 

second cooling station is located adjacent t o  the MCR air lock door and provides additional 

cooling t o  the MTC before it is moved into the MCR. Cooling water is supplied by the cooling 

tower (53-HE-001 I. 

Lid Installation Station 

The lid installation station consists of custom-designed equipment for grappling, lifting, and 

installing the shipping container lid. The lid installation station has a grapple for capturing and 

lifting the lid. The grapple uses rigid mechanical linkages for accurate and efficient operations. 
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The operator views the lidding operation either by CCTV or through shielded glass viewing 

windows. 

Lid Fasteninq Station 

The lid fastening function consists of a remote wrench mounted on a frame that aligns with 

the bolt pattern of the shipping container. The operator views the fastening operation either 

by CCTV or through the shielded glass viewing windows. The wrench is actuated up and 

down and is lowered to  engage the bolt heads and tighten or loosen them as required. 

4.4.4 System Interfaces 

The Product Handling System interfaces with the following SSC: 

Electrical power for motors, instrumentation and monitors. 

The joule-heated melter that couples with the hydraulically lifted MTC during 

glass filling. 

Cooling water that is provided t o  the cooling jackets during glass filling and 

secondary cooling of a MTC. 

HVAC that is provided for heat removal from the cooling and filling room 

during MCT glass filling and convective cooling of the MTCs in the MCR. 

Shielded and unshielded airlock doors and window systems that are employed 

t o  protect workers and segregate work stations. 

Thermal shielding systems that are employed t o  preclude degradation of 

structural systems and equipment adjacent t o  cooling MTCs. 

The CCTV system that is used t o  ensure positive control of MTC and/or 

shipping container operations. 

A forklift that transports and places empty MTCs and shipping containers onto 
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The concrete shipping containers that are introduced t o  the rework process 

using. the load-in conveyor for the MTC shipping container. 

The treatment facility transfer conveyor, the shipping container, and the 

staging facility crane that work together as a system. 

4.5 Gaseous Emission Control (Systems 18 and 20) 

The Gaseous Emission Control System is responsible for collecting all off-gas and vent streams 

and properly treating them. 

4.5.1 System Description 

Process Exhaust 

Hot off-gas from the melter is introduced t o  the quench tower (1 8-PE-002) where point quench 

spray nozzles deliver water t o  cool and condense the melter off-gas. The quench spray water 

is recycled through the quench heat exchanger (1 8-HE-001 1, which is cooled by cooling tower 

water. A purge/blowdown stream is drawn off and sent t o  the precipitator tank (1 8-TK-001) 

for pH adjustment and then recycled t o  the Feed Preparation System. 

The remaining air and acid gases are treated in a packed-tower scrubber (1 8-PE-003). Packing 

in the scrubber allows the caustic solution to  contact the gas stream and remove the acid 

gases. The caustic is recycled through the scrubber heat exchanger (18-HE-002), which is 

cooled by cooling tower water. The pH is adjusted as needed through a caustic solution 

metering system. A purge stream is drawn off for wastewater treatment as necessary. 

The saturated moist air from the scrubber is vented t o  the WESP (18-PE-001). The WESP 

removes. the smaller particles with greater than 99% efficiency. Captured particulate from the 
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before being recycled to  the Feed 

The off-gas from the WESP passes to  the NO, Removal System (20-RN-003) to  reduce NO, 

levels to  a maximum of 20 ppm. The off-gas then passes through the RCS condenser 

(20-HE-001) where it is cooled with chilled waterlglycol solution to condense most of the 

remaining water that is purged to  the wastewater treatment system. The off-gas is properly 

conditioned to  be transferred t o  the RCS. 

Process Vessel Vents 

Vessels containing radon are vented to  the PVV header. The PVV header vents the radon into 

the Normal Off-gas System downstream of the WESP. 

Room Exhaust 

All rooms containing Silos 1 and 2 material in process equipment are ventilated via the building 

HVAC system through HEPA filters to  the main HVAC exhaust stack. 

4.5.2 Assumptions 

A. Assumption: 

Basis: 

A film cooler is not used to  cool the melter off-gas; fouling and 

plugging are too much of a concern. The cooling can be 

achieved in the quench tower. 

Silos Project Independent Review Team (IRT). 1996. 

Vitrification Pilot Plant Process Configuration Upgrade 

Evaluation. Prepared for Fluor Daniel Fernald (FDF): Fernald, 

OH. (PROD Index No. 4-406.8) 
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B. Assumption: The off-gas piping from the melter t o  the quench does not plug 

due t o  the (1 ) short run time and (2) large relative diameter of 

the piping. Also, the high temperature of the piping minimizes 

"plate out" of particulates. 
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D. 

Basis: 

Best management practices and engineering judgement. 

Radon in the melter off-gas was previously in secular 

equilibrium with the radium in the Silos 1 and 2 material, which 

was fed to  the melter. 

Battelle Pacific Northwest Laboratories (PNL) and Fernald 

Environmental Management Project (FEMP). 1 993. Operable 

Unit 4 Treatability Study Report for the Vitrification of 

Residues from Silos I, 2, and 3. Prepared under contract for 

the U .S. Department of Energy: Fernald Field Office, Fernald, 

OH. (AR Index No. U-006-409.1) 

Off-gas quenching and particulate removal in the WESP are 

performed as separate process steps from acid gas scrubbing. 

Particulates should be recycled t o  the melter and acid gas 

solids (sulfates) should not be recycled t o  the melter, thus the 

Assumption: 

Basis: 

separate operations. 

The quench tower water and the scrubber liquor is cooled by 

indirect heat exchange, with cooling water from a new cooling 

tower installed specifically for this project. The cooling water 

temperature is 85 OF. 

The FEMP does not have cooling water available for melter 

cooling requirements. The water temperature is a function of 

the maximum 78 OF wet-bulb temperature at the FEMP. 

E. Assumption: 

Basis: 
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4.5.3 Key Equipment Descriptions 

The quench tower is a direct-contact gas cooler-condenser. It is approximately 5 '/2 f t  long 

by 2 '/z f t  wide by 1 0  ft high. It contains multiple spray nozzles to  provide gas-liquid contact 

for most of its height. It recirculates approximately 280 gpm. of water through the spray 

nozzles. The recycled water is cooled by approximately 430 gpm of cooling tower water in 

the quench heat exchanger. No pH adjustment is performed in the quench tower so it operqtes 

under acidic conditions (pH - 2.5), which prevents the absorption of acid gases. 

The scrubber is a packed tower unit approximately 30 f t  in diameter by 3 5  f t  in height. It 

recirculates approximately 50 gpm of scrubber liquor that is controlled at a pH of 8.0-9.0 to  

effect the absorption of SO,. The recirculating liquor is cooled in  the scrubber heat exchanger 

with approximately 50  gpm of cooling tower water. 

The WESP uses high voltage electric fields t o  efficiently collect the particulate entering from 

the scrubber. 

The package for the destruction of NO, in the off-gas can handle 500 scfm. It consists of four 

NO, reactors, t w o  effluent coolers, one effluent chiller, and one off-gas knockout drum. 

The coolant consists of 30 gpm of chilled glycol solution at an inlet and outlet temperature of 

35" and 55" F, respectively. 

4.5.4 System Interfaces ' 

The Gaseous Emission Control System interfaces with the following SSC: 

Electrical power for motors, instrumentation, and monitors. 

Compressed air for the pneumatically operated valves and WESP. 

Off-gas that enters via a pipe from the Joule-heated Melter System. 

Caustic solution that arrives by truck and is transferred t o  the caustic tank. 

Recycle solids that are sent back t o  the slurry receipt tank for reprocessing. 
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Off-gas that is exhausted t o  the RCS. 

Cooling tower water that is used for cooling the quench and scrubber 

recirculation loops. 

Potable water that is used as flush water in the. WESP. 

Wastewater from the scrubber and off-gas condenser that is transferred t o  the 

Wastewater Treatment System. 

4.5.5 Emergency Off-gas System 

The Emergency Off-gas System is auxiliary to  the Normal Off-gas System and consists of a 

knock-out tank (with an integral high-temperature filter) t o  remove gross solids or liquids, a 

dilution air line t o  cool the off-gas, a high-temperature HEPA filter, and a fan t o  a dedicated 

stack. The Emergency Off-gas System activates when the Normal Off-gas System fails. In 

the event that the Emergency Off-gas System is required, feed to the melter is immediately 

suspended. Portions of the Emergency Off-gas System may become slightly contaminated. 

The temperature of the exiting gases is monitored. Pressure drops across the in-line filters are 

monitored. 

4.6 Secondary Liquid Waste Treatment 

All vessels, piping, etc., . that contain either hazardous or liquid radioactive material require 

secondary confinement. Generally,,this confinement consists of a diked pad with a sump and 

leak detection. All vessels and tanks containing untreated Silos 1 and 2 material are vented 

t o  the RCS. 

The quench tower, scrubber, WESP, and RCS condenser contain hazardous or contaminated 

liquids and are installed on diked pads. Any liquid collected from these pads is contained until 

it is characterized t o  determine i ts disposition. Purge streams from the quench tower and 

WESP are routed through the precipitator tank t o  the slurry receipt tank for reprocessing of the 
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solids therein. The scrubber purge stream contains dissolved sulfate solids and cannot be 

recycled t o  the process. 

Recycle 

The purge streams from the quench tower and WESP are recycled t o  the slurry receipt tank. 

These streams are not directed to  the FEMP AWWT. 

The overflow from the clarifier, which contains fine particles, is returned t o  the TTA and is 

reprocessed. 

Discharcle t o  the FEMP AWWT 

The purge streams from the scrubber and RCS condenser (approximately 500 gallons per.day) 

are staged, characterized, pretreated if necessary, and sent t o  the FEMP AWWT for treatment 

and disposal. (It is anticipated that this stream will meet the acceptance criteria for the 

AWWT; however, if it does not, a hold tank and filter may be required for pretreatment.) 

4.7 Secondary Solid Waste Treatment 

Secondary solid waste typically consists of the following: 

PPE; . 

HEPA and pre filters; 

Wastewater treatment bag filters; 

Debris; 

Empty rework containers; 

D&D waste (e.g., refractory material); 

Molten sulfate salts (not expected); and 

Metallic lead. 
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Solid waste is collected and stored in appropriate containers, and characterized and disposed 

of per site procedures. 

4.8 Shipping Container Operations (System 25) 

The filled shipping containers are stored in the interim staging facility before off-site shipment 

t o  the NTS. The lifting and placement of shipping containers are performed remotely; 

however, intermittent contact, by the work force, with the shipping containers is necessary 

t o  secure and prepare the shipment before it departs from the FEMP. 

4.8.1 System Description 

Note: The external surface of a shipping container is anticipated t o  be essentially free of 

loose surface radioactivity. However, radiological surveys are performed and 

documented before shipment in accordance with FDF procedures, DOE orders, and 

DOT regulations. 

A filled shipping container is grappled in the interim staging facility by a remotely operated 0 
bridge crane, lifted over a shield wall; and placed onto an open transport (i.e., flatbed truck) 

in the loading/shipping operations area. Here, the filled shipping containers are secured and 

prepared for off-site shipment. Documentation is provided t o  the shipper who transports them 

t o  an approved disposal site. 

Note: The generation and buildup of radon gas is not anticipated t o  be a concern in the 

interim .staging facility since the filled shipping containers are sealed before staging; 

therefore, the facility does not require special ventilation. 

4.8.2 Assumptions 

A. Assumption: Each shipment includes t w o  containers. 

Basis: Standard FDF shipping practice for a two-axle truck (limited to  

maximum of 42,000 Ib). 
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B. Assumption: 1 0  shipments are made per day, 4 days per week. 

2 Basis: Limits established t o  attain public acceptance. 

3 4.8.3 Key Equipment Descriptions 

4 Staqinq Facilitv Remote Bridqe Crane 

. 5  

6 

7 

8 shipping containers. 

The crane is a remotely operated bridge crane with a rated capacity of 15 tons, and a span of 

82 ft, a travel of 158 ft, and a lift height of 20 ft. The crane is equipped with a grappling 

device and CCTV system to  ensure positive grappling, movement, and placement of the filled 

9 4.8.4 System Interfaces 

1 0  The Shipping Container Operations System interfaces with the following SSC: 

11 Electrical power for motors, instrumentation and CCTV support .equipment. 

12 The staging facility crane and the shipping container. 

The treatment facility conveyor and the staging facility crane. 

1 4  The CCTV viewing system. 

15 The FEMP Waste Management shipping organization. 

4.9 Product Rework (System 26) 16  . 

17 

18  

19  

20 

21 into the melter. 

In addition t o  the federal, state, and local shipping requirements, the vitrified product must 

meet the NTS WAC. Therefore, provisions must be made to  re-process any rejected vitrified 

product. Rework of the rejected vitrified product requires removing it from the MTC, 

segregating the metal components, crushing the reject vitrified product, and reintroducing it 

22 

23 

The TCLP analysis and other testing are completed before loading a filled MTC into a shipping 

container. The rejected MTCs are taken directly from the MCR, after a minimum cooling time 
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of 48 hours, t o  the rework room to be size reduced. After size reduction, the rejected vitrified 

product is reintroduced into the melter. 

4.9.1 System Description 

Note: Rework operations are carefully confined and performed remotely at the rework 

station. The MTC breaking, crushing, and conveyance components are remotely 

controlled by operators in the adjacent corridor. 

The MCR bridge crane lifts the rejected MTC and places it onto the rework conveyor in the 

MCR. The rework conveyor passes through a remotely operated, shielded airlock into the 

rework room. 

The rework bridge crane lifts the rejected MTC and places it into the rework box. .A remote 

glass breaker with an impact hammer tool breaks up the vitrified product contained in the 

MTC. This method is anticipated to  minimize the amount of vitrified product that will adhere 

to  the metal surface of the MTC. The MTC is opened using the remote glass breaker with a 

hammer or shear attachment end effector. The remaining MTC metal is then removed with 

an electromagnet attached to  the rework bridge crane and placed into a standard metal 

shipping container. 

The remote glass breaker then continues to  crush the vitrified product until it can be picked 

up by the vacuum system and collected in the vacuum bin. The vacuum hose is remotely 

maneuvered by the robotic arm mounted on the rework bridge crane until all the glass is 

extracted. When the vacuum bin is full, it will be emptied into the hammermill for further size 

reduction. After the vitrified product has been sufficiently size reduced, it is transferred to.the 

frit bin located above the melter for direct addition into the melter. A standard metal shipping 

container is brought into the room and metal debris from the MTC is placed into the box. The 

lid is installed manually, and the box is surveyed and decontaminated if needed. 
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The number of MTCs that are expected to  fail the TCLP criteria 

and/or disposal facility's WAC is approximately 1 % of the 

disposal containers (up t o  36 full shipping containers). 

The size and configuration of the broken glass allows it t o  be 

effectively collected by the vacuum system. 

4.9.3 Key Equipment Descriptions 

Roller Convevors 

The roller conveyors are 7 f t  wide, standard heavy duty, motorized, chain driven, 

two-directional, roller conveyors for conveyance of the standard metal shipping containers 

with a rated capacity of five tons. The rework conveyor, which connects with the cooling 

room, is a 3-ft wide by 20-ft  long, gravity-feed type heavy duty, roller conveyor with a 

rated capacity of 2% tons; it is capable of holding ten rejected MTCs. 

Rework Hammermill 

The rework hammermill is standard production equipment. It receives the vitrified product 

from the rework bin, further size reduces it, and then discharges it to  the rework frit bin. The 

hammermill is connected t o  the PVV system for the confinement of airborne radioactivity. 

Rework Vacuum 

The rework vacuum is a production model with a HEPA filtered discharge. The system 

includes a cyclone bin t o  collect captured debris, a 6-inch diameter vacuum hose, and a rated 

capacity of 30 tons/hr. 

Vacuum Bin 

The vacuum bin is attached t o  the rework vacuum. The bin has a volume of 15 cubic feet 

(ft3). 
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The frit bin is a holdup bin for the recovered and crushed vitrified product. The bin is 36 ft3 

and includes load cells, a vibrator, and rotary plug and gate valves. The air is filtered and 

returned t o  the vacuum unit. 

Remote Glass Breaker 

The remote glass breaker is a production model. It is mounted on crawler-type tracks with a 

maneuverable boom with a maximum reach of 10 f t  and is electrically powered. It has 

changeable end effectors t o  accomplish drilling, crushing, and impacting tasks, and has a rated 

capacity of 400 ft-lb per impact. 

Rework Bridqe Crane 

The rework bridge crane is a remotely operated bridge crane with a rated capacity of five tons 

and a span of 24 ft .  The crane is equipped with a robotic arm and a 2-ton hoist for 

miscellaneous lifting operations, including recovering steel scrap using the electromagnet. The 

robotic arm is used t o  handle the vacuum hose, perform clean up of the rework room, and 

provide versatility for performing many tasks, as the rework operation is not completely 

defined. 

4.9.4 System Interfaces 

The Rework System interfaces with the following SSC: 

Product handling conveyors for conveyance of the standard metal shipping 

containers. 

Electrical power for motors, instrumentation, and the CCTV Monitoring 

System. 

A facility HVAC System that provides the required heating and ventilation of 

the rework station. 

The PVV System that collects the airborne particulate generated by the 
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2 

3 

hammermill. 

The frit bin that reintroduces the size-reduced vitrified product into the 

joule-heated melter (i.e., Process System). 

4 4.10 Facility Design 

5 

6 4.10.1 Bulk Additive Building 

Facility drawings are provided in Attachment 4.V at the end of Section 4. 

7 

8 

9 

10 

1 1  

The Bulk Additive Building provides for receiving, storage, and transfer of bulk glass formers 

t o  the Feed Preparation System. The building structure is a commercial grade sheet metal 

building. The height of the building is based upon the storage bin requirements to  support 

production. Stairs and platforms provide access t o  the storage bins and filter assemblies. 

Within the building, limited space is provided for maintenance requirements. The building has 

12 a large double door t o  allow for access. 

14 

15 

16 

17 

18 

19 

20 

21 

An unloading pad is provided next t o  the.facility for bulk chemical truck deliveries and to  

contain accidental spills. Large quantities of additives are received by truck and are 

pneumatically transferred into the appropriate storage bin. 

The Bulk Additive Building and the surrounding area is a non-radiological area. Access is not 

controlled. 

4.10.2 Feed Preparation System. 

The Feed Preparation System receives the slurried Silos 1 and 2 material from the TTA. The 

area contains the process tanks, pumps, and equipment t o  perform the receipt, settling, 

blending, and pumping required t o  support the process. 
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All equipment is in a radiologically controlled area due t o  the Silos 1 and 2 material's high 

inventory level of radium and radium daughter products. The area around the tanks is 

assumed t o  be a RAZ 5, high radiation area from preliminary dose calculations. The work area 

requires shielding, less time spent within the area and, where possible, lower sources (volume) 

t o  ensure lower dose rates for operations and maintenance workers over the plant life. The 

tanks containing the material are segregated and shielded t o  maintain ALARA principles of 

minimizing worker dose rates. They are surrounded by 2-ft shield walls due t o  the radiation 

field presented by the volume of Silos 1 and 2 material. The shield walls are modular in 

construction. The shield walls and concrete floor also serve as secondary containment in case 

of a spill or leakage from the tanks. The primary containment consists of the tanks and 

vessels themselves. 

Although surrounded by concrete walls, the Feed Preparation System still requires access for 

general maintenance of the mechanical equipment. Access t o  each tank at grade is through 

a controlled egress. A sump is located in the area to  collect spills or leakage. The top of each 

tank is accessible by ladder and platform. The platform on top of the tanks allows for 

maintenance t o  be performed on the agitators, control valves, and piping components. The 

pumps for the tanks are located outside of the shield wall due t o  general service and 

maintenance requirements. The pumps are located behind half or partial height walls t o  

control access, minimize dose rates, and contain leaks and spills. 

The Feed Preparation System is covered by a roof. The roof allows for operations and 

maintenance tasks t o  take place during local seasonal weather extremes. Portions of the roof 

can be removed t o  facilitate crane access t o  equipment. 
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4.10.3 Melter Room 
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The melter feed pumps, recycle bin, melter, quench, and scrubber tower are located in the 

Melter Room. The melter feed tanks and recirculating pumps are located outside with the Feed 

Preparation System. The walls and roof of the Melter Room consist of typical 'framed' 

architectural construction; they are shielded, as necessary, and covered by a removable 

coating t o  control contamination. The walls are fire-rated for t w o  hours. The melter and 

melter feed pumps are accessed by a series of stairs and platforms. 

Below the melter, an emergency dump container is located t o  catch leaking molten glass in the 

event of melter containment failure. It also provides a safe method t o  empty the glass from 

the melter in case of an emergency. 

Space is provided within the room for equipment supporting the melter operation. A bridge 

crane services the equipment within the room and allows for disassembly of large components. 

The crane is serviced from a platform within the Melter Room. Supporting utilities (i.e., 

electrical, control system, melter cooling water, plant air) are brought into the Melter Room to  

support operations. 

One wall of the Melter Room is constructed t o  allow for large equipment removal. This allows 

for melter installation and replacement if necessary (although not anticipated). 

The Melter Room benefits from the removal of radon by the Normal Off-gas System and i s  

considered t o  be a ,RAZ 3, controlled area. Shielding is not required because the melter 

refractory provides sufficient shielding from the melter contents. Maintenance and operations 

tasks can be performed in the Melter Room up t o  a maximum of three hours a week per 

worker. 
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4.1 0.4 MTC Load-In Area 

The MTC load-in area provides access to  the facility t o  allow MTCs to  enter the facility. 

Empty containers are carried by forklifts into the facility through this area. A roll-up door 

allows a forklift t o  enter the facility. Within the area, space is provide for staging containers 

t o  be used during the next t w o  shifts. An airlock adjacent t o  the areas furnishes access to  the 

Melter Room. 

The MTC load-in area is enclosed in a prefabricated structure. The structure has an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the facility system. 

The MTC load-in area is a RAZ 1, controlled area. Radiological guidelines for a RAZ 1 area 

allow for 40 hr/week occupancy. 

4.1 0.5 Fill Station 

The MTCs are remotely filled with glass, weighed, partially cooled, and sealed in the fill 0 
station. The fill station is located below the melter glass discharge orifice; it contains the 

equipment used t o  fill the MTC. 

The Process Sampling System, which provides for process control, accountability, diagnosis, 

and certifying compliance with waste acceptance product specifications, produces samples 

that must be archived. The sample system allows for capture of glass samples. The samples 

are removed from the fill station through the adjacent airlock. The samples for TCLP and other 

analysis are transported t o  the Analytical Laboratory in a shielded sample carrier. The archive 

samples are removed t o  the access point for the Glass Sample Archive System in the MCR. 

The Fill Station Room is normally occupied for only regulated maintenance tasks. The room 

is considered t o  be a RAZ 3, controlled area. It is potentially contaminated by glass from the 

filling and sampling operation. Access is allowed for a maximum of three hours a week per 

worker. 
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2 The Normal Off-gas System area contains the process equipment to  remove particulate and 

3 

4 

condition the gas stream before it’s released t o  the RCS. If the Normal Off-gas System fails 

t o  function, the Emergency Off-gas System is activated. 

5 

6 

7 

8 

9 

10 

11 

12 

The primary components of the Normal Off-gas System, the quench tower and scrubber, are 

located in the Melter Room. The remaining portion of the system and the Emergency Off-gas 

System are located outside of the building next t o  the Feed Receipt System and are serviced 

by a small pipe rack. The equipment for the system is located on concrete pads and the area 

is defined by a curb around the perimeter of the area. The floor is sloped t o  a sump. The 

concrete is sealed t o  protect against potentially radioactive liquids penetrating the surfaces. 

The area has a roof t o  protect operators and maintenance crews from seasonal inclement 

weather. 

The Emergency Off-gas System is located in the same area as the Normal Off-gas System. 

It has an emergency exhaust stack that is 80 f t  high and is accessed by ladder and platform. 

The stack is isokinetically monitored.. The air, before being exhausted, is analyzed for air 

quality and the results are recorded. 

Y 
15 

16 

17 

18 

19 

20 

21 

22 operation and maintenance tasks. 

Access into the area is controlled because of the possibility of contamination from equipment 

and component leaks and t o  protect against the spread of contamination. There is a chain 

barrier t o  stop casual entrance into the unit. Because there is a minimal dose rate from the 

equipment but a potential for contamination to  be present, the area is considered t o  be a 

RAZ 1 area. It allows personnel t o  spend up t o  forty hours per week within the area for 

23 4.10.7 Monolith Cooling Room 

24 

25 

The MCR provides space for final cooling of the MTC. The room allows the glass t o  cool t o  

an acceptable temperature before over-packing. 
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Above and offset t o  the MCR is a partially shielded area where the bridge crane can be moved 

for maintenance. The crane maintenance area can be accessed from a second floor corridor. 

The maintenance area is separated from the corridor by an airlock. 

MTCs that have cooled are removed from the cooling rack by the overhead bridge crane and 

placed onto a roller conveyor. The conveyor moves the MTC into the Glass Packaging Room. 

The Glass Sample Archive System is located in  the MCR and provides for access and storage 

of archived samples until they are no longer required. An access point in an adjacent airlock 

allows for individual samples t o  be placed into, or retrieved from, the system. 

The MCR was designed t o  limit worker dose rates while ensuring control over the potential 

spread of contaminants. The room is shielded by concrete walls because each container holds 

a concentrated volume of radioactive constituents entrapped in the glass product. The area 

is considered t o  be a RAZ 5, high radiation area. Normal access is not allowed. The 

equipment in this area should not require manned access for maintenance, although a number 

of access doors are provided from adjacent airlocks. Because of the potential for 

contamination, the concrete floor is sealed and the walls have a strippable coating t o  aid in 

decontaminating the room at the end of the facility's mission. 

4.10.8 Shipping Container Area 

The shipping container area furnishes the space and equipment t o  load the MTCs into the 

shipping container, seal the container, and survey/decon the outside of the shipping container. 

4.10.9 Rework Room 

The Rework Room is equipped t o  handle MTCs and remove the failed glass product and reduce 

the size of the MTCs for overpacking. 
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The Rework Room is normally an unoccupied area because of the exposure rate from the 

rework MTC and the likelihood for contamination being present within the room. Minimal 

servicing is required for equipment within the room. Large pieces like the glass breaker can 

be remotely moved into an adjacent airlock or neighboring room for maintenance or repair. The 

Rework Room is considered t o  be a RAZ 4. 

4.10.10 Load-In Areas 

The load-in areas provide access t o  the facility for the entry of shipping containers. Empty 

shipping containers and disposal containers are carried by forklifts into the facility through 

these areas. A roll-up door allows normal forklifts t o  enter the facility. Within the area, space 

is provide for staging shipping containers that will be used during the next t w o  shifts. An 

airlock adjacent t o  the areas furnishes access to  the glass packaging area. Radiological 

technician and maintenance personnel enter through this airlock t o  perform their tasks. Space 

outside of the airlock, in the load-in areas, is provided for doffing PPE equipment. 

The load-in areas are enclosed in prefabricated structures. The structures have an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the Facility System. 

The load-in areas are RAZ 1, controlled areas. Radiological guidelines for RAZ 1 areas allow 

for 40 hr/week occupancy. 

4.10.1 1 Facility Entrance 

The facility entrance controls all entering/exiting of the facility. 

The facility entrance is the main entrance and exit point for personnel working within the 

facility. Personnel log in when entering the facility. To exit the facility, personnel pass 

through radiation detection monitors and log out. All other shipments arrive or depart through 

the load-in/out area and under the supervision of a radiological technician. A desk is provided 

in the facility entrance for a radiological technician t o  supervise personnel movement. 
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The facility entrance is not expected to encounter a radiation source but may see 

contamination carried by personnel attempting to exit. Because the treatment facility contains 

radioactive substances and has the potential to be contaminated, entering or exiting the facility 

must be supervised and controlled. For these reasons, the facility entrance is considered to be 

a RAZ 1.  Personnel may occupy the area for u p  to 4 0  hr/week. 

4.1 1 HVAC (Systems 73,  75,  76, and 7 7 )  

The areas in the treatment facility are designated as  Zone 1; Zone 2, and Zone 3 and have 

three HVAC Systems: one system exclusively for Zone 3, one for t h e  cooling room, and one 

combined for the  remainder of Zone 2 and all of Zone 1. Following are the designated areas 

with equipment details for each zone. 

4.1 1.1 Zone 3 

A. The designated areas for Zone 3 are as follows: 

MTC off loading; 

Shipping container area; 

Fill room; 

Melter room; and 

Rework room. 

B. The HVAC details for Zone 3 are as follows: 

Supply fan -1  2,000 cubic feet per minute (cfm); 

Electric Heat - 300 kW; 

Air handler with supply fan, filters and electric heat; 

Exhaust fan - 12,000 cfm; and 

Exhaust filter that includes a pre-filter with two stage HEPA filters and 

has 50% capacity backup. 

. 

c 
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2 

3 

8 

9 

1 0  

11 

12 

13 

C. The air handling unit and exhaust fans are designed for 100% capacity and 100% 

backup. Air handling units and exhaust fans are connected t o  emergency power 

because of the potential for hazards and equipment damage resulting from 

elevated temperatures if the systems are lost due t o  power failure. There are 

three exhaust filters with 50% capacity ( two are required for normal operation). 

The electric heaters are not connected t o  emergency power. 

D. The radon in the Silos 1 and 2 material is expected t o  be released t o  the Normal 

Off-gas System from the melter and treated through the RCS. The following are 

assumed for design basis: (1) all of the free radon is driven of f  in the melter t o  

the Normal Off-gas System and (2) the glass will sufficiently contain the radon 

gas generated thereafter, such that treatment of the ventilation air around the 

glass through the RCS is not necessary. However, HEPA filtration is supplied on 

processing equipment vent systems downstream of the melter system. 

15. 4.1 1.2 Zone 2 

1 6  

17 follows: 

18 

A. The designated area for Zone 2 is the MCR. The HVAC details for Zone 2 are as 

Air handler with supply fan, filters, electric heat and air conditioning cooling 

1 9  

20 

21 

22 

23 

24 

25 

unit; 

35  ton air conditioning cooling unit; 

Supply fan -10,000 cfm; 

Electric heat - 241kW; . 

Exhaust fan - 10,000 cfm; and 

Exhaust filter that includes a pre-filter with t w o  stage HEPA filters and has 

50% capacity backup. 



1 

Silos 1 and 2 Design Basis and Descriptions 0 40730-RP-0003 

2 B. The air handling unit and exhaust fans are designed for 100% capacity and 

3 100% backup. Air handling units and exhaust fans are connected t o  emergency 

4 power because of the potential for hazards and equipment damage resulting from 

5 elevated temperatures if the systems are lost due t o  power failure. There are three 

6 exhaust filters with 50% capacity ( two are required for normal operation). 

7 

8 power. 

C. The electric heaters and air conditioning units are not connected t o  emergency 

9 4.1 1.3 Zones 1 and 2 

10 

11  HVAC room, and 

12 Access control room. 

13 

14 

A. The designated areas for Zone 1 are as follows: 

B. The designated area (remaindedof Zone 2 consists of the corridor. 

15 

16 

17 Supply fan - 20,000 cfm; 

18 

19 HVAC room - 280 kW 

20 Access control room - 20 kW 

21 Corridor - 225 kW 

22 Exhaust fan - 20,000 cfm; and 

23 

C. The HVAC details for Zones 1 and 2 are as follows: 

Air handler with supply fan, filters and electric heat; 

Electric Heat - Separate electric heat are provided for each room. 

Exhaust filter that includes a pre-filter with t w o  stage HEPA filters and has 
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50% capacity backup. 

2 The air handling units are designed for 100% capacity without any backup. Air 

3 handling units and exhaust fans are connected t o  emergency power because of 

4 the potential for hazards and equipment damage resulting from elevated 

5 

6 

7 required for normal operation). 

8 

temperatures if the systems are lost due to  power failure. 

There are t w o  exhaust fans and t w o  exhaust filters with 50% capacity ( two are 

The electric heaters are not connected t o  emergency power. . 

. 9  4.1 1.4 HVAC Stack 

1 0  

11 

12 

Two HVAC stacks are provided: one for Zone 3 and one for both Zone 1 and Zone 2. The 

stacks are serviced by ladders and platforms. The air, before being exhausted, is analyzed for 

air quality and the results are recorded. 

4.12 Support (Systems 53 and 94) 

14 4.1 2.1 Analytical Support Laboratorykervices 

15  

1 6  

17  products, and chemicals used. 

The analytical laboratory has the instruments and facilities required for testing: the feed, 

additives, the process, off-gas and wastestreams at different stages of the process, the 

18 

19 

20 

21 

22 

23 

24 

25 

4.1 2.2 Special Support Systems - Cooling Water 

The cooling tower cools 1,000 gpm of water from 11 5" t o  85" F. This is a standard 

recirculating Cooling Tower System using evaporative cooling and servicing all of the plant's 

cooling water needs. Standard cooling tower controls are used. The cooling tower fan is 

controlled by the cooling water temperature. Makeup water is controlled t o  maintain the level 

in  the cooling tower basin. The blowdown rate is controlled by the dissolved solids that 

buildup in the cooling water. Standard, commercially available water treatment chemicals are 

used. The cooling tower blow down is sent directly t o  the AWWT. 
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4.1 2.2.1 Svstem Description 
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Cooling water is provided by a standard recirculating Cooling Tower System using evaporative 

cooling and servicing all of the plant's cooling water needs. Standard cooling tower controls 

are used. The cooling tower fan is controlled by the cooling water temperature. Makeup 

water is controlled t o  maintain the level in the cooling tower basin. The blowdown rate is 

controlled to  limit the dissolved solids buildup in the cooling water. 

4.1 2.2.2 Assumptions 

A. Assumption: The maximum wet  bulb temperature at the FEMP is 78°F. 

Indicated in the responses to  the RFP and used for the design of 

the VITPP cooling tower. 

The cooling water inlet is 1 1 0 ° F  and the outlet is 85°F. 

Basis: 

B. Assumption: 

Basis: Standard engineering practice. 

C. Assumption: The Cooling Tower water is a t  a higher pressure than any other 

area where contaminated liquid is being cooled. 

Standard practice to  prevent contamination from entering the 

Cooling Tower System. 

Basis: 

4.1 2.2.3 Svstem Interfaces 

The Cooling Water System interfaces with the following systems: 

Cooling water enters the Cooling Tower System in pipes from the various users. 

Cooling water leaves the Cooling Tower System in pipes t o  the various users. 

Potable water enters the Cooling Tower System (as makeup water) in a pipe from 

the potable water header. 

Blowdown water leaves the Cooling Tower System in a pipe t o  wastewater 

treatment. 

Compressed air is required for pneumatically operated valves. 
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Electrical power is required for various instruments and motors. 

2 4.13 

3 ComDressed Air 

4 

Utilities (Systems 30, 31, 32, 33, 40, 51, 52, 60, 90, and 94) 

Compressed air from 40-CM-001 is used for dense phase pneumatic transfers. 

5 instrument Air 

6 Instrument air is provided for all instrumentation and valve actuation. 

7 Potable Water 

8 

9 

Potable water is an existing site utility and allowances for a potable water system have been 

incorporated into the cost estimate. 

11 Fire water is an existing site utility .and allowances for a fire water system have been 

1 2  incorporated into the cost estimate. 

13 Sanitarv Svstem 

1 4  

15  

The treatment facility design does not include sanitation lines. Existing site sewage facilities 

will be used by plant personnel. 
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Electrical 

A. Normal Power System 

The facility is supplied with electrical power at 13.2kV from the site distribution 

system. A n  outdoor unit substation with t w o  oil-filled transformers, rated 

2500/3125 kilovoltampere (kVa) each, transforms the voltage t o  480 Volts, 

three--phase, three-wire, 60 Hertz for use by the facility. Metering is provided t o  

monitor the power consumption at 13.2 kV. One transformer is dedicated 

exclusively t o  the joule-heated melter and auxiliaries (1 7-PE-0011, and the other 

is dedicated t o  all other facility loads. There is no secondary tie breaker. The total 

connected load is 6562  kVa, and the normal demand is 5120 kVa. Usage is 

25,120,000 k i lowat t  hours (kWh) per year. 

A 480 Volt switchgear in the unit substation distributes power t o  six MCCs 

located in the Mechanical/ElectricaI Building, and to  the 2500 k W  joule-heated 

melter. 
a 

6. Standby Power System 

The facility includes an outdoor 1500 kW standby generator. The generator 

provides power at 480 Volts to  MCCs 31-MC-003 and 31-MC-005 through 

automatic transfer switches, and to the 2500 k W  joule-heated melter through a 

manual transfer switch. All other MCCs remain de-energized. The automatic 

transfer switches start the generator on loss of normal power and then switch the 

MCC t o  the generator when voltage is available. The joule-heated melter load 

must be manually reduced t o  500 kW before the generator is manually started 

and the manual transfer switch is thrown. An integral fuel tank is sized for eight 

hours of operation. The melter will not be de-inventoried during a power outage 

and no out-of-spec waste is anticipated due to  a power loss. 
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The system includes an exercise panel that starts the generator once a week and 

runs it for 30 minutes. It sends an alarm to the control room if the generator fails 

t o  start. 

Critical facility loads are connected to  MCC 003 or'MCC 005. These are loads 

that are: 

required t o  prevent contamination t o  the treatment facility; 

required t o  prevent contamination to the outside environment; 

required for the safety of FEMP personnel; and 

required t o  prevent damage t o  equipment. 

C. Uninterruptable Power System 

The facility has a battery backed UPS rated 25 kVa for instrumentation and 

control system loads. This system filters power system anomalies that could 

cause false information t o  be sent t o  the Distributed-Control System (DCS) or 

cause damage t o  sensitive electronic equipment. 

The UPS receives power at 480 Volts, three-phase from MCC 003 and converts 

it t o  208Y/120 Volt three-phase four-wire 60 Hertz power. The UPS includes a 

battery charger. The batteries provide power continuation for thirty minutes 

without'any normal power input. 

Motor Control Centers 

The MCCs are standard, commercially available Underwriters' Laboratory 

(UL) listed equipment rated 800 Amps at 480 Volts, three-phase, three-wire. 

They are indoor units, 90 inches tall, 20 inches deep, and are composed of 

a series of vertical sections each 20 inches wide. They contain motor 

starters, feeder circuit breakers, and variable speed drive units. Each motor 

starter has a power circuit protector pad-lockable in the off position, 
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indicator lights to indicate motor status, start and stop pushbuttons, and a 

hand/off/auto (HOA) selector switch. The selector switch selects between 

DCS control and control from the MCC. Extra contacts are provided on the 

selector switch, motor contactor, and circuit protector t o  send status 

information t o  the DCS. 

The starters, feeder circuit breakers, and variable speed drive units are 

capable .of draw-out removal for maintenance and replacement. 

Control Systems 

The facility operation is monitored and controlled by a DCS that consists of 

many remote input/output (1/01 racks inside the plant (i.e., an I/O rack next 

t o  each cluster of equipment), with all the I/O racks connected t o  the control 

room. The control system is capable, at a minimum, of the following 

functions: 

- Collecting pertinent process parameters (e.g., temperature, pressure, 

density, and flow). 

- Displaying information in an organized and logical manner on video 

.monitors (the display program includes graphic features for displaying 

process parameters). 

- Automatically or manually operating selected control loops and digital 

output signals for control of equipment (e.g., start, stop, speed up, and 

slow down) from the operator console. 

- Initiating audible and visual alarms when designated process parameters 

are outside preset limits or status. 

- Providing status indication of motor driven equipment HOA switches, 

motor contactors, and power disconnecting devices. 

Reporting and displaying historical data. 

Operating pneumatically operated pumps and on/off (fully open / fully 

- 
* -  
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closed) valves by solenoid valves and controlling them from the DCS 

with "run" and "stop" outputs for pumps and "open" and "close" 

outputs for the valves and interlocking functions. (Each of these pumps 

has an attached manual operator.) 

Providing status t o  the DCS with pneumatically operated ON/OFF valves 

that have limit switches. 

Indicating the HOA switch position of the motorized valves in the MCC. 

The DCS also indicates the direction the valve is being driven since 

there is no positive feedback from the valve position switches until it 

reaches the fully opened or closed position. 

Controlling the emergency shutdown and fire alarm events as described 

by the control philosophy. 

Using butterfly valves on vessel vent connections t o  create and maintain 

negative air pressure in vessels that contain contaminated material; this 

excludes off-gas treatment systems. 

4.14 Special Health and Safety Considerations 

During the "Detailed Design" phase of the project, a safety review of the process is conducted. 

This review considers all credible "what if" scenarios with input from people with different 

specialties such as Process, Mechanical, Electrical, Operations, Maintenance, etc. The 

recommendations of this review are implemented t o  ensure safety of the process. 

A n  "Ergonomic Review" of the design ensures that the operation does not cause any undue 

strain t o  the operators or maintenance people. Input from people with different specialties 

maximizes the value of this effort. 

A "Constructability Review" is conducted before starting construction t o  ensure that it is safe 

and practical t o  install the equipment and complete all construction as per design. 
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4.15 Special Environmental Considerations 

The design basis for this alternative ensures protection of human health and the environment 

during the remediation of the Silos 1 and 2 material by incorporating the pertinent 

environmental regulatory requirements in the system design .and using the principles of 

environmental ALARA. The design allows all contaminated gas, liquid, and solid wastestreams 

generated during remediation t o  be collected and treated before being released t o  ensure 

adequate protection of human health and the environment. 

Air emissions from the process and off-gas from the melter are controlled by containment and 

treatment. The off-gas system uses a scrubber and NO, destructor t o  control acid gases. A 

WESP and HEPA units control particulate. Volatile metals (e.g., selenium) released into the 

off-gas are removed in the quench, scrubber, or WESP liquid streams. The off-gas is vented 

t o  the RCS, which uses carbon beds for adsorption of radon. Radon in ventilation air from 

tanks and process equipment containing Silos 1 and 2 material is also controlled by ventilation 

t o  the RCS. All tanks and lines with radon source material are totally enclosed, and the gas 

f low control uses backup redundancy for critical equipment. The Emergency Off-gas System 

includes a knockout tank and dual filters for control of particulate. 

Building ,ventilation is controlled through designation of zones on the basis of expected 

contamination; the air is either routed t o  the RCS for radon control, or treated locally for 

particulate control using HEPA filtration before discharge. Airlocks and dampers are used t o  

control air f low and confine contamination. Discrete part'iculate sources such as dry feed or 

additive bins are controlled by  filtration. Particulate dusting from poured or spilled glass is 

expected t o  be minimal. Particulate from reworked glass is confined by the rework room 

ventilation system, and treated using HEPA filtration. HEPA filters and prefilters are changed 

using a bag-in and bag-out approach t o  prevent airborne release of contaminants. 

Liquid waste is also controlled by containment and treatment. During operations, excess 

liquids from the clarifier are recycled t o  the TTA for waste retrieval. Quench purge and WESP 

slurry is precipitated with caustic and recycled t o  the melter feed. Wastewater that cannot 
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be recycled, such as the scrubber purge water and off-gas condensate, requires pretreatment 

2 

3 

4 

5 

6 generation. 

(if necessary) before discharge t o  the site AWWT facility. Volatile metals such as lead and 

selenium, and radionuclides that are removed from the off-gas, are treated t o  acceptance levels 

before discharge t o  the AWWT facility. Any solids removed during pretreatment are also 

recycled in the treatment process to  the extent practicable in order t o  minimize solid waste 

7 

a 
9 

All tank systems containing Silos 1 and 2 material with free liquids are designed with 

secondary containment and leak detection. The melter is designed with a catch basin for 

containment of molten glass in case of a spill or leak. With the possible exception of the diesel 

10 

11 

12 management. 

tank for the emergency generator, all tank systems with secondary containment are located 

under roof, which greatly minimizes the amount of excess liquids requiring characterization and 

Protection of surface waters is ensured by double containment of exterior piping that contains 

retrieved Silos 1 and 2 material, and by segregation of the treatment process in a roofed and 

enclosed building. Areas used for processing material is protected from precipitation and 

stormwater run on and Funoff. Clean and contaminated runoff is not combined. Clean runoff, 

including building roof drains and runoff from areas of fixed contamination, is discharged either 

into the stormwater collection basin, or routed t o  adjacent drainage systems. 

0 15 

16  

17 

18 

19 

20 

21 

While some secondary waste is recycled (e.g., off-gas sludges from the WESP), other wastes 

are expected to  be generated that cannot be recycled, which requires management as 

hazardous or mixed waste. For example, metallic lead, and salt (slag) compounds high in 

22 

23 

24 

25 

radium may be drained from the melter during operation; also, refractory materials high in 

chromium may be generated during D&D. Process holdup wastes, and wastewater treatment 

sludges or solids high in activity or metals such as selenium may also require additional 

treatment before disposal. Facilities t o  accommodate staging and characterization of wastes 

26 during operation, and later during D&D, are included in the design. 
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Attachment 4.1 

Mass and Energy Balance for the 

Vitrification - Joule-heated Technology 
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Attachment 4.11 

Equipment List for the - 

Vitrification - Joule-heated Technology 
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5.0 VITRIFICATION - OTHER 

5.1 Summary 

The Vitrification - Other technology processes the Silos 1 and 2 material with chemical 

additives t o  remediate the waste constituents of concern. The treatment recipe is optimized 

t o  obtain a high waste loading and meet disposal facility WAC. For this process, the Silos 1 

and 2 material slurry is dewatered, dried, and combined with chemical additives to  create a 

mixture that is continuously fed t o  the gas-fueled combustion melter. After sufficient retention 

in the separatorheservoir section of the melter, the glass is discharged t o  a water-filled quench 

tank and formed into frit. Cooled and dried frit is conveyed t o  a concrete shipping and disposal 

container for shipment to  a licensed disposal facility. Approximately 500 scfm of the off-gas 

from the melter is treated for acid gases and particulates before it is forwarded t o  the existing 

RCS for radon removal. The remaining off-gas is treated by a supplemental radon removal 

system 

5.1.1 

designed for this facility. 

Functional Analysis 

A functional analysis has been performed for the Vitrification - Other technology. Figure 5.1- 

1 presents the individual functional requirements for the treatment facility. The first level 

functions are the high level functions t o  be accomplished by the treatment facility SSC. The 

subsequent levels in the functional analysis diagrams describe the means for accomplishing 

the high level functions. Table 5.1-1 gives a brief description of the individual functional 

blocks shown in Figure 5.1-1. 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

TABLE 5.1-1 
FUNCTIONAL BLOCK DESCRIPTIONS 

VITRIFICATION - OTHER 

Remediate Silos 1 
and 2 Material 

Retrieve Silos 1 
and 2 Material 

Mobilize Silos 1 
and 2 Material 

Transfer Silos 1 
and 2 Material 

Remove Heel 

Vitrify Silos 1 
and 2 Material 

Prepare Melter 
Feed 

Receive Silos 1 
and 2 Material 

Functional Description 

The Silos 1 and 2 material is retrieved as a 10 wt% solids 
slurry that is dried, mixed with glass forming additives, and 
vitrified in the cyclone melter by burning fuel directly in it to  
vitrify a product that can be disposed of safely. The process 
requires systems for normal and emergency off-gas treatment, 
wastewater treatment, radon control, venting gases, and 
disposal of product. 

The Silos 1 and 2 material, stored in the TTA tanks, is retrieved 
in a form suitable for feeding to  the treatment process. 

The Silos 1 and 2 material is mobilized using high-pressure 
water jets. 

~~ 

The Silos 1 and 2 material is transferred with a sludge pump a t  
approximately 10 wt% solids through a pipe a t  a velocity high 
enough ( > 5  ft/sec) to  prevent settling and plugging. 

The Silos 1 and 2 material in each tank left after the normal 
pumping operation is removed. 

The dried Silos 1 and 2 material and glass forming additives are 
blended and heated to  2350" F in a direct fired, Vortec cyclone 
melter. The glass product and combustion products (off-gas) are 
separated. The glass product is cooled, transported, and packed 
into shipping and disposal containers. 

The Silos 1 and 2 material feed to  the melter is dried in order 
to reduce the volume of off-gas to  be treated. The Silos 1 and 
2 material is centrifuged, dried, milled, and blended with glass 
forming additives in a feed mixer and fed continuously to  the 
melter. 

The Silos 1 and 2 material, pumped from the TTA, passes 
through a screen and is stored in the slurry receipt tank. The 
oversize particles are reduced in a mill before going to  the slurry 
receipt tank. 
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Jnction ID 

2.1.2 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Function Title 

Remove Water 

2.1.3 

2.1.4 

Analyze Silos 1 
and 2 Material 

Reduce Size 

2.1.5 Add Glass Formers 

Functional Description 

2.1.6 

2.1.7 

2.2 

2.2.1 

2.2.2 

2.2.3 

The slurry is centrifuged to  generate a wet  cake containing 50 
wt% solids, which is dried in a hot oil heated screw-type dryer. 
The centrate containing fine solids is recycled back to  the TTA. 
Part of the dry product is recycled and mixed with the incoming 
wet  cake to prevent operating problems. 

Blend Mixture . 

Receive Off-spec 
Glass 

Melt Feed 

Transfer Feed t o  
the Melter 

Melt Feed 

Cool Melter 

The dried Silos 1 and 2 material from the dryer is analyzed to 
ensure that a glass product suitable for disposal can be 
produced. 

For proper vitrification, the feed to  the melter should be free 
from oversize particles . The particle size is reduced in a 
hammer-type dry feed mill. 

Based on laboratory analysis, additives have to be added to the 
Silos 1 and 2 material for proper vitrification. The additives are 
stored in bins. The additives are pneumatically conveyed to the 
feed mixer. 

~ ~~~ 

It is necessary to  mix the dry Silos 1 and 2 material and glass 
forming additives thoroughly before feeding the melter to 
produce good glass product. The required quantity of materials 
are transferred sequentially to  a feed mixer, which is on weigh 
cells, and mixed thoroughly. 

Off-spec glass frit is recycled. It is ground and mixed with the 
feed to  the melter. 

The mixture of dry Silos 1 and 2 material feed and additives, 
when heated to  2,35OoF, melts and forms glass. The cooled 
glass product becomes a material that meets the WAC of the 
licensed disposal facility. 

The mixed feed from the surge bin is fed continuously to the 
melter through a weigh feeder. 

The melter temperature is maintained at 2350" F to  melt the 
feed. Natural gas and preheated air, which is 20% in excess 
of theoretically required quantity, are burned in the melter. The 
fuel is transferred, staged, and received. The required rate of 
preheated air at 1,200°F is also supplied. 

Cooling of the melter is accomplished by  circulating cooling 
tower water around the melter shell. 
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unction ID Functional Description Function Title 

2.2.4 Separate Glass and 
Off-Gas 

The glass and off-gas are separated in the separatorheservoir. 
The glass exits through the bottom or side tap and the off-gas 
exits through the Normal Off-gas System orifice. 

Form Product 2.3 The molten glass is cooled in the quench tank and forms the 
glass frit. The product is cooled and carried by a drag 
conveyor to  the containers. 

2 

3 

4 

5 

6 

2.3.1 Cool Glass 
Product 

The molten glass from the separatorheservoir is transferred to  a 
quench tank where it is cooled. 

~~ ~~ 

Form Glass Frit 
~~ 

The glass product forms glass frit on cooling. 2.3.2 

2.3.3 Cool Glass Frit The glass frit is cooled and dried before the shipping and 
disposal containers are filled. 

The off-gas from the melter, containing particulates, is cooled 
with water to  140" F in a quench tower, scrubbed with a 
caustic solution to remove SO,, and then sent t o  a WESP to  
remove particulate matter. It is also necessary to  remove NO, 
and moisture before 500 scfm of this off-gas stream is sent to  
the existing RCS system prior t o  venting. The remaining gas 
(-300 scfm) passes through an air dryer package, is cooled to  
45"F, passes through carbon beds for radon removal, and flows 
through HEPA filters before being vented to  the RCS stack. 

2.4 Treat Vitrification 
Normal Off-gas 

Cool Normal 

Off-gas 

The off-gas is cooled to  140' F in the quench tower by direct 
contact with sprayed water. Volatiles in the off-gas are 
condensed. Water used for quenching is cooled in a heat 
exchanger before recirculating to  the quench tower. A purge 
stream limits the particulate concentration in the tower to 0.5 
wt%. Part of the filtrate from the particulate filter is recycled 
to  the quench tower along with some make up water. 

2.4.1 

2.4.2 

2.4.3 

~ ~~~ 

The off-gas is scrubbed with a dilute caustic solution to  remove 
SO,. It also is cooled to  110" F. The caustic solution, which is 
heated in the scrubber, is cooled in a heat exchanger before 
being recirculated. A purge stream is tapped from the scrubber. 
Part of the filtrate from the particulate filter and make up 
caustic solution are pumped to  the scrubber. The off-gas 
passes through the NO, removal system downstream of the 
scrubber. 

Remove Acid 
Gases 

Remove 
Particulates 

The off-gas from the scrubber is sent t o  a WESP to  remove the 
remaining particulate matter. The solids are flushed out as a 
10 wt% slurry and collected in the filter feed tank. The 
material from this tank is transferred to  a precipitate filter from 
which the wet cake as well as the filtrate are recycled. 
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10 

inction ID 

2.4.4 

Function Title 

Remove Moisture 

Remove Radon I 2.4.5 

2.5.2 

2.5.3 

3.0 

2.5 1 Treat Emergency 

Remove 
Particulates 

Vent Off-gas 

Discharge 
Wastewater 

2.5.1 I Cool Off-gas 

3.1 

3.2 

3.3 

Collect Wastewater 

Analyze 
Wastewater 

Treat Wastewater 

I 

I 

Functional Description 

The off-gas is cooled to  45°F in the off-gas condenser with 
chilled glycol. Most of the water in the off-gas is condensed. 
The condensed water is collected in the condensate tank and 
then transferred to  the wastewater treatment area for . 
treatment. After NO,removal, 500 scfm of the off-gas is 
directed to  the existing RCS. The remainder is directed to  an air 
dryer package and cooled to  45°F. 

The cooled off-gas passes through a set of carbon beds where 
the radon from the off-gas is adsorbed. 

In case of an emergency that prevents regular off-gas 
treatment, the off-gas from the melter is mixed with 
atmospheric diluent air and thereby cooled to  500" F. The 
cooled off-gas is directed to  a knock-out tank containing a 
high-temperature bag filter where most of the particulate 
matter is removed. Then, it passes through HEPA filters where 
the remaining particulates are removed before being vented to  
the atmosphere through an exhaust stack. 

~~ ~ ~~ 

The off-gas is cooled to  500°F with atmospheric diluent air. 

The cooled off-gas passes through a knock-out tank with an 
integral high-temperature bag filter t o  capture most of the 
particulate particles. The off-gas passes through HEPA filters to  
remove the remaining particulates. 

The cooled emergency off-gas, free of most particulates, is 
vented to  the atmosphere through a dedicated stack. 

~~ ~ 

The wastewater generated from different areas of the process 
is collected and analyzed to  determine the' type of treatment 
required. The treatment process includes removal of 
particulates, radon, RCRA metals, and radionuclides. The treated 
wastewater is transferred, tested, and disposed properly. 

~ _ _ _ _ _ ~ ~  ~ 

The wastewater discharged from the different areas of the 
process is collected and transferred t o  the treatment area. 

~~ ~~ 

Samples of the wastewater are collected for testing. Tests are 
conducted to  determine the type and quantity of pollutants and 
the treatment required. 

The wastewater is treated for the removal of pollutants such as 
Darticulates, metals, and radionuclides. 
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4.0 

I 

2 

3 

4 

5 
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Control Radon 

7 

8 

9 

10 

1 1  

12 

4.2 

4.3 

5.0 

5.1 

5.2 

6.0 

unction ID Function Title 

Remove Radon 

Prevent 
Uncontrolled 
Release 

Discharge Vented 
Gases 

Collect Gases 

Discharge Gases 

Dispose Product 

3.4 I Transfer 
Wastewater 

3.5 I Stage Wastewater 

4.1 1 Collect Radon 

6 1  1 Package Product 

6.1.1 Receive Product I 

Functional Description 

The treated wastewater, suitable for disposal, is transferred to 
the appropriate area. 

The treated wastewater, suitable for disposal, is staged and 
disposed of  properly. 

Vent streams containing radon from different areas of the 
process are collected properly and treated for the removal of 
radon. The treatment process removes particulate matter, cools 
the streams, and passes them through carbon beds to  remove 
radon. Uncontrolled release of radon is prevented by 
maintaining a negative pressure throughout the radon treatment 
system. The treated gases are vented through the RCS stack. 

Vent streams from different areas of the process containing 
radon are collected for treatment. 

The dried gases are cooled t o  the required temperature in a 
heat exchanger. The radon in the gases is removed by drying 
and cooling the gases before passing them through the carbon 
beds where the radon is adsorbed. 

Uncontrolled release of radon in the system is prevented by 
maintaining a negative pressure throughout the treatment 
system and by maintaining constant operating conditions for the 
carbon beds. 

The process vessel vent streams are collected and discharged 
t o  the off-gas stream. 

__ _ _ ~ _ _  ~~ ~ ~~ 

The vent streams are collected from different sources and sent 
t o  a pipe that also carries off-gases. 
_ _ ~  ~~ __ ~ ~~ 

These gases are discharged to  the suction of the melter's 
forced draft fan. 

The product from the vitrification system is received and packec 
in shipping and disposal containers. The shipping and disposal 
containers are sealed and loaded onto a truck. The trucks are 
then released for shipment and disposal of the containers. 

The product from the vitrification system is received and packec 
in shipping and disposal containers. 

The glass product from the vitrification system is received as a 
nranular frit. 
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2 

. 3  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

6.1.3 

6.1.4 

6.2 

unction ID Function Title 

Containers 

Fill Containers 

Seal Containers 

Ship Containers 

6.2.3 

6.2.4 

6.2.5 

6.2.6 

1 6.2.1 I Stage Containers 

Transport 
Containers 

Release Containers 

Decon Containers 

Stage Trucks 

I 6.2.2 I Load Containers 

7.0 

7.1 

7.2 

Recycle Reject 
Product ' 

Remove Lid 

Remove Frit Glass 

Functional Description 

The shipping and disposal containers for the product are 
received, inspected, and staged. 

The shipping and disposal containers are filled with the product. 
(An absorbent material may be placed in the bottom of the 
containers to preclude free standing water.) 

The shipping and disposal containers filled with the product are 
sealed. 

The shipping and disposal containers of product are loaded onto 
trucks. Samples are collected,' analyzed, and documented. The 
shipping and disposal containers are weighed and inspected. 
The trucks are then released. 

The shipping and disposal containers of product are staged for 
shipment. 

The shipping and disposal containers ready for shipment are 
loaded onto a truck. 

Loaded trucks leave the FEMP for their ultimate disposal site. 

The product is characterized. Samples of the product are 
analyzed. The shipping and disposal containers are weighed 
and the characterization is documented. The containers are 
inspected and released. 

Shipping and disposal containers having external contamination 
are taken to  a decon bay for surface washing. 

The trucks are staged and released. 

A separate facility is provided to  handle operations associated 
with the rework activities of the reject glass containers. This 
system interfaces with the Treatment System and the PVS. 

The container of the reject glass is opened to  access the 
treated material. Facility operators use a remote bolt removing 
device to  remove the bolts from the container lid. 

~~ ~~ 

A facility is designated for the removal of reject material from 
the disposal containers. The SSCs associated with removing 
the reject material operate concurrent with normal operating 
activities. 
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'unction ID Function Title Functional Description 

7.3 Transfer Rework 

Remediation PVS . 
Facility 

A Vacuum Conveyor System to transfer the rework frit to the 
* Material to rework hopper is provided. This system interfaces with the 
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1 5.1.2 System Model 

2 

3 Vitrification - Other. 

Figure 5.1-2 presents a block flow diagram for the treatment of the silos residues using 

<END OF PAGE> 
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Silos 1 and 2 Design Basis and Descriptions 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14 

5.1.3 Treatment Recipe 

- 0 40730-RP:0003 

The treatment recipe was developed by Vortec Corporation, under contract as the Proof of 

Principle subcontractor for the "Vitrification - Other" technology (40730-RP-0001, Appendix H, 

Attachment H2). 

5.1.4 Mass and Energy Balance Overview 

The mass and energy balance in the form of PFDs and the associated material balance spread 

sheets are included at the end of this section. 

5.1.5 Availability and Work Schedule 

The vitrification plant operates 24 hr/day, 7 daydweek. 

Basis: High temperature melters operate most efficiently when operated continuously. 

Cycling on and off damages the refractory and increases energy use. 

5.2 Feed and Additives Preparation (Systems 15, 16, and 44) 

The Feed Preparation System prepares the Silos 1 and 2 material, from the TTA, for feed to  the 

treatment process. 

15  5.2.1 System Description 

1 6  

17  

18 

1 9  have bin vent filters to  prevent dust emissions. 

The Feed Preparation System receives bulk additives and prepares them for feeding into the 

process. All additives are dry powdery solids and are handled with conventional pneumatic 

conveying equipment, bins, dust collectors, etc. The additives are not hazardous. Additive bins 

20 

21 

The Silos 1 and 2 material is retrieved from the TTA at approximately 10 wt% solids, using a 

slurry pump, at a nominal rate of 5,900 ib/hr dry solids. 
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40730-RP-0003 
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2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

13  

15 

1 6  

17 

18  

19 

20 

21 

22 

The slurry receipt tank (15-TK-006), with a capacity of 30,000 gallons, receives slurry from the 

l T A .  Slurry percent solids can only be roughly controlled. An in-line densitometer in the slurry. 

line to  the slurry receipt tank provides specific gravity information to  convert to  percent solids. 

Vessel levels are monitored. The slurry receipt tank has an inventory equivalent to  approximately 

four hours of slurry pumping and approximately 24 hours of feed to  the drying process. The 

slurry is milled (1 5-ML-001) and screened (1 5-SR-001) through 30 mesh to  limit maximum particle 

size to  0.6 mm. 

Slurry from the receipt tank is uniformly fed to  one of two  solid bowl centrifuges (15-CE-001 

and -002); the second centrifuge is a full capacity spare. The centrifuge produces a wet cake 

containing 50  wt% solids and a centrate that carries the fine solids (mostly BentoGroutw clay) 

from the feed. The concentration of solids in the centrate depends upon the percentage of the 

fines in the feed and the operating parameters of the centrifuge. The centrate from the 

centrifuge flows, by gravity, into the centrate tank (15-TK-005), from which it is pumped back 

to  the TTA for the slurrying operation. 

The wet cake from the centrifuge is discharged, by gravity, into one of the dryer mixers 

(1 5-MX-001 and -002). There are two  sets of dryers (1 5-RN-001 A & B and -002 A & B), one 

is a full capacity spare. The dryers are gas-fired hot oil, multiple screw-type. Each set has two 

dryers and can process 72,000 Ib of wet solids at 15 wt% moisture. The moisture content of 

the dried solids is 5 k%. Seven 'of eight parts of the dried solids from the dryers are recycled 

back to  the dryer mixer where the dried material is mixed with the 5 0  wt% wet cake from the 

centrifuge to  produce a mixture containing 15 wt% moisture, which is fed to  the dryer. The dryer 

screws are driven by variable-speed electric motors. 
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7 

8 

9 

1 0  

11  

1 2  

13  

1 4  

15 

1 6  

17  

18 

19  

20 

21 

22 

23 

The water-cooled dryer/condenser (1 5-PE-001) condenses the water evaporated from the feed in 

the dryers. The water circulating through the condenser spray nozzles absorbs the heat released 

by the condensing vapor and is cooled in the dryer condenser cooler (15-HE-001) with cooling 

water before recirculating back to the spray nozzles. A purge. stream is diverted from the 

recirculating water stream of the dryer condenser, which represents the water being condensed. 

This purge stream goes to  the filter feed tank (18-TK-0031, which is a part of the equipment for 

treating the off-gas from the melter (1 7-PE-001). 

A hammer-type dry feed mill (15-ML-002) reduces the dry feed material from the dryers to  

particles under 30 mesh (600 microns). The material from the mili passes into the milled waste 

bin (1 5-BN-006). The material is transferred from the milled waste bin into feed bins (1 5-BN-001 , 

-002, and-003) by a dense-phase pneumatic conveyor (1 5-PM-001). The air from the feed bins 

flows to  the air intake FD fan of the melter. The feed bins can store the feed material required 

for operation of the melter at 24 hr/day, 7 daydweek. 

The Additive System has storage bins (44-BN-001, -002, and -00.3) with capacity to hold bulk 

truck shipments of additives. Truck shipments of additives are pneumatically transferred into 

these bins. 

The dense-phase pneumatic transfer system consists of a blower and dust collector. The system 

transfers, from the feed storage bins to a batch feed mixer (15-MX-003), the amount of 

Silos 1 and 2 material required for four hours of operation of the melter. The air used for 

conveying is vented ,from the feed dust collector to  the FD fan (1 7-FA-001). A similar system 

transports additives (the quantity required for four hours of operation of the melter) from the 

additive bins to  the feed mixer. The air used for conveying additives is vented from the additive 

dust collector to  the atmosphere through a cartridge filter. 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

The feed mixer is a 100-ft3 batch blender: and rests on weigh cells, so that the successful 

transfer quantities of materials can be monitored. The feed mixer has a double ribbon agitator. 

After the feed and additives are mixed thoroughly, feed mixture is discharged to  the feed surge 

bin (15-BN-004). From the feed surge bin, the feed mixture passes through the weigh feeder, 

which consists of a weigh hopper and metering screw, and is continuously fed to  the melter at 

the required rate. 

5.2.2 Assumptions 

A. Assumption: 

Basis: 

B. Assumption: 

Basis: 

C. Assumption: 

Basis: 

D. Assumption: 

The Feed Preparation System receives slurry from the TTA on 

demand at 10 wt% to 30 wt% solids. 

This is the projected operating regime of the slurry pump that 

transfers slurry from the TTA to the system. 

The Feed Preparation System continuously supplies a mixture of dry 

Silos 1 and 2 material feed and additives at the rate of 1,592 Ib/hr 

to the melter. 

Vortec Corporation. 1999. Silos 1 and 2 Proof of Princljlle 

Project, Final Report; Process Flow Diagram. (40730-RP-000 1, 

Appendix H, Attachment H2) 

The slurry feed is screened through a 30 mesh screen so that 

maximum particle size is less than 0.6 mm. Oversize particulates 

must be size reduced to  less than 0.6 mm. Oversize particulates 

average 13 wt% of the Silos 1 and 2 material. 

Weight fraction <30 mesh averaged from the two analytical 

reports from International Technology Corporation (IT) Analytical 

Services dated March 22, 1990 and June 29, 1992. 

The off-spec product recycle stream is estimated to be 

approximately 1.0 wt% and, thus, is not significant enough to 

consider for material balances and equipment sizing. 
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Basis: 

E. Assumption: 

Basis: 

F. Assumption: 

Basis: 

G. Assumption: 

Basis: 

Silos 1 and 2 Design Basis and Descriptions 
40730-R P-0003 

Engineering judgement. 

The Feed Preparation System receives additive chemicals in bulk 

trucks that can pneumatically transfer their contents to  the storage 

bins. 

Bulk delivery and unloading provides the safest and most efficient 

operation, given the quantity of additives handled. 

The Feed Preparation System provides 30 days of additive 

inventory. 

Enough bulk storage is available so that shipments can be easily 

scheduled and plant operations are not threatened by short-term 

interruptions in delivery. 

The feed and additives required by the melter are blended in a 

batch blender. 

Engineering judgement. 

5.2.3 Key Equipment Descriptions 

The Additive System consists of three 2,000-ft3, carbon steel, storage bins with conical bottoms, 

rotary plug valves, bin vibrators, blowers, and baghouses. There is a Pneumatic Conveying 

System for transferring bulk additive deliveries from trucks. to  the bins and for transferring the 

required quantity of material from the bins to  the feed mixer. 

The slurry receipt tank that stores Silos 1 and 2 material slurry from the TTA is a 30,000-gallon 

carbon steel tank with a top mounted agitator. At  the maximum inlet feed rate of 59,000 Ib/hr, 

it has a storage capacity of four hours. 

The milled slot screen separates feed into a product stream with particles smaller than 30 mesh, 

oversize stream with particles >30 mesh, and a trash stream with particles above 0.75 inches. 
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40730-RP-0003 

1 The feed mill reduces oversize stream particles to <30 mesh and sends them to  the slurry 

2 receipt tank. The mill can handle up to  2,100 Ib/hr. 

9 

10 

11 
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1 6  

1 7  
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The centrifuge consists of a horizontal solid bowl fitted with an inner contoured scroll conveyor. 

It uses a cyclo-gear speed reducer for changing the differential speed between the rotating bowl 

and the scroll conveyor. All wetted parts are 316 L stainless steel. The centrifuge has a tight 

fitting cover. Tungsten carbide scrapers’ are used to  eliminate sludge build up in the cake 

discharge section. Each centrifuge has a 200 horse power (HP) variable speed main drive and 

a 40 HP variable speed back drive. 

The slurry receipt transfer pumps, which feed the centrifuges, are 140 gpm Moyno-type positive 

displacement pumps, whereas the centrate pumps from the centrifuges are centrifugal pumps. 

The centrate tank is a 5,000-gallon carbon steel tank with a top mounted agitator. 

The dryer mixer can mix up to 56,000 Ib of dry material with 5 wt% moisture and 8,000 Ib of 

filter cake with 8,000 Ib/hr of water; and, the resultant material, with 15 wt% moisture, enters 

the dryers. The material of construction is carbon steel including mix trough, paddle assembly, 

and inlet/outlet nozzles. Each agitator assembly has two shafts with 40 paddles on each shaft 

and is driven by a 15 HP motor. Each dryer pair has its own dryer mixer. 

There are t w o  sets of dryers, one being a spare, that can each dry 72,000 Ib of material from 

15 wt% moisture to  5 wt%. Each has an integral scale. The heating is done by a 

high-temperature thermal fluid at an inlet temperature of 550°F. The screws on each dryer are 

driven by a 40 HP motor. 

The 16 million British thermal units (Btu) per hour Thermal Fluid Heating System for the dryers 

includes: a modulation burner, air blower and motor, gas train and flame safety system, fluid 

circulation pumps, a 1,000-gallon expansion tank, a 2,000-gallon drain tank, an exhaust stack, 

and necessary controls. 
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There are t w o  sets of drag chain recycle conveyors for recycling up to 56,000 Ib/hr of the dry 

material back to  the dryer mixer. The drag chain conveyor has a "Z" path configuration. It is 

driven by a 10 HP motor. 

The dry feed mill reduces the particle size of the material from the dryer to  <30 mesh. It is 

made of carbon steel and has a split top housing and a hinged removable cover to  change 

screens and hammers. The solid shaft has slip-on hammer arms. It is driven by a 15 HP motor. 

The direct-contact spray condenser for the dryers can condense approximately 8,000 Ib/hr of 

steam. The dimensions are 4 ft in diameter by 19 f t  in height and the material of construction 

is 304 low carbon stainless steel. The condenser circulates 800 gpm water through eight spray 

nozzles. 

The dryer condenser cooler consists of two shell and tube exchangers in series. The hot side 

flow rate is 800 gpm, 145" F in and 125" F out; the cold side flow rate is 550 gpm of cooling 

water, 85" F in and 11 5" F out. 

There are three feed storage bins that are approximately 730 ft3 in capacity, and 8 ft in diameter 

and 20 ft in height. They are constructed of carbon steel with conical bottoms, rotary feeder 

valves, bin vibrators, and baghouse vent filters. There are Pneumatic Conveying Systems for both 

transferring material from the milled waste bin to  the feed storage bins and for transferring the 

required quantity of feed material from the bins to  the feed mixer. 

The feed mixer' has a capacity of 100 ft3 and is 42 inches in diameter by 10 f t  in length; it's 

constructed of carbon steel, and has a ribbon mixer driven by a 40 HP motor. It is installed on 

weigh cells so that the- required quantity of feed material and additives is transferred to it 

sequentially and readily measured. 

The feed surge bin also has a capacity of 100 ft3 and is 4 ft in diameter by 12 ft in height with 

a bin vibrator, an air pad in the cone section, and a rotary valve. 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

The feed weigh feeder consists of a weigh hopper, auger feeder, weigh cells, and controls to  

continuously feed 1,535 Ib/hr of material to  the melter. 

5.2.4 System Interfaces 

The Feed Preparation System interfaces with the following SSC: 

Electrical power for instrumentation and motors. 

Compressed air for solids transfer and various pneumatically operated valves, 

diverters, bin aerators, air slides, dense phase pumps, dust collectors and 

instrumentation and controls. 

Silos 1 and 2 material slurry that enters via a pipeline from the Silos 1 and 2 

material retrieval process. 

Bulk additive trucks that have standard pneumatic transfer couplings for connection 

to  bulk storage tank piping. 

Additives leaving their storage bins that go through a dense-phase pneumatic 

transfer line to  the feed mixer. 

Process vessel vents that exhaust via pipeline to  the RCS. 

5.2.5 Recycle Back to  the l T A  

The centrate containing fine solids is recycled back to  the TTA to  be used as slurrying water. 

5.3 Treatment (System 17) 

5.3.1 System .Description 

The Melter (and Product Handling) System receives a blended mixture containing Silos 1 and 2 

material feed and additives from the Feed Preparation System. The blended mixture of Silos 1 

and 2 material slurry and dry additives is accurately metered and continuously fed to  the melter, 

where it is heated to  2350°F in a cyclonic natural gas flame and converted into a molten glass 
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7 

8 

9 

10 

11 

product. Control of the natural gas and combustion air to  the melter is conventional with 

ultraviolet flame detection. The off-gas and molten glass from the combustion section of the 

melter passes through a separatorlreservoir section at the bottom. Following discharge into a 

cooling water reservoir, the glass frit that forms is cooled and conveyed directly into concrete 

shipping and disposal containers. The off-gas is vented to  the Normal Off-gas System for 

removal of particulates, acid gases, and radon. The melter operates at a slight positive pressure 

while the downstream Normal Off-gas Treatment System is maintained at a negative pressure. 

The melter is placed over a catchment sized to contain any glass spill. The melter is inside a 

building that serves as secondary confinement. Radon detectors inside the building provide real- 

time notification of radon leakage from the melter. If radon is detected, stoppage of material feed 

to  the melter quickly stops radon releases. 

12 5.3.2 Assumptions . 

13 A. Assumption: The melter operates 24 hrlday, 7 daydweek and production is only 

14 interrupted for maintenance, emergencies, and planned outages. 

15  

16 

17  

18 

19 

20 

21 

22 

Basis: High temperature melters operate most efficiently when operated 

continuously. Cycling on and off damages the refractory and 

increases energy use. 

B. Assumption: The melter is fed continuously with 1,535 Ib/hr of the feed mixture 

containing dry Silos 1 and 2 material and additives. 

Vortec Corporation. 1999. Silos I and 2 Proof of Princ@le Project, 

Final Repod; Process Flow Diagram (40730-RP-0001, Appendix H, 

Attachment H 2). 

Basis: 
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C. Assumption: The total feed required .for the continuous (24 hr/day, 7 

daydweek) operation of the melter is stored in the feed storage 

bins. 

4 D. Assumption: The melter is cooled with cooling water from a new cooling tower 

5 installed specifically for this project. The cooling water 

6 temperature is 85" F. 

Basis: The FEMP site does not have cooling water available for process 

cooling requirements. The water temperature is a function of the 

78" F maximum wet bulb temperature at the FEMP. 

10 . 5.3.3 Key Equipment Descriptions 

11 

1 2  

The combustion melter is an integral unit complete with the melter, reservoir/separator, forced 

draft (FD) fan, and gas-fired combustion air preheater. The overall dimensions are 22 ft wide by 

22 ft long by 5 0  ft high. 0 
1 4  The primary components of the melter are the counter-rotating vortex (CRV) reactor and the 

15 cyclone melter. The CRV provides for rapid suspension heating and oxidation of feedstock 

16 materials before physical and chemical melting processes that occur within the cyclone melter 

1 7  directly below it. 

18 

19 

20 

21 

22 

23 

Organic contaminants in the feedstocks are effectively oxidized. Gaseous products and preheated 

feedstock from the CRV reactor enter the cyclone melter where the solids are separated to the 

chamber walls, and glass forming chemical reactions occur. The molten material and the gases 

exit the cyclone melter to the separator/reservoir, where a pool of the molten material is collected. 

. The molten material exits the reservoir through a bottom or side tap, and the flue gases are 

treated by the Normal Off-gas Treatment System before being exhausted through the stack. 

* 
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1 The glass product is cooled by direct contact with water to  form granular frit. The cooled frit 

2 is conveyed from the water bath by a drag conveyor and deposited directly into shipping and 

3 disposal containers. Residual heat should dry the frit sufficiently while being packaged. An 

4 absorbent is placed in the container if all of the water does not evaporate from the frit. 

5 5.3.4 System Interfaces 

6 The treatment system interfaces with the following SSC: 

7 

8 

The mixture of feed and additives, which have been blended together, that is fed 

continuously, at a controlled rate, from the feed weigh feeder. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Molten glass that exits the melter to  produce a granular frit that is deposited in the 

shipping and disposal containers by the glass handling system. 

Glass product that leaves the glass packaging facility via a conveyor. 

Melter off-gas that leaves via one of two  pipelines, one to  the Normal Off-gas 

System and one to  the Emergency Off-gas System. 

Natural gas that enters via a pipeline from the FEMP site natural gas header. 

Electrical power for instrumentation and motors. 

Compressed air for pneumatically operated valves. 

Cooling tower water that is required for cooling the melter shell. 

18 5.4 Product Handling (Systems 23,24, and 25) 

19 The forming, handling, and reworking of the glass product is discussed in the 1999 FEMP OU4 

20 Trade StudyNitrification Waste Form Trade Study in detail. Empty shipping and disposal 

21 containers are handled using forklifts and motorized roller conveyors. Filled shipping and disposal 

22 containers are conveyed by remotely operated motorized roller conveyors, monorails, or bridge 

23 cranes. 

24 

25 

The motorized roller conveyor positioning is controlled either remotely or by manual switches to 

move and align the shipping and disposal containers at the various work stations. The operators 
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are able to  view the operations by means of remote CCTV systems and shielded viewing 

windows at the various work stations. 

The remotely operated monorail hoist and bridge cranes employ onboard CCTV viewing 

equipment to  ensure positive grappling and placement of filled shipping and disposal containers. 

5.4.1 System Description 

Fill Station Operations 

An empty shipping container is loaded onto the conveyor in the airlock adjacent to  the fill station 

by a propane powered forklift with a rated capacity of six tons. The shipping container lid. is 

removed using a grappling device attached to  a. monorail. The Conveyor System is divided into 

discrete sections to  allow multiple and simultaneous shipping container movements at the 

different work stations, thus improving the efficiency of the handling system. The shipping 

container is conveyed into the fill room and aligned with the quench tank drag conveyor 

discharge. The shipping container is hydraulically lifted and sealed against the quench tank drag 

conveyor discharge opening. The glass frit is deposited in the shipping container until it is full. 

The shipping container lift is mounted on load cells to  give an indication of the weight of the 

deposited glass frit remotely monitored in the control station. The shipping container is 

hydraulically lowered, sampled,. and conveyed to  the lidding station. 

Liddina Station 

The shipping container lid is remotely positioned, lowered and seated on the shipping container. 

The remote lid fastening wrench is used to  tighten the lid bolts. 

Survev and Decontamination Station 

The shipping container is conveyed to  the survey and decontamination station for radiological 

survey, and decontamination as needed. After the container passes radiological survey, the 

shipping container is conveyed through an enclosed passage to  the interim staging facility. 
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1 Interim Staqinq Facilitv 

2 

3 

The shipping container is removed from the conveyor by a remotely operated bridge crane and 

placed in the shielded staging area before being shipped off-site or returned for rework. 

4 5.4.2 Assumptions 

5 

6 Basis: ' Mass Balance included at the end of Section 5. 

Assumption: Three to  four shipping and disposal containers of frit are produced daily. 

7 

8 

9 

10 

1 1  

12 

13 

14' 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

5.4.3 Key Equipment Descriptions 

Roller Convevors 

The roller conveyors are 5-ft or 7-ft wide heavy duty, motorized, chain driven, two-directional, 

roller conveyors of various lengths with a rated capacity of 21,000 lb. Standard fabrication 

materials are used for conveyor components; however, the conveyors are special order due to the 

size and load capacity required to support the filled shipping and disposal containers. The 

conveyors are equipped with special features for lifting containers, making right angle transfers, 

and weighing containers, as required. The conveyors are segmented where the conveyance must 

pass through an airlock or shield door, in order to  establish an effective seal and to  prevent 

shielding void spaces. 

Interim Staqinq Facilitv Crane 

This crane is a remotely operated bridge crane with a rated capacity of 15 tons, with a span of 

70 ft, a travel of 173 ft and a lift height of 20 ft. The crane is equipped with a special grapple 

device to  lift, move, and place the shipping and disposal containers. In addition, the bridge crane 

has CCTV capacity to  ensure positive grappling and placement of the shipping container. 

Fill Station 

The fill station deposits the glass frit into a shipping container. The frit is conveyed by a drag 

conveyor with t w o  strands of deslagger chain and 5-inch channel flights spaced 3 f t  apart and 
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operated continuously while pouring glass to  

prevent overcooling of the glass in the water tank. A shipping container is positioned and sealed 

to  the discharge opening using a hydraulic lift to  raise the shipping container. The shipping 

container supports are equipped with load cells for weighing the deposited glass frit remotely and 

indicating the weight on a display in the control room. 

Lid Installation Station 

The lid installation station consists .of custom designed equipment for grappling and removing 

and/or installing shipping container lids. The grapple uses rigid mechanical linkages for accurate 

and efficient operations. 

Lid Fastenina Station 

The lid fastening station consists of a remote wrench mounted on a frame that aligns with the 

bolt pattern of the shipping container. The operator views the lidding operation either by CCTV 

or through shielded glass viewing windows. The wrench is actuated up and down and may be 

lowered to  engage the bolt heads and tighten or loosen them as required. 

5.4.4 System Interfaces 

The Product Handling System interfaces with the following SSC: 

Electrical power for motors, instrumentation, and monitors. 

The glass forming system quench tank drag conveyor discharge that couples with 

the shipping container. 

The shielded and unshielded airlock doors and window systems that are employed 

to  protect workers and segregate work stations. 

C C N  cameras and monitors that are used to  ensure positive control of shipping 

container operations. 

A forklift that transports and places empty shipping and disposal containers on the 

load-in conveyor. 
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The treatment facility transfer conveyor, the shipping container, and the staging 

facility crane that work together as a system. 

5.5 Gaseous Emission Control (Systems 18 and 20) . 

The Gaseous Emission Control System is responsible for collecting all off-gas and vent streams 

and properly treating them. 

5.5.1 System Description 

Process Exhaust 

Hot off-gas from the melter is introduced to the Quench Tower (18-PE-001) where point quench 

spray nozzles deliver water to  cool and condense the melter off-gas. The quench spray water 

is recycled through the Quench Tower Cooler (18-HE-001), which is cooled by cooling tower 

water. A purge/blowdown stream is drawn off and sent to  the Filter Feed Tank (18-TK-003) for 

pH adjustment. Solids are separated from the purge stream by filtration and then recycled to  the 

Feed Preparation System. 

The remaining air and acid gases are treated in a Packed-Tower Scrubber (18-PE-002). Packing 

in the scrubber allows the caustic solution to contact the gas stream and remove the acid gases. 

The caustic is recycled through the Scrubber Cooler (1 8-HE-002), which is cooled by cooling 

tower water. The pH is monitored with.a real-time pH sensor and is adjusted as needed through 

a caustic solution metering system. A purge stream is drawn off for wastewater treatment as 

necessary. 

The saturated moist air coming from the scrubber is vented to  the WESP (18-PE-003). The 

WESP removes the smaller particles with >99% efficiency. Captured particulate from the WESP 

is directed to  the filter feed tank for pH adjustment and filtration before being recycled to  the 

Feed Preparation System. 

5-26 



-- 80 8 0 
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

The off-gas from the WESP passes to  the NO, removal system (20-RN-001) to  reduce NO, levels 
0 1 

2 

3 

4 

5 feed to  the RCS. 

to a maximum of 20 ppm. The off-gas then passes through the off-gas condenser (20-HE-001) 

where it is cooled with chilled water/glycol solution to condense the remaining water. The 

condensate is collected and staged for wastewater treatment. The. off-gas is now acceptable for 

6 

7 

Approximately 500 scfm of the off-gas from the off-gas condenser is directed to  the existing 

RCS. After treatment, this off-gas is vented to the RCS stack. 

8 The remaining off-gas (approximately 300 scfm ) passes through an air dryer package 

9 (20-RN-002 A or B) to  remove all water. The off-gas is then cooled in the off-gas cooler 

10 (20-HE-002) before going to the multiple carbon beds (20-RN-003 and -004) for radon removal. 

11 The off-gas from the carbon beds passes through a HEPA filter (20 FL-001 A or B) and fan (20- 

1 2  FA-001 A or B) before finally being discharged from the RCS stack. The off-gas is monitored at 

the stack and the radon and particulate data is logged. Y 
1 4  Process Vessel Vents 

15 

16 

Vessels containing radon are vented to  a process vessel vent (PVV) header. This PVV header 

vents the radon into the Normal Off-gas System downstream of the WESP. 

. .  
1 7  Room Exhaust 

18 

1 9  

All rooms containing Silos 1 and 2 material in process equipment are ventilated via the building 

HVAC system through HEPA filters to  the Zone 3 exhaust stack. 

20 5.5.2 Assumptions 

21 

22 

A. Assumption: The radon in the off-gas is equal to the radon that is in secular 

equilibrium with the radium in the melter feed. 

23 

24 

Basis: Battelle Pacific Northwest Laboratories (PNL) and Fernald 

Environmental Management Project (FEMP). 1 993. Operable Unit 4 
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B. Assumption: 

Basis: 

C. Assumption: 

Basis: 
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Treatability Study Report for the Vitrification of Residues from 

Silos 7, 2, and 3. Prepared under contract for the U.S. 

Department of Energy: Fernald Field Office, Fernald, OH. 

(AR Index No. U-006-409.1) 

Off-gas quenching and particulate removal in the WESP are 

performed in separate process steps from acid, gas scrubbing. 

Particulates should be recycled to  the melter and acid gas solids 

(sulfates) should not be recycled to  the melter, thus the separate 

operations. 

The quench tower water and the scrubber liquor are cooled by 

indirect heat exchange, with cooling water from a new cooling 

tower installed specifically for this project. The cooling water 

temperature is 85" F. 

The FEMP site does not have cooling water available for melter 

cooling requirements. The water temperature is a function of the 

maximum 78" F wet-bulb temperature at the FEMP. 

5.5.3 Key Equipment Descriptions 

The quench tower is a direct-contact gas cooler-condenser. It is approximately 5% ft long by 

2% ft wide by 10 f t  high. It contains multiple spray nozzles to  provide gas-liquid contact for 

most of its height. It recirculates approximately 230 gpm 'of water through the spray nozzles; 

this water is cooled by approximately 200 gpm of cooling tower water in the quench heat 

exchanger. No pH adjustment is performed in the Quench Tower, which allows it operates under 

acidic conditions (pH - 2.5) and prevents the absorption of acid gases. 

The scrubber is a packed tower unit approximately 3 ft wide by 3 ft  long by 35 ft high. It 

recirculates approximately 50 gpm of scrubber liquor that is controlled to  a pH of 8.0-9.0 in order 

t o  effect the absorption of SO,. The recirculating liquor is cooled in the scrubber heat exchanger 

with approximately 50 gpm of cooling tower water. 
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The WESP uses high voltage electric fields to efficiently collect the particulate entering from the 
0 1 

2 scrubber. 

3 

4 

. 5  

The system for the filtration of the purge streams from the quench tower and the WESP consists 

of a 1,500-gallon collection tank, a 70-gpm centrifugal filter feed pump, a precipitate filter for 

filtering 70 gpm of water containing 1 wt% solids, and a 60-gpm centrifugal pump for recycling 

6 the filtrate. 

7 

8 

The package for the destruction of NO, in the off-gas can handle 800 scfm. It consists of four 

NO, reactors, two effluent coolers, one effluent chiller, and one offzgas knockout drum. 

9 

10 

The off-gas condenser is made of 304SS. The coolant consists of 30 gpm of chilled glycol 

solution at an inlet and outlet temperature of 35" and 55" F, respectively. 

11 The air dryer package includes two desiccant beds, a regenerative heater, and a recirculation - 

blower. The dew point of the outlet air from the package is -20" F. 0 
1 3  

14 temperature of 35 "F. 

The off-gas cooler is made of 304SS. The coolant consists of chilled glycol solution with an inlet 

15  

16 

There are two carbon beds in series, each containing 48,000 Ib of carbon. The dimensions of 

' each bed are 118 ft long by 1O'ft wide by 10 ft high. 

17 The HEPA filter systems have a prefilter and a single-stage final filter. 

18 

19 10 HP motor. There is a spare unit. 

The off-gas fan discharging to the existing RCS stack has the capacity of 330 scfm and has a 

20 5.5.4 System Interfaces 

21 The Gaseous Emission Control System interfaces with the following SSC: 
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15 

16 

17 

18  

; 19 

20 

21 

22 

Electrical power for various instruments and motors. 

Compressed air that is required for pneumatically operated valves. 

Off-gas that enters via a pipe from the Melter and Product Handling Systems. 

Off-gas that is exhausted through the stack to  the atmosphere. 

Caustic solution that arrives by truck and is transferred to the caustic tank. 

Recycle. solids that leave via a chute from the precipitate filters to the Feed 

Preparation System. 

Cooling tower water that is required for cooling the quench tower and scrubber 

recirculation loops. 

Condensate that is collected in a condensate tank and sent for wastewater 

treatment. 

5.5.5 Emergency Off-gas System 

The Emergency Off-gas System is auxiliary to the Normal Off-gas System and consists of a 

knock-out tank (1 8-TK-005) with an integral high-temperature filter (1 8-FL-002) to remove gross 

solids or liquids, a dilution air line to cool the off-gas, a high-temperature HEPA filter 

(1 8-FL-003), and a fan (1 8-FA-001 ) to a dedicated stack (1 8-ST-001 ). The Emergency Off-gas 

System activates when the -Normal Off-gas System fails. In the event that the Emergency 

Off-gas System is required, feed to the melter is immediately suspended. 

Portions of the Emergency Off-gas System may become contaminated. 

The temperature of the exiting gases is monitored. Pressure drops across the in-line 

filters are monitored. 

The Emergency Off-gas System tank is equipped with an iso-kinetic monitor. 
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disposal. (It is anticipated that this stream wiH meet the acceptance criteria for the A M ;  

however, if it does not, a hold tank and filter may be required for pretreatment.) 

5.7 Secondary Solid Waste Treatment 

Secondary solid waste typically consists of the following: 

PPE; 

HEPA and prefilters; 

Wastewater treatment bag filters; 

Debris; 

Empty rework, containers; 

D&D waste; and 

Filter cake from the precipitate filter. 

5.7.1 System Description 

Solid waste is collected and stored 'in appropriate shipping and disposal containers. It is 

characterized and disposed of per site procedures. 

5.7.2 Recycle 

The filter cake from the precipitate filter, at a rate of approximately 300 Ib/hr, is sent to  the 

slurry receipt tank and is recycled to  the process area. It is not possible to  recycle it directly to  

the dryers. The waste from the precipitate filter is generated continuously, since the melter 

section operates continuously. However, the dryers operate only 8 hr/day, 4 dayslweek. 

5.7.3 Key Equipment Descriptions 

The precipitate filter is an automated filter press located above the slurry receipt tank so it can 

gravity discharge down a chute into the tank. 
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5.6 Secondary Liquid 

5.6.1 System Description 

Waste Treatment 

All vessels, piping, etc., that contain either hazardous or liquid radioactive material require 

secondary confinement. Generally, this confinement consists of a diked pad with a sump and 

leak detection. All vessels and tanks containing unstabilized Silos 1 and 2 material are vented 

to  the RCS: 0 

The quench tower, scrubber, WESP, and off-gas condenser contain hazardous or contaminated 

liquids and are installed on diked pads. Any liquid collected from these pads is contained until 

characterized to  determine its disposition. Purge streams from the quench tower and WESP are 

routed through the filter feed tank to  the precipitate filters. Filter cake is returned to the slurry 

receipt tank for reprocessing of the solids therein. Filtrate is recycled to  the quench tower and 

scrubber. The scrubber purge stream contains dissolved sulfate solids and cannot be recycled 

to  the process. 

5.6.2 . Recycle 

The purge streams from the quench tower, dryer condenser, and WESP are filtered and recycled 

to  the quench tower and scrubber. These streams are not directed to the FEMP A M .  

The centrate from the centrifuges, which contains fine particles, is returned to  the TTA and is 

reprocessed. As water is inventoried in the recycle loop, it eventually has to be filtered and sent 

the A M  for treatment and disposal. Ultrafiltration equipment from the AWR Project will be 

available for this requirement. 

5.6.3 Discharge to  FEMP AWWT 

The purge stream from the scrubber and off-gas condenser (approximately 8,000 gallons per day) 

is staged, characterized, pretreated if necessary, and sent to the FEMP AWVVT for treatment and 

5-3 1 

000350 



5.8 Shipping Container Operations (System 25) 
0 1 

6 

7 

8 

9 

10 

11 

12 

15 

16 

17 

18 

19 

20 

21 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

The filled shipping and disposal containers are stored in the interim staging facility before off-site 

shipment to  an approved disposal site. The lifting and placement of shipping and disposal 

containers are performed remotely; however, intermittent contact; by the workforce, with the 

shipping and disposal containers is necessary to  secure and prepare the shipment. 

5.8.1 System Description 

A shipping container is grappled in the interim staging facility by a remotely operated bridge 

crane, lifted over a shield wall, and placed onto an open transport (Le., flatbed truck) in the 

loading/shipping operations area. ,The shipping container is secured and prepared for off-site 

shipment. The external surfaces of the shipping and disposal containers are considered to  be free 

of loose surface contamination. Documentation is provided to  the shipping contractor who 

transports the shipment to  an approved disposal site. The generation and buildup of radon is not 

anticipated to  be a concern in the interim staging facility since the shipping and disposal 

containers are sealed before staging; therefore, the facility does not require special ventilation. 

5.8.2 Assumptions 

A. Assumption: One shipment consists of two filled shipping and disposal 

containers. 

Basis: Standard FEMP shipping practice for a two-axle truck (limited to  

42,000 Ib). 

B. Assumption: 10 shipments are made per day, 4 days per week. 

Limits established to obtain public acceptance. Basis: 

22 5.8.3 Key Equipment Descriptions 

23 Staqins Facilitv Remote Bridse Crane 

5-33 

000352 



Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

1 

2 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

The crane is a remotely operated bridge crane with a rated capacity of 15 tons, and a span of 

70 ft, a travel of 173 ft, and a lift height of 20 ft. The crane is equipped with a grappling 

device and CCTV system camera to ensure positive grappling, movement, and placement of the 

filled shipping and disposal containers. 

5.8.4 System Interfaces 

The shipping container operations interfaces with the following SSC: 

Electrical power for motors, instrumentation, and CCTV support equipment. 

Containerized frit that enters via the treatment facility transfer conveyor. 

A CCTV inspection system is used. 

The FEMP Waste Shipping Organization that monitors shipments. 

5.9 Product Rework (System 26) 

In addition to  the federal, state and local shipping requirements, the glass frit must meet the NTS 

WAC. Therefore, provisions must be made to  re-process any rejected glass frit. Rework of the 

rejected glass frit requires removing it from the shipping container and reintroducing it into the 

melter. 

The TCLP and other characterization testing may not be completed before conveying the shipping 

container to  the interim staging facility. The rejected shipping and disposal containers are taken 

to  the rework room for emptying and then reintroduced to  the melter. 

5.9.1 System Description 

Rework operations are carefully confined and performed remotely at the rework station. The glass 

frit conveyance components are remotely controlled by operators in the adjacent corridor. The 

rejected shipping containers are conveyed to  the lid fastening station where the bolts are 

disengaged and the lids are removed. The containers are then conveyed to  the rework station. 
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The vacuum hose is maneuvered by the robotic arm mounted on the rework bridge crane to 

collect all of the glass product. When the vacuum bin is full, it is emptied into the frit bin 

located above the melter for direct addition to the melter in accordance with product rework 

procedures. 

5.9.2 Assumptions 

A. Assumption: The number of shipping and disposal containers that are filled with 

frit and expected to  fail the TCLP RCRA limits and/or NTS WAC is 

approximately 1% of the total quantity of disposal shipping and 

disposal containers (approximately 2 1 shipping and disposal 

containers). 

B. Assumption: Frit pieces do not exceed '/z inch and move freely to  be collected 

by the vacuum system. 

5.9.3 Key Equipment Descriptions 

Roller Convevors 

The roller conveyors are 7-ft wide heavy duty, motorized, chain driven, two-directional, roller 

conveyors of various length with a rated capacity of 21,000 Ib. Standard fabrication materials 

are used for conveyor components; however, the conveyors are special order due to  the size and 

load capacity required to  support the filled shipping and disposal containers. The conveyors are 

equipped with special features for lifting containers above the rollers, as required. The conveyors 

are segmented where the conveyance must pass through an airlock or shield door, in order to  

establish an effective seal and to  prevent shielding void spaces. 

Rework Vacuum 
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1 The rework vacuum is a standard production model with a HEPA filtered discharge. The system 

2 

3 capacity of 30 tons/hr. 

includes a cyclone bin t o  collect captured debris, a 6-inch diameter vacuum hose, and a rated 

4 Vacuum Bin 

5 The vacuum bin is attached to  the rework vacuum. The bin has a volume of 15 ft3. 

6 Frit Bin 

7 

8 

The frit bin is a holdup bin for the recovered glass frit. The bin has a volume of 36 ft3 and 

includes load cells, a vibrator, a rotary feeder valve, and gate valves. The air is filtered and 

9 returned to  the vacuum unit. 

10 Rework Bridse Crane 

11 The rework bridge crane is a remotely operated bridge crane with a rated capacity of five tons 

12 and a span of 24 ft. The crane is equipped with a robotic arm and a 2-ton hoist for 

13 miscellaneous lifting operations. The robotic arm is used to  handle the vacuum hose, perform 

14 clean up of the rework room, and provide versatility for performing many tasks. 

a 
15 5.9.4 System Interfaces 

1 6  The Product Rework System interfaces with the following SSC: 

17 

18 

19 

20 rework station. 

21 

The product handling conveyors for conveyance of shipping containers. 

Electrical power is for motors, instrumentation, and a CCTV monitoring system. 

Facility HVAC System that provides the required heating and ventilation of the 

The frit bin that discharges the glass frit into the combustion melter. 

22 5.10 Facility Design 

23 . 5.10.1 Bulk Additives 
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The bulk additive building provides for receiving, storage, and transfer of bulk glassformer to the 

Feed Preparation System. The design uses three large bins and a pneumatic system to support 

production requirements for the glass former. The glass forming additives are pneumatically 

transferred to  the additive bins inside the facility. 

The building structure is a commercial grade sheet metal building. The height of the building,is 

based upon the requirements of the storage bin that supports production. Stairs and platforms 

provide access to  the storage bins and filter assemblies. Within the building, limited space is 

provided for maintenance requirements. The building has a large double door to  allow for access. 

Filters and dust collectors are provided on the bins to  prevent release of particulates during filling 

operations. 

An unloading pad is provided next to  the facility for bulk chemical truck deliveries and to  contain 

accidental spills. Large quantities of additives are received by truck and are pneumatically 

transferred into the appropriate storage bin. Additives from the bins are pneumatically transferred 

to  the Feed Preparation System. 

The bulk additive building and the surrounding area is a non-radiological area. 

controlled. 

Access is not 

5.1 0.2 Feed Preparation System 

The system contains the process tanks, pumps and equipment to receive, concentrate, mix, and 

dry the silos material. 

Equipment is in a radiologically controlled area due to  the Silos 1 and 2 material's high 

concentrations of radium and radium daughter products. The area around the tanks is assumed 

to be a RAZ 5, high radiation area based on preliminary dose calculations. Because of this, the 

work area requires shielding, less time spent within those areas and, where possible, minimal 

sources (volume) to  ensure lower dose rates for operations and maintenance workers over the 

plant life. The tanks containing the material are segregated and,shielded in keeping with the 

. ' .  . 
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ALARA principles of minimizing worker dose rates. They are surrounded by two-foot thick 

shielded walls due to  the radiation field presented by the volume of Silos 1 and 2 material. The 

shield walls are modular in construction. The shield walls and concrete floor also perform duty 

as secondary containment in case of a spill or leakage from the tanks. The primary containment 

consists of the tanks themselves. 

Although surrounded by concrete walls, the concentrate tank still requires accessibility for general 

maintenance of the mechanical equipment. Access to  the tank at grade is through a labyrinth. 

A sump is located in the area to  collect runoff. The top of the tank is accessible by ladder and 

platform. The platform on top of the tanks allows for maintenance to  be performed on the 

agitators, control valves, and piping components. The pumps for the tank are located outside of 

the shield wall due to  general service and maintenance requirements. The pumps are located 

behind half or "partial height" walls to  control access, minimize dose rates, and contain leaks and 

spills. 

Above the Normal Off-gas System is the remaining Feed Preparation System. The remaining 

equipment is located in separate rooms, within the facility, on different floors to  control 

contamination. The room provides control access and controls the spread of airborne 

contamination. During normal routine maintenance, the room provides a controlled environment 

in which to  perform maintenance tasks. The walls in the rooms provide shielding and are coated 

with a strippable paint. The rooms are accessed through airdock with space provided for step 

off pads outside of the airlock. Components can be lowered from upper floors through a vertical 

airlock containing hoist equipment. Personnel access to  tall equipment and bins is by ladder and 

platforms. 

The Feed Preparation System is covered by a roof over the tanks. The roof allows for operations 

and maintenance tasks to  take place during local seasonal weather extremes. Portions of the roof 

can be removed for equipment removal by crane. 
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Radiation calculations show that the concrete wall alone is not enough to lower dose rates to 

personnel outside of the feed preparation area. To mitigate the dose rates to  an acceptable level, 

a chain-link fence needs to be placed 10 ft away from the process area to  isolate the area from 

casual personnel in the area. 

5.10.3 Melter Feed System 

The Feed Preparation System delivers the feed to the melter feed system. The feed and 

additives are fed into the melter. The recycled glass system also delivers crushed glass directly 

to the melter. The melter processes the feed into glass by combustion. During processing, the 

off-gas from the melter is removed and preliminary quenching and scrubbing of the gases is done. 

The melter feed pumps, feed surge bin, recycle bin, melter, quench tank, quench tower, scrubber, 

and associated off-gas pumps are located in the melter room. The walls and roof are of typical 

'stick built' architectural construction and are covered by a removable coating to facilitate 

decontamination. The walls are fire rated for two hours. The melter and melter feed pumps are 

accessed by a series of stairs in an adjacent airlock. The platform structure for the melter and 

associated equipment is.very tall to allow for access. 

Below the melter, an emergency dump container is located to catch leaking molten glass. It 

provides a safe method to empty the glass from the melter in case of an emergency. 

Space is provided within the room for equipment that supports the melter operation. Platforms 

at various levels around the melter allow for servicing and disassembly of the equipment, and 

provides lay down space for large components. A davit crane allows for equipment components 

to  be lowered from the platform structure to  the floor. Dedicated drop zones have been 

identified. Supporting utilities (e.g., electrical, control system, melter cooling water, plant air) are 

brought into the melter room to  support operations. 
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The glass cooling operation,.frit forming package, is also located in the melter room. The frit 

quench tank and supporting pumps and exchanger are located within the room. Molten glass is 

poured from the melter into an enclosed trough. The trough flows into the quench tank. The 

cooled glass is removed from the tank by conveyor. The package allows the glass to  anneal to  

an acceptable temperature level before packing. 

The melter room benefits from the removal of radon by the Normal Off-gas System and is 

considered to  be a RAZ 2, controlled area. Shielding is generally not required. Maintenance and 

operations tasks can be performed in the melter room up to  a maximum of eight hours a week 

per worker. 

5.10.4 Load-In Areas 

The load-in areas provide access to the facility to  allow shipping and disposal containers to  enter 

the facility. Empty shipping and disposal containers are carried by forklifts into the facility 

through this area. A roll-up door allows normal forklifts to  enter the facility. Within the area, 

space is provided for staging shipping and disposal containers to  be used during, the next two 0 
shifts. An airlock adjacent t o  the areas furnishes access to the frit loading (glass packaging) area 

and rework room. 

The load-in area is enclosed in a prefabricated-type structure. The structure has an internal, 

engineered, steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the facility system. 

The load-in area is a RAZ 1, controlled area. Radiological guidelines for RAZ 1 areas allow for 

40 hr/week occupancy. 

5.10.5 Fill Station 

The shipping container is remotely filled with glass, weighed, and sealed in the fill station room. 
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The fill station is located adjacent to the melter room and the frit forming package area. The room 

contains the equipment used to fill the shipping container. 

With the container sealed, radiological technicians, dressed in appropriate PPE, move through the 

adjacent airlock into the survey/decon room and along each side of the conveyer. Because of 

the 70 mrem/hour exposure rate from the container, the technicians smear the outside of the 

container from a distance with long reach tools. If the container is found to  be contaminated, 

these same tools are used to  decontaminate the container. Once released, the container is 

moved by the roller conveyor into the airlock and then through an enclosed corridor to  the interim 

container staging area. 

The Process Sampling Systems, which provide for process control, accountability, diagnosis, and 

certification of compliance with waste acceptance product specifications, produce samples that 

must be archived. The Sample System allows for capture of a glass sample for TCLP testing. 

The sample is removed from the fill station through the adjacent airlock. The TCLP sample is 

collected to the analytical laboratory. Additional archive samples are collected and removed to 

the access point for the glass sample.archive system in the cooling room. 

The fill station room is only occupied for regulated maintenance tasks. The room is considered 

to  be a RAZ 3, controlled area. It is potentially contaminated by glass from the filling and 

sampling operation. Access is allowed for a maximum of three hours a week per worker. 

5.10.6 Off-gas 

The off-gas area contains the additional process equipment to  remove particulate and condition 

the gas stream before release to the RCS. If the Normal Off-gas System fails t o  function, the 

Emergency Off-gas System activates. 

The primary components of the Normal Off-gas System, a quench tower and scrubber, are 

located in the melter room. The remaining portion of the system and the Emergency Off-gas 

System are located adjacent to the melter room next to the Feed Receipt System and 
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serviced by a small pipe rack. The equipment for the system is located on concrete pads. The 

floor within the room is sloped t o  a sump. The concrete is sealed to  protect against potentially 

radioactive liquids penetrating the surfaces. 

The emergency off-gas stack is approximately 80 ft tall and is accessed by ladder and platform. 

The stack is isokinetically monitored. The air, before being exhausted, is analyzed for air quality 

and the results are recorded. 

Access into the area is controlled because of the possibility of contamination from equipment and 

component leaks and to  protect against the spread of contamination There is a chain barrier to  

stop casual access into the unit. Because there is a minimal dose rate from the equipment but 

a potential for contamination to  be present, the area is considered to  be a RAZ 1. It allows 

personnel to  spend up to  40 hr/week within the area for operation and maintenance tasks. 

5.10.7 Rework Room 

The rework room is equipped to  handle shipping and disposal containers and remove the failed 

glass product. 

The glass frit that has failed TCLP is identified after the sample is analyzed in the fill station. A 

shipping container of failed product to be reworked is moved into the rework room during off 

hours by the roller conveyor. . 

The rework room is equipped with a small overhead bridge crane, a remotely controlled machine 

to  vacuum the frit from the container, and a pneumatic system for transferring the rework glass 

to  a hopper above the melter. A vacuum hose is attached to  an arm to  vacuum up the glass 

to  a hopper that gravity feeds the melter. The container can then be moved into the fill station 

to  be reused. 

The rework room is normally an unoccupied area because of the exposure rate from the open 

container and the likelihood for contamination being present within the room. Minimal manual 
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servicing is required for equipment within the room. Because of the potential for contamination 

being present, the concrete floor is sealed and the walls and equipment have a strippable coating 

to  aid in decontamination of the room and equipment at the end of the facility's mission. The 

rework room is considered to be a RAZ 4, radiological area. Access is controlled by FEMP Health 

and Safety guidelines and requires a radiological work permit (RWP) and additional dosimetry 

0 1 

2 

3 

4 

5 

6 before entering. 

7 5.10.8 Facility Entrance 

8 The facility entrance controls the entering/exiting of the facility. 

9 

10 

11 

12 

The facility entrance is the main entrance and exit point for personnel working within the facility. 

Personnel log in when entering the facility. To exit the facility, personnel pass through radiation 

detection monitors and log out. Any other in-coming or out-going shipment passes through the 

load-in area under the control of a radiological technician. A desk is provided in the facility 

entrance for a radiological technician t o  supervise personnel movement. 0 
14 

15 

16 

17 

18 

The facility entrance is not expected t o  see a radiation source, but may see contamination carried 

by personnel attempting to exit. Because the treatment facility contains radioactive substances 

and has the potential to be contaminated, entering or exiting the facility must be supervised and 

controlled. For these reasons, the facility entrance is considered to be a RAZ 1. Personnel may 

occupy the area for up to 40 hr/week. 

19 5.1 1 HVAC (Systems 73, 75, 76, and 77) 

20 

21 

22 . Zones 1 and 2. Zone 2 does not have a dedicated HVAC System. 

The areas in the treatment facility are designated as Zone 1, Zone 2, and Zone 3 and will have 

two HVAC Systems: one system exclusively for Zone 3 and the other for the combined 

23 ' The following are the designated areas with corresponding equipment details for each zone. 
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A. The designated areas for Zone 3 are: 

Dry feed preparation area; 

Survey & decontamination room; 

Fill room; 

Melter room; 

Rework room; 

Feed pump room; 

Head installation room; and 

Dry feed storage room. 

B. The HVAC details for Zone 3 include: 

Exhaust fan - 20,000 cfm; and 

Air handler with supply fan, filters and electric heat; 

Supply fan - 20,000 cfm; 

Electric heat - 500 kW; 

Exhaust filter that includes a pre filter with two  stage HEPA filters and has 

50% capacity backup. 

The air handling unit and exhaust fans are designed for 100% capacity and 100% 

backup. Air handling units and exhaust fans are connected t o  emergency power 

because of the potential for hazards and equipment damage resulting from elevated 

temperatures if the systems are lost due to  power failure. 

There are three exhaust filters with 50% capacity (two are required for normal 

operation). 

The electric heaters are not connected to  emergency power. 
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C. Radon 

The radon in the Silos 1 and 2 material is expected to be released to  the off-gas 

system from the melter and treated through the RCS. The following are assumed 

for design basis: (1) all of the radon is initially driven off in the melter to the 

off-gas system; and (2) the glass will sufficiently contain the radon generated 

thereafter, such that treatment of the ventilation air around the glass through the 

RCS is not necessary. However, HEPA filtration is supplied on PVV systems 

downstream of the melter system. 

5.1 1.2 Zones 1 and 2 

A. The designated areas for Zone 1 are: 

HVAC room; and 

Access control room. 

6. The designated areas (remainderlof Zone 2 are: 

Corridor; and 

Off-gas room. 

C. The HVAC details for Zones 1 and 2 are: 

Air handler with supply fan, filters and electric heat; 

Supply fan - 17,000 cfm; 

- Electric Heat - Separate electric heat is provided for each room; 

- HVAC room 193 kW; 

- Access control room 14 kW; 

- Corridor 96 kW; 
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- Off-gas room 128 kW; 

- Exhaust fan - 17,000 cfm; and 

- Exhaust filter that includes a prefilter with two stage HEPA filters and has 

50% capacity backup. 

The air handling units are designed for 100% capacity, without any backup. Air 

handling units and exhaust fans are connected to  emergency power because of the 

potential for hazards and equipment damage resulting from elevated temperatures if 

the systems are lost due to  power failure. There are two  exhaust fans and two 

exhaust filters with 50% capacity (two are required for normal operation). The 

electric heaters are not connected to  emergency power. 

5.1 1.3 HVAC Stack 

Two HVAC stacks are provided, one for Zone 3 and one for the combined Zones 1 and 2. The 

air, before being exhausted, is analyzed for air quality and the results are recorded. 

5.12 Support Systems 

The main support systems required are: 

A chiller package, designed for 20-ton capacity, supplying chilled water at 35°F. The 

chilled water return temperature is 55? F; 

A plant air compressor package, rotary screw-type, rated for 500 scfm @ 100 psig; 

A plant air dryer package, heatless twin tower regenerative desiccant-type, type, 

475 scfm @ 100 psig; 

An instrument air dryer package, heatless twin tower regenerative desiccant-type, 

45 scfm @ 100 psig; and 

A breathing air system consisting of a trailer with an air compressor, purification 

system, controls, alarms, 700 ft of hose, and a full capacity spare unit. 

_.' ' : <; ; ! 
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5.1 2.1 Analytical Support Laboratory/Services 

The analytical laboratory has the instruments and facilities required for testing the feed, additives, 

process streams, off-gas, and wastestreams at different stages of the process. 

5.12.2 Special Support Systems - Cooling Water 

The Cooling Tower cools 1,000 gpm of water from 115" to  85" F. This is a standard 

recirculating Cooling Tower System using evaporative cooling and servicing all the plant's cooling 

water needs. Standard cooling tower controls are used. The cooling tower fan is controlled by 

the cooling water temperature. Makeup water is controlled to  maintain the level in the cooling 

tower basin. The blowdown rate is controlled by the dissolved solids buildup in the cooling 

water. Standard, commercially available water treatment chemicals are used. 

5.1 2.2.1 AssumDtions 

A. Assumption: The maximum wet bulb temperature at the FEMP site is 78 OF. 

Basis: Standard engineering practice at the FEMP. 

The cooling water inlet is 11 5°F and the outlet is 85 OF. 

Standard engineering practice at the FEMP. 

B. Assumption: 

Basis: 

17 

18 

C. Assumption: The cooling tower water is at a higher pressure than any other area 

where contaminate liquid is being cooled. 

19  

20 

Basis: Standard practice to prevent contamination from entering Cooling 

Tower System. 

21 

22 5.1 2.2.2 System Interfaces 

23 . The support systems interface with the following SSC: 
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Cooling water that enters the Cooling Tower System in pipes'from the various 

users. 

Cooling water that leaves the Cooling Tower System in pipes to  the various users. 

Potable water that enters the Cooling Tower System' (as makeup water) in a pipe 

from the potable water header. 

- Blowdown water that leaves the Cooling Tower System in a pipe to  

wastewater treatment. 

- 

- 
Compressed air for pneumatically operated valves. 

Electrical power for various instruments and motors. 

5.13 Utilities (Systems 30, 31, 32, 33, 40, 51, 52, 60, 90, and 94) 

5.13.1 Natural Gas 

Natural gas is used for. direct heating inside the combustion melter, for indirect heating of the 

combustion air for the combustion melter, and for the hot oil, furnace heating for the screw 

dryers. 

5.1 3.2 Compressed Air 

Compressed air from 40-CM-001 is used for dense phase pneumatic transfers. The plant air 

system is used t o  blow down the filter cake during filter press operations. 

5.1 3.3 Electrical 

Normal Power Svstem 

The facility is supplied with electrical power at 13.2kV from the site distribution system. Two 

outdoor unit substations with oil-filled transformers rated 2500 kVa each transform the voltage 

t o  480 Volts, three-phase, three-wire, 60 Hertz for use by the facility. Metering is provided to  

monitor the power consumption at 13.2 kV. The load is equally divided between the two unit 
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substations. There is no secondary tie breaker. The total connected load is 4661 kVa, and the 

normal demand is 3041 kVa. Usage is estimated at 15,950,000 kWh/yr. 

A 480-Volt switchgear in the unit substations distributes power to  six motor control centers 

located in the Mechanical I Electrical Building, and to  two (redundant) 500 kW heaters for Zone 3. 

Standbv Power Svstem 

The facility includes an outdoor 700 kW standby generator. The generator provides power at 480 

Volts t o  MCC 31-MC-003 through an automatic transfer switch that starts the generator on loss 

of normal power and then switches the MCC to the generator when voltage is available. An 

integral fuel tank is sized for eight hours of operation. 

The system includes an exercise panel that starts the generator once a week and runs it for 30 

minutes. It sends an alarm to  the control room if the generator fails to  start. 

All critical facility loads are connected t o  MCC 003. The critical facility loads are: 

- required to  prevent contamination to  the treatment facility; 

- required to  prevent contamination to  the outside environment; 

- required for the safety of FEMP personnel; and 

- required to  prevent damage to  equipment. 

UninterruDtable Power Svstem 

The facility has a battery backed UPS rated 25 kVa for instrumentation and control system loads. 

This system filters out power system anomalies that could cause false information to  be sent to 

the DCS or cause damage to  sensitive electronic equipment.. 
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The UPS receives power at 480 Volts, three-phase from MCC 003 and converts it t o  208Y/120- 

Volt three-phase four-wire 60 Hertz power. The UPS includes a battery charger. The batteries 

provide power continuation for thirty minutes without any normal power input. 

Motor Control 'Centers 

The motor control centers are standard, commercially available UL listed equipment rated 

800 Amps at 480 Volts, three-phase, three-wire. They are indoor units, 90 inches tall, 20 inches 

deep, and are composed of a series of vertical sections each 20 inches wide..They contain motor 

starters, feeder circuit breakers, and variable speed drive units. Each motor starter has a power 

circuit protector that is pad-lockable in the off position, indicator lights to  indicate motor status, 

start and stop pushbuttons, and a HOA selector switch. The selector switch selects between DCS 

control and control from the MCC. Extra contacts are provided on the selector switch, motor 

contactor, and circuit protector to  send status information to  the DCS. 

The starters, feeder circuit breakers, and variable speed drive units are capable of draw-out 

removal for maintenance and replacement. 

5.13.4 Control Systems 

The facility operation is monitored and controlled by a DCS. The DCS consists of many remote 

I/O racks inside the plant (i.e., an I/O rack next to  each cluster of equipment), and all the I/O 

racks are connected to  the control room. The control system is capable, at a minimum, of the 

following functions: 

Collecting pertinent process parameters (e.g., temperature, pressure, density, and 

flow); 

Displaying information in an organized and logical manner on video monitors (the 

display program includes graphic features for displaying process parameters); 
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Automatically or manually operating selected control loops and digital output signals 

for control of equipment (e.g., start, stop, speed up, and slow down) from the 

operator console; 

Initiating audible and visual alarms when designated process parameters are outside 

preset limits or status; 

Providing status indication of motor driven equipment HOA switches, motor 

contactors, ' and power disconnecting devices; and 

Reporting and displaying historical data. 

Pneumatically operated pumps and on/off (fully open / fully closed) valves are operated by 

solenoid valves and controlled from the DCS with "run" and "stop" outputs for pumps and 

"open" and "close" outputs for the valves and interlocking functions. Each of these pumps has 

an attached manual operator. 

Pneumatically operated ON/OFF valves have limit switches to  provide status to  the DCS. 

Motorized valves have HOA switches in the MCC. The DCS provides indication or the HOA 

switch position. The DCS also indicates the direction the valve is being driven since there is no 

positive feedback from the valve position switches until it reaches the fully opened or closed 

position. 

The emergency shutdown and fire alarm events, as described by the control philosophy, are 

controlled by the DCS. 

Vessels, excluding off-gas treatment systems, containing contaminated material have butterfly 

valves on the vessel vent connection for creating and maintaining a negative air pressure in the 

vessels. 
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During the "Detailed Design" phase of the project, a safety review of the process is conducted. 

Special Health and Safety Considerations 

This review considers all credible "what if" scenarios with input from people with different 

specialties such as Process, Mechanical, Electrical, Operations, Maintenance etc. The 

recommendations of this review are implemented to  ensure safety of the process. 

An "Ergonomic Review" of the design ensures that the operation does not cause any undue 

strain t o  the operators or maintenance people. A "Constructability Review" is conducted during 

the detailed design phase to  ensure that it is safe and practical to  install the equipment and 

complete all construction as per the design. 

5.1 5 Special Environmental Considerations 

The design basis for this alternative ensures protection of human health and the environment 

during the remediation of the Silos 1 and 2 material by incorporating the pertinent environmental 

regulatory requirements in the system design using the principles of environmental ALARA. The 

design allows all contaminated gas, liquid, and solid wastestreams generated during remediation 

to  be collected and treated before being released to ensure adequate protection of human health 

and the environment. 
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Attachment 5.W 

Electrical List for the 

Vitrification - Other Technology 
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--8080 
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2'-0' CCNC SHEILDMC WALL BUllOlNG 
SEE NOTE 1 
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m n 0 N  ACCESS 
ZONES (Ru) 

UNCONTROLLED 
AREA 

U U U u \  

OCCUPANCY wunw 
CUIDEUNES L M L  

0.025 mR hr IN HnslTnBcE 

AIL OTHER AREAS 
FULL nuE STRUCTUR&. 0.0% mR/hr 

CONVEIMI FRW 
w m n c A n c u  FAOUR 

3 

RAD Aft- 

A 4  

SECTION ’A’-’A’ 

2.0 mR/hr - 5.0 mR/hr 3 HOUR PER WEEK 

ACCESS REWIRES SRPD 5.0 mR/hr - 100 mR/hr 
& CONTROLS Bu RWF 

ROCL-UP 

-7  

0 

L 
0 
G 

0 I 

&- 

H R 5 NO NORYAL ACCESS 100 mR/hr - 1 R/hr 
I A  
G O  
H I  

- 195’-0’ c 

I 4 L O  
N 

0 10 20 40 

6 ADDlTlON4L ENGINEERING 1 R/hr - 500 RnDs IN 1 HR 
CONTROLS REOUIREO AT 1 UETER FROM SOURCE 

7 
96 ‘4 -  

J 

60 80 
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1 0.050 mR/hr - 0.40 rnR/hr 

0.40 mR/hr - 2.0 rnR/hr 2 I 8 HOUR PER WEEK I 
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100 
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RAZ ZONE 4 WHEN F I U E O  CONTUNER 
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800503 
1. BURDOIU; CONSTRUCTlON ’. C o N c R m  FLOOR S U B  u(0 FOUNCAnONS 
’ CUK. YcEILOLDuG WALLS ONLY AS NOTOD. 
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- 1  SX-7427R 1-1 A W  R14 

UNITED STATES 
DEPARTMENT OF ENERGY 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
4 OLUO ‘040 .. 

9 FLUOR DANIEL 
FERNALD 

SILOS PROJECT 

RADIATION PROTECTION DRAWING 
VlTRlFlCATlON - OTHER 

o*olruRoD 
Ou-0 \..u 

INTERIM CONTAINER STAGING 
REMSED FEASIBILI’TY STUDY FOR SILOS 1 & 2 -. 

SUY 
0 w4 



1 

I 6 I 0 5 4 I I 2 I 
I 7 

3 
8 

-e8080 . 

7 
ROOF EL. 90'-0- 

ROOF EL. 26'-0' 

ROOF EL. 19-0' HVAC ROOU 

SECTION 'E'-'E' 
SEE SK-7411 & SK-7412 

TOP OF STICK 
EL Bo'-0' 

ISOKlMTlC 
YONITOR 

PLATFORU E L  

&FI lS'-O' 

DETAIL A 
~ C A L  FOR 18-si-rni. 

73-ST-DO1 a n-si-rno 
N.T.S. 

YE SK-7411 & e(-7412 
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1. BUILOWG CONSTRUCTION 

CONCRETE ROOR SLI\B AN0 FOUNOAnONS. 
ARCHITECNRU TYPE WALLS CONSIST OF STEEL 
FRAME STRKTURE INSUUTEO UETU SIDING. 
UEUBRANE ROOFING SUPPORTED BY STEEL 
DECKING AN0 INWLAnON BOARD. 
MOOUUR WUL CONSTRUCTION CONS= OF 
1NTEKfXKWG PREFABRIUTEO WIELDING WALLS 
AND COLUUNS. 

ALL OTHER SHElLOlNC WALLS nRE 2'-0' THICK 
CONCRETE. 

* 

* 

2. EuppI CONTAJNER STMUCE IS S N U E  STACK. 
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94x-5500-P-SK-7411 
94X-5500-P-SK-7412 
94X-SKX)-P-SK-7413 
94X-55M)-P-SK-7414 
94X-55M)-P-SK-7444 

- 1  SK-7443 1-1 ACID R14 

UNITED STATES 
DEPARTMENT OF ENERGY 

FERNALO ENVIRONMENTAL MANAGEMENT PROJEC 
4 -ID -urn e. 

FLUOR DANIEL 
FERNALD 

SILOS PROJECT 

FACILITY LAYOUT 
VITRIFICATION - OTHER 

SECTIONS & DETAILS 

ouo ..U 

REVISED FEASIBILITY STUDY FOR SILOS 1 & 



1 

I 5 0 4 I 3 I 2 I 
I 7 I 6 8 

-- 80 8 0 
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II 
FLOOR EL. 66'-4 

FLOOR EL. 53'-4 

FLOOR EL. 34'-0 

TSms 
CRAOE EL. 0'-0' 

ROOF EL. 55'-0' 

FLOOR EL. 44'-10' 

FLOOR EL. 24'-6' 

- 1 5 - P u - w l  

SECTION IC'-'C' 
SEE SK-7411. W - 7 4 1 2  & 

9 - 7 4 1 4  

m ROOF EL. 90'-0- 

P L A T .  EL. T)'-o' 

PLATF. EL. 27-3- 
ROOF. EL. 26'-O- 

GRAD€ a 0'-0' 

U 

PLATF. ACCESS 

SECTION 'D'-'D' 
SEE SK-7411. SK-7412 & 

SK-7414 

0 10 20 40 60 80 100 

1 I I 1 
GRAPHIC SCALE IN FEET 

PLAT.  EL. 69 .4 '  

R A l F .  EL. Y)'-6- 

P L A T .  EL. a ' - 1 0 -  

ROOF EL. 2 8 ' 4 '  

CONCRETE FLWR SUB AND FOUNMTIONS. 

YOOUUR W A U  CONSTRUCTION CONSISTS OF 
INTERLC€KlNG PREFIBRlUTEO YUEWMC WALLS 

AU OTHER SHElLOlNG WALLS ARE 2'-0' THICK 

COLUUNS. 
* 

CONCRETE. 

2. E U W  CONTAINER S T O W E  IS SINGLE STACK. 

REFfRfNCE CRAWNtS 

94X-5#K)-P-SK-7411 
94X-5500-P-SK-7412 
94X-5500-P-SK-7413 
94X-5500-P-SK-7414 94X-5500-P-SK-7443 000 505 
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HEPA HEPA CARBON FILTER CARBON FILTER 

=-P THIS DWG 

PLAN VIEW 

2. 1. CONCRETE STEEL FRAME FLOOR STRUCTURE SUE AND FOUNDATIONS 

3. INSULATED MnAL SIDING. 
4. MEMBRANE ROOFING SUPPORTED EY STEEL 

DECKING AND INSULATION BOARD. 
5. CONCRETE SHIELDING ONLY AS NOTED. 
6. THIS 1 = DESIGN CONDENSATE INCLUDES PUMP 2 & MODULES TANK 

2 3 = = CARBON HEPA FILTERS FILTER BEDS 

4 5 = = HEPA LOWER FILTER EXHAUST FANS STACK 

6 = UPPER EXHAUST STACK 
MODULES TO BE MAXIMUM BOLT-Up 
CONSTRUCTION. LIMITED FIELD ERECTION. 

OVERSIZED PERMIT FOR TRANSPORT ON OHIO 

AND TRACTOR (OHIO MAX.). 
ALL OHIO STATE ROAD LOADING REOUIREMENTS. 
ROOF TO BE ASSEMBLED AFTER MODULES HAM 
BEEN L W E D  AND ANCHORED. 

7. 

8. W I M U M  2 4  FEET W M  ON MODULES. 

9. STATE MODULES HIGHWAY!5 TO fIT REOUIRED. ON 53 FOOT TRAlER 

MUST MEET 

10. 
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GRAPHIC SCALE 

1. BUILDING CONSTRUCTION. (RUB8 W E  BUILDING) 

CONCRETE FLOOR S U B  AN0 FOUNDATIONS. 
STEEL FRAME STRUCTURE. 
OFFICE SHELTER IS TYPICAL 
TELECOMMUNICATIONS SHELTER 

* WAREHOUSE HEATED Wf UNIT HEATERS. 
RUBE l W E  CONSTRUCTION CONSISTS OF 
INSULATED MEMBRANE C O W R I N G  STEEL 
FRAMING. 

2. FACILITY IS REOUIREO FOR EACH OF THE 
ALTERNATM TECHNOLOGIES. 
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NOTE: 
1. DUPLEX TRAILER 
2. FACILITY IS REOUIRED FOR EACH OF 

THE ALTERNATIVE TECHNOLOGIES. 
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EL. 20’-0’ ” 
II n 

GAS CYLINDER 
STORAGE Bo-CN-ooJQ 

EL. 12’-0‘ II 
TOOL CRIB 

WORK BENCHES 

PIPEWAY 

- /  40-E-00 n 11 4 0 - R N - 0 0 1 7  * _  

4O-M-Qa;l 

U 
40-RN-002 

U 

SECTION ‘A’ - ‘A’ 

CONC. PAD A a 
~ - S G - O O l  

UNIT SUBSTATION 

HEATED ONLY) 
’ (VITRIFICATION-JOULE 

~O-sc-ool/QP2 

(VITRIFICATION - OTHER & 
BOTH CHEMICAL 

STABILIZATION PROCESSES 
ONLY) 

&- 

SEE NOTE 2. 1 

0 
40-E-001 

0 
40-E-00) 

I- 
40-CM -00 1 

4 e - M- (It 
MECHANICAL 
WORKROOM 

\ / I  II I I I I I I I  I I I  

L C O N C .  PA0 1 
ELECTRICAL 

ROOM 

0 

1. BUILDING CONSTRUCTION 
CONCRETE FLOOR SLAB AND FOUNDATIONS. 
STEEL FRAME STRUCURE. 
INSULATED METAL SIDING. 
MEMBRANE ROOFING SUPPORTED BY STEEL 
OECKING AND INSULATION BOARD. 

WIS CYLINDER 
STORAGE 

2. VlTRlFlCATlON - JOULE HEATED USES 
TWO MORE TRANSFER SWITCHES (NOT SHOWN) 
THAN THE 3 OTHER PROCESSES. 

3. FACILITY IS REOUIREO FOR EACH Of THE 
ALTERNATIVE TECHNOLOGIES. 
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EMERGENCY 

I DN 

1. FACILITY TO BE CONSTRUCTED 
FROM 6 12' X 42' MODULAR 
TRAILERS. 

2. FACILITY IS REOUIREO FOR EACH OF 
THE ALTERNATM TECHNOLOGIES. 
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RADIATION ACCESS OCCUPANCY 

ZONES (RAZ) GUIDELINES 

UNCONTROLLED FULL TIME 
AREA 

B O F  EL. 15'-0' 

RADIATION 
L M L  

0.025 m R / h r  IN W I T A B L E  
STRUCTURES. 0.050 m R / h r  
AU OTHER AREAS 

1 

2 

3 

40 HOURS PER WEEK 

8 HOUR PER WEEK 

3 HOUR PER WEEK 

0.050 mR/hr  - 0.40 mR/hr  

0.40 mR/hr  - 2.0 m R / h r  

2.0 m R / h r  - 5.0 m R / h r  

RAD AREA ACCESS k CONTROLS REOUIRES BY RWP SRPO 
R 

5.0 mR/hr  - 100 m R / h r  
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0 
I 
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0 

4 
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I A  
G O  
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- -I 
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SECTION 'A' - 'A' §3-TK-OOl §5-TK-002 
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E l  RAZ ZONE 5 RAZ ZONE 2 

CONC. PA0 

/- RAZ ZONE 4 WHEN SAMPLES 
ARE PRESENT OTHERWISE RAZ ZONE 1 

34'-4' 

1 --- J A- 
1. FAClLllY TO BE CONSTRUCTED FROM 

6 12' X 42' MODULAR TRAILERS. 

2. FACILITY IS REOUIREO FOR EACH OF 
THE ALTERNATIVE TECHNOLOGIES. 

43'-4' 

111111- V I  
50 40 0 10 20 30 

PLAN @ EL. 0'-0" 

GRAPHIC SCALE -- I 
.~ .xG.P 94X-5500-P-W-756 



e 7 I 6 l S 0 1 I 3 I c I I 1 

1 002 
OUTSIDE U R  

17000 
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I 
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I I I I 

z - 8 0 8 0  NE% 
1. UNITS O m E S  FOR U R  bRE FLOW STANOAR0 

CUBIC FEET PER Y l N U E  
(SOW. 

n 
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0 U R  M E P  HOOD 

AIR FlLTER 

CJR CONTROL W P E R  

a UOTOR ACTUATOR - U R  INFILTRATION 

7J-ST-Wl 
ZONE 1 & 2 
HVAC STACK 

800512 
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FILL ROOM 
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73-FL-003A B L c 
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I. UNITS FOR AIR FLOW 
owni i fs  CUBIC FEET *RE PER STANO~RD MINUTE 

(SCFM). 
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E X W S T  FAN 

A 
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0 AIR SWEEP HOOO 

AIR flLTER 
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LOAD SUMMARY: 

3 350 K W I L  COPPER / PH A .L 
W/#l/O GROUND / PH 

~ - S G - ~ l  CONNECTED L W  2288 kVA 

5- 8 0 8 0 OEWO L W  1711 kVA 

CONNECTED L W  2373 kVA 
D E W 0  LOAD 1350 kVA 

misntu 13.2 ?t-i' KV POLE 

f 

4, 

- 

I I 

I PR:kA'dlb$RY I 

I 1 I I 
I I I 

) =AT 
L.S.I.C 

1 _ _ - _ _ - _ _ -  - - - - -  
UNll SUBSTATION 
50-xi-001 

I 
I 

L 
48W. 30. 3W. 320Qh 65  W C  

I 

- - 
13 

- 
1 4  

5 2 

NOTES: 

1. AN EOUIPUENT GROUND SHALL BE INCLUDE0 WTH MRY 
CONOUIT. 
AS GRWNO CONDUCTORS. 

CONOUIT AN0 RACEWAY CANNOT BE CONSIDERED 

2. BACKUP PUWER IS PROVIDED FOR C R I T I W  LOADS 
WlCH IF DISABLE0 WlLL RESULT IN YCNlflCANT 
EOUPYENT &WAGE: UNACCEPTABLE COUPROUISE OF 
w m  OR P m o u c n o N  PROCESSES. 

3. ALL AND YOTORS START/STOP SHALL INOlWlON ME LOUL AT THE STOP/STbRl UCC. 
CONTROLS 

EACH OF THE YCC BUCKETS TO ALLOW CONTROL TRANSFER 
TO AN0 FRDU THE DISTRIBUTED CONTROL SYSTEM (DCS). 

4. PROCESS AN0 CONTROL ENGINEERS SHALL IOENTIn WHlCH 
PUUPS FANS ETC SHALL UTILIZE KDS.  CONTROLLED 
HEATEds SCR (ELECTRONIC) SI& UTUZE HEAT SILICON CONTROC. CONTROLLED RECTIFIER 

1 . . . . . . . . . . . . . . . . . . . . . .  
UNIT SUBSTATION 
30-SC-002 I 

I 

L 
0 - 

1 7  19 

48W. 30. 3W. 3200A 65 W C  

6 10  8 

I - - - - - -  r - -  

I 1' 
Y L.S.I.G 

)8oD AF 
'b BOO AT 800 AT 

L.S.1.C 

3 350 KCUIL COPPER / PH 
W/fl/O GROUND / PH 

3 350 KCUIL COPPER / PH 
W/#l/O CROUNO / PH 

v 
CONrO TO 4 8 w  WTOR CONT'O TO 48OV UOTOR 

CONTROL ENTER CONTROL CENTER 
31-uc-001 3 1  -YC-OOZ 
(SK-4051) (SK-4052) (SK-4056) 

CONT'O TO 4 W V  YOTOR 
CONTROL CENTER 

31 -UC-OO6 
73-HE-00% 

ZONE 3 
HEATER 

TO GENERATOR 
32-EG-001 

AuroIurr 
TlvHyER 

SmTCH 
32-TS-OOl 

800 PJP 

3 350 KCNIL COPPER 
W/fl/O KOaL GROUND / P M E  

CONrD TO UOTOR 
C m  CENTER 

31 -YC-OO3 
(W-40s) 

W/#2/0 3 350  KCUIL GROUND COPPER / PH / PH I 1 
cmro TO 4 8 w  UOTOR 

(SK-4054) 

cwro TO 080v UOTOR 
CONTROL CENTER CONTROL CENTER 

73-HE-005E 
(SK-4055) ZONE 3 

HEATER 

3 1  -Ut -OW 31-YC-OO5 

8828514 
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FERNALD 

SILOS OICIlDuR PROJECT 000 

ELECTRICAL ONE LINE DIAGRAM 
VITRIFICATION - OTHER 
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MAIN ONE LINE DIAGRAM _ _ - -  
REVISED FEASIBILIN STUDY FOR SILOS i L 
1 E.LARscu 0 o m  - LUI I" 
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CONrO FROU UNIT SUESTATION 
~ - S C - 0 0 1  
B R W E R  I 1  

SK-4050 3 1 -AC ~ 2 0  1 

4 --_ _"" 
FERNUO WASTE STABUZAWN 

c-3 35o KCUlL COPPER CONDUCTORS / PHASE 

_ _ _  __ -__ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_ -  W/ THREE/I/O CROUNO CONDUCTORS 

480 v. 3v. 3w. MMz. BUS. 65  W C  
I 
I 

I 
I 

15-UL-001 15-UL-002 15-PU-002A 15-PU-OO2B 15-CI-001 15 -0 -002  i5-ux-mi 15-UX-002 CENTRATE IS-PY-0054 TANK CENTRITE 15-pY-005B TANK SLURRY 15-PU-WEA RECEIPT SLURRY 15-PU-0068 RECEPT 
FEED U U  DRY FEED DRrER DRYER RECYCLE RECYCLE DRY UlXER ORY UlXER 

TRANSCER PUUP TRANSFER PUUP COmrCIOR PUUP PUUP CONDENSER PUUP CONDENSER PUUP CONVFfOR ULL 

20  A 

18-PU-002A 73-HE-OM 1 8 - a - 0 0 3  18-PE-003 18-PU-CQlA 18-PY-0018 
O F F - w  m u  SCRUBBER SCRUBBER ELECTROSTATIC OUENCH TOWER WENCH TOWER YILLED SLOT wsnc AGITATOR SCRUBBER PURGE FILTER FEED 

PRECIPITATOR PUUP PUUP PUUP PUUP HEATER SCREEN %ITATOR AGlTATOR 

f 

[*= 7- 

I 
I 

45 A 

I 
. I  

I 

=-8080 

LOAD SUMMARY 
CONNEClfO Lou) 585 kVA 
DEUNO LOAD 377 LVA 

800515 
NOTFZ 

1 .  REFER TO NOTES ON 94X-55OD-E-SK-4OSO. 
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Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 
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7 
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6.0 CHEMICAL STABILIZATION - CEMENT-BASED 

6.1 Summary 

The Chemical Stabilization - Cement-based technology combines the Silos 1 and 2 material, 

cement, and dry chemical additives t o  remediate the waste constituents of concern. For this 

process, the Silos 1 and 2 material is dewatered and combined with stabilization reagents in 

a cement batch mixer. After mixing the Silos 1 and 2 material and stabilization reagents 

thoroughly, the grout mixture is discharged t o  a concrete, shielded disposal container. The 

loaded container is used for product shipment and disposal. A formula t o  optimize the waste 

loading and processibility using additives has .been developed t o  meet the TCLP limits for the 

wasteform disposal. 

6.1.1 Functional Analysis 

13 

14 

' 15 

16 

17 

18 

A functional analysis has been performed for the Chemical Stabilization - Cement-based 

Technology. Figure 6.1 -1 presents the individual functional requirements for the treatment 

facility. The first level functions are the high level functions t o  be accomplished by the 

treatment facility SSC. The subordinate levels in the functional analysis diagram describe the 

means for accomplishing the high level functions. Table 6.1-1 gives a brief description of the 

individual functional blocks shown in Figure 6.1-1. 

19 

20 
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Functional Analysis Diagram 

Chemical Stabilization - Cement 

- 
. 2.0 
Stabilize Discharge Discharge Dispose 

- - a 0 8 0  

- 
Recycle Reject 

Silos 1 and 2 Design Basis and Descriptions 
40730-RP-0003 

Silos 1 and 2 Wastewater Product HVAC Product 
- 

5.2.1 5.2.2 5.23 
Transport Stage Load 

Containers Containers Containers 

5.2.4 
Release 

Containers 

................................. I .......... 
I 1 .o 

Retrieve Silos 1 ! 
I and2Material I ................................. I.._ ....., 

i 

L I I I L 

p 5 - l  Air Streams F7 Remove Lid 
r 5.1 I .~"..".".." ..... ""1 .".." ..... "... 

. :  1.1 i i....! . .  Mobilize Silos 1 
i and2Material I 

I....! Transfer Silos 1 I and2Material 
i ..................... I ........._.......... 
i...: Remove 

I Heal 

. .  
i 
i i  

L..." ..-... "" .....-.._.....-..... ".. l ~".." .....-..... "..""..." ....._... 
1.2 i . .  

i i ............... " ......... " ..... I ..... "..1 

. :  . .  ! I  i 13 

t Package Product I Collect 
Radon 

Collect 

Analyze 
Wastewater 

Prepare Transfer Silos 1 Mix Form Add 

Material to Mixer Reagents 
Cement Product Stabilization 

~~ 

Remove Waste L 

Cement. I Treat Air 
Stream 

Prevent 
Uncontrolled 

Releases 

L Receive 
Product Stage Bulk 

Analyze 
Silos 1 and 2 

Material 

Sample Silos 1 and 
2 Material 
Perform Test 
Transport Sample 

Pour 
Mixer Gases Grout 

Receive 
Silos 1 and 2 

Material 5.1.2 
Provide 

Containers 

Receive Containers F Inspect Stage Containers Containers 

Containers 

Break Up 

Convey Rubble 
to Jaw Crusher 

3.2.1 
Sample 

Treat 
Wastewater 

Remove 6.2.1 

Particulate 

4.2.1 
Maintain 
Negative 

Blend 
Mixture Remove 

Water 

Reduce Rubble 177 L Transfer Radon 
to RCS 

Clarify Slurry 
Add Filter Reagents 
Filter Slurry Remove 

Remove RCRA 

Remove 

Transfer 
Rework 

Material to . 
Remediation 1 Facility 

5.1.4 

Containers 

Ship 

I 3.4 I 
Stage 

Stage 
Trucks 

Decon 
Containers 

Transfer 
Wastewater Characterize c Product 

Sample Product 

Analyze Product 1 Weigh Container 

Document 
Characterization - 

6-2 



3 

4 

5 

6 
7 
8 

9 

18 

12 

14. 

15 

16 

17 

18 

8 0  8 0 
Functional Analvsis Table 

The functional descriptions in this section provide general information of the functions 

illustrated in Figure 6.1-1. The functional description includes an overview of a function and 

identifies significant activities that define the scope of the function. 

unction ID 

Function 

1 .o 

1.1 

1.2 

1.3 

2.0 

2.1 

2.1.1 

TABLE 6.1-1 

FUNCTION BLOCK DESCRIPTIONS 
CHEMICAL STABILIZATION - CEMENT-BASED . 

Function Title 

Remediate Silos J 
and 2 material 

Retrieve 
Silos 1 and 2 
Material 

Mobilize Silos 1 
and 2 Material 

Transfer Silos 1 
and 2 Material 

Remove Heel 

Stabilize Silos 1 
and 2 material 

Prepare Silos 1 
and 2 material 

Receive Silos 1 
and 2 material 

Functional Description 

The 10 wt% slurry is clarified to 30 wt% solids, filtered, 
mixed with grout forming additives, and mixed in a batch 
mixer to produce a product that can be disposed of safely. 
The process interfaces with systems for venting vessel gases 
to the RCS, treating wastewater, and disposing of product. 

The existing slurry’s SSCs are used to hydraulically remove 
the Silos 1 and 2 material from the TTA. 

The silos material is sluiced with water jets in order to form a 
slurry so that the material can be mobilized and removed by 
the slurry pumps. 

The silos material slurry is hydraulically transferred from the 
TTA to the treatment facility. This function is defined by 
material removal from the TTA. 

Any remaining silos material in the TTA is removed so the TTA 
storage tanks can be decontaminated and disposed. 

~~ 

The dewatered silos material and cement forming additives are 
blended in a cement batch mixer. The stabilized product is 
poured into a disposal container, allowed to cure, and 
disposed of at an appropriate off-site disposal facility. 

The silos material slurry is dewatered in a clarifier to 30 wt% 
solids. The thickened slurry is treated with filtering reagents 
and filtered in a filter press. 

The silos material is received from the TTA at approximately 
10 wt% solids and inventoried in a receiving tank. 

6-3 



1 

. 2  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2.2 

2.3 

2.3.1 

2.3.2 

Transfer Silos 1 
and 2 Material to  
Mixer 

Mix Cement 

Vent Mixer Gases 

Blend Mixture 

Form Product + 2.4.1 Pour Grout 

2.5 

2.5.1 

2.5.2 

Add Stabilizition 
Reagents 

Stage Bulk 
Chemicals 

Transport 
Chemicals 

2.5.3 ' 

3.0 

The water content of the 10 w t %  slurry is reduced to  reach a 
solids content of approximately 50 w t %  solids. The 10 w t %  
slurry is thickened t o  30 w t %  slurry in order t o  reduce the 
volume of water discharged t o  the Wastewater Treatment 
System and to  provide the slurry retrieval system with sluicing 
water. The 30 w t %  solids slurry is treated with filtering 
reagents t o  aid in the filter press operations. The treated 30 
w t %  solids slurry is pumped through a filter press t o  increase 
the solids content to  approximately 5 0  wt%. 

Analyze Silos 1 
and 2 material 

Discharge 
Wastewater 

The filter cake is discharged from the filter press into the 
cement batch mixer. 

The filter cake is mixed with cement and other stabilization 
reagents to  form an acceptable waste product. 
____ ___ ____ ~ 

The gases are collected from the batch mixer in the PVS. 

~~~ __ ~ 

The filter cake, cement, and other stabilization reagents are 
mixed in order to  produce a homogenous treated wasteform. 

The mixed grout is formed into an acceptable wasteform. 

The mixed grout is discharged from the mixer into a disposal 
container. The mixed grout is formulated t o  be a flowable 
mixture. 

Stabilization reagents are added to  the cement batch mixer in 
order t o  treat the filter cake. The stabilization reagents 
produce a grout that passes waste disposal acceptance 
criteria. 

The bulk chemicals are inventoried at the treatment facility. 
The storage vessels protect the bulk chemicals f rom moisture. 

The bulk chemicals are transported t o  a batch bin to  be 
weighed. The bulk chemicals are transferred from the batch 
bin t o  the cement batch mixer in the correct proportion. 
Weights of the bulk chemicals are recorded. 

The dewatered slurry is analyzed in order to  determine the 
correct proportion of stabilization reagents to  be added t o  the 
grout mixture t o  produce an acceptable wasteform. 

Any water characterized as secondary waste is discharged to  
the wastewater treatment system before being released t o  the 
AWWT. 
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3.2.1 

3.3 

3.3.1 

2 

3 

4 

5 

6 

7 

8 

Sample 
Wastewater 

Treat Wastewater 

Remove 
Particulate 

9 

10 

11 

12 

13 

3.3.2 

3.1 

I Remove RCRA 
Metals 

Suspended and dissolved metals concentrations are reduced to  
a limit that meets the AWWT acceptance criteria. 

Collect 
Wastewater 

Radionuclide concentrations are reduced t o  limits that meet 
~ the AWWT acceptance criteria. 

The wastewater discharged from any piece of  equipment or 
system is collected and transferred t o  the wastewater 
treatment system. 

3.3.3 

3.4 

3.2 

Remove 
Radionuclides 

Stage Wastewater 

Analyze 
Wastewater 

4.0 Control Radon * 

~ ~~ ~~ 

Before releasing the wastewater t o  the AWWT, the treated 
wastewater is analyzed t o  ensure that it meets the AWWT 
acceptance criteria. 

Treated wastewater effluent is sampled in order t o  analyze the 
secondary wastestream. 

All secondary wastewater is treated to  meet the AWWT 
acceptance criteria. 

Particulate in the treated wastewater is reduced t o  less than 
1,000 ppm of suspended solids in order t o  meet the AWWT 
acceptance criteria. 

The means to  inventory treated wastewater is made available 
t o  allow discrete batches of wastewater t o  be sampled and 
analyzed before being released for final treatment a t  the 
AWWT. 

3.5 
~~ 

Transfer 
Wastewater 

4.1 Collect Radon 

~~ ~ ~~ ~ 

The means t o  transfer the treated wastewater t o  AWWT is 
available. The maximum discharge rate t o  the AWWT is 
10 gpm ( 1  4,400 gallons per day). 

The treatment facility is designed t o  control radon discharge in 
accordance with applicable requirements, including ALARA 
principles. 

The treatment facility is designed to  collect radon from any 
location or discharge point that contains significant radon 
concentrations. 

4.2 

4.2.1 

~~ 

Prevent 
Uncontrolled 
Releases 

Maintain Negative 
Pressure 

Uncontrolled releases of radon in the system are prevented by 
maintaining a negative pressure in the processing rooms and 
equipment throughout the treatment facility. 

Negative pressure is maintained by  keeping a slight vacuum on 
all processing rooms and equipment in the treatment facility. 
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4.3 

5.0 

5.1 

Transfer Radon to  
RCS 

Dispose Product 

Package Product 

5.1.1 Receive Product 

5.1.2 Provide 
Containers 

5.1.3 Fill containers 

I 

5 . i  .4 

5.2 

5.2.1 

5.2.5 Decontaminate --t 5.2.6 Stage Trucks 

Containers 

Seal Containers 

Ship Containers 

Stage containers 

I 

5.2.2 

The treatment facility design ensures that radon is collected 
for treatment by  venting streams from different processing 
areas and equipment t o  the existing RCS. 

Load Containers 

The treated Silos 1 and 2 material is disposed at  the disposal 
facility. 

I 

The treated Silos 1 and 2 material is packaged in an IP2 or a 
DOT 7 A  Class A container. 

~ 

5.2.3 

5.2.4 

The treated Silos 1 and 2 material is  received f rom the cement 
batch mixer in an acceptable disposal container. 

Transport 
Containers 

Release 
Containers 

Empty containers are provided t o  accommodate the discharge 
of treated Silos 1 and 2 material from the cement batch mixer. 

The product is discharged from the cement batch mixer into 
an empty container. A discharge chute f rom the mixer t o  the 
container is provided. Equipment or a means t o  prevent 
contamination of  the external surface of  the disposal container 
is provided. 

Containers are sealed before release t o  the waste management 
or shipping department. Gaskets are provided t o  ensure that  
the containers are sealed water t ight and nearly air tight. 

Containers filled with treated waste that meet the NTS waste 
acceptance criteria are shipped by truck t o  the NTS. 

lnterjm storage is provided to  stage filled, cured containers 
while breparations for container shipment are being made. 
facility is dedicated t o  inventory a maximum of 360 filled, 
cured containers. 

Personnel load the containers onto the delivery truck with 
minimal amount of contact with the container. 

Containers are removed from the treatment plant's interim 
staging facility b y  an overhead crane and subsequently placed 
onto a transport vehicle. 

~ ~~ 

Once proper documentation is received by  the waste 
management group, the container is released t o  the shipping 
department for transport t o  the NTS. 

Disposal containers are decontaminated t o  acceptable limits 
before being shipped t o  the NTS. 

~~~ ~ 

Area is provided t o  stage the required number o f  trucks t o  
support the production rate of  filled and acceptable disposal 
containers. . 
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Gas streams that do not contain significant concentrations of 
radon are discharged through the HVAC System. 

Room ventilation and other HVAC streams are collected and 
routed t o  the necessary HVAC equipment. 

The HVAC air streams are treated to  meet all discharge 
requirements. 

Transfer Rework 
Material t o  
Remediation 
Facility 

The HVAC air streams are filtered t o  remove any particulate 
present before discharging the air t o  the atmosphere. 

A separate facility is provided t o  handle operations associated 
with the rework activities of the reject glass containers. This 
system interfaces with the Treatment System and the PVS. 

The container of reject glass opened t o  access the.treated 
material. Facility operators use a remote bolt removing device 
t o  remove the bolts from the container lid. 

A facility is designated for the removal of reject material from 
the disposal containers. The SSCs associated with removing 
the reject material operate concurrent with normal operating 
activities. 

Equipment is provided to  size reduce the glass in the disposal 
containers. Equipment associated with size reducing the 
reject grout is remotely operated. 

A vacuum retrieval unit is employed t o  automatically convey 
the size reduced grout t o  the rubble jaw crusher. 

A means t o  remotely and automatically reduce the size of the 
grout is available to  ensure that the rework final product is 
homogeneous. 

A Bucket Conveyor System to  transfer the crushed rework 
grout t o  the rework hopper is provided. This system 
interfaces with the PVS. 

6.1.2 System Model 

Figure 6.1-2 presents a block flow diagram for the treatment of the Silos 1 and 2 material 

using Chemical Stabilization - Cement-based technology. 
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6.1.3 Treatment Recipe 

Grout formulas for cement stabilization have ranged between 15 w t %  waste loading and 

40 w t %  waste loading. The basis for the cement stabilization formula is 30 w t %  waste 

loading and contains the following approximate constituent concentrations: 

22 w t %  cement; 

16 w t %  dry additives; 

32 w t %  water 

30 w t %  dry Silos 1 and 2 material; and 

6.1.4 

A detailed material balance, reference (Attachment 6.1 of this document). 

Mass and Energy Balance Overview 

The full-scale treatment facility is designed t o  produce approximately 80.5 tons of grout per 

day (1 1 filled disposal containers). . The operating schedule is t w o  8-hr shiftdday, 5 

daydweek. Five days per week during one shift per day, the Feed Preparation System 

receives slurry from the I T A ,  between 1 0  w t %  and 30 w t %  solids, which results in a transfer 

of approximately 5,900 Ib/hr of solids. Feed to  the clarifier is approximately 20,000 Ib/hr (40 

gpm) of 10 w t %  solids slurry. This produces an underflow f low rate of 7,000 Ib/hr (1 1 gpm) 

of 30 w t %  solids 'slurry t o  the slurry batch tanks and a supernatant overflow t o  the 

supernatant sump tank of approximately 13,500 Ib/hr (27 gpm) of water. Hydrated lime and 

ferrous sulfate are added to  the slurry batch tanks once per shift per tank at approximately 5 

gpm. Once the slurry has been amended with hydrated lime and ferrous sulfate, it is 

transferred t o  the filter press at 140 gpm and 100 psi. The filter press operation produces an 

average of 7,500 Ib/hr of 50  w t %  solids filter cake and 6,300 Ib/hr (approximately10 gpm) 

of filtrate. Cement and additives are transferred on a batch basis and consist of approximately 

2,500 Ib of cement per batch and 1,800 Ib of additives per batch. Water is added t o  the batch 

mixer as needed t o  produce a grout that minimizes material handling difficulties. Filled 
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containers of grout are transported t o  the curing room where they cure for seven days before 

being transported t o  external storage. A container of grout is expected t o  have an 

approximate temperature rise of 5" to  10°F. The Wastewater Treatment System processes 

and discharges t o  the AWWT approximately 10,000 gallons of. water per day. All process 

equipment is maintained at a negative pressure by the vacuum blowers in the RCS. The total 

f low of the PVS is limited t o  500 scfm. 

6.1.5 Availability and Work Schedule 

The design of the Chemical Stabilization - Cement-based facility is based on a 3-year 

operating campaign at 70% availability of the plant systems and equipment. Normal 

processing operations are performed t w o  8-hr shifts/day, 5 days/week. However, in order to  

reduce the number of times f low is interrupted to  and from the clarifier, the clarifier and receipt 

tank (including ancillary equipment) are operated 24 hrlday, 5 days/week. A t  the 

normal operating week, and during any process interruptions, the feed t o  the 

end of the 

clarifier is 

stopped and the underflow stream is circulated back to  the inlet of the clarifier. 

6.2 Feed Preparation (Systems 15, 43 and 44) 

The Feed Preparation System is comprised of (1) the waste slurry receiving tank, clarifier, 

slurry batch tanks (SBTs), supernatant sump tank, and all associated transfer equipment 

shown on process f low diagram (PFD) 94X-5500-F-SK-3353, and (2) the filter press and filter 

cake weigh and delivery hopper shown on PFD 94X-550-F-SK-3409. The Cement and 

Additive System, System 44, includes the cement and additive storage silos, transfer 

equipment, the batch weigh hopper shown on PFD 94X-5500-F-SK-3408, and the cement mix 

delivery hopper shown on PFD 94X--550-F-SK-3409. The Wet Additive System, System 43, 

includes the hydrated lime and ferrous sulfate slurry tanks and transfer equipment shown on 

PFD 94X-5500-F-SK-3118. (PFDs are included as Attachment 6.V of this document). 

In-line densitometers and f low meters monitor the solids content and f low rates of the slurry 

lines in the Feed Preparation System. 
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6.2.1 System Description 

The Feed Preparation System is designed to  receive slurry from the TTA intermittently at 

approximately 5,900 Ib/hr (1 1 0  gpm) of solids. Because the minimum f low capacity of the 

slurry retrieval system (5,900 Ib/hr) exceeds the required throughput of the treatment process, 

and t o  assure a uniform feed to  the clarifier, a waste slurry receiving tank, 15-TK-001 

(receiving tank), is used to  receive a twelve hour inventory of slurry [approximately 

27,000 gallons (gal)] transferred from the TTA. The receiving tank receives the Blurry from 

the TTA at approximately 1 0  w t %  to  30 w t %  solids (10 w t %  is used as a basis for mass 

balance calculations) and continuously agitates the contents in the tank t o  prevent the solids 

from settling t o  the bottom. Low level switches within the receiving tank alarm when the 

waste retrieval system operations need t o  be initiated to  charge the receiving tank with 

another shift worth of slurry. 

r, 

‘c 

Transfer of the 1 0  w t %  solids slurry from the receiving tank to  the clarifier, 15-TK-002, is 

accomplished using 30 gpm progressive cavity pumps 15-PM-001 A&B (receiving tank transfer 

pumps). Slurry transfer t o  the clarifier ,is maintained 2 4  hr/day, 5 days/week with a continuous 

feed from the receiving tank t o  help prevent surges of material that may disturb the settled 

solids in the clarifier. Upon interruption of normal operations, the feed t o  the clarifier is 

suspended and the underflow stream is circulated back t o  the clarifier inlet until operations are 

restored. 

Concurrent with feed transfers, a partially clarified supernatant spills over a weir inside the 

clarifier tank and gravity f lows t o  the supernatant sump tank 15-TK-008. Most of the 

incoming suspended solids undergo gravity settling to  form a dense layer in the bottom cone 

of the clarifier. The continuous slow rotation of the clarifier rake, 15-AG-002, pushes the 

settled solids (underflow) to  the outlet at the base of the clarifier cone.. The underflow stream 

has a solids concentration of approximately 30 w t %  and is continuously pumped to  one of 

three SBTs with 

transfer pumps). 

10 gpm progressive cavity pumps - 15-PM-002 A&B (clarifier underflow 

Both the receipt tank transfer pumps and the clarifier underflow pumps are 
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equipped with variable frequency drives t o  enable the operators t o  make any necessary flow 

rate adjustments t o  the process. 

The concentrated underflow stream is transferred 24 hr/day, 5 d.ays/week t o  one of the three 

SBTs, 15-TK-003, 15-TK-004 or 15-TK-005. Transfer of one shift worth of slurry t o  a slurry 

batch tank (SBT) takes approximately eight hours for a total working capacity of approximately 

6,500 gal of 30 wt% solids slurry. After the transfer of slurry from the clarifier t o  a SBT is 

complete, the underflow stream begins t o  fill the next SBT. 

After an SBT has been filled, the contents are agitated for approximately one hour and 

subsequently sampled for percent solids concentration and elemental analysis. Once the solids 

content and elemental analysis are complete, hydrated lime and ferrous sulfate solutions are 

added t o  the contents of the SBT. The hydrated lime and ferrous sulfate aid in the slurry 

filtering process. Subsequent t o  the addition of the hydrated lime and ferrous sulfate, the SBT 

contents are mixed until the SBT contents are required t o  charge the filter press. Therefore, 

at any given time, one SBT is charging the filter press (15-FL-001 on PFD 

94X-5500-F-SK-3409), one SBT is ‘in the process of being sampled and amended with 

hydrated lime and ferrous sulfate, and the third SBT is in the process of being filled and mixed. 

0 
The addition of ferrous sulfate and hydrated 1im.e is accomplished by preparing separate 

solutions of the t w o  chemicals and transferring them to  the SBT‘s (system 43). The hydrated 

lime is delivered t o  the treatment facility as a bulk dry chemical and is stored on the bulk 

chemical pad. ‘On a daily basis, bags of the hydrated lime are emptied into Bag Dump Station 

43-BN-001 and pneumatically transferred t o  a filter receiver where the hydrated lime is gravity 

fed into the hydrated lime slurry tank 43-TK-001 and combined with plant water and agitated 

until the solution is transferred to  one of the three SBT’s. Enough hydrated lime solution is 

prepared t o  amend one day’s worth of slurry. The required amount of lime solution is 

transferred t o  a SBT in approximately 10 minutes wherein the Silos 1 and 2 material is mixed 

for approximately 15 t o  20 minutes. Subsequent t o  the addition of lime t o  the SBT, the 

prescribed amount of ferrous sulfate solution is added t o  the slurry. The ferrous sulfate is 
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delivered t o  the processing facility as a 60% ferrous sulfate solution in a tote tank. The tote 

tank contents are pumped t o  Tank 43-TK-002 (ferrous sulfate addition slurry tank). The 

addition of ferrous sulfate t o  the SBT follows the same procedure as the lime solution addition. 

4 

5 

6 

7 

8 

9 

10 

11 

12  

Once the slurry in the SBT has been sampled, analyzed, amended with ferrous sulfate and 

hydrated lime, then mixed, it is transferred to  the filter press in discrete batches. The slurry 

is transferred using progressive cavity pumps 1 5-PM-O03A&B, 004A&B and 005A&B (slurry 

batch transfer pumps). Enough slurry is transferred t o  produce a sufficient amount of 50  w t %  

moisture filter cake for one batch (disposal container) of grout. After the filter press has 

compressed the slurry, plant air is used to  blow down the filter cake for further de-watering 

and it is subsequently discharged t o  the filter cake weigh and delivery hopper, 15-TK-006. 

The processes of transferring the slurry from the SBT, filter press compression, air blow down, 

and discharge of the filter cake requires approximately one hour. While the filter press is being 

13 charged with the next batch of slurry, the filter cake in the filter cake weigh and delivery 

hopper can be sampled and analyzed for moisture content, as necessary. The filtrate from the 

filter press is discharged and treated by the Wastewater Treatment System as secondary 

16 waste. 

17 

18  

19  

20 

The Cement and Additive System is designed to  receive and store the cement and additive 

materials and deliver the additives to  the batch mixer. Additive constituents proposed for use 

in the grout formulations are: Type II Portland Cement, Type F Flyash, blast furnace slag, and 

triple super phosphate (TSP). Various combinations of these materials are evaluated based on 

. 21 desired grout processing properties and performance criteria. All additives are handled with 

22  conventional bins and feeders. 

23 

24 

25 

Concurrent with the preparation of the filter cake, a cement and additive mix is also prepared 

and transferred t o  the treatment system. PFD 94X-5500-F-SK-3408 depicts the f low logic of 

the cement and additives system. Cement and additives are delivered to  the treatment facility 

26 by truck and pneumatically conveyed to  the cement and additive storage bins 44-BN-001,002, 

003, and 004. All storage bins are equipped with exhaust fans, bag filters and air pads, which 
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fluidize the dry material. After the analyses of the slurry and filter cake have been completed, 

the amount of cement and additives required t o  stabilize the batch are determined. Once 

determined, the necessary amount of cement (or additive) is conveyed by means of a rotary 

star feeder and an air slide t o  the batch weigh hopper 44-BN-005. After the correct amount 

of material has been weighed, the material is transferred from the batch weigh hopper to  the 

cement mix delivery hopper 44-BN-006 (shown on PFD 94X-5500-F-SK-3409) by cement and 

additive transfer pump (dense phase) 44-PM-001. The cement and additives are individually 

weighed and transferred t o  the cement mix delivery hopper since there is no requirement to  

thoroughly mix the cement and additives before feeding them t o  the mixer. The individual 

constituents from the Cement and Additive System are weighed before being transferred from 

the batch weigh hopper and as they are received by the delivery hopper t o  ensure that the 

correct amount of material is being added to  the grout batch. 

6.2.2 Assumptions 

Assumptions have been made for the Feed Preparation System t o  complete mass balance and 

design efforts. The primary assumptions used in the Feed Preparation System are outlined 

below, along with the basis for each assumption. 

A. 

B. 

Assumption: 

Basis: 

Assumption: 

Cement and additives material are delivered in trucks with 

self-contained, pneumatic unloading conveyors. 

Bulk delivery by truck and unloading provides the safest and most 

efficient operation given the quantity of additives handled. 

Manual sampling and/or automatic sampling of dry additives is 

required and samples are analyzed a t  an on-site process control 

laboratory. 
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Basis: Raw materials are required t o  meet purchase specifications and 

blended materials must have been blended in the proper 

proportions t o  meet process specifications. 

The Feed Preparation System provides five days inventory of 

additives. 

C. Assumption: 

Basis: Enough storage is available so that shipments can be easily 

scheduled such that plant operations are not threatened by 

shortiterm interruptions in delivery. 

The minimum processing rate is nine tons of the Silos 1 and 2 

material (dry basis) per day, t w o  8-hr shifts/ day, 5 daydweek. 

D. Assumption: 

Basis: . This is the process rate required t o  remediate the contents of the 

TTA in three years. 

E. Assumption: The minimum flow rate from the TTA to  the receiving tank is 

110 gpm and 10 w t %  solids. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Basis: This is the projected operating regime of the waste retrieval pump 

that transfers slurry from the TTA t o  the Feed Preparation 

System. 

F. Assumption: The cement mixer can process one container of treated 

Silos 1 and 2 material per hour. 

Basis: Time motion study for Chemical Stabilization - Cement-based 

treatment facility. 

Assumption: Grout density is approximately 2,400-3,000 lb/yd3 

(89-1 14 Ib/ft3). 

Basis: Preliminary calculations based upon the POP testing results 

(40730-RP-0001, Appendix H, Attachment H3). 
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ReceiDt Tank 

The waste slurry receiving tank, 15-TK-001, is a 32,000-gallon, 16-ft diameter, 22-ft high 

carbon steel tank with a top mounted agitator, level alarms, and a maximum liquid level of 

18 ft. The receipt tank is equipped with a top mounted agitator, 15-AG-001, t o  aid in the 

homogenization of the feed and to  prevent the solids from settling t o  the bottom of the tank. 

Clarifier 

The clarifier, 1 5-TK-002, is a 1 O,OOO-gallon, carbon steel settling tank with a diameter of 14 f t  

and a straight wall height of 8 ft. The design of the clarifier incorporates a conical bottom t o  

allow for the collection and discharge of the settled solids. The continuous slow rotation of 

the clarifier rake, 15-AG-002, keeps the dense phase mobile by pushing the settled solids to  

the outlet of the cone section of the clarifier. 

Slurrv Batch Tanks 

Each SBT (1 5-TK-003,004 and 005) is a 7,700-gallon carbon steel tank with a 1 O-ft diameter 

and a 14-ft wall height. Each tank has a top mounted agitator, high and low level alarms, and 

a maximum liquid level of 1 2  ft .  

Filter Press 

The filter press is an automhic, four chamber filter press. The four chambers are designed 

with a conveyor of filter media. Sequentially, each chamber is filled with slurry and 

compressed using a water bladder. Following the water bladder compression, the chamber is 

blown down with 100-psi compressed air t o  further de-water the filter cake. The filter cake 

is then conveyed t o  the discharge chute where it is scraped from the filter media and gravity 

fed into the filter cake weigh and delivery hopper. The filter press is designed to  wash down 

the filter media following the discharge of the filter cake. A diverter valve is included to  

prevent the wash water from discharging t o  the filter cake weigh and delivery hopper. 
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3 
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The filter cake weigh and delivery hopper is a 83 ft3, stainless steel hopper with a 4-ft 

diameter and a height of 8 ft. The hopper is mounted on load cells and is interlocked with the 

PLC t o  indicate the weight of filter cake that has been added to. the batch mixer. 

5 Cement and Additive Storacle Silos 

6 

7 

8 

9 

10 

11  

The cement and additive storage silos are industry standard, carbon steel silos that are 

designed t o  receive the cement and stabilization reagents from delivery trucks with on board 

pneumatic conveying equipment. Each silo is equipped with vibrators, internal aeration to  

prevent the material from bridging, as well as air slides and rotary star feeders t o  transfer the 

material t o  the cement and additive weigh hopper. Level switches within each silo indicate 

the material level to  the operator. 

The storage silos, 44-BN-001 and 44-BN-004, are each 3,500 f t3  silos (3,000 f t3  working 

volume) with The remaining t w o  storage silos, 

44-BN-002 and 44-BN-003, are each 2,027 ft3 silos (1,800 f t3  working volume) with 1 O-ft 

diameters and heights of 31  ft. 

12-ft diameters and heights of 37 ft. 

1 4  

1 5  

1 6  Lime Addition Baq DumD Station Packaqe 

1 7  

18 

1 9  

20 

The lime bag dump station, 43-BN-001 has a 1 O-ft3 capacity and is equipped with a vacuum 

blower, 43-BL-001 I to  transport the hydrated lime powder t o  the filter receiver, 43-BN-002, 

which in turn gravity feeds the hydrated lime t o  the hydrated lime slurry tank. The lime 

addition bag dump station is a manual operation. 

21  Lime Addition Slurrv Tank 

22 

23 

24 

The lime addition slurry tank is an 800-gallon polyethylene tank with a 5-ft diameter and a 5-ft 

height. The tank is equipped with a top mounted agitator, 43-AG-001, t o  ensure that the 

hydrated lime powder is thoroughly mixed. 

. . .  , . .  
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Ferrous Sulfate Addition Slurrv Tank 
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The ferrous sulfate addition slurry tank is an 800-gallon polyethylene tank with a 5-ft diameter 

and a 5-ft  height. The tank is equipped with a top mounted agitator, 43-AG-002, to  ensure 

that the ferrous sulfate slurry is thoroughly mixed. 

6.2.4 System Interfaces 

The Feed Preparation System interfaces with the following SSC: 

Silos 1 and 2 material slurry that is pumped from the TTA storage facility by way 

of the slurry retrieval process at a rate of 5,900 Ib/hr. 

The clarifier supernatant that is decanted t o  the supernatant sump tank and 

subsequently pumped t o  the TTA Recycle Water System. Additionally, the 

recycled water system provides the treatment facility 

All feed preparation equipment, including tanks and 

vented t o  the RCS. 

The Feed Preparation System that interfaces with the 

flush water. 

the filter press, that are 0 
Treatment System. 

Bulk additive trucks that convey the additives t o  the storage bins. 

Dewatered filter cake that is fed to  the Treatment System. 

Compressed air that is used for bulk solids transfer, as well as pneumatically 

operated valves, bin aerators, air slides, filter press, instrumentation and controls. 

Electrical power for instrumentation and motors. 

6.2.5 Recycle back t o  the TTA 

The Recycle Water System is comprised of supernatant sump tank 15-TK-008 and the 

supernatant tank transfer pumps 15-PM-008 A&B and is represented on PFD 

94X-5500-F-SK-3353 (Attachment 6.V). The clarified overflow from the clarifier tank is 

gravity fed t o  the supernatant sump tank and is subsequently transferred back t o  the TTA 
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4 back t o  the TTA. 

Recycle Water System using t w o  centrifugal pumps. An inlet line t o  the supernatant sump 

tank from the filter press room sump pump is provided so that in the event of a rupture in the 

filter press or a filter press line, any material leaked to  the filter press room can be discharged 

6 The Treatment System consists of the batch mixer 17-MX-001 and the mixer flush tank 

7 17-TK-001. PFD 94X-5500-F-SK-3409 (Attachment 6-VI depicts the f low logic of the 

8 Treatment System. 

9 6.3.1 System Description 

10 The batch mixer 'is designed t o  produce'one batch (disposal container) of grout in 

1 1  approximately one hour. The filter cake from the filter cake weigh and delivery hopper is 

discharged t o  the batch mixer through a chute connection. The weigh elements on the filter 

cake hopper transmit, t o  the PLC, the weight of filter cake that is added t o  the mixer. The PLC 

14 

15 

16 

17 

verifies that the amount of cement and additives delivered t o  the cement mix delivery hopper 

is within specified parameters before discharging the cement mix t o  the batch mixer. After 

necessary water additions are made t o  the grout batch, the mixer runs for approximately 

30 minutes t o  ensure that all constituents have ample mixing time. 

18 

19 

20 

21 

22 

23 

24 

25 

A t  or before the end of the mixing cycle, the enclosed discharge chute with a container fill 

head is clamped t o  an empty disposal container. After the fill head connection is made and 

the grout has been thoroughly mixed, the mixer discharge chute valve is opened and the mixer 

contents are transferred t o  the disposal container. The weigh elements under the box and 

level indicators within the fill head ensure that neither the maximum weight nor the maximum 

volume of the container are exceeded. The disposal container is vibrated as the grout is 

discharged from the batch mixer t o  ensure that the grout is leveled as it is transferred, 

reducing the number of air pockets within the grout monolith. 
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A discharge port for flush water is located a t  the bottom of the mixer. The frequency of mixer 

flush cycles is determined during operations. If it is necessary t o  reduce the build-up of cured 

grout, the mixer has the capability of being flushed after every batch. After a batch of grout 

is discharged t o  a disposal container, the discharge chute valve is closed and the mixer is 

charged with either process water or recycle water from the supernatant sump tank. The 

mixing action is engaged t o  provide a means for removing grout from the mixer walls and 

paddles. Following the batch mixer clean out, the flush water is discharged t o  the mixer flush 

tank where it is subsequently transferred to  one of the SBTs. 

6.3.2 Assumptions 

Assumptions have been made for the Treatment System t o  complete mass balance and design 

efforts. The primary assumptions used in the Treatment System are outlined below, along 

with the basis for each assumption. 

A. Assumption: Grout density is approximately 2,400 - 3,000 Ib/yd3 

(89 - 114 Ib/ft3). 

Basis: Preliminary calculations based upon the POP testing results 

(40730-RP-0001, Appendix H, Attachment H3). 

B. Assumption: Grout composition is assumed to  be approximately: 

22 w t %  cement; 

16 w t %  dry additives; 

30 wt% dry Silos 1 and 2 material; and 

32 wt% water. 
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Basis: ( 1 )  
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Fernald Environmental Management Project (FEMP). 1993. 
Remedial Investigation Report for Operable Unit 4. Prepared 
under contract for the U.S. Department of Energy: Fernald Field 
Office, Fernald, OH. (AR Index Numbers Vol. 1-111: U-006.304.15 
- 17) 

Fernald Environmental Management Project (FEMP). 1994. 
Feasibility Study for Operable Unit 4. Prepared under contract 
for the U.S. Department of Energy: Fernald Field Office, Fernald, 
OH. (AR Index Numbers Vol. I-IV: No. U-006-404.13 - 16) 

Information provided in the IT POP Work Plan. 

6.3.3 Key Equipment Descriptions 

The design of the mixer inc.orporates inlet connections for the Silos 1 and 2 material filter cake, 

cement additive mix, and water. A vent line connection to  the PVS header maintains the mixer 

at a negative pressure. A bottom port is provided on the mixer t o  discharge the mixed grout 

t o  the disposal container through an enclosed chute. A separate bottom discharge is provided 

for the mixer flush water. It is assumed that the grout formulations produce a grout that 

needs t o  be leveled by vibrating the container as it is filled. 
> 
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6.3.4 System Interfaces 
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The Treatment System interfaces with the following SSC: 

e 

e 

6.4 

Electrical power for instrumentation and motors. 

Compressed air for pneumatically operated valves. 

The Treatment System that receives filter cake feed, from the Feed Preparation 

System, on a batch basis. 

Additives that are delivered to  the cement mixer from the Feed Preparation 

System. 

If necessary, grout water content that is adjusted using recycled water from the 

TTA. . 

Product Handling (Systems 25, 26 and 82) 

Empty disposal containers are handled using forklifts and motorized roller conveyors 

(PFD 94X-5500-F-SK-6025 and -6026). Filled disposal containers are conveyed by remotely 

operated motorized roller conveyors or bridge cranes. 

The motorized roller conveyor positioning is controlled either remotely or by manual switches 

t o  move and align the disposal containers at the various work stations. The operators are able 

t o  view the operations by means of remote CCTV systems and shielded viewing windows at 

the various work stations. 

The remotely operated monorail hoist and bridge cranes employ onboard CCTV viewing 

equipment t o  ensure positive grappling and placement of filled containers. 

6.4.1 System Description 

A propane powered forklift, rated capacity of six tons,: places an empty, lined disposal 

container onto the load-in conveyor in the airlock. A forklift removes the container lid and 
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places it in front of the container. An absorbent mat is placed on top of the lid. Once the 

forklift places the container, lid, and absorbent mat onto the conveyor, all container handling 

0 1 

2 

3 operations are remote. 

10 

11 

12 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

The disposal container, with the lid and absorbent mat leading, is conveyed and aligned with 

the fill head at the fill station. A lifting actuator raises the container above the conveyor 

rollers, then the fill head is lowered and secured to  the container t o  form a tight seal. The fill 

head clamps onto the container, rather than bolting it on, t o  reduce the processing time 

requirements. The PVV is opened. The disposal container is vibrated t o  level the accumulated 

grout as the batch of mixed grout is discharged from the mixer into the container. 

When the disposal container is full, the mixer discharge door closes, the head clamps 

disengage, and the PVV is shut off. In order to  ventilate the container's freeboard space, a 

sweep hood is positioned t o  capture radon. The radon is exhausted t o  the RCS by way of the 

process hood ventilation system. The sweep hood vent valve is opened before the fill head 

is raised t o  the stand-by position. 

The container is conveyed t o  the sampling location, then sampled by means of a remote 

system for testing concrete properties and for archiving. The sweep hood vent valve is closed 

during sampling. After sampling, the filled container is conveyed t o  the lidding station. 

Liddinq Station 

The container lid and absorbent mat are remotely connected t o  the lid installation monorail 

hoist grapple. The hoist conveys both the container lid and the absorbent mat t o  the lidding 

station. The lid installation hoist and grapple are moved t o  the lidding station where they are 

staged until the filled container is received. When the container is positioned at the lidding 

station, the absorbent mat is aligned with the container opening and released onto the surface 

of the grout, by means of remote operation and CCTV viewing and/or shielded glass viewing 

windows. Next, the hoist is indexed to  align the lid with the container opening and the lid is 

placed onto the container, but not fastened. 

. 

6-23 

2 



1 

6 

10 

11 

12 

13 

14 

15 

16 

17 

Wash Station 
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The conveyor moves the container inside the wash station, the doors close, and spray nozzles 

thoroughly wash and rinse the exterior of the container wi th 30-40 psi decontamination 

solution. When the container has adequately drip dried, the doors open and the container is 

conveyed into the curing room. 

Curinq Room Operations 

The washed container is conveyed into the curing room, lifted by a remotely operated 

overhead bridge crane, and placed in a designated storage location for a seven calendar day 

initial curing. 

Inspection and Staqina Operations 

On a periodic and random basis, containers are inspected for free liquids in the inspection 

station. Upon completion of the initial 7-day curing period, the container is retrieved from the 

curing room by a remotely operated overhead bridge crane, placed onto a conveyor, and 

conveyed t o  the inspection station. The container is aligned with the lid lifting equipment. In 

order to  ventilate the container's freeboard space, a sweep hood is positioned to  capture radon 

venting t o  the room when the container lid is removed. The gas is exhausted to  the RCS by 

way of the process hood ventilation system. The lid is grappled and removed from the field 

18 

19 

20 

of view by the lid lifting equipment. The operator observes and inspects the interior of the 

container by a CCTV camera and monitor and/or through the shielded viewing windows. After 

completing the inspection, the container lid is reinstalled. 

21 Lid Fasteninq Station 

22 

23 

24 with the container. 

The container is conveyed into the lid fastening station, and aligned with the lid fastening 

equipment. The remote wrench lowers and tightens all of the bolts until they are fully engaged 
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Survev and Decontamination Station 

The container is conveyed to  the survey and decontamination room, where i ts exterior surface 

is surveyed and decontaminated, as necessary, t o  meet surface radioactivity limits. 

Interim Staqinq Facility 

The container is removed from the conveyor by a remotely operated bridge crane and placed 

in the shielded staging area before being shipped off-site or returned for rework. The interim 

staging facility has the capacity t o  inventory a maximum of a 4 5  calendar days worth of 

container production at a target production of 11 containers per day (approximately 360 

Containers). 

6.4.2 Assumptions 

12 

13 
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A. Assumption: 

Basis: 

B. Assumption: 

Basis: 

A daily target production rate of 11 disposal packages. 

POP requirement for complete remediation in three years. 

The RCS has a 500 scfm capacity for use in a sweep hood to  

capture radon. 

AWR design. 

6.4.3 Key Equipme,nt Descriptions 

Convevors 

The roller conveyors are either 5-ft or 7-ft wide. They are heavy duty, motorized, chain driven, 

two-directional conveyors of various lengths with rated capacities of 21,000 Ib. Standard 

fabrication materials are used for conveyor components; however, the conveyors are special 

order due t o  the size and load capacity required to  support the filled containers. They are 

equipped with special features for lifting containers above the rollers and vibrating the 

. t. 
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.containers as they are filled, for right angle transfers, and for weighing containers, as required. 

The conveyors are segmented where the conveyance must pass through an airlock or shield 

door, in order t o  establish an effective seal and t o  prevent shielding void spaces. 

Interim Staqinq Facilitv Crane 

This crane is a remotely operated bridge crane with a rated capacity of 15 tons and a span of 

120 ft, a travel of 210 ft, and a lift height of 16 ft. The crane is equipped with a special 

grapple device for lifting, movement and placement of the containers. In addition, the bridge 

crane has CCTV capacity to  ensure positive grappling and placement of the container. 

Monorail Hoist 

The monorail hoist is remotely operated, with a rated capacity of 15 tons and a travel of 30 f t .  

The crane is equipped with t w o  special grapples: one grapple lifts and carries the absorbent 

mat and places it in the filled container, and the other grapple lifts and carries the container 

lid and aligns and seats it on the container. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

The fill head consists of custom designed equipment for filling the container with g'rout. It is 

connected t o  the batch mixer's enclosed discharge chute. It is mounted on actuators for 

raising and lowering. It provides confinement of the grout during pouring operations and 

prevents grout from being.deposited on the outside of the container. The fill head has flexible 

connections t o  the PVS and a grout filling connection t o  the mixer. The PVS maintains a 

negative pressure within the container as the grout is poured into the container. The fill head 

has a level detection system and a drip catch tray to  prevent dripping of grout on the fill 

station equipment when a container is not located underneath. The tray automatically moves 

in and out of catch position when the fill head is raised or lowered. 
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The curing room bridge crane is a remotely operated bridge crane with a rated capacity of 

15 tons and a span of 80 ft, a travel of 100 ft, and a l ift height of 16 ft .  The crane is equipped 

with a special grapple device for lifting filled containers. In addition, the crane has CCTV 

capacity t o  ensure positive grappling and placement of the filled containers. 

InsDection Station 

The inspection station consists of custom designed equipment for remotely observing and 

inspecting inside the filled container. The inspection station has a grapple for capturing and 

lifting the lid from the container. The grapple uses rigid mechanical linkages for accurate and 

efficient operations. It positions the lid such that CCTV viewing is possible. It replaces the 

lid on the container when the inspections are complete. 

Lid Fasteninq Station 

The lid fastening station consists of a remotely operated wrench mounted on a frame that 

aligns with the bolt pattern of the container. The operator views the lidding operation either 

by CCTV or through the shielded glass viewing windows. The wrench is actuated up and 

down and may be lowered t o  engage the bolt heads and tighten or loosen them as required. 

Samde Station 

The sample station is intended t o  provide the capability t o  sample the grout from the container, 

then package it in an acceptable storage container, and store it in a controlled environment 

where it is conveniently retrievable. Sampling is a remote operation performed in the fill room. 

A sample collector is attached t o  an actuator that has vertical positioning and travels on a 

ceiling mounted track in a horizontal motion. The track mounted trolley aligns the actuator 

with the container and the sample is taken. The trolley moves the sample t o  the glove station 

where an operator cleans up the sample and places it in a storage container with a bar code 

identifier. The sample is placed onto the actuator and the trolley takes it t o  the sample storage 
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rack where it is deposited. The storage provides heated storage for acceptable curing 

conditions. The system retrieves the requested sample according t o  the operator's 

instructions. 

SweeD Hood 

The sweep hood is a ventilation device connected t o  the PVS for the purpose of radon 

capture. It is specifically designed to  capture radon that could escape from an open, filled 

container, using the available f low rate of 500 scfm or less. Sweep hoods are featured at the 

fill station, rework station, and inspection station. 

Wash Station 

The wash station is a standard, industrial, automated 80-inch turntable part washer with a 

rated capacity of 21,000 Ib. The booth has a pass-through conveyor with hatch doors on both 

ends. The conveyor rollers have sealed bearings. Spray nozzles are located so as t o  provide 

coverage t o  the outside of the container. The station is self-contained with controls, pumps, 

tanks, and filters t o  wash, rinse, and,dry as needed. The wash water can be collected from 

the room sump, sampled, and treated as necessary before discharging the decontamination 

solution t o  the AWWT. 

6.4.4 System Interfaces 

The Product Handling System interfaces with the following SSC: 

Electrical power for motors, instrumentation and monitors. 

The Grout Mixing and Filling System. 

Shielded and unshielded air lock doors and window systems that are employed t o  

protect workers and segregate work stations. 

CCTV cameras and monitors that are used t o  ensure positive control of container 

operations. 
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A forklift that transports and places empty containers onto the load-in conveyor. 

The treatment facility's domestic water supply for the wash station. 

The PVS header for sweep hoods, maximum of 500 scfm. 

The HVAC System. 

Gaseous Emission Control 

The Chemical Stabilization - Cement-based treatment process does not generate an off-gas 

stream. All secondary gaseous wastestreams are vented from process vessels, rooms, and 

equipment. Therefore, the only component of the Gaseous Emissions Control System is the 

PVS, which is designed t o  capture all process vessel, room, and equipment gases containing 

radon and transport them t o  the existing RCS. Detectors and monitors within the facility 

provide real-time alarm if radon.escapes from any of the process vessels, rooms, or equipment. 

6.5.1 System Description 

13 

14 
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16  
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Process Exhaust 

Process vessels and equipment containing unstabilized Silos 1 and 2 material are vented to  the 

PVS. 

Room Exhaust 

Open containers, vessels, and room/cells that contain Silos 1 and 2 material are vented t o  the 

PVS by direct ventilation of room air or by the use of a sweep hood. Rework operations are 

performed in a dedicated work enclosure. The enclosure is connected t o  the facility HVAC 

System. Detectors and monitors provide real-time alarm of radon present in the rework 

enclosure. The interim container staging facility is normally ventilated and provided with radon 

detectors, alarms, and data loggers t o  detect, alarm, and log the presence of radon. 
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Process Vent Svstem 
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A PVS header is run throughout the treatment facility to  capture and transport any radon 

contaminated air streams from all the process equipment, vessels, and rooms. The PVS 

system is designed t o  maintain a negative pressure in all vessels and equipment where the 

containment of airborne contaminants, including radon, is a concern. The PVS maintains an 

airflow between 2 5 0  and 500  scfm with the vacuum provided by the RCS blowers. All 

vessels are maintained at approximately -2 inches water column (in. W.C.) relative t o  room 

pressures t o  ensure that the vessel gases do not leak t o  the environment, thus confining - 

airborne contamination within the boundaries of the ventilation-system. 

Ventilation from vessels and primary confinement rooms, with expected airborne 

contamination (including radon), are connected t o  the PVS which, in turn, is connected to  the 

RCS. 

The product packaging and staging area are normally ventilated and provided with radon 

detectors and alarms t o  detect the presence of elevated levels of radon. 

The 250-scfm gaseous emissions stream associated with the PVS is directly routed t o  the 

existing RCS without any pretreatment. 

6.5.2 Assumptions 

There are no driving assumptions associated with the Gaseous Emissions Control Systems. 

6.5.3 Key Equipment Descriptions 

The Gaseous Emissions Control System uses a vent line and header system t o  collect and 

transport the PVS gases t o  the existing RCS. There are no key equipment components 

associated with the PVS. The motive force t o  transport the PVS stream is provided by the 

RCS blowers. 
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1 6.5.4 System Interfaces 

2 The Gaseous Emission Control System interfaces with the following SSC: 

3 Electrical power for instrumentation and motors. . 

4 Compressed air that is required for pneumatically operated valves. 

5 

6 

7 

8 

Ventilation - from vessels, equipment and hoods with the potential for airborne 

contamination with radon gas - that is connected t o  the PVS. This includes 

equipment and hoods from the Feed Preparation System, the Treatment System 

and the Secondary Liquid Waste System. 

9 6.6 Secondary Liquid Waste Treatment (System 62)  

10 All secondary liquid waste from the treatment facility must either be treated by the 

Wastewater Treatment'System in order t o  meet the AWWT WAC (as shown on PFD 

94X-5500-F-SK-31 lo), or be recycled back t o  the TTA recycle water tank. All secondary 

liquid waste that contains treatment chemicals is treated by the Wastewater Treatment 
Y 
13 

14 System. 

15 

16 

17 stations. 

Secondary liquid wastestreams that require treatment by the Wastewater Treatment System 

includes the filter press filtrate and any discharge water from the decontamination wash 

18 6.6.1 System Description 

19 

20 

21 

22 

Filtrate from the filter press is gravity discharged t o  the filter press filtrate tank (filtrate tank), 

62-TK-001. The filtrate tank is sized t o  inventory one day's worth of filtrate if necessary. The 

Wastewater Treatment System is designed t o  process 2,000-gallon batches. The first water 

treatment step is the oxidation step, which takes approximately four hours, while subsequent 

23 

24 hours. 

steps take three hours or less. Therefore, batches can be cycled approximately every four 
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A 2,000-gallon batch of wastewater is transferred from the filtrate tank t o  the oxidation tank, 

62-TK-002, by the filtrate tank transfer pumps, 62-PM-001 A&B. Bleach is added t o  the batch 

in the oxidation tank and is allowed t o  react for four hours. After the oxidation reaction is 

complete, centrifugal pumps 62-PM-002 A&B transfer the batch to the wastewater treatment 

(WWT) tank, 62-TK-003 where the rest of the treatment chemicals are sequentially added and 

allowed t o  react for approximately three hours. The treatment chemicals include barium 

chloride, phosphoric acid, hydrochloric acid, and sodium sulfate and precipitate the dissolved 

solids in the batch. The chemical treatment forms solids that are allowed to settle out of the 

water and are pumped to  the SBTs for feed t o  the filter press. Following the transfer of solids 

t o  the SBTs, the clarified batch is transferred by 62-PM-O03A&B through bag filters t o  one of 

the t w o  effluent tanks, 62-TK-004 & 62-TK-005, where the water is sampled and inventoried 

until analysis of the batch is complete. Once it has been determined that the wastewater 

batch meets the AWWT WAC, the batch is transferred to  the AWWT for final treatment and 

discharge. 

All wastewater treatment reagents are stored in individual tote tanks and are transferred t o  

the WWT tank by chemical metering’pumps 62-PM-006, 007, 009, 010, and 0 1  1. 

6.6.2 Assumptions 

There are no driving assumptions associated with the Secondary Liquid Waste Treatment 

System. 

6.6.3 Discharge t o  AWWT 

The treated wastewater from the Wastewater Treatment System is either discharged t o  the 

AWWT or transferred t o  the Supernatant Sump Tank by Effluent Tank Transfer Pumps 

62-PM-004 A&B and 62-PM-005 A&B. 
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6.6.4 Key Equipment Descriptions 

Filter Press Filtrate Tank 

The filter press filtrate tank is a 10,000-gallon 12-ft diameter carbon steel tank, with a height 

of 1 2  ft, that collects and inventories the filtrate from the filter press. The filtrate tank is sized 

t o  inventory one day’s worth of filtrate. 

Oxidation Tank 

The oxidation tank is a 2,000-gallon carbon steel tank with a diameter of 6 f t  and a height of 

1 0  ft. 

Wastewater Treatment Tank 

The WWT tank is a 2,000-gallon, carbon steel tank with a diameter of 6 f t  and a straight wall 

height of 10 ft. The WWT tank employs a conical bottom t o  collect precipitated solids for 

discharge t o  the SBTs. 

Effluent Tanks 

The t w o  effluent tanks are 4,000-gallon carbon steel tanks with 8.5-ft diameters and wall 

heights of 9.5 ft. 

Treatment Chemical Tote Tanks 

The chemical treatment reagents are delivered t o  the treatment facility as tote tanks and are 

connected t o  the Wastewater Treatment System chemical metering pumps t o  add the reagents 

t o  the respective water treatment tank. 
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The treated wastewater from the Wastewater Treatment System is discharged t o  the AWWT 

or transferred t o  the supernatant sump tank by effluent tank transfer pumps 62-PM-O04A&B 

and 62-PM-O05A&B. From the supernatant sump tank, 'the treated wastewater is 

subsequently discharged t o  the TTA recycle water tank. 

The clarifier overflow t o  the supernatant sump tank is transferred back t o  the TTA Recycle 

Water System and is used for subsequent waste slurry retrieval and transfer t o  the treatment 

facility. 

6.6.6 Secondary Solid Waste Treatment 

Secondary solid wastestreams are treated and disposed appropriately. Reference 

Section 2.13.2 for a general description of secondary solid waste treatment and disposal. A 

list of potential solids wastestreams is provided below. 

PPE; 

HEPA and prefilters; 

Filter press filter media; 

Wastewater treatment bag filters; 

D&D waste; 

Debris; and 

Empty rework containers. 
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The WWT System is designed to  precipitate dissolved solids from the filter press filtrate. The 

precipitated solids are settled in the WWT tank and reintroduced into the treatment system by 

pumping them back t o  one of the SBTs. 
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6.7 Container Operations 

The filled containers are stored in the interim staging facility before off-site shipment t o  an 

approved disposal site. The lifting and placement of containers are performed remotely. 

6.7.1 System Description 

A container is grappled in the interim staging facility by a remotely operated bridge crane, lifted 

over a shield wall, and placed onto a transport vehicle in the loading/shipping operations area 

within the interim staging facility. The container is secured and prepared for off-site shipment. 

The external surface of the container is anticipated t o  be essentially free of loose surface 

radioactivity. Documentation is provided t o  the shipper who transports the container t o  an 

approved disposal site. 

Note: The generation and buildup of radon is not anticipated t o  be a concern in interim 

staging facility, since the containers are sealed before staging; therefore, the facility 

does not require special ventilation. 

19 6.7.2 Assumptions 

20 A. Assumption: Two  containers per truck shipment. 

21 

22 limited t o  42,000 Ib). 

Basis: Standard FEMP shipping practice for a two-axle truck (payload 
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6.7.3 Key Equipment Descriptions 

Staqina Facilitv Remote Bridge Crane 

The crane is a remotely operated bridge crane with a rated capacity of 15  tons and a span of 

120 ft, a travel of 21 0 ft, and a l ift height of 16 ft. The crane is equipped with a grappling 

device and CCTV system camera t o  ensure positive grappling, movement, and placement of 

the filled containers. 

Treated Waste Disoosal Container 

The disposal container is 78  inches long by 67 inches wide by 7 0  inches high (including 4-inch 

forklift runners). The 4-inch thick walls are constructed of high density concrete with wire 

mesh reinforcement. The container weighs approximately 9,700 Ib (including the absorbent 

pad, plastic liner, and metall 

11,000 Ib of treated Silos 1 

foil liner). Each container has the capacity t o  ship approximately 

and 2 material. 

6.7.4 System Interfaces 

The system interfaces for the container operations are: 

Electrical power for lighting, motors, instrumentation and CCTV support 

equipment; 

The treatment facility transfer conveyor; 

The CCTV inspection system; 

Infrastructure Roadways. 

The FEMP waste management shipping organization; and 
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6.8 Product Rework (System 26) 

In addition t o  the federal, state and local shipping requirements, the stabilized cement must 

meet the NTS WAC. Therefore, provisions are made t o  re-process any rejected stabilized 

cement. Rework of the rejected stabilized cement requires removing it from the disposal 

container and reintroducing it into the Waste Processing System. 

6.8.1 System Description 

Rework operations are carefully confined and performed remotely at the rework station. The 

breaking, crushing, and conveyance components are remotely controlled by operators in the 

adjacent corridor. After the stabilized cement is size reduced, the rubble is reintroduced to  the 

Waste Processing System. 

The lid removal, placement, and fastening stations used for normal container tasks are used 

for reworking the rejected containers. A sweep hood is used for rework operations for radon 

release. Captured radon is diverted to  the RCS by means of the Process Hood Ventilation 

System. 

The reject disposal container is retrieved by the remotely operated overhead bridge crane in 

the curing room or from the interim staging facility and conveyed to  the rework station. If the 

container is retrieved from the interim staging facility, it is conveyed t o  the lid fastening 

station, where the disposal container is aligned with the remote wrench and the lid bolts are 

disengaged. Next (or first if the disposal container is retrieved from the curing room), the 

disposal container is conveyed to  the inspection room where the disposal container is aligned 

with the lid placement equipment and the lid is removed by the remote grapple. Before lid 

removal, the sweep hood is activated t o  sweep hood the area surrounding the container 

opening, removing the accumulated radon in the disposal container as the lid is raised. The 

remote grapple holds the disposal container lid while the rework operations are performed. 
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The opened disposal container is conveyed into the rework room. This operation can be 

viewed by operators by means of CCTV and/or through shielded viewing windows. The radon 

from the disposal container is collected by the rework room sweep hood during rework 

operations. The remotely controlled impact hammer, attached .to an extendable boom with 

interchangeable end effectors, fractures the reject stabilized cement in the container. This 

operation size reduces the remediated cement into pieces smail enough t o  be vacuumed. A 

HEPA filtered vacuum unit provides the motive force for the vacuum hose. The vacuum hose 

is remotely positioned by a robotic arm t o  remove the rubble from the container. The rubble 

vacuumed from the container is collected in the rubble collection hopper and gravity fed into 

the remotely operated rubble jaw crusher. The jaw crusher reduces the rubble t o  pieces less 

than %-inch. The crushed rubble is transferred t o  the rework batch bin using the rubble bucket 

conveyor. The dry materials for the rework grout formulation are transferred into the rework 

batch bin from the cementladditive storage bins. The rework batch bin is a weigh bin that 

measures the required amount of solid constituents for the rework grout formulation. 

The empty ‘reworked container is conveyed t o  the inspection station where the lid is replaced. 

The lidded container is conveyed t o  the lid fastening station. The remotely operated wrench 

is used t o  tighten the lid bolts. The container is conveyed t o  the survey and decontamination 

station where the container exterior surface is surveyed and decontaminated, as necessary, 

t o  meet surface radioactivity limits. 

6.8.2 Assumptions 

The number of containers of remediated Silos 1 and 2 material that fail t o  meet the NTS WAC 

and are rejected is assumed t o  be approximately 1% of the original disposal containers 

produced (approximately 60 original containers). For every original container that fails to  meet 

NTS WAC and has t o  be re-processed, three rework containers are produced (approximately 

180 rework containers). 
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Roller Convevor 

The rework roller conveyor, 26-CY-001, is a 5-ft wide by 12-ft long heavy duty, motorized, 

chain driven, two-directional, roller conveyor with a rated capacity of 21,000 Ib. Standard 

fabrication materials are used; however, the conveyors are a special order due t o  size and load 

capacity requirements. In addition, the rework conveyor is provided with special features for 

lifting the containers above the rollers, with a hydraulic system. 

Bucket Convevor 

The bucket conveyor, 26-CY-002, is a sealed unit with a rated capacity of t w o  tons and a 

vertical l i ft of 3 0  ft. 'It is connected to  the PVS for the confinement of radon gas. 

Rework Vacuum 

The rework vacuum, 26-FL-001, is a production model with a 6-inch diameter hose, HEPA 

filtered discharge, and a rated capacity of 30 tons/hr. The system includes a cyclone bin t o  

collect captured debris. The cyclone bin is the source of feed material to  the rubble collection 

hopper. To confine radon gas that may be present in the air stream t o  the vacuum, the system 

must release its discharge air t o  the rework room. The rework room sweep hood maintains 

.the rework room at a negative pressure, directing an exhaust stream to the PVS. 

Rubble Collection Homer 

The rubble collection hopper, 26-BN-001 , is a 64-ft3 hopper with level alarms, vibrator, air pads 

in the cone section, and a RCS vent connection; it is mounted on load cells for weight 

determinations. 
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1 Rework Batch Bin 

2 

3 

The rework batch bin, 26-BN-002, is a 1 OO-ft3 bin with level alarms, a vibrator, a cone air pad, 

and a RCS connection; it is mounted on loads cells for weight determination. 

4 Remotely Controlled Impact Hammer 

5 

6 

7 

The remotely controlled impact hammer, 26-ME-004, is a production model with a reach of 

10 ft  and 400 ft-lb per impact. It is mounted on tank tracks with a maneuverable boom and 

is electrically powered. It has changeable end effectors and can accomplish drilling, crushing, 

8 and impacting with available accessories. 

9 Rubble Jaw Crusher 

10 

11  

The rubble jaw crusher, 26-ME-007, is a production model with a feed opening of 8 inches by 

10 inches, capable of reducing particles t o  less than 0.5 inch. 

12 Rework Bridae Crane 

13  The rework bridge crane, 26-CN-001 ,'is a remotely operated bridge crane with a rated capacity 

14 

1 5  

16 

17 

18 unknown. 

of 5 tons and a span of 15  ft, a travel of 12  ft, and a lift height of 12  ft .  The crane is equipped 

with a robotic arm and a 2-ton hoist for miscellaneous lifting operations. The robotic arm is 

used t o  handle the vacuum hose, perform clean up of the rework room, and provide a 

versatility for performing many tasks, as the true nature of the rework operations is largely 

19 Sweep Hood 

20 

21 

22 . 

The sweep hood is a ventilation device connected t o  the PVS for the purpose of radon gas 

release capture. It is specifically designed t o  capture radon that could escape from the open 

containers in the rework room, using the available flow rate of 500 scfm or less. 
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6.8.4 System Interfaces 

The interfaces with the Product Rework System are: 

e 

e 

e 

e 

e 

6.9 

Cement and chemical additives that are pneumatically transferred as dry materials 

t o  the rework batch bin. 

The product handling conveyor system that is used t o  convey the rejected 

container t o  the various stations before entering the rework room. 

The rework batch bin and sweep hood that are connected t o  the process vent 

header t o  collect the off-gas radon t o  the RCS for treatment and discharge. 

Compressed air, electrical power, and a hydraulic power source utility that are 

required for the rework operations. 

Power and signal connections between the process control room, local control 

stations, and process stations that are required for instrumentation,. CCTV, 

lighting, and equipment control. Signal connection is required t o  the data logging 

system. 

Facility Design 

Bulk Additives 

The bulk additive building provides for receiving, storage, and tra fer of bulk ch mic Is nd 

cement t o  the Feed Preparation System. The design uses four large bins and a pneumatic 

system t o  support production requirements for cement production. . 

The building structure is a commercial grade sheet metal building. The height of the building 

is based upon the storage bin requirements t o  support production. Stairs and platforms 

provide access t o  the storage bins and filters assemblies. Within the building, limited space 

is provided for maintenance requirements. The building has a large double door t o  allow for 

access. 
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An  unloading pad is provided next to  the facility 

accidental spills. Large quantities of additives are 

- c 40730-RP-0003 

for bulk truck deliveries and t o  contain 

received by truck and are pneumatically 

transferred into the appropriate storage bin. 

transferred t o  the Feed Preparation System. 

Additives from the bins are pneumatically 

The bulk additive building and the surrounding area is a non-radiological area. Access is not 

controlled. 

Feed PreDaration Svstem 

All equipment is in a radiologically controlled area due t o  the Silos 1 and 2 material's high 

inventory level of radium and radium daughter products. From preliminary dose calculations, 

the area around the tanks is assumed t o  be a RAZ 5, high radiation area. The work area 

requires shielding, less time spent within those areas and, where possible, lower radiation 

sources (volume) t o  ensyre lower dose rates for operations and maintenance workers over the 

plant life. The tanks containing the material are segregated and shielded in keeping with the 

ALARA principles of minimizing worker dose rates. They are surrounded by 2-feet thick shield 

walls due t o  the radiation field prese'nted by the volume of the Silos 1 and 2 material. The 

shield walls are modular in construction. Modular shield walls sealed t o  the concrete floor and 

sealed between joints also perform duty as secondary containment by having the ability to  

contain a spill or leak from the tanks. The primary containment consists of the tank vessels 

themselves. 

The lime and ferrous sulfate bins, totes, and pumps are enclosed by 3-ft high containment 

walls t o  control leakage and protect personnel in the area. The concrete floor is sealed and 

the walls and equipment have a strippable coating to  protect them and t o  aid in 

decontaminating the room and equipment at the end of the facility mission. 
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Although surrounded by concrete walls, the Feed Preparation System still requires accessibility 

for general maintenance of the mechanical equipment. Access to  each tank at grade is 

through a labyrinth. A sump is located in the area t o  collect runoff. 'The top of each tank is 

accessible by ladder and platform. The platform on top of the tanks allows for maintenance 

t o  be performed on the agitators, control valves, and piping components. 

The pumps for the tanks are located outside of the shield wall due to  general service and 

maintenance requirements. The pumps are located behind half or "partial height" walls to  

control access, minimize .casual dose rates, and contain leaks' and spills. The supporting 

systems, such as the recycle water tank and pumps, are segregated by a curb t o  provide 

secondary containment. The supporting equipment, pumps, tank and service corridor are 

RAZ 1 controlled areas; but, they are accessible t o  operations and maintenance personnel for 

up to  40 hours a week. 

The Feed Preparation System is covered by a roof. The roof allows for operations and 

maintenance tasks t o  take place during local seasonal weather extremes. Portions of the roof 

can be removed for equipment removal by crane. 

Wastewater Treatment Svstem 

The Wastewater Treatment System conditions the wastewater before returning it to  the TTA 

or discharging it t o  the AWWT. 

The Filtrate and Wastewater Treatment System is co-located with the Feed Preparation and 

Lime/Ferrous Sulfate Additive System. It contains the process tote-tanks, filters, tanks, and 

pumps. 

The tote bins and pumps are enclosed by 6-inch high curb to  control leakage and protect 

personnel in the area from chemicals . The effluent tanks and pumps are enclosed by a 3-ft 

high containment wall t o  provide for secondary containment. The concrete floor in both areas 
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is sealed and the walls and equipment have a strippable coating t o  protect them and t o  aid in 

decontaminating .the area and equipment .at the end of the facility's mission. 

The pumps are located behind half or "partial height" walls to  control access and contain leaks 

and spills. The supporting systems, like the tote bins and pumps, are segregated by a curb 

t o  provide secondary containment. The supporting .equipment, pumps, tank and service 

corridor are RAZ 1 controlled areas; but, they are accessible t o  operations and maintenance 

personnel for up t o  40 hours a week. 

Filter Press Room 

The filter press removes water from the feed, weighs the product, and feeds the mixer. Water 

is removed from the Silos 1 and 2 material by the press and transferred t o  the filtrate and 

water treatment tanks outside of the facility. 

0 Because of the potential for contamination, the filter press is located in a separate room - 
above the mixer, product and additive bins - t o  allow for gravity flow. The room provides 

controlled access and contains the spread of contamination. During normal routine 

maintenance, the room provides a controlled environment in which maintenance tasks are 

performed. Personnel access the filter press room through the adjacent airlock/stairs. 

The room is considered t o  be a RAZ 4, radiation area because of the dose source from the 

filter cake and the residual contamination in the equipment. The potential for contamination 

t o  be present within the room is very high. Operations and maintenance work t o  be performed 

in the filter press room is controlled by RWPs and requires additional dosimetry for personnel 

entering the area. 

Mixer Svstem 

The filter press system delivers the feed t o  a bin in the mixer room. The feed gravity flows 

into a bin above the mixer. The Cement and Additive System transfers cement mix t o  the 
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delivery hopper above the mixer for gravity feed. The Rework System also delivers crushed 

product to  a bin above the mixer for addition. The mixer combines the process feed into a 

grout mix ready for packaging. During processing, the ventilation air from the mixer is 

removed by the PVS and sent t o  the RCS. 

5 

6 

7 

8 

9 

10 

11 

12 

The mixer and supporting additive and recycle bins are located above the fill station in the 

mixer room on the second floor. This layout allows gravity pour of the product into the 

container. The filter press is located above the mixer room. The walls of the Mixer System 

are shield walls because of the dose source contained within the equipment. All surfaces 

within the system rooms are covered by a removable coating t o  control contamination and aid 

in decontamination of the facility. The mixer and supporting bins are accessed for 

maintenance by a series of stairs and platforms within the room. Entry is made from the 

second floor corridor through an airlock/stairs. 

Within the room, space is furnished for equipment that supports the mixing operation. 

Supporting utilities (i.e., electrical, control system, domestic water, and plant air) are brought 

into the mixer room t o  support operations. 15 

16 

17 

18 

19 

The mixer room is considered t o  be a RAZ 4, radiation area. Shielding and space around the 

mixer is required t o  meet ALARA consideration. Maintenance and operations tasks can be 

performed in the mixer room but are controlled by RWP. All personnel entering the room are 

required t o  wear additional dosimetry. 

20 Load-In Area 

21 

22 

The load-in area provides access t o  the facility to  allow disposal containers t o  enter the facility 

and be staged. It also furnishes space for operators t o  perform filling operations. 

23 Disposal containers t o  be filled are carried by forklift into the facility through this area. A 

24 

25 

roll-up door allows normal and heavy forklifts to  enter the facility. Within the area, space is 

provided for staging disposal containers to  be used during the next t w o  shifts. Airlocks 
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adjacent t o  the area furnish access t o  the fill station. The load-in area also contains the 

operator stations in front of each of the filling stations. A t  each fill station, the operators use 

a remote CCTV and the shielded window t o  perform assigned tasks. 

The load-in area is enclosed in a prefabricated type structure. The structure has an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the facility system. 

The load-in area is a RAZ 1, controlled area. Personnel access and movement is not restricted. 

Radiological guidelines for RAZ 1 areas allow for 40 hr/week occupancy. 

Fill Station 

The special containers are remotely handled and filled with concrete mix, weighed, closed, and 

washed in the fill station and adjacent room. 

The fill station is located underneath the mixer. The room contains the equipment used to  fill 

the disposal container. The disposal container, without its lid, is placed onto a roller conveyor 

in an airlock by a forklift. The conveyor moves the container into the fill station room. The 

disposal container is lifted up t o  meet the fill head and is held in place and vibrated during 

filling. Once filled, the disposal container is lowered back down onto the conveyor and moved 

t o  the next station where a sample is collected and the disposal container is weighed. The 

disposal container is moved t o  the next room where the lid enters from an adjacent airlock. 

The lid is placed by forklift in the second airlock. It is manually attached t o  the overhead 

monorail. The monorail transfers the lid from the airlock to  the lidding station where it is 

remotely placed onto the disposal container. The disposal container is moved by the conveyor 

through a wash station and then into the curing room. The filling and lidding operations are 

viewed from the load-in area. Equipment in these rooms is accessed for maintenance through 

the adjacent airlocks. 
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The process sampling equipment collects a sample from the open disposal container after the 

disposal container is moved from the filling station t o  the lidding station. The system provides 

for process control, accountability, diagnosis, and certification of compliance with waste 

acceptance product specifications. The system also produces samples that are cured, tested, 

and/or archived. The Sample System allows for collection of a TCLP sample. The sample is 

6 

7 

placed in the curing room where it is cured in a heated environment. After the sample is 

cured, it is passed through the fill station into a glove/pass-thru box. The TCLP sample is then 

8 

9 ’ 

transported t o  the analytical laboratory. Additional archive samples are collected and removed 

t o  the access point in the curing room. 

10 The fill station room, sealing room, and wash station are normally only occupied for regulated 

1 1  maintenance tasks. The rooms are considered t o  be RAZ 4, radiation areas. They are 

12 potentially contaminated by cement from the filling and sampling operation. Access is allowed 

13 for maintenance servicing; but, it is controlled by RWPs and the requirement of additional 

dosimetry. 

15 Curinq Room 

16 

17 temperature controlled environment. 

The curing room provides space for a maximum of 72 containers to  cure for seven days in a 

18 

19 

20 

21 lid bolted on. 

The filled disposal container is transferred from the wash station by roller conveyor into the 

curing room. An  overhead bridge crane lifts the container and places it in one of 72 curing 

positions. After 1 week of initial curing, the container is moved out of the room t o  have the 

22 A shielded maintenance space is provided for the crane. The area is accessed through an 

23 adjoining airlock. The bridge portion of the crane is maintained from elevated platforms that 

24 are accessed by ladders. 
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The curing room also contains the  grout Sample Archive System that  holds all of the  archived 

samples until t hey  are  no longer needed, at which t ime they are either introduced into the  

rework sys tem or packaged into a disposal container and sen t  to the  NTS. 

The curing room is a RAZ 5, high radiation area based on preliminary calculations. The basis 

for t he  a s ses smen t  is t h e  number of containers and the  accumulative dose  from the  

containers. Personnel should not need to enter into t h e  room while containers are  present. 

The overhead crane can be maintained while being shielded from t h e  curing room. The 

maintenance area is considered to be a RAZ 1,  controlled area and  is accessible up to 

40 hr/week to allow general servicing or repair of t h e  crane. The curing room has  a dedicated 

HVAC System. 

Pac kaaing 

The  packaging station allows for inspection of the  product, addition of an  absorbent,  securing 

of t h e  lid, survey and decontamination of the  container. 

The container is remotely lifted by the  overhead bridge crane in t h e  curing room and placed 

onto a roller conveyor. The conveyor moves the  container into the  inspection station. The lid 

is lifted, a s  necessary, to allow for visual inspection by camera. The lid is replaced and the  

container is transferred by conveyor into t h e  lid fastening station. There, t h e  lid is remotely 

bolted in place by t h e  lid fastening device. From that  station, t h e  container is conveyed to the  

survey/decontamination room. With t h e  container sealed, radiological technicians, dressed in 

appropriate PPE, move through the  airlock and along each side of t h e  conveyer. Because of 

t h e  70 mrem/hr exposure rate from the  container, t h e  technicians smear  t h e  outside of the  

container from a distance with long reach tools. If t h e  container is found to be  contaminated, 

t hese  s a m e  tools are used to decontaminate the  container. Once released, t h e  container is 

moved by t h e  roller conveyor through an  airlock and then through an  enclosed corridor to the  

Interim Container Staging Area. 
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The inspection and lid fastening rooms are non-occupied areas during operation. Maintenance 

on the equipment can be performed when containers are not present. Because of the potential 

for contamination, the concrete floors are sealed and the walls are coated with a strippable 

coating t o  allow for decontamination. These areas are considered to  be RAZ 4, radiation 

areas. Maintenance access is by RWP and requires additional dosimetry. 

The survey/decontamination room is also considered to  be a RAZ 4, radiation area even though 

radiological technicians need to  enter the area on a continual basis t o  survey the filled 

containers. The technicians are not allowed t o  approach within 3 f t  of the container. Long 

reach tools are used t o  perform tasks. Consideration is also given to  the use of partial shield 

walls t o  limit access and protect personnel. 

The airlock, where radiological technicians enter the survey/decontamination room, is a special 

radiation area. The airlock allows for personnel t o  enter the curing room crane maintenance 

area and the survey/decontamination room. The room is considered t o  be a RAZ 1, controlled 

area when a container is not present in the room. When a container is present, the room is 

a RAZ 4, radiation area. Because of ' the radiation source in the container, the general area 

surrounding the airlock needs t o  be cleared of personnel during the transfer of filled containers. 

Operation of the inspection, absorbent, and lid fastening equipment is done at remote stations 

located in the corridor adjacent t o  these rooms. The wall provides radiation shielding for the 

operator. These tasks are.performed using cameras and shielded windows in front of the 

operator t o  provide for ALARA considerations. 

21 Rework Area 

22 

23 

24 

25 

The rework room is equipped t o  handle containers and remove the failed cement product. The 

containers containing grout that have failed TCLP are identified following the sample analysis. 

In the curing room, the container to be reworked is moved by the overhead bridge crane to  the 

roller conveyor. The conveyor transfers the container into the inspection station where the 

lid is removed. The open container is then conveyed into the rework room. 
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The rework room is equipped with a small overhead bridge crane, a remotely controlled impact 

hammer for breaking the concrete, a glove/pass-thru box, and a vacuum system for picking 

up and transferring the reworked cement. A vacuum hose is attached t o  the remote cement 

breaker. It vacuums up cement t o  a canister that gravity feeds the hammermill in the adjacent 

room. The crushed cement is pneumatically transferred to  a bin for addition t o  the mixer. The 

operation of the equipment is performed from a remote station in the load-out area. Cameras 

and a shield window allow the operator t o  see the work area. 

When the container is empty, it is moved back into the inspection station where the lid is 

replaced on the container. It is moved into the lidding station where the lid is secured. 

Afterwards, the container is transferred t o  the surveyldecontamination room by the conveyor. 

The container is surveyed for contaminatiqn and decontaminated, if necessary. Once 

completed, the container is moved to the airlock and removed by the forklift t o  be used for 

general waste disposal that is sent t o  the waste management organization. 

Load-out Area 

The load-out area provides access to'the facility for the removal of reworked containers from 

the facility. It also furnishes space for operators t o  perform packing, loading, and rework 

operations. 

The load-out area is enclosed in a prefabricated type structure. The structure has an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the Facility System. 

The load-out area is a special RAZ 4 or RAZ 1 area. When a filled container is transferred 

through the area, the area becomes a RAZ 4, radiation area. Personnel access and movement 

is restricted in the area during these times. A t  all other times, when no source is present, the 

area is a RAZ 1, controlled area. Radiological guidelines for RAZ 1 areas allow for 40 hr/week 

occupancy. RAZ 4 areas require a RWP and additional dosimetry for personnel within the area. 
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The facility entrance controls the entering/ exiting of the facility. The facility entrance is the 

main entrance and exit point for personnel working within the facility. Personnel log in when 

entering the facility. To exit the facility, personnel pass through' radiation detection monitors 

and log out. Any other in-coming or out-going shipment passes through the load-in/out area 

under the control of a radiation (RAD) technician. A desk is provided in the facility entrance 

for a radiological technician to  supervise personnel movement. 

8 

9 

10 

11 

12 

The facility entrance is not expected t o  see a radiation source but may see contamination 

carried by personnel attempting t o  exit. Because the treatment facility contains radioactive 

substances and has the potential t o  be contaminated, entering or exiting the facility is 

supervised and controlled. For these reasons, the facility entrance is considered t o  be a 

RAZ 1, controlled area. Personnel may occupy the area for up t o  40 hr/week. 

6.9.1 Unique Features 0 
14 

15 

16 

17 

The Chemical Stabilization - Cement-based treatment facility design uses commercially 

available equipment wherever possible. However, some components of the treatment facility 

have to  be custom designed, including nuclearization of all equipment intended t o  handle 

material containing Silos 1 and 2 material. 

18 

19 

20 

21 

22 

The batch mixer discharge chute and fill head are designed to  mate with the disposal container 

and maintain negative pressure within the system as well as prevent any grout from 

contaminating the outer surface of th.e container. Other key pieces of equipment and unique 

features of the facility include the lid fastening, washing, sampling, and rework stations and 

are described in Sections 6.4.3. 

23 6.10 HVAC (Systems 73, 75. 76 and 77)  

24 (Refer t o  Section 2.17 for HVAC design criteria) 
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1 

2 

The areas in the remediation facilities are designated as Zone 1, Zone 2 and Zone 3 and have 

three HVAC systems: one system is exclusively for Zone 3, one for the curing room, and one 

3 

4 

5 for each zone. 

combined for the remainder of Zone 2 and all of Zone 1. The HVAC diagrams are 

94X-5500-H-SK-5000 and -5001 . Following are the designated.areas with equipment details 

6 6.10.1 Zone 3 

7 A. The designated areas for Zone 3 are: 

8 Loading area; 

9 Cement mix room; 

10 Survey & decontamination room; 

11  

12 

13 

Lid installation room; 

Wash station; 

Filter press room; 

14 Lid fastening room; ' 

15  Inspection room; 

16 Rework equipment room; 

17 Container fill station; and 

18 

19 

20 

21 

22 

23 

2 4  

Rework station. 

B. The HVAC details for Zone 3 are: 

, Exhaust fans (73-FA-003 A&B) - 12,000 cfm; and 

Air handler with supply fans, filters and electric heat; 

Supply fans (73-AH-003 A&B) - 12,000 cfm; 

Electric heat - 309 kW; 
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1 

2 

10 

11 

1 2  

13 

Exhaust filter that includes a pre filter with t w o  stage HEPA filters and has 

50% capacity backup. 

The air handling unit and exhaust fans that are designed for 100% capacity 

and 100% backup. Air handling units and exhaust fans are connected to  

emergency power because of the potential for hazards and equipment 

damage resulting from elevated temperatures if the systems are lost due to  

power failure. There are three exhaust filters with 50% capacity(tw0 are 

required for normal operation). The electric heaters are not connected to  

emergency power. 

C. Air sweep hoods that are provided in the inspection room, rework station, and 

container fill station. The discharge vent from air sweep hoods are connected to  

the RCS and the total f low rate does not exceed 500 cfm. 

ch 6.10.2 Zone 2 

15 

1 6  

17  

18 

19 

20 

21 

22 

23 

24 

A. The curing room is the only designated area for Zone 2. 

B. The HVAC details for Zone 2 are: 

. Air handler with supply fans, filters, and electric heat; 

Supply fans (73-AH-002 A&B) -20,000 cfm; 

Electric heat - 483 kW; 

Exhaust fans (73-FA-002 A&B) - 20,000 cfm; and 

Exhaust filter that includes a prefilter with t w o  stage HEPA filters and has 

50% capacity backup. 

The air handling unit and exhaust fans that are designed for 100% capacity 

and 100% backup. Air handling units and exhaust fans are connected to  
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.6 

7 

8 

emergency power because of the potential for hazards and equipment 

damage resulting from elevated temperatures if the systems are lost due t o  

power failure. There are three exhaust filters with 50% capacity ( two are 

required for normal operation). The electric heaters are not connected t o  

emergency power. 

A curing room that is heated t o  70°F during winter; cooling is not provided. 

The expected temperature during summer is 105°F (outside design 

temperature 950 + 10" F rise). 

9 0 

10 6.10.3 Zones 1 and 2 

11  A. The designated areas for Zone 1 are: 

12 HVAC room; and 

13  Access control room. 

14 

15 B. The corridor is the only designated area (remainder) of Zone 2. 

16 

17 

18 

19 

20 

21 

22 

23 

C. The HVAC details for Zones 1 and 2 are: 

Air handler with supply fans, filters and electric heat; 

Supply fans (73-AH-001) -1 7,000 cfm; 

Electric Heat - Separate electric heat is provided for each room; 

- HVAC room, 265 kW 

- Access control room, 27 kW 

- Corridor, 137 kW 

Exhaust fans (73-FA-001 A&B) (2 Fans @ 8,500 cfm) - 17,000 cfm; 
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1 

2 

Exhaust filter that includes a prefilter with t w o  stage HEPA 'filters and has 

50% capacity backup. 

3 

. 4  

. 5  

6 

7 

8 

9 

D. The air handling unit that is designed for 100% capacity; without any backup. 

Air handling unit and exhaust fans are connected t o  emergency power because 

of the potential for hazards and equipment damage resulting from elevated 

temperatures if the systems are lost due to  power failure. There are t w o  exhaust 

fans and t w o  exhaust filters with 50% capacity ( two are required for normal 

operation). The electric heaters are not connected t o  emergency power. 

10 6.10.4 HVAC Stacks 

1 1  Two HVAC stacks are provided, one for Zone 3 and one for the combined Zones 1 and 2, and 

are serviced by ladders and platforms. The air, before being exhausted, is analyzed for air 

quality and the results are recorded. Y 
14 6.1 1 Support Systems 

15 6.1 1 .l Analytical Support Laboratory/Services 

16 

17 

18 

19 

The process facility uses an on-site dedicated laboratory. It is staffed by site personnel t o  

analyze their process samples and provide for any additional requirements as space and 

equipment allow. The laboratory is composed of a trailer complex, modified t o  provide the 

working space and conditions for the laboratory facility. 

20 

21 

22 

23 

24 

The trailer HVAC and Drain Systems are designed to  control the spread of contamination. 

There are separate HVAC and filtration systems for the laboratory hoods and environmental 

spaces. The facility is divided into t w o  separate ventilation systems. One system is dedicated 

for non-potentially contaminated areas such as the office areas. The other system serves the 

laboratory areas where hazardous materials may be handled. This system discharges the 

exhaust air through HEPA filters and establishes air f low and pressure gradients that minimize 
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1 

2 

3 

4 complex. 

the potential for. the spread of contamination. Two separate drain systems, potentially 

radioactive and non-radioactive, are provided for the lab spaces. Individual catch tanks are 

provided for each system. They are located in a covered concrete vault adjacent t o  the trailer 

15  

1 6  

5 The laboratory space is considered to  be a RAZ 4 because of the number of process and TCLP 

6 samples being handled daily within the laboratory and the potential for radioactive 

7 contamination being present. The office space within the complex is considered t o  be a 

8 RAZ 1. The complex is divided into a non-radioactive area for office work space and the 

9 potentially radioactive lab space. To check the spread of contamination, a survey/monitoring 

10 room is provided t o  control entrance and egress for the laboratory space. 

. 

Analysis Laboratory Equipment 

Percent Solids Determination Laboratory Oven 

11 

12 analyses. 

Table 6.1 1-1 lists the potential analyses and the proposed equipment required t o  complete the 

18 

1 9  

20 

13 

14 

~~ ~ 

Elemental Analysis 

Unconfined Compressive Strength Load Cell 

DH pH Meter 

AA-ICP or X-Ray Fluorescence (XRF) 

. TABLE 6.1 1-1 

LABORATORY ANALYSES AND REQUIRED EQUIPMENT 

17 I I C L P  I AA-ICP, Ball Mill It 

21 . 6.1 2 Utilities 

22 Compressed Air 
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1 

2 

3 

Compressed air from 44-CM-001 is used for dense phase pneumatic transfers. A Plant Air 

System is used in the treatment facility but it is not shown in the design. The Plant Air 

System is used to  blow down the filter cake during filter press operations. 

4 Potable Water 

5 A potable water system design has not been completed for the facility design. However, 

6 potable water is an existing site utility and allowances for potable water have been 

7 incorporated into the cost estimate. 

8 Fire Water 

9 

1 0  

11 

A fire water system design has not been completed for the facility design. However, 

allowances for a fire water system have been incorporated in the cost estimate. The 

assumption has been made that a pressurized fire water main will exist on-site. The cost 

estimate will only include the tie-in and distribution portion of the Fire Water System. 6 
13  Sanitarv Svstem 

1 4  

15 

The treatment facility design does not include sanitation lines. Existing site sewage facilities 

are used by plant personnel. 

16  Electrical 

17 Normal Power System 

18  

19  

20 

21 

22  

23 

The facility is supplied with electrical power at 13.2kV from the site distribution system. Two 

outdoor unit substations with oil-filled transformers, rated 2500 kVa each, transform the 

voltage t o  480 Volts, three-phase, three-wire, 60 Hertz for use by the facility. Metering 

monitors the power consumption at 13.2 kV. The load is equally divided between the t w o  unit 

substations. There is no secondary tie breaker. The total connected load is 51  63 kVa, and 

the normal demand is 3249 kVa. Usage is estimated t o  be 16,000,000 kWh/yr. 
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1 

2 

3 heaters. 

480-Volt switchgear in the unit substations distributes power to  six MCCs located in the 

mechanical/electricaI building, and to  t w o  (redundant), 580-kW, curing room air handler 

4 Standby Power System 

5 

6 

The facility includes an outdoor 700-kW standby generator. The generator provides power at 

480 Volts t o  motor control center 31 -MC-003 thrbugh an automatic transfer switch that starts 

7 

8 

the generator on loss of normal power and then switches the MCC t o  the generator when 

voltage is available. An  integral fuel tank is sized for eight hours of operation. 

9 

10 

The system includes an exercise panel that starts the generator once a week and runs it for 

30 minutes. It sends an alarm t o  the control room if the generator fails t o  start. 

.1 1 All critical facility loads are connected t o  MCC 003. These loads: 

12  prevent contamination to  the treatment facility; . 

13 prevent contamination to  the outside environment; 

14 ensure the safety of FEMP personnel; and 

15 prevent damage t o  equipment. 

1 6 . Unin terrup table Po wer System 

17  

18 

19 

The facility has a battery backed UPS rated 25 kVa for instrumentation and control system 

loads. This system filters out power system anomalies that could cause false information t o  

be sent t o  the DCS or cause damage to  sensitive electronic equipment. 

20 

21 

22 

The UPS receives power at 480 Volts, three-phase from MCC 003 and converts it to 

208Y/120 Volt three-phase four-wire 60 Hertz power. The UPS includes a battery charger. The 

batteries provide power continuation for thirty minutes without any normal power input. 



-.-- 80 8 (I 
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12  

Motor Con trot Centers 

The MCCs are standard, commercially available UL listed equipment rated 800 Amps at 

480 Volts, three-phase, three-wire. They are indoor units, 90 inches tall, 20 inches deep, and 

are composed of a series of 20-inch wide vertical sections. They contain motor starters, 

feeder circuit breakers, and variable speed drive units. Each motor starter has a power circuit 

protector, pad-lockable in the off position, indicator lights to  indicate motor status, start and 

stop pushbuttons, and a HOA selector switch. The selector switch selects between DCS 

control and control from the MCC. Extra contacts are provided on the selector switch, motor 

contactor, and circuit protector t o  send status information to  the DCS. 

The starters, feeder circuit breakers, and variable speed drive units are capable of draw-out 

removal for maintenance and replacement. 

Control Systems 

13 

1 4  

15 

16 

17 

18 

19 

20 

21 

22 

23  

24 

25 

The facility operation is monitored and controlled by a DCS that consists of many remote I/O 

racks inside the plant (i.e., an I/O rack next to  each cluster of equipment), with all the I/O 

racks connected t o  the control room. The control system is capable, at a minimum, of the 

following functions: 

Collecting pertinent.pr0ces.s parameters (e.g., temperature, pressure, density, and 

flow); 

Displaying information in an organized and logical manner on video monitors (the 

display program includes graphic features for displaying process parameters); 

Automatically or manually operating selected control loops and digital output 

signals for control of equipment (e.g., start, stop, speed up, and slow down) from 

the operator console; 

. Initiating audible and visual alarms when designated process parameters are 

. outside preset limits or status; 

. .  
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1 

2 

Providing status indication of motor driven equipment, HOA switches, motor 

contactors, and power disconnecting devices; and 

3 Reporting and displaying historical data. 

. 4  

5 

6 

Pneumatically operated pumps and on/off (fully open / fully closed) valves are operated by 

solenoid valves and controlled from the DCS with "run" and "stop" outputs for pumps and 

"open" and "close" outputs for the valves and interlocking functions. Each pump has an 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

attached manual operator. Pneumatically operated ON/OFF valves have limit switches t o  

provide status t o  the DCS. Motorized valves have HOA switches in the MCC. The DCS 

provides indication of the HOA switch position. The DCS also indicates the direction the valve 

is being driven since there is no positive feedback from the valve position switches until it 

reaches the fully opened or closed position. 

The emergency shutdown and fire alarm events, as described by the control philosophy, are 

controlled by the DCS. 

Vessels, excluding off-gas treatment systems, containing contaminated material have butterfly 

valves on the vessel vent connection for creating and maintaining negative air pressure in the 

vessels. 

CCTV Monitoring 

Closed circuit monitoring is used for inspection operations when it is necessary t o  view system 

components located in restricted areas or t o  inspect for free standing water inside a disposal 

container. 

6.13 Special Health and Safety Considerations 

During the "Detailed Design" phase of the project, a safety review of the process is conducted. 

This review considers all credible "what if" scenarios with input from people with different 
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1 specialties such as process, mechanical, electrical, operations, maintenance, etc. The 

2 recommendations of this review are implemented to  ensure safety of the process. 

3 

4 

5 

6 

A n  "Ergonomic Review" of the design ensures that the operation does not cause any undue 

strain t o  the operators or maintenance people. A "Constructability Review" is conducted 

during the detailed design phase to  ensure that it is safe and practical t o  install the equipment 

and complete all construction as per the design. 

7 6.14 Special Environmental Considerations 

8 The design basis for this alternative ensures protection of human health and the environment 

9 during the remediation of the Silos 1 and 2 material by incorporating the pertinent 

1 0  environmental regulatory requirements in the system design, using the principles of 

11 environmental ALARA. The design allows all contaminated gas, liquid, and solid wastestreams 

1 2  generated during remediation to  be collected and treated before release t o  ensure adequate 

protection of human health and the environment. 0 
1 4  

15 

16 

1 7  

18 

19 

20 

Air emissions from the process are controlled by containment and treatment. Since the 

treatment process does not generate off-gas, an Off-gas System is not included in the design. 

Along with a Process Vent Header connection t o  all tanks and vessels containing Silos 1 and 2 

material, sweep hoods are used in areas of expected radon t o  ventilate air from process 

equipment to  the RCS, which uses carbon beds for adsorption of radon. All tanks and lines 

with radon source material are totally enclosed, and the Ventilation Control System uses 

backup redundancy for critical equipment. 

21 

22  

23 

24 

25 

Building ventilation is controlled through designation of zones on the basis of expected 

contamination; the air is either routed to  the RCS for radon control, or treated locally for 

particulate control using HEPA filtration before discharge. Airlocks and dampers control air 

f low and confine contamination. Discrete particulate sources such as dry feed or additive bins 

are controlled by filtration. Particulate dusting from reworked cement is confined by the 
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1 

2 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

rework room ventilation system, and treated using HEPA filtration. HEPA filters and prefilters 

are changed using a bag-in and bag-out approach t o  prevent airborne release of contaminants. 

All tank systems containing source material with free liquids are designed with secondary 

containment and leak detection. The mixer room is designed with secondary containment of 

waste in case of a spill or leak from the mixer. With the possible exception of the diesel tank 

for the emergency generator, all tank systems with secondary containment are located under 

roof, which greatly minimizes the amount of excess liquids requiring characterization and 

management. 

Protection of surface waters is ensured by double containment of exterior piping that conveys 

retrieved waste, and by segregation of the treatment process in a roofed and enclosed 

building. Areas used for processing material are protected from precipitation and stormwater 

run on and runoff. Clean and contaminated runoff is not combined. Clean run-off, including 

building roof drains and runoff from areas of fixed contamination, are discharged either into 

the stormwater collection basin, or routed to  adjacent drainage systems. 

Some secondary waste is recycled (e.g., clarifier overflow); but, some process operations 

generate wastes that cannot be recycled and require management as radiologic, hazardous, 

or mixed waste. For example, spent HEPA filters, PPE, and maintenance wastes are routinely 

generated during operations. Process holdup wastes, and wastewater treatment sludges that 

are not recycled may require additional treatment before disposal. Facilities t o  accommodate 

staging and characterization of wastes during operation, and later during D&D, are included 

in the design. 

22 <END OF PAGE> 
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Attachment 6.1 

Mass and Energy Balance for the 

Chemical Stabilization - Cement-based Technology 
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Equipment List for the 

Chemical Stabilization - Cement-based Technology 
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The Chemical Stabilization - Other technology combines the Silos 1 and 2 material, cement, 

and dry chemical additives t o  remediate the constituents of concern. For this process, the 

Silos 1 and 2 material slurry and the stabilization reagents are combined using a disposable 

mixer within the container. The loaded container is used for shipment and disposal. A formula 

to optimize the waste loading and processibility using additives has been developed t o  meet 

the TCLP RCRA limits for the wasteform disposal. 

9 7.1.1 Functional Analysis 

10 A functional analysis has been performed for the Chemical Stabilization - Other technology. 

Figure 7.1-1 presents the individual functional requirements for the treatment facility. The first 

level functions are the high level functions to  be accomplished by the treatment facility SSC. 

The subsequent levels in the functional analysis diagrams describe the means for 

9 
13 

14 

15 

accomplishing the high level functions are t o  be accomplished. Table 7.1-1 provides a brief 

description of the individual functional blocks shown in Figure 7.1-1. 
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Functional Analysis Table 

The functional descriptions in this section provide general information of the functions 

illustrated in Figure 7.1-1. The functional description includes an overview of  a function and 

identifies significant activities that define the scope of the function. 

TABLE 7.1-1 
FUNCTION BLOCK DESCRIPTIONS 

CHEMICAL STABILIZATION - OTHER 

I Function 
ID 

Function Title Functional Description 

~~ ~ 

Function 

1 .o 

1.1 

1.2 

1.3 

2.0 

Remediate Silos 1 
and 2 material 

Retrieve Silos 1 
and 2 material 

Mobilize Silos 1 
and 2 material 

Transfer Silos 1 
and 2 material 

Remove Heel 

Chemically 
Stabilize Silos 1 
and 2 material 

The 10 wt% slurry is thickened to 37 wt% solids, 
transferred to the disposal container/mixer, combined with 
grout forming additives, and mixed in the containedmixer to 
produce a product that can be disposed of safely. The 
process requires systems for venting vessel gases to the 
RCS and disposing of product. 

Existing TTA slurry transfer systems, structures and 
components (SSC’s) to hydraulically remove the Silos 1 and 
2 material the from TTA. 

The silos material is sluiced with water jets in order to form 
a slurry so that the material can be mobilized and removed 
by the slurry pumps. 

The silos material slurry is hydraulically transferred from the 
TTA to the treatment facility. This function is defined by 
material removal from the TTA. 

~~~~~ ~ 

Any remaining silos material in the TTA is removed to allow 
for the decontamination and disposal of the TTA storage 
tanks. 

The dewatered silos material and cement forming additives 
are blended in a disposable container/mixer. The treated 
silos material cures and is disposed a t  an off-site disposal 
facility. 
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Connect 
Container/Mixer 

Facility operators remotely connect the fill head motor t o  the 
containedmixer shaft using a container indexing system to  
align the t w o  components. 

2.1 

2.1.1 

2.1.2 

Receive Empty 
Container 

The containers are received from the receipt and inspection 
facility. The facility has internal inventory space for 1 0  
empty containedmixers. 

~~ ~~ 

Transport 
Container t o  Fill 
Station 

~ 

The means and space t o  transport a container/mixer f rom 
the internal storage area t o  a conveyor and air lock system 
is provided t o  convey the container/mixers t o  the filling 
stations. 

Prepare Silos 1 and 
2 material 

The SSCs 2.2 

2.2.1 

receive the slurry between 10 w t %  and 30 w t %  (10 w t %  
solids is assumed) solids and dewater the slurry t o  37 w t %  
solids using a clarifier. 

The silos material is received from the TTA at approximately 
10 w t %  solids and inventoried in a receiving tank. 

Receive Silos 1 
and 2 material 

2.2.2 Thicken Slurry The 1 0  w t %  slurry is thickened t o  approximately 37 w t %  
solids slurry in order to reduce the volume of water that is 
incorporated in the treated wasteform. 

~~~ ~ 

The 37 w t %  solids slurry is discharged from the SBTs to the 
disposal container/mixer. 

2.3 Transfer Silos 1 
and 2 material t o  
ContainedMixer 

2.4 Analyze Silos 1 
and 2 material 

The silos material is sampled and the sample is analyzed 
after the slurry has been separated into a discrete batch in a 
SBT. 

~~ ~ 

Collect Sample Sampling pons are incorporated into the SBT design. 2.4.1 

2.4.2 Transport Sample The sample is transported from the treatment facility t o  the 
analytical laboratory using standard quality control methods. 

~~ ~~ 

Analyze Sample The dewatered slurry is analyzed in order t o  determine the 
correct proportion of stabilization reagents t o  be added t o  
the grout mixture to  produce an acceptable wasteform. 

2.4.3 

~~ 

2.5 Cure wasteform The treatment formula is developed in order t o  produce a 
wasteform that cures t o  5 0  psi compressive strength within 
7 days in order to  meet the NTS WAC. 
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3.2.2 

0 
1 

2 

3 

4 

5 

Load Containers 

2.5.1 The treatment facility is designed t o  accommodate seven 
days worth of container production. The treatment facility 
contains the necessary systems and components t o  allow 
treated Silos 1 and 2 material t o  cure in an environmentally 
controlled facility for seven days. 

Provide Curing 
Facility 

2.6 Stabilization reagents are added t o  the container/mixer in 
order t o  treat the filter cake. The stabilization reagents 
produce a grout that passes the NTS WAC. 

The proportion of stabilization reagents is determined from 
the analysis of the waste slurry. 

2.6.1 Determine Additive 
Proportions 

~~ 

Weigh Additives 
~~ 

A hopper design that includes weigh elements feeds material 
t o  the dense phase pump. This provides an accurate weight 
of the additives being transferred t o  the treatment system. 

2.6.2 

2.6.3 Convey Additives The bulk chemicals are transported t o  a batch bin in order to  
be weighed. The bulk chemicals are transferred from the 
batch bin t o  the container/mixer in the correct proportion. 
Weights of the bulk chemicals must be recorded. 

Mix Grout The container contents are required t o  undergo mixing for a 
minimum of 90 minutes t o  ensure grout constituents are 
thoroughly combined. The activities of the mix grout 
function incorporates the use of  an in-container mixer. 

The treated Silos 1 and 2 material is disposed at  the NTS. 

2.7 

3.0 

Y 

7 

8 

9 

10 

1 1  

Dispose Product 

The treated waste is packaged in an IP2 or a DOT 7A  Class 
A container. 

3.1 Package Product 

3.2 Ship Containers Containers, filled wi th treated Silos 1 and 2 material that 
meets the NTS WAC, are shipped by  truck t o  the NTS. 

~ 

Stage Cured 
Containers 

3.2.1 Interim storage is provided t o  stage filled, cured containers 
while preparations for container shipment are being made. 
A facility is dedicated t o  inventory 360 filled, cured 
containers. 

Containers are loaded onto the shipping truck with minimal 
amount of contact from personnel. 
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Containers are removed from the treatment facility's interim 
staging facility by an overhead crane and subsequently 
transported t o  the shipping truck. 

3.2.3 r 
3.2.4 

3.2.5 

3.2.6 

Release Containers Once proper documentation has been received by  the waste 
management group, the container is released to  the shipping 
department for transport of the containers t o  the NTS. 

Disposal containers are decontaminated t o  acceptable limits 
before being shipped t o  the NTS. 

Area is provided t o  stage enough trucks t o  support the 
production rate of  filled and accepted disposal containers. 

Decontaminate 
Containers 

Stage Trucks 

3.4.1 

4.0 

4.1 

Add Absorbent I 
_ _ _ _ _ ~  

Bolt Container Lid 

Recycle Reject 
Product 

Remove Lid 

Seal Container 

Cement 

' 

Break up  Cement 

' Convey Rubble to 
1 Jaw Crusher 

Addition of an absorbent mat t o  the disposal container is 
accomplished in an area separate f rom the filling station. 
The absorbent mat is added via remote handling equipment. 

from the disposal containers. The SSCs associated with 
removing the reject material operate concurrently with 
normal operation activities. 

Equipment is provided t o  size reduce the cured material in 
the disposal containers. Equipment associated with size 
reducing the reject grout is remotely operated. 

A vacuum retrieval unit is employed t o  automatically convey 
the size reduced grout t o  the rubble jaw crusher. 

3.4 

I * I nearly air tight. 

Containers are sealed before release t o  the waste 
management or shipping department. Gaskets are provided 
t o  ensure that the containers are sealed water t ight and 

The facility operators use a remote bolting device t o  bolt the 
lid to  the disposal container. A station is dedicated t o  the 
he.ad bolting activities. 

A separate facility is provided t o  handle operations 
associated with the rework activities of the reject grout 
containers. This system interfaces with the treatment 
system and the PVS. 

The container of reject grout is opened t o  access the treated 
material. Facility operators use a remote bolt removing 
device t o  remove the bolts f rom the container lid. 

4.2 I Remove Waste I A facility is designated for the removal of reject material 

4.2.1 

4.2.2 
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4.3 Reduce Rubble 
Site 

A means t o  remotely and automatically reduce the site of 
the grout is available t o  ensure that the rework final product 
is homogenous. 

A bucket conveyor system to  transfer the crushed rework 
grout t o  the rework hopper is provided. This system 
interfaces with the PVS. 

1 

2 

3 

4 

5 

6 

4.4 Transfer Rework 
Material t o  the 
Treatment Facility 

~~ ~ 

The treatment facility is designed to  control radon discharge 
in accordance with applicable requirements including ALARA 
principles. 

The treatment facility is designed t o  collect radon from any 
location or discharge point that contain significant radon 
concentrations. 

5.0 Control Radon 

5.1 Collect Process 
Vent Gases 

~~ 

Uncontrolled releases of radon in the system are prevented 
by maintaining a negative pressure in the processing rooms 
and equipment throughout the treatment facility. 

Negative pressure is maintained by keeping a slight vacuum 
on all processing rooms and equipment in the treatment 
facility. This function incorporates the use of the existing 
RCS blowers. 

5.2 Prevent 
Uncontrolled 
Releases 

Maintain Negative 
Pressure 

5.2.1 

7 

a 

‘ 9  

10 

, 1 1  

5.3 Transfer Process 
Vent Gas to  RCS 

The treatment facility design ensures that radon is collected 
for remediation by  venting streams from different processing 
areas and equipment t o  the existing RCS. 

Gas streams that do not contain radon are discharged 
through the HVAC system. 

Discharge HVAC 6.0 

6.1 Collect Air Streams Room ventilation and other HVAC streams are collected and 
vented to  the HVAC SSCs. 

The HVAC air streams are treated t o  meet the discharge 
requirements. 

The HVAC air streams are filtered t o  remove any particulate 
Dresent before discharainn the air t o  the atmosphere. 

6.2 ‘Treat Air Streams 

6.2.1 Remove Particulate 
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1 7.1.2 System Model 

2 

3 

Figure 7.1-2 presents a block flow diagram for the treatment of the Silos 1 and 2 material 

using the Chemical Stabilization - Other technology. 
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7.1.3 Treatment Recipe 

The grout formula for the Chemical Stabilization - Other treatment technology is based on 

2 4 %  waste loading and has the following constituent make-up: 

24 w t %  cement; 

10 w t %  fly ash; 

1 w t %  tri-sodium phosphate (TSP); 

24 w t %  Silos 1 and 2 material (dry weight basis); and 

41  w t %  water. 

7.1.4 Mass and Energy Balance Overview 

A detailed material balance is provided in Attachment 7-1. 

The treatment facility is designed with three processing lines and produces a maximum of 

105 tons/day (1 4.4 filled disposal containers) of treated Silos 1 and 2 material. The operating 

schedule is 24 hr/day, 5 days/week for 3 years. The Feed Preparation System receives slurry 

from the TTA between 10 w t %  and 30 w t %  solids intermittently, at approximately 5,900 Ib/hr 

of solids. Feed t o  the clarifier is approximately 21,000 Ibs/hr (40 .gpm) of 10 w t %  solids 

slurry. This produces an underflow from the clarifier t o  the SBTs at a rate of 

5,500 Ib/hr (9 gpm) of 37  w t %  slurry and a supernatant overflow t o  the supernatant sump 

tank of approximately 15,000 Ib/hr (30 gpm) of water. Cement and additives are transferred 

on a batch basis and consist of approximately 3,500 Ib of cement per batch and 1,600 Ib of 

additives per batch. Silos 1 and 2 material slurry is metered into the disposal container from 

a slurry recirculation line and totals approximately 9,500 Ib per batch. Filled disposal 

containers of grout are transferred t o  the curing room where they cure for seven days before 

being transported t o  external storage. A container of grout is expected t o  have a maximum 
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temperature rise t o  approximately 160°F. All process equipment and vessels are maintained 

at a negative pressure by providing vacuum blowers t o  transport the vessel gases t o  the RCS. 

The total f low of the Process Vent System (PVS) is approximately 500 scfm. 

7.1.5 Availability and Work Schedule 

The design of the Chemical Stabilization - Other facility is based on a 3-year operating 

campaign at 7 0 %  availability of the plant and equipment. Normal processing operations are 

performed 2 4  hr/day, 5 daydweek. 

7.2 Feed Preparation (Systems 15, 16 and 44) 

The Feed Preparation System is comprised of the waste slurry receiving tank, clarifier, 

supernatant sump tank, and all associated transfer equipment. System 1 6  includes the slurry 

batch tanks and associated transfer equipment. System 44 includes the cement and additives 

storage silos and all associated transfer equipment. PFDs, 94X-5500-F-SK-3067 and 

94X-5500-F-SK-3377, describe the basic flow logic of the Feed Preparation System. PFDs are 

provided in Attachment 7-V. 

The use of in-line densitometers and flow meters monitor the solids content and f low rates of 

the slurry lines in the Feed Preparation System. However, percent solids content in slurry 

streams can only roughly be measured. 

7.2.1 System Description 

The Feed Preparation System is designed t o  receive slurry from the TTA intermittently a t  

approximately 5,900 Ib/hr (1 10 gpm) of solids. Because the minimum f low capacity of the 

waste retrieval system (1 20 gpm) exceeds the required throughput of the treatment process, 

and to  ensure a uniform feed t o  the clarifier, a waste slurry receiving tank, 15-TK-001 

(Receiving Tank), receives and inventories 1 2 hours worth of slurry (approximately 28,000 gal) 

transferred from the TTA. The receiving tank receives the slurry from the TTA at 10 w t %  to 
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30 wt% solids (10 wt% solids is the basis for mass balance calculations) and continuously 

agitates the contents in the tank t o  prevent the solids from settling t o  the bottom. Low level 

switches within the receiving tank alarm when the waste retrieval system operations need to  

be initiated t o  charge the receiving tank with another batch (1 2 hours worth) of slurry. 

Transfer of the 10 wt% solids slurry from the receiving tank t o  the clarifier, 15-TK-002, is 

accomplished using 40 gpm progressive cavity pumps 15-PM-001 A&B (receiving tank transfer 

pumps). Slurry transfer t o  the clarifier is maintained 24 hr/day, 5 days/week with a continuous 

feed from the receiving tank t o  help prevent surges of material that may disturb the settled 

solids in the clarifier. Upon interruption of normal operations, the feed t o  the clarifier is 

suspended and the underflow stream is circulated back t o  the clarifier inlet until operations are 

restored. 

Concurrent with feed transfers, a partially clarified supernatant spills over a weir inside the 

clarifier tank and gravity f lows t o  the supernatant sump tank 15-TK-006. Most of the 

incoming suspended solids undergo gravity settling t o  form a dense phase layer in the bottom 

cone of the clarifier. The continuous slow rotation of the clarifier rake, 15-AG-002, pushes 

the settled solids (underflow) t o  the outlet at the base of the clarifier cone. The underflow 

stream has a solids concentration of approximately 37 w t %  and is continuously pumped to  

one of the three SBTs with progressive cavity pumps 15-PM-002 A&B (clarifier underflow 

transfer pumps). Both the receipt tank transfer pumps and the clarifier underflow pumps are 

equipped with variable frequency drives t o  enable the operators t o  make any necessary flow 

rate adjustments t o  the process. 

The concentrated underflow stream is transferred 24 hr/ day, 5 days/ week t o  one of the three 

SBTs (1 6-TK-001, 16-TK-002 or 16-TK-003) with 10 gpm progressive cavity pumps, 

15-PM-O02A&B (underflow transfer pump). Transfer of one working tank volume of slurry t o  

a SBT takes approximately eight hours and has a total working capacity of approximately 

4,000 gal of 37  w t %  solids slurry. After the transfer of slurry from the clarifier t o  a SBT is 

complete, the underflow stream begins t o  fill the next SBT. 
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After an SBT has been filled, the contents are agitated for approximately one hour and 

subsequently sampled for percent solids concentration and elemental analysis. Once the solids 

content and elemental analysis are complete, the slurry in the SBT is agitated until it is 

necessary t o  use the SBT contents to  feed the filling stations. Therefore, at any given time, 

one SBT is feeding the filling stations (82-ME-001, 82-ME-002 and 82-ME-003 on PFD‘s 

94X-5500-F-SK-3068 and -33381, one SBT is in the process of being sampled and analyzed, 

and the third SBT is in the process of being filled and mixed. 

In order t o  help maintain a thoroughly mixed slurry batch and supply the three filling stations 

concurrently, the slurry from the SBT is circulated in a loop at 60 gpm as shown on PFD’s 

94X-5500-F-SK-3067,94X-5500-F-SK-3068, and 94X-5500-F-SK-3377. A discharge line taps 

off the recirculation line t o  provide slurry f low t o  its respective filling station fill head. The 

discharge line is controlled via a remotely operated discharge valve that directs f low from the 

recirculation line into the fillhead when it is opened. After a filling cycle is complete and the 

discharge line valve is closed, Silos 1 and 2 material slurry in the discharge line is blown into 

the fillhead with compressed air from a connection on the downstream side of the discharge 

valve. 

The Cement and Additive System (System 44) is designed t o  receive and store the cement and 

additive materials and deliver the additives to  the fill heads. Additive constituents proposed 

for use in the grout formulations are: Type II Portland Cement, Type F Flyash, and tri-sodium 

phosphate (TSP). Various combinations of these materials are evaluated based on the desired 

grout processing properties and performance criteria. All additives are handled with 

conventional bins and feeders. 

PFD 94X-5500-F-SK-3377 depicts the f low logic of the cement and additives system. Cement 

and additives are delivered t o  the treatment facility by truck and pneumatically conveyed t o  

the cement and additive storage bins 44-BN-001, -002, and -004. All storage bins are 

equipped with exhaust fans, bag filters and air pads, which fluidize the dry material. Once the 

amount of cement and additives required t o  stabilize a batch has been determined, the 
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necessary amount of cement (or additive) is conveyed , by a rotary star feeder and an air slide, 

t o  the batch weigh hopper 44-BN-005. After the correct amount of material has been 

weighed, the material is transferred from the batch weigh hopper t o  one of the cement/additive 

batch bins (44-BN-006, -008, or -009) by the cement/additive transfer pump (dense phase) 

44-PM-001. The cement and additives are weighed and transferred t o  the cement/additive 

batch bin individually and sequentially. The weight of the individual constituents from the 

' Cement and Additive System is verified before discharging the cement or additives t o  the 

fillhead. 

7.2.2 Assumptions 

Assumptions have been made for the Feed Preparation System t o  complete mass balance and 

design efforts. The primary assumptions used in the Feed Preparation System are outlined 

below, along with the basis for each assumption. 

A. Assumption: Cement and additives material are delivered in trucks with 

self-contained pneumatic unloading conveyors. 

Basis: Bulk delivery by truck and unloading provides the safest operation 

given the quantity of additives handled. 

B. Assumption: Manual sampling and/or automatic sampling of dry additives is 

required and samples are analyzed at an on-site process control 

laboratory. 

Basis: Raw materials are required t o  meet purchase specifications and 

blended materials must have been blended in the proper 

proportions t o  meet process specifications. 

C. Assumption: The Feed Preparation System stores t w o  weeks inventory of 

additives. 
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Basis: Enough storage is available so that  shipments can be easily 

scheduled such that plant operations are not threatened by 

short-term interruptions in delivery. 

D. Assumption: The minimum average daily production rate is treatment of nine 

tons of Silos 1 and 2 material (dry basis) per day (365 process 

days per year). 

Basis: This is the process rate required t o  stabilize the contents of the 

TTA in three years. 

E. Assumption: The minimum flow rate t o  the receiving tank from the TTA is 

approximately 5,900 Ib/hr (1 10  gpm) of solids at 1 0  w t %  solids. 

Basis: This is the projected operating regime of the Marconoflo"' pump 

that transfers slurry from the TTA to  the Feed Preparation 

System. 

F. Assumption: One fill, station can produce one disposal container of treated 

grout in approximately five hours. 

Basis: Chem-Nuclear Systems POP Final Report (40730-RP-000 1, 

Appendix H, Attachment H4). 

Assumption: Grout density is approximately 2,400-3,000 Ib/yd3 

(90 - 114 Ib/ft3). 

Basis: Preliminary calculations based on the POP testing results (40730- 

RP-0001, Appendix H, Attachment H4). 
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7.2.3 Key Equipment Descriptions 

ReceiDt Tank 

" 

0 40730-RP:0003 

The waste slurry receiving tank, 15-TK-001, is a 27,000-gallon (working volume), 16  f t  in 

diameter, 22 f t  in height, carbon steel tank with a top mounted agitator, level alarms, and 

maximum liquid level capacity of 20 ft .  The receipt tank is equipped with a top mounted 

agitator, 15-AG-001, t o  aid in the homogenization of the feed and t o  prevent the solids from 

settling t o  the bottom of the tank. 

Clarifier 

The clarifier, 15-TK-002, is a 9,600-gallon, carbon steel settling tank with a diameter of 1 4  

f t  and a straight wall height of 8 ft .  The design of the clarifier incorporates a conical bottom 

t o  allow for the collection and discharge of the settled solids. The continuous slow rotation 

of the clarifier rake, 15-AG-002, keeps the dense phase mobile by pushing the settled solids 

t o  the outlet of the cone section of the clarifier. 

14 Slurrv Batch Tanks 

15 

1 6  

The SBTs (1 5-TK-003, 004 and 005) are 4,000-gallon (working volume) carbon steel tanks, 

8 f t  in diameter and a 13  f t  in wall height. 

17  Cement and Additive Storaae Silos 

18 

19  

20 

21 

The cement and additive storage silos are industry standard, carbon steel silos that are 

designed t o  receive the cement and stabilization reagents from delivery trucks with on board 

pneumatic conveying equipment. Each silo is equipped with vibrators, internal aeration and 

air slides t o  prevent the material from bridging, and a rotary star feeder t o  transfer the material 

22 t o  the cement and additive weigh hopper. 
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The cement storage silo, 44-BN-00 ,, is 4,500-ft3, 12  f t  in diameter, and 47 ft  in height. The 

TSP storage silo, 44-BN-002, is 280-ft3, 5 f t  in diameter, and 20 f t  in height. The flyash 

storage silo, 44-BN-004, is 2,000-ft3, 10  f t  in diameter, and 31 f t  in height. 

The cement and additive batch bins ( 44-BN-006, 44-BN-008 and 44-BN-009) are mounted 

above each of the filling stations and meter the respective additive t o  the container/mixer. The 

cement and additive batch bins are 60-ft3 carbon steel bins, 3.5 f t  in diameter and 8 ft in 

height 

7.2.4 System Interfaces 

The Feed Preparation System interfaces with the following SSC: 

Silos 1 and 2 material slurry that is pumped from the TTA storage facility with the 

Silos 1 and 2 material retrieval process at a rate of 5,900 Ib/hr. 

The clarifier supernatant that is decanted and pumped to  the Recycle Water 

System and the recycled, water system that provides the treatment facility flush 

water. 

All feed preparation equipment, including tanks and hoods that are vented to  the 

RCS. 

The Feed Preparation System that interfaces with the Treatment System. 

Bulk additive trucks that convey the additives t o  the storage bins. 

Compressed air that is used for bulk solids transfer, as well as, pneumatically 

operated valves, bin aerators, air slides, instrumentation and controls. 

Electrical power for instrumentation and motors. 
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7.2.5 

The Recycle Water System is comprised of supernatant sump tank 15-TK-006 and the 

Recycle back t o  the TTA 

supernatant tank transfer pumps 15-TK-O06A&B; it is represented on 

PFD 94X-5500-F-SK-3067. The overflow from the clarifier tank is gravity fed to  the 

supernatant sump tank and then transferred back t o  the TTA recycle water tank using t w o  

150 gpm centrifugal pumps. Since the water content of the Silos 1 and 2 material in the TTA 

is approximately 50 wt% and the water content of the slurry fed t o  the filling station is 

approximately 63 wt%, the treatment system is a net consumer of water. Therefore, 

additional water is introduced into the slurry retrieval system to  maintain retrieva’l operations, 

and into the treatment process as necessary. 

7.3 Treatment System (System 82) 

The Chemical Stabilization - Other technology employs an in-container mixer, wherein the 

waste slurry and the stabilization additives are combined in a steel cylinder and are mixed with 

a disposable mixing blade. The treatment facility design incorporates the in-container mixing 

operations at three mixing station treatment lines that operate in parallel. 

7.3.1 System Description 

The mix and fill stations (82-ME-001, -002, -003) are presented on PFDs 

94X-5500-F-SK-3068, -3338. The mix and fill station operations are remotely controlled by 

the operator. Transfer of the Silos 1 and 2 material slurry into the disposal container is 

controlled from the mixing operation control room using remotely operated valves located on 

the fill head. The fill amount is determined by weight-sensing elements, located on the 

container l i f t  positioner at the container fill station, t o  sense the weight change of the 

container. The mixer rotation is controlled by an operator using the hydraulic motor remote 

controls and rotational speed element readout. Development of the slurry vortex is observed 

by the operator using the light source and CCTV instrumentation provided on the fill head. The 

addition of dry materials into the disposal container is also through the fill head. Transfer 
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control of the dry cement and chemical additives is provided by  the motor driven, remotely 

controlled, rotary airlock between the cement/additive batch bins and the fill heads. Each 

stabilization chemical is added individually and sequentially and is mixed with the Silos 1 and 2 

slurry before adding the next treatment reagent t o  the disposal container/mixer. Each fill 

station is positioned over secondary containment t o  prevent release of any spilled material. 

7.3.2 Assumptions 

A. Assumption: 

Basis: 

B. Assumption: 

Basis: 

C. Assumption: 

Basis: 

D. Assumption: 

Basis: 

E., Assumption: 

Basis: 

Plant operations are 24 hr/day, 5 days/week. 

Project definition and meeting the 3-year processing window. 

Silos 1 and 2 material composition transferred t o  the disposal 

container/mixer.is 37 w t %  waste solids. 

Calculations based on information provided by the POP testing 

(Section 3). 

Grout composition is approximately 24 w t %  Silos 1 and 2 

material solids, 41 w t %  water, 35 w t %  cement plus additives. 

Calculations based on information provided by the POP testing 

(Section 3). 

Initial curing requires seven days in a temperature controlled 

environment. Cure temperature reaches a maximum of 160' F. 

POP contractor's final report (40730-RP-0001, Appendix H, 

Attachment H4). 

Staging time required is 45 additional days (weather protected 

storage). 

Section 2. 
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Silos 1 and 2 material in the TTA storage is approximately 

50 w t %  solids. 

Section 2. 

7.3.3 Key Equipment Descriptions 

DisDosal Container/Mixer 

The disposal container/mixer, fillhead, and motor are described in Section 7.4. 

7.3.4 System Interfaces 

The Treatment System interfaces with the following SSC: 

A discharge line that taps off the Silos 1 and 2 slurry recirculation line t o  provide 

slurry f low t o  its respective filling station fill head. After the slurry is discharged 

t o  the disposal container, the tap line is blown down with compressed air into the 

disposal container/mixer. 

Cement and chemical that  additives are gravity transferred as dry materials from 

the cement/additive batch bins to  the mixing station fill head units by remotely 

controlled rotary airlocks. 

The fill head that fits the container opening and introduces the feed constituents 

into the disposal container, and interfaces with the hydraulic power line. 

Transfer lines provide dry chemical addition and slurry to  the fill head from the cement/additive 

batch bins and the SBTs. The fill head also has connections t o  the PVS header, hydraulic 

supply and return lines (between the controller and the hydraulic motor), and a CCTV and light 

source. 
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1 7.4 Product Handling 

2 

3 

4 monorails, or bridge cranes. 

Empty disposal containers are handled using forklifts and motorized roller conveyors. Filled 

disposal container/mixers are conveyed by remotely operated motorized roller conveyors, 

5 

6 

The motorized roller conveyor positioning is controlled either remotely or by manual switches 

t o  move and align the container/mixers at the various work stations. The operators are able 

7 

8 the various work stations. 

to  view the operations by means of remote CCTV systems and shielded viewing windows at 

9 

10 

The remotely operated monorail hoist and bridge cranes employ onboard CCTV viewing 

equipment t o  ensure positive grappling and placement of filled container/mixers. ' 

11 7.4.1 System Description 

@ An empty, disposal container/mixer is placed by a propane powered forklift with a rated 

13 

14 

capacity of six tons onto the load-in conveyor in the airlock. The container head is removed 

by the head installation monorail hoist grapple and stored in the load-in conveyor airlock. 

15 

16 

The disposal container/mixer is conveyed and aligned with one of the three mix and fill heads. 

A lifting actuator raises the container/mixer above the conveyor rollers and seals it t o  the fill 

17 

18 

19 

and mix head. The fill and mix head is clamped onto the disposal container/mixer. The 

process vent valve opens as treated Silos 1 and 2 material and chemical additives are 

transferred t o  the disposal container/mixer. 

20 

21 

22 

23 

24 

When the disposal container/mixer is full, the contents of the disposal container/mixer are 

mixed by the internal mixer blades in the disposal container/mixer. When the mixer has been 

operated for the required time, the head clamps are disengaged and the PVV is shut off. In 

order t o  ventilate the disposal container/mixer's freeboard space, a sweep hood is positioned 

t o  capture .radon. The radon is exhausted to  the RCS through the Process Hood Ventilation 
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System. The sweep hood vent valve is opened before the disposal containerlmixer is lowered 

from the fill and mix head t o  the stand-by position. 

The disposal container/mixer is conveyed t o  the sampling location, then sampled by means of , 

a remote system for testing concrete properties and for archiving. The sweep hood vent valve 

is closed during sampling. After sampling, the filled disposal container/mixer is conveyed to  

the head installation station. 

Liddincr Station 

The previously removed disposal container/mixer lid and absorbent mat are manually connected 

t o  the lid installation monorail hoist grapple. The hoist conveys both the disposal 

container/mixer lid and the absorbent mat t o  the lid station. When the filled disposal 

container/mixer is positioned at the head installation station, the absorbent mat is aligned with 

the disposal container opening and released onto the surface of the chemically stabilized waste 

by means of remote operation and CCTV viewing. Next, the hoist is indexed to  align the lid 

with the disposal container/mixer opening and the lid is placed onto the disposal 

container/mixer, but not bolted. 

Wash Station 

The conveyor moves the container/mixer inside the wash station, the doors are closed, and 

spray nozzles (approximately 30-40 psi) thoroughly wash and rinse the exterior of the 

container/mixer. When the containerlmixer has adequately drip dried, the doors open and the 

container/mixer is conveyed into the curing room. 
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Curinq Room Operations 

The washed disposal container/mixer is lifted by a remotely operated overhead crane and 

placed in a designated storage location for a seven calendar day curing period. 

InsDection and Staqinq Operations 

Upon completion of initial curing, the container/mixer is retrieved from the curing room by the 

remotely operated overhead crane, placed onto a conveyor, and conveyed t o  the inspection 

station. The disposal container/mixer is aligned with the lid lifting equipment. In order t o  

ventilate the disposal container/mixer's freeboard space, a sweep hood is positioned t o  capture 

radon venting to  the room when the disposal container/mixer lid is removed. The radon is 

exhausted t o  the RCS by way of the Process Hood Ventilation System. The lid is grappled 

and removed from the field of view by the lid lifting equipment. The operator observes and 

inspects the interior of the disposal container/mixer by a CCTV camera and monitor and 

through the shielded viewing windows. After completing the inspection, the disposal 

container/mixer lid is reinstalled. 

Lid Fasteninq Station 

The disposal containedmixer is conveyed into the lid fastening station, and aligned with the 

lid fastening equipment. The remote wrench lowers and tightens all of the bolts until they are 

fully engaged with the disposal container/mixer. 

Survev and Decontamination Station 

The disposal container/mixer is conveyed to  the survey and decontamination room, where i t s  

exterior surface is surveyed and decontaminated, as necessary, t o  meet surface radioactivity 

limits. 
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Interim Staqina Facilitv 

The disposal container/mixer is removed from the conveyor by a remotely operated bridge 

crane and placed in the shielded staging area before being shipped off-site or returned for 

rework. 

7.4.2 Assumptions 

A. Assumption: 

Basis: 

B. Assumption: 

Basis: 

C. Assumption: 

Basis: . 

A maximum of 14.4 containerlmixers can be processed per day 

with three processing lines. 

POP contractor’s estimated time t o  position, fill, and mix one 

container of treated Silos 1 and 2 material is 5 hours. 

Five hundred scfm capacity from the RCS is available for use in 

a sweep hood t o  capture radon. 

0 Fernald Environmental Management Project (FEMP). 1 998. 

Silos 1 . and 2 Accelerated Waste Retrieval (A WRI Project. 

4071 0-RP-0001. Prepared under contract for the U.S. 

Department of Energy: Fernald Field Office, Fernald, OH. (PROD 

Index No. 4-400.2) 

Interim storage is required for 45 calendar days. 

Time required to  prepare shipping documentation for disposal . 

container transport. 
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2 Convevors 

3 

4 

The roller conveyors are 7-ft  wide heavy duty, motorized, chain driven, two-directional, roller 

conveyors of various lengths with a rated capacity of 21,000 Ib. Standard fabrication 

5 materials are used for conveyor components; however, the conveyors are special order due 

6 

7 

8 

9 

1 0 '  

11 

12 

1 4  

15 

16  

17 

t o  the size and load capacity required to  support the filled disposal container/mixers. They are 

equipped with special features for lifting disposal containers above the rollers, and for right 

angle transfers and weighing disposal containers, as required. The conveyors are segmented 

where the conveyance must pass through an airlock or shield door, in order t o  establish an 

effective seal and t o  prevent shielding void spaces. These conveyors differ in width from the 

other three processes due t o  the size of the disposal container/mixer. 

Interim Staclinq Facilitv Crane 

This crane is a remotely operated bridge crane with a rated capacity of 15  tons, a span of 

120 ft, a travel of 210  ft, and a lift height of 16 ft. The crane is equipped with a special 

grapple device for lifting, movement, and placement of the disposal container/mixers. In 

addition, the bridge crane has CCTV capacity t o  ensure positive grappling and placement of 

the disposal container/mixer. 

18 Monorail Hoist 

19  

20 

21 

The monorail hoist is remotely operated, with a rated capacity ,of 15 tons, a travel of 100 ft, 

and a lift height of 1 2  ft .  The monorail travels between the lid handling airlock and the lid 

placement station. The crane is equipped with t w o  special grapples; one grapple carries the 

22 

23 

absorbent mat and places it in the disposal container/mixer, and the other grapple carries the 

disposal container/mixer head and aligns and seats it onto the disposal container/mixer. 

24 
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Mix and Fill Head 

The mix and fill head consists of custom designed equipment for filling disposal 

container/mixers with chemical additives and treated Silos 1 and 2 material, and mixing the 

contents using a hydraulic motor. It provides Confinement of the Silos 1 and 2 material during 

the addition of constituents and mixing operations, and it prevents Silos 1 and 2 material from 

being deposited outside of the disposal container/mixer. The mix and fill head has connections 

t o  the PVS, slurry fill line, dry additives line, the operator CCTV monitoring equipment, and the 

mixer drive connector. There is an access area above each fill head t o  facilitate maintenance 

of these systems and equipment. The PVS maintains a negative pressure within the disposal 

container/mixer as filling and mixing operations are.performed. The hydraulically driven motor 

is mounted on the fill head. A drip catch tray is also provided t o  prevent dripping t o  the floor 

when a disposal container/mixer is not located underneath the fill head. The tray automatically 

moves in and out of catch position when the disposal container/mixer raises t o  or lowers from 

the fill head. 

Curinq Room Bridcle Crane 

This crane is a remotely operated bridge crane w i th  a rated capacity of 15 tons, a span of 

80 ft, a travel of .128 ft, and a lift height of 16 f t .  The crane is equipped with a special 

grapple device for lifting, movement and placement of the disposal container/rnixers. In 

addition, the bridge crane has CCTV capacity t o  ensure positive grappling and placement of 

the disposal container/mixer. 

Inspection Station 

The inspection station consists of custom designed equipment for remotely observing and 

inspecting inside the metal disposal container/mixer. The inspection station has a grapple for 

capturing and lifting the lid from the disposal container/mixer. The grapple uses. rigid 

mechanical linkages for accurate and efficient operations. It positions the lid such that CCTV 
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viewing is possible. It replaces the lid onto the disposal containerhixer when inspections 

have been completed, 

Lid Fasteninq Station 

The lid fastening station consists of a remotely operated wrench mounted on a frame that 

aligns with the bolt pattern of the disposal containerhixer. The operator views the lidding 

operation either by CCTV or through the shielded glass viewing windows. The wrench is 

actuated up and down and may be lowered to  engage the bolt heads and tighten or loosen 

them as required. 

Samde Station 

The sample station provides the capability t o  sample the grout from the disposal 

container/mixer, package it in an acceptable storage container, and allow it t o  cure in a 

controlled environment where it is conveniently retrievable. Sampling is a remote operation 

performed in the fill room. A sample collector is attached to  an actuator that has vertical 

positioning and travels on a ceiling mounted track in a horizontal motion. The track mounted 

trolley aligns the actuator with the disposal container/mixer and the sample is taken. The 

trolley takes the sample t o  the glove station where an operator cleans up the sample and puts 

it into a storage container with a bar code identifier. The sample is placed onto the actuator 

and the trolley takes it t o  the sample storage rack where it is deposited. The storage provides 

heated storage for acceptable curing conditions. The system retrieves the requested sample 

according t o  the operator's instructions. 

SweeD Hood 

The sweep hood is a ventilation device connected t o  the PVS for the purpose of radon capture. 

It is specifically designed t o  capture radon that could escape from open filled disposal 

containerhixers, using the available flow rate of 500 scfm or less. Sweep hoods are featured 

at the mix and fill station, rework station, and at the inspection station. 
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Wash Station 

The wash station is a standard industrial, automated, 80-inch turntable part washer with a 

rated capacity of 21,000 Ib. The booth has a pass through conveyor with hatch doors on both 

ends. The conveyor rollers have sealed bearings. Spray nozzles are located t o  provide 

coverage t o  the outside of the disposal containerlmixer. The station is self-contained with 

controls, pumps, tanks, and filters t o  wash rinse and dry as needed. Wash water is treated 

(as necessary) and recycled t o  the extent practical. 

7.4.4 System Interfaces 

The Product Handling Systems interface with the following SSC: 

Electrical power for motors, instrumentation and monitors; 

The Feed Preparation System; 

The Cement and Additive System; 

The Rework System that connects t o  fill and mix station 82-ME-003; 

Shielded and unshielded air lock doors and window systems that are employed to  

protect workers and segregate work stations; 

CCTV cameras and monitors that .ensure positive control of disposal 

container/mixer operations; 

A forklift that transports and places empty disposal container/mixers onto the 

load-in conveyor; 

The Treatment facility domestic water supply for the wash station; and 

The PVS Header System for sweep hoods, maximum of 500 scfm. 
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1 7.5 Gaseous Emission Control 

2 

3 

4 

5 

6 

7 

The Chemical Stabilization - Other treatment process does not generate an off-gas stream. 

All secondary gaseous wastestreams are vented from process vessels, rooms, and equipment. 

Therefore, the only component of the Gaseous Emissions Control System is the PVS, which 

is designed t o  capture all process vessel, room and equipment gases containing radon and 

transport them to  the existing RCS. Detectors and monitors within the facility provide 

real-time alarm if radon escapes from any of the process vessels, rooms, or equipment. 

8 7.5.1 System Description 

9 Process Exhaust 

10 

11  PVS header. 

Process vessels and equipment containing unstabilized Silos 1 and 2 material are vented t o  the 

a Room Exhaust 

13 

14 

15 

1 6  

17 

18 

19 

Open containers, vessels, and roomkells that contain Silos 1 and 2 material are vented to  the 

PVS by direct ventilation of room air or by the use of a sweep hood. Rework operations are 

performed in a total work enclosure. The enclosure is connected t o  the facility HVAC System. 

Detectors and monitors provide real-time alarm of radon present in the rework enclosure. In 

the event that radon leakage is detected, additional reject disposal containers are routed t o  the 

enclosure to  limit the radon source. The interim container staging facility is normally ventilated 

and provided with radon detectors, alarms, and data loggers t o  detect, alarm, and log the 

20 presence of radon. 

21  Process Vent 

22 

23 

A PVS header is run throughout the treatment facility t o  capture and transport any radon 

contaminated air streams from all the process equipment, vessels and rooms. The PVS is 
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designed t o  maintain a negative pressure in all vessels and equipment where the containment 

of airborne contaminants, including radon, is a concern. The PVS maintains an airflow of 

500 scfm with the vacuum provided by the RCS blowers. All vessels are maintained.at 

approximately -2 inches water column relative to  room pressures to  ensure that the vessel 

gases do not leak t o  the environment, thus confining airborne contamination within the 

boundaries of the ventilation system. 

The station performing container lid removal for inspection is equipped with a sweep air hood 

t o  capture the vented gas. Since the gas may contain a significant concentration of radon, it 

is discharged t o  the PVS and subsequently to  the RCS. 

The product packaging and staging areas are normally ventilated and provided with radon 

detectors and alarms t o  detect the presence of elevated levels of radon. 

The 500 scfm gaseous emissions stream associated with the PVS is directly routed t o  the 

existing RCS without any pretreatment. 

7.5.2 Assumptions 

There are no driving assumptions associated with the Gaseous Emissions Control Systems. 

7i5.3 Key Equipment Descriptions 

The Gaseous Emissions Control System uses a vent line and header system t o  collect and 

transport the PVS gases t o  the existing RCS. There are no key equipment components 

associated with the PVS. The motive force to  transport the PVS stream is provided by the 

RCS blowers. 

21 
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2 Process Vent Svstem 

3 

4 

5 .  period. 

The fill head unit is connected t o  the process vent header t o  control off-gas, dust, and radon. 

Area ventilation is provided. The disposal containers are sealed following the seven day curing 

6 

7 

The rework batch bin is connected t o  the PVS header t o  collect and convey the vent gas and 

radon to  the RCS for treatment and discharge. 

8 7.6 Secondary Liquid Waste Treatment 

9 

10 

The Silos 1 and 2 material in the TTA is assumed to have a moisture content of approximately 

50% water. The slurry is introduced into the disposal container/mixers at approximately 63% 

moisture.. Therefore, the treatment process is a net user of water and does not produce a 

secondary liquid wastestream. The water added to  the system t o  transfer the slurry from the 

TTA t o  the Treatment System is recycled back t o  the TTA and used to  maintain slurry retrieval 

operations. Towards the end of the treatment campaign, the water in the TTA Recycle Water 

System is processed without recycling any of the water t o  the TTA by treating a lower solids 

13 

14 

15 

16 content slurry. 

17 7.6.1 System Description 

18 

19 

The Chemical Stabilization - Other treatment process is a net user of water and does not 

produce a secondary liquid wastestream. 

20 7.6.2 Assumptions 

21 There are no driving assumptions associated with the Secondary Liquid Waste Treatment 

22 System. 
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7.6.3 Key Equipment Descriptions 

Since the design does not include a Secondary Liquid Waste System, there are no key 

equipment units t o  describe. 

7.6.4 System Interfaces 

Since the design does not include a Secondary Liquid Wa,ste System, there are no system 

interfaces. 

7.6.5 Recycle 

The clarifier overflow t o  the supernatant sump tank is transferred back t o  the TTA Recycle 

Water System and is used for subsequent slurry retrieval from the TTA and transfer to  the 

treatment facility. 

7.6.6 Discharge t o  AWWT 

Since there is no secondary liquid waste produced from the Chemical Stabilization - Other 

treatment process, there is no discharge to  the AWWT. 

7.7 Secondary Solid Waste Treatment 

Secondary solid wastestreams are treated and disposed appropriately. Reference 

Section 2.13.2 for a general description of secondary solid waste treatment and disposal. A 

list of potential solid wastestreams is provided: 

PPE; 

HEPA and prefilters; 

D&D waste; 

Debris; and 



- 0 0 8 0  
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

1 Empty rework containers. 

2 7.8 ContainedMixer Operations 

' 3  

4 

5 

6 

7 

8 

The filled disposal container/mixers are stored in the interim staging facility before off-site 

shipment t o  an approved disposal site. The lifting and placement of disposal container/mixers 

is performed remotely. However, personnel contact with the disposal containerlmixers is 

necessary t o  secure and prepare the shipment in accordance with FEMP procedures before 

departure from the FEMP. Activities that require contact may include tie-down of the 

container t o  the truck and placement of the chocks onto the bed of the truck. 

9 7.8.1 System Description 

10 A disposal container/mixer is grappled in the interim staging facility by a remotely operated 

bridge crane, lifted over a shield wall, and placed onto an open transport (i.e., flatbed truck) 9 -  in the loading/shipping operations area. The external surfaces of the disposal container/mixers 

13 are anticipated t o  be essentially free of loose surface radioactivity. The disposal 

14 container/mixer is secured and prepared for off-site shipment. Documentation is provided to  

1 5  the shipper who transports them to  an approved disposal site. 

16 

17 

18 

Note: The generation and buildup of radon is not anticipated t o  be a concern in interim 

staging facility, since the disposal container/mixers are sealed before staging; 

therefore, the facility does not require special ventilation. 

19 7.8.2 Assumptions 

20 A. Assumption: The disposal container/mixer is fabricated from carbon steel with 

21 an internal coating to  prevent corrosion from the treated material. 

22 The disposal container/mixer dimensions are approximately 76 

23 inches in diameter by 73 inches in height (including forklift 

I 
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1 4  

1 5  

1 6  

1 7  

18 

19 

runners). The weight of the disposal container/mixer is 

approximately 6,363 Ib (including absorbent pad and internal 

components), 

Basis: CNS POP Final Report (40730-RP-0001, Appendix H, Attachment H4). 

B. Assumption: Two  disposal container/mixers per shipment. 

Basis: Standard FEMP shipping practice for a two-axle truck (limited to  

42,000 Ib). 

7.8.3 Key Equipment Descriptions 

Staaina Facilitv Remote Bridae Crane 

The crane is a remotely operated bridge crane with a rated capacity of 15  tons, a span of 

120 ft, a travel of 21 0 ft, and a l ift height of 16  ft. The crane is equipped with a grappling 

device and CCTV to  ensure positive grappling, movement, and placement of the 

container/mixers. 

0 
7.8.4 System interfaces 

The disposal container/mixer operations interfaces with the following SSC: 

Electrical power for motors, instrumentation and CCTV support equipment; 

The Full-scale Treatment Facility transfer conveyor; 

The CCTV Inspection System; and 

The FEMP waste management shipping organization. 
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1 7.9 Product Rework (System 26) 

2 In addition t o  the federal, state and local shipping requirements, the chemically stabilized 

3 Silos 1 and 2 material must meet the NTS WAC. Therefore, provisions are made t o  re-process 

4 any rejected chemically stabilized Silos 1 and 2 material. Rework of the rejected treated 

5 Silos 1 and 2 material consists of removing the material from the container/mixer and 

6 reintroducing it into the waste processing system. 

7 7.9.1 System Description 

8 The Rework System is  presented on  PFD 94X-5500-F-SK-3340,  and 

9 MFD 94X-5500-F-SK-6023. The main components of the Rework System include: a Rework 

10 Bridge Crane (26-CN-0011, a remotely controlled jack hammer (26-ME-0041, a rubble collection 

11  hopper (26-BN-0011, a rubble jaw crusher (26-ME-0071, and a rework batch bin (26-BN-002). 

12 

14 

15 

. 16 

17  

. 1 8  

19 

20 

21 

22 

Rework operations are carefully confined and performed remotely at the rework station. The 

breaking, crushing, and conveyance components are remotely controlled by operators in the 

adjacent corridor. After the chemically stabilized Silos 1 and 2 material is size reduced, the 

rubble is reintroduced into the processing system. 

The lid removal, placement, and fastening stations used for normal disposal container/mixer 

tasks are used for reworking the rejected disposal containerlmixers. A sweep hood is used for 

rework operations for radon release. Captured radon is diverted t o  the RCS by the process 

hood ventilation system. 

The reject disposal container/mixer is retrieved by the remotely operated overhead bridge crane 

in the curing room or from the interim staging facility and conveyed to  the rework station. If 

the disposal containe'r/mixer is retrieved from the interim staging facility, it is conveyed t o  the 

23 

24 

25  

lid fastening station, where it is aligned with the remote wrench and the lid bolts are 

disengaged. Next (or the first step if the disposal container/mixer is retrieved from the curing 

room), the disposal container/mixer is conveyed t o  the inspection room where the disposal 
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1 container/mixer is aligned with the lid placement equipment and the lid is removed by the 

2 remote grapple. Before the lid is removed, the sweep hood is activated to sweep the area 

3 surrounding the disposal container/mixer opening, removing the accumulated radon in the 

4 disposal container/mixer as the lid is raised. The remote .grapple holds the disposal 

5 container/mixer lid while the rework operations are performed. 

6 

7 

8 

* The opened disposal container/mixer is conveyed into the rework room. This operation can be 

viewed by operators by CCTV and through shielded viewing windows. The radon off-gas from 

the disposal containerlmixer is collected by the rework room sweep hood during rework 

9 

10 

11 

12 

13 

operations, The remotely controlled impact hammer, attached t o  an extendable boom with 

interchangeable end effectors, is used t o  fracture the reject chemically stabilized Silos 1 and 2 

material in the disposal containerlmixer. This operation size reduces the chemically stabilized 

Silos 1 and 2 material into pieces small enough to  be vacuumed. A HEPA filtered vacuum unit 

provides the motive force for the vacuum hose. The vacuum hose is remotely positioned by 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

0 a robotic arm t o  remove the rubble from the disposal container/mixer. The rubble vacuumed 

from the disposal container/mixer is collected in the rubble collection hopper and gravity fed 

into the remotely operated rubble jaw crusher. The jaw crusher further reduces the rubble to  

pieces less than 0.5 inch. Sized aggregate is transferred t o  the rework batch bin using the 

rubble bucket conveyor. The sized aggregate is reintroduced into a new disposal 

container/mixer aligned with mix and fill head 82-ME-003. 

The empty reworked disposal container/mixer is conveyed to  the inspection station where the 

lid is replaced. The lidded disposal containerlmixer is conveyed t o  the lid fastening station. 

The remotely operated wrench is used to  tighten the lid bolts. The disposal container/mixer 

is conveyed t o  the survey and decontamination station where the disposal containerlmixer 

exterior surface is surveyed and decontaminated, as necessary, t o  meet surface radioactivity 

limits. .The used disposal container/mixers are moved to  the FEMP waste management group 

for disposition as a secondary waste. 
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7.9.2 Assumptions 

The number of disposal container/mixers of chemically stabilized Silos 1 and 2 material that 

will fail the TCLP criteria of the NTS WAC is assumed t o  be approximately 1 % of the disposal 

containers (up t o  60 containers). The rework operation results in approximately 120  additional 

disposal containers of treated Silos 1 and 2 material at a reduced waste loading (180 rework 

containers t o  replace 60 original rejected remediated disposal containers). 

7.9.3 Key Equipment Descriptions 

Roller Convevor 

The rework roller conveyors are 7- f t  wide by 18- f t  long, heavy duty, motorized, chain driven, 

two-directional, roller conveyors with rated capacities of 2 1,000 Ib. Standard fabrication 

materials are used; however, the conveyors are a special order due to  size and load capacity 

required. In addition, the rework conveyor is provided with special features for lifting the 

container/mixers above the rollers, using a hydraulic system. 

Bucket Convevor 

The bucket conveyor is a sealed unit with a rated capacity of 2 tons and a vertical lift of 30 ft .  

It is connected t o  the PVV system for the confinement of radon. 

Rework Vacuum 

The rework vacuum is a production model with a 6-inch diameter hose, HEPA filtered 

discharge, and rated capacity of 30 tons/hr. The system includes a cyclone bin t o  collect 

captureddebris. The cyclone bin is the source of feed material t o  the rubble collection hopper. 

In order to confine radon that may be present in the air stream t o  the vacuum, the system 

must release its discharge air t o  the rework room. The rework room sweep hood maintains 

the rework room at a negative pressure, directing an exhaust stream t o  the PVS. 
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Rubble Collection Homer  

The rubble collection hopper is a 64-ft3 hopper with level alarms, vibrators, and air pads in the 

cone section; it has an RCS vent connection and is mounted on load cells for weight 

determinations. 

Rework Batch Bin 

The rework batch bin is a 1 OO-ft3 bin with level alarms, vibrators, and cone air pads; it has an 

RCS connection and is mounted on loads cells for weight determination. 

Remotelv Controlled ImDact Hammer 

The remotely controlled impact hammer is a production model with a 1 O-f t  reach and 400 ft-lb 

per impact. It is mounted on tank tracks with a maneuverable boom and is electrically 

powered. It has changeable end effectors and can accomplish drilling, crushing, and impacting 

with available accessories. 0 
Rubble Jaw Crusher 

The rubble jaw crusher is a production model with a feed opening of 8 inch by 10  inch; it is 

and capable of reducing material t o  less than 0.5 inch. 

Rework Bridqe Crane 

The rework bridge crane is a remotely operated bridge crane with a rated capacity of 5 tons, 

a span of 15 ft, a travel of 12 ft, and a l ift height of 12 f t .  The crane is equipped with a 

robotic arm and a 2-ton hoist for miscellaneous lifting operations. The robotic arm is used t o  

handle the vacuum hose, perform clean up of the rework room, and provide a versatility for 

performing many tasks, as the true nature of the rework operations is largely unknown. 
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SweeD Hood 

The sweep hood is a ventilation’device connected to  the PVS for the purpose of preventing 

the release of radon gas that has built up in the disposal container/mixer lid space. It is 

specifically designed t o  capture radon that could escape when the lid is removed from the 

disposal container/mixer in the rework room or the inspection station. The sweep hood uses 

the available f low rate of 500 scfm or less. 

7.9.4 System Interfaces 

The Product Rework System interfaces with the following SSC: 

The Product Handling Conveyor System that conveys the rejected cylindrical 
metal disposal container/mixers t o  the various stations before entering the rework 
room. 

The rework batch bin and sweep hood that is connected to  the process vent 
header t o  collect the off-gas radon to  the RCS for treatment and discharge. 

Compressed air, electrical power, and a hydraulic power source utility that are 
required for the rework operations. 

Power and signal connections between the process control room, local control 
stations, and process stations that are required for instrumentation, CCTV, 
lighting, and equipment control. Signal connection that is required t o  the Data 
Logging System. 

The Rework System that provides aggregate to fill and mix station 82-ME-003 for 
reprocessing. 
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7.10 Facility Design 

Bulk Additives 

0 407 30-RP-0003 

The bulk additive building provides for receiving, storage, and transfer of bulk chemicals and 

cement t o  the Feed Preparation System. The design uses three storage bins and a pneumatic 

system t o  support production requirements for cement production. 

The building structure is a commercial grade, sheet metal building. The height of the building 

is based upon the storage bin requirements t o  support production. Stairs and platforms 

provide access t o  the storage bins and filter assemblies. Within the building, limited space is 

provided for maintenance requirements. The building has a large double door t o  allow for 

access. 

An  unloading pad is provided next t o  the facility for bulk truck deliveries and to contain 

accidental spills. Large quantities of additives are received by truck and are pneumatically 

transferred into the appropriate storage bins. Additives from the bins are pneumatically 

transferred t o  the Feed Preparation System. 

0 
The bulk additive building and the surrounding area is a non-radiological area. Access is not 

controlled. 

Feed Preparation Svstem 

The Feed Preparation System receives the slurried Silos 1 and 2 material from the TTA. Water 

is separated from the Silos 1 and 2 material and recycled to  the TTA. In a series of tanks, the 

feed is dewatered and prepared to  be pumped t o  the disposal containers. The area contains 

the process tanks, pumps, and equipment to  perform the receipt, settling, and pumping 

required t o  support the process. 
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All equipment is in a radiologically contcolled area due  t o  the  Silos 1 and 2 material's high 

inventory level of radium and radium daughter products. The area around the  tanks is assumed 

t o  be a RAZ 5,  high radiation area from preliminary dose  calculations. Because of this, the 

work area requires shielding, less time spent within those  areas, and, where possible, lower 

quantities of K-65 material in t h e  process to ensure lower dose rates for operations and 

maintenance workers over t he  plant life. The tanks containing the  material are segregated and 

shielded in keeping.with the  ALARA principles of minimizing worker dose  rates. They are 

surrounded by 2-ft thick shield walls due  t o  the  radiation field presented by t h e  volume of 

Silos 1 and 2 material. The shield walls are modular in construction. The shield walls and 

concrete floor also perform duty a s  secondary containment in case  of a spill or leakage from 

the  tanks. The primary containment consists of the  tank vessels themselves. 

12 

13 

Although surrounded by concrete walls, the  Feed Preparation System still requires access  for 

general maintenance of the  mechanical equipment. Access  t o  each tank a t  grade is'through 

a labyrinth. A sump is located in the  area t o  provide for accidental leaks and spillage. The top 

of each tank is accessible by ladder and platform. The platform on t o p  of t h e  tanks allows for 

16 maintenance t o  be performed on the  agitators, control valves, and piping components.  

17 

18 

The pumps for t h e  tanks are located outside of t he  shield wall due  t o  general service and 

maintenance requirements. The pumps are located behind half or "partial height" walls t o  

. 19 control access ,  minimize casual dose  rates, and contain leaks and spills. The supporting 

systems like the  recycle water tank and pumps are segregated by a curb t o  provide secondary 

containment. The supporting equipment, pumps, tank, and service corridor are RAZ 1 ,  

controlled areas  but accessible to operations and maintenance personnel for up  t o  40 hr/week. 

20 

21 

22 

23 

24 

25 

The Feed Preparation System is covered by a roof. The roof allows for operations and 

maintenance tasks  to take place during local seasonal weather extremes. Portions of the  roof 

can be removed for equipment removal by crane. 
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Load-In Area 

The load-in area provides access to  the facility t o  allow special 

facility and be staged. It also furnishes space for operators to  

round containers t o  enter the 

perform filling operations. 

The load-in area is enclosed in a prefabricated type structure. The structure has an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the facility system. 

The load-in area is a RAZ 1, controlled area. Personnel access and movement is not restricted. 

Radiological guidelines for RAZ 1 areas allow for 40 hr/week occupancy. 

Fill Station 

The special round containers are remotely handled and moved into one of the fill stations by 

a roller conveyor. The containers are sequentially filled with stabilization reagents and Silos 1 

and 2 material slurry feed. They are weighed, closed, and moved t o  the adjacent curing room. 

Curincl Room 

The curing room provides space for 72 disposal containers to  initially cure in a temperature 

controlled environment. 

The filled disposal container is transferred from the wash station by roller conveyor into the 

curing room. An overhead bridge crane lifts the container and places it into one of the 72 

curing positions. After the seven day curing period, the disposal container is removed from 

the room t o  be bolted. 

A shielded maintenance space is provided for the crane. The maintenance area is accessed 

through an adjoining airlock. The bridge portion of the crane is maintained from elevated 

platforms accessed by ladders. 

7-42 



8080 
Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

The curing room also contains the Cement Sample Archive System that holds the archived 

samples until they are no longer needed. 

The curing room is a RAZ 5, high radiation area based upon initial calculations. The bases for 

the assessment are the number of containers and the accumulative dose from the containers. 

Personnel should not need t o  enter into the room while disposal containers are present. The 

overhead crane can be maintained shielded from the curing room. The maintenance area is 

considered t o  be a RAZ 1, controlled area and is accessible up t o  40 hr/week to  allow general 

servicing or repair of the crane. Personnel require appropriate PPE t o  enter. 

Packaqing 

The packaging station allows for inspection of the product, securing of the lid, and survey and 

decontamination of the disposal container. 

The disposal container is remotely lifted by the overhead bridge crane in the curing room and 

placed onto a roller conveyor. The conveyor moves the container into the inspection station. 

The lid is lifted, as necessary, t o  allow for visual inspection by camera. The lid is replaced and 

the container is transferred by conveyor into the lid fastening station. There, the lid is 

remotely bolted in place by the lid fastening device. From that station, the disposal container 

is conveyed to  the survey/decontamination room. With the disposal container sealed, 

radiological technicians, dressed in appropriate PPE, move through the airlock and along each 

side of the conveyer. Because of the 70 mrem/hr exposure rate from the disposal container, 

the radiological technicians smear the outside of the disposal container from a distance With 

long reach tools. If the disposal container is found t o  be contaminated, these same tools are' 

used t o  decontaminate the container. Once released, the disposal container is moved by the 

roller conveyor through an airlock and out through an enclosed corridor to  the Interim Container 

Staging Area. 
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The inspection and lid fastening rooms are non-occupied areas during operation. Maintenance 

on the equipment can be performed when disposal containers are not present. Because of the 

potential for contamination, the concrete floors are sealed and the walls are coated with a 

strippable coating t o  allow for decontaminating. These areas are.considered t o  be RAZ 4, 

radiation areas. Maintenance access is by RWP and requires additional dosimetry. 

The survey/decontamination room is also considered t o  be a RAZ 4, radiation area even though 

radiological technicians need t o  enter the area on a continual basis t o  survey the filled 

containers. The technicians are not allowed t o  approach within 3 f t  of the disposal container. 

Long reach tools are used t o  perform tasks. Consideration is also given t o  the use of partial 

shield walls t o  limit access and protect personnel. 

The airlock, where radiological technicians enter the surveyldecontamination room, is a special 

radiation area. The airlock allows for personnel to  enter the curing room crane maintenance 

area and the survey/decontamination room. The room is considered t o  be a RAZ 1 when a 

disposal container is not present in the room. When a container is present, the room is a 

RAZ 4, radiation area. Because of the radiation source in the disposal container, the general 

area surrounding the airlock needs t o  be cleared of personnel during the transfer of filled 

disposal containers. 

Operation of the inspection, absorbent, and lid fastening equipment is performed at remote 

stations located in the'corridor adjacent t o  these rooms. The wall provides radiation shielding 

for the operator. These tasks are performed using cameras and by viewing through a shielded 

window in front of the operator to provide for ALARA considerations. 

Rework Station 

The Rework Room is equipped t o  handle the round containers and remove the failed grout. 
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Load-out Area 

The load-out area provides access t o  the facility t o  allow for the removal of reworked disposal 

containers from the facility. It also furnishes space for operators t o  perform packing, loading, 

and rework operations. 

Empty reworked disposal containers exit the facility through the load-out area. A roll-up door 

allows forklifts t o  enter and exit the facility. Adjoining the area is a corridor containing 

operator stations for rework, inspection, and the lidding operation. An airlock in the area 

furnishes access for removal of the reworked disposal containers. 

The load-out area is enclosed in a prefabricated type structure. The structure has an internal, 

engineered steel framework. A PVC coated polyester fabric is stretched over the structural 

framework. HVAC for the area is provided by the Facility System. 

When a filled disposal container is transferred through the area, the area becomes a RAZ 4, 

radiation area. Personnel access and movement is restricted in the area during these times. 

A t  all other times, when no source is present, the area is a RAZ 1, controlled area. 

Radiological guidelines for RAZ 1 areas allow for 40 hr/week occupancy. RAZ 4 requires a 

radiation work permit and additional dosimetry for personnel within the area. 

Facilitv Entrance 

The facility entrance controls the entering/exiting of the facility. 

The facility entrance is the main entrance and exit point for personnel working within the 

facility. Personnel log in when entering the facility. To exit the facility, personnel pass 

through radiation detection monitors and log out. Any other incoming or outgoing shipment 

passes through the load-in/load-out areas under the control of a RAD technician. A desk is 

provided in the facility entrance for a radiological technician t o  supervise personnel movement. 
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The facility entrance is not expected t o  see a radiation source but may see contamination 

carried by personnel attempting to  exit. Because the treatment facility contains radioactive 

substances and has the potential t o  be contaminated, entering or exiting the facility is 

supervised and controlled. For these reasons, the facility entrance is considered t o  be a 

RAZ 1, controlled area. Personnel may occupy the area for up t o  40 hr/week. 

7.10.1 Unique Features 

The Chemical Stabilization - Other treatment facility design incorporates the use of 

commercially available equipment wherever possible. However, some components of the 

treatment facility have t o  be custom designed, including nuclearization of all equipment that 

is required t o  handle material containing Silos 1 and 2 material. 

The disposal containedmixer is unique t o  the Chemical Stabilization - Other technology and 

is-designed t o  incorporate the grout mixing operations into the disposal container. A hydraulic 

motor and fill head couple with the mixer blade shaft in the disposal container t o  provide the 

necessary mixing action. After the mixing operations are complete, a disposal lid is placed 

onto the disposal container, to be bolted down after the grout has cured for seven days. 

a 
The fill station fill head is designed t o  mate with the disposal container/mixer and to  maintain 

negative pressure within the system, as well as prevent any grout from contaminating the 

outer surface of the disposal container. Other unique features of the facility include the lid 

fastening station, the wash station, the sampling station, and the rework station. 

Sections 7.4.3 and 7.9.3 give descriptions of these key pieces of equipment. 

7.1 1 HVAC (Systems 73, 75, 76 and 77) 

(Refer t o  Section 2.17 for HVAC design criteria) 

The areas in the treatment facility are designated as Zone 1, Zone 2 and Zone 3 and have 

three HVAC Systems: one system exclusively for Zone 3, one for the curing room, and one 
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1 combined for the remainder of Zone 2 and all of Zone 1. Following are the designated areas 

2 with equipment details for each zone. 

3 7.1 1.1 Zone 3 

4 A. The designated areas for Zone 3 are: 

5 Loading area; 

6 Rework room; 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 

Fill head room; 

Survey & decontamination room; 

Lid fastening area; 

Wash station; 

Lid placement area; 

Inspection room; 

Rework station; and' 

Mix and fill stations (three). 

B. The HVAC details for Zone 3 are: 

Air handler with supply fans, filters and electric heat; 

Supply fans (73-AH-003 A&B) - 12,000 cfm; 

Electric Heat - 309 kW; 

Exhaust fans (73-FA-003 A&B) - 12,000 cfm; and 

Exhaust filter that includes a prefilter with t w o  stage HEPA filters and has 
50% capacity backup. 

23 
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C. The air handling unit and exhaust fans are designed for 100% capacity and 100% 

backup. Air handling units and exhaust fans are connected t o  emergency power 

because of the potential for hazards and equipment damage resulting from 

elevated temperatures if the systems are lost due.to power failure. There are 

three exhaust filters with 50% capacity ( two are required for normal operation). 

The electric heaters are not connected t o  emergency power. 

D. Air sweep hoods are provided in the inspection room, rework station, and three 

mix and fill stations. The discharge vent from air sweep hoods are connected t o  

the RCS and the total f low rate does not exceed 500 cfm. 
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7.11.2 Zone 2 

A. The curing 

B. The HVAC 
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room is the only designated area for Zone 2. 

details for Zone 2 are: 

Air handler with supply fans, filter and electric heat; 

Supply fans (73-AH-002 A&B) - 24,000 cfm; 

Electric heat - 580 kW; 

Exhaust fans (73-FA-003 A&B) - 24,000 cfm; and 

Exhaust filter that includes a prefilter with t w o  stage HEPA filters and has 
50% capacity backup. 

C. The air handling unit and exhaust fans are designed for 100% capacity and 

100% backup. Air handling units and exhaust fans are connected to  emergency 

power because of the potential for hazards and equipment damage resulting from 

elevated temperatures if the systems are lost due t o  power failure. 

There are three exhaust filters with 50% capacity ( two are required for normal 

operation). The electric heaters are not connected t o  emergency power. 

The curing room is heated t o  70°F during winter, cooling is not provided. The 

expected temperature during summer is 1050F (outside design temperature 95" 

+ 10" F rise). 

20 7.1 1.3 Zones 1 and 2 

21 A. The designated areas for Zone 1 are: 

22 HVAC room; and the 

23 . Access control room. 
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B. The corridor is the only designated area (remainder) of Zone 2. 

C. The HVAC details for Zones 1 and 2 are: 

Air handler with supply fans, filters and electric heat; 

Supply fans (73-AH-001) - 17,000 cfm; 

Electric heat - separate electric heat is provided for each room; 

HVAC room, 265 kW 

Access control room, 27 kW 

Corridor, 137 kW 

Exhaust fans (73-FA-001 A&B) (2 Fans with 8,500 c fm capacity) - 
17,000 cfm; and 

Exhaust filter that includes a prefilter with t w o  stage HEPA filters and has 
50% capacity backup. 

D. The air handling units are designed for 100% capacity, without any backup. Air 

handling units and exhaust fans are connected t o  emergency power because of 

the potential for hazards and equipment damage resulting from elevated 

temperatures if the systems are lost due t o  power failure. There are t w o  exhaust 

fans and t w o  exhaust filters with 50% capacity ( two  are required for normal 

operation). The electric heaters are not connected t o  emergency power. 

20 7.1 1.4 HVAC stacks 

21 

22 

23 

Two HVAC stacks are provided, one for Zone 3 and one for the combined Zones 1 and 2, and 

are serviced by ladders and platforms. The air, before being exhausted, is analyzed for air 

quality and the results are recorded. 
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20 

21 

22 

23 

24 

25 

7.12 Support Systems 

7.1 2.1 Analytical Support Laboratory/Services 

The treatment facility uses an on-site dedicated laboratory staffed by site personnel t o  analyze 

the process samples and provide for any additional requirements as space and equipment 

allow. The laboratory is composed of a trailer complex, modified t o  provide the working space 

and conditions for the laboratory facility. 

The trailer HVAC and Drain Systems are designed t o  control the spread of contamination. 

There is a separate HVAC System and filtration for the laboratory hoods and environmental 

spaces. The facility is divided into t w o  separate ventilation systems. One system is dedicated 

for non-potentially contaminated areas such as the office areas. The other system serves the 

laboratory areas where hazardous materials may be handled. This system discharges all 

exhaust air through HEPA filters and establishes air f low and pressure gradients that minimize 

the potential for the spread of contamination. Two separate drain systems, potentially 

radioactive and non-radioactive, provide for the laboratory spaces. Individual catch tanks are 

provided for each system. They are located in a covered concrete vault adjacent t o  the trailer 

complex. 

The laboratory space is considered t o  be a RAZ 4 when samples containing Silos 1 and 2 

material are present and a RAZ 1 when no samples are present because of the number of 

process and TCLP samples being handled daily within the laboratory and the potential for 

radioactive contamination being present. The office space within the complex is considered 

t o  be a RAZ 1. The complex is divided into a non-radioactive area for office work space and 

a potentially radioactive laboratory space. To check the spread of contamination, a 

survey/monitoring room is provided t o  control entrance and egress for the laboratory space. 

Table 7.12-1 lists the potential analyses and the proposed equipment required t o  complete the 

analyses. 
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1 
2 

Percent Solids Determination 

TCLP 

3 

Laboratory Oven 

AA-ICP, Ball Mill 

. 4  

5 

1 
6 

ucs Load Cell 

PH pH Meter 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Silos 1 and 2 Design Basis and Descriptions 0 40730-RP-0003 

TABLE 7.12-1 
LABORATORY ANALYSES AND REQUIRED EQUIPMENT 

II Analysis I Laboratory Equipment 

11 Elemental Analysis I AA-ICP or XRF 

7.13 Utilities 

The general utilities required to support the treatment facility are.described in Section 2.1 9. 

The treatment facility uses existing site utilities. An allowance has been made in the cost 

estimate of the treatment facility for systems that are not existing site utilities and have not 

been presented in this design basis. 

0 
Compressed Air 

Compressed-air from 44-CM-001 is used for dense phase pneumatic transfers. The plant air 

system is used t o  blow down the filter cake during filter press operations. 

Potable Water 

A.potable water system design has not been completed for the Chemical Stabilization - Other 

treatment facility. However, potable water is an existing site utility and allowances for potable 

have been incorporated in the cost estimate. 

21 
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Fire Water 

2 

3 

4 

. 5  

6 

7 

8 

9 

10 

1 2  

13 

14 

15 

16 

17 

1 8  

19 

20 

21 

22 

A fire water system design has not been completed for the facility design. 

allowances for a fire water system have been incorporated in the cost estimate. 

However, 

The 

assumption has been made that a pressurized fire water main will exist on-site. The cost 

estimate will only include the tie-in and distribution portion of the Fire Water System. 

Sanitarv Svstem 

The treatment facility design does not include sanitation lines. Existing site sewage facilities 

are used by plant personnel. 

Electrical 

Normal Power System 

Power at 13.2 kV is tied in from site infrastructure south of Silos 1 and 2 t o  t w o  2-unit 

substations (30-SG-001 and 30-SG-002) that include t w o  2-step down transformers rated 

2500 kVa OA with 480-volt, 3-phase, 4-wire, 60-Hertz secondary. The unit substation's main 

secondary switches are 3200-amp circuit breakers (M1 /M2). Both switchboards are rated 

3200-amp, 480-V, 3- phase, 60-Hertz. The feeders are rated 800/1600-amp, 480-V, 3- phase 

with trip ratings at shown in reference drawing 94X-5500-E-SK-4075. Feeders are routed 

from the switchboard directly t o  six motor control centers and air handler heaters, which 

distribute power t o  a connected load at approximately 491 5 kVa. The MCC provides power 

for lighting, HVAC, CCTV and process instruments via step down transformers. 

Standby Power System 

A 1 OOOKW, 480-volt,3-phase, 4-wire, 60-Hertz standby diesel generator is t o  connected 

31 -MC-003 and 31 -MC-006 via auto transfer switches (30-TS-001 and 30-TS-002) for power 
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1 t o  critical plant loads during an electrical power outage. This generator is installed outside of 

2 the pilot plant. 

3 Un-interruptible Power System 

4 

' 5  

6 indoors. 

A 25-kVa, 120-volt, 3-wire, 60-Hertz un-interruptible power supply (UPS) unit supplies panel 

UPS for power t o  critical process loads during any electrical outage. The UPS is installed 

7 CCTV Monitorinq 

8 Closed circuit monitoring is used for inspection operations when it is necessary to  view system 

9 components located in restricted areas, or t o  inspect for free standing water inside a disposal 

10 container. 
c 

0 11 Hvdraulic Drive Svstem 

12 A. Compressed air is provided for pneumatic transfer operations of the dry materials. 

13 Instrument air is provided for control valve actuation. 

14 

15 for the rework operations. 

B. Compressed air, electrical power, and a hydraulic power source utility are required 

16 C. FEMP waste management operations are provided with required utilities. 

1 7  

18  7.14 Special Health and Safety Considerations 

19 

20 

21 

22 

During the "Detailed Design" phase of the project, a safety review of the process is conducted. 

This review considers all credible "what i f"  scenarios with input from people with different 

specialties such as process, mechanical, electrical, operations, maintenance, etc. The 

recommendations of this review are implemented to  ensure safety of the process. 
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11 

12 

14 
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16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

An "Ergonomic Review" of t h e  design ensures  that  t he  operation does  not cause  any undue 

strain to t h e  operators or maintenance people. A "Constructability Review" is conducted 

during t h e  detailed design phase to ensure tha t  it is safe  and practical to install t h e  equipment 

and complete all construction as per t h e  design. 

7.1 5 Special Environmental Considerations 

The design basis for this alternative ensures  protection of human health and the  environment 

during t h e  remediation of t h e  Silos 1 and 2 material by incorporating t h e  pertinent 

environmental regulatory requirements in the  system design, using t h e  principles of 

environmental ALARA. The design allows all contaminated gas,  liquid, and solid wastestreams 

generated during remediation to be collected and treated before release to ensure adequate 

protection of human health and t h e  environment. 

Air emissions from t h e  process are controlled by containment and treatment.  Since the  

treatment process does  not generate off-gas, an off-gas system is not included in the  design. 

Along with a ventilation air header sys tem on  tanks with Silos 1 and 2 material, t h e  specialized 

container fill head is used during mixing in t h e  container to ventilate air containing radon to the  

RCS tha t  uses  carbon beds for adsorption of radon. All tanks and lines with radon source 

material are totally enclosed, and the  ventilation control system uses backup redundancy for 

critical equipment. 

Building ventilation is controlled through designation of, zones on the  basis of expected 

contamination; t h e  air is either routed to t h e  RCS for radon control, or treated locally for 

particulate control using HEPA filtration before discharge. Airlocks and dampers are used to  

control air flow and confine contamination. Discrete particulate sources such  as dry feed or 

additive bins are  controlled by filtration. Particulate dusting from reworked cement  is confined 

by t h e  rework room ventilation sys tem,  and treated using HEPA filtration. HEPA filters and 

prefilters are changed using a bag-in and bag-out approach to prevent airborne release of 

contaminants.  
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In this alternative, the treatment process is a net user of water; therefore, all liquid waste 

produced during operations is recycled or used in the process. Excess liquids from the clarifier 

are recycled to the TTA for slurry retrieval. Wastewater generated during D&D is characterized 

before discharge t o  the site AWWT facility. Any wastewater requiring pretreatment is treated 

in a batch process on a case-by-case basis. 

All tank systems containing source material with free liquids are designed with secondary 

containment and leak detection. In this alternative, the mixer is also the disposal container, 

and is located over secondary containment during filling. With the possible exception of the 

diesel tank for the emergency generator, all tank systems with secondary containment are 

located under roof, which greatly minimizes the amount of excess liquids requiring 

characterization and management. 

Protection of surface waters is ensured by double containment of exterior piping that conveys 

retrieved Silos 1 and 2 material, and by segregation of the treatment process in a roofed and 

enclosed building. Areas used for processing material are protected from precipitation and 

stormwater run on and runoff. Clean and contaminated runoff is not combined. Clean runoff, 

including building roof drains and runoff from areas of fixed contamination, is discharged either 

into the stormwater collection basin, or routed t o  adjacent drainage systems. 

0 

Some secondary waste is recycled (e.g., clarifier overflow) but some process operations 

generate wastes that cannot be recycled, which requires management as radiologic, 

hazardous, or mixed waste. For example, spent HEPA filters, PPE, and maintenance wastes 

are routinely generated during operations. Process holdup wastes, and other D&D wastes that 

cannot be recycled may require additional treatm’ent before disposal. Facilities t o  

accommodate staging and characterization of wastes during operation, and later during D&D, 
are included in the design. 
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AJR HANDLER AIR W L E R  HANDLER EXHAUSTER 

PWEL P4 

WTOOOR U W N C  

I 
I 

I 
I 

- -  I 

LOAD SUMMARY: 
CONNECTED LOAD 736  LVA 
D E W 0  LOA0 405 kVA 

NOTES: 

1. REFER TO TO NOTES ON ORAWING 94X-5500-E-SK-4075 

000886 
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CONTINUE0 FROY UNlT SUBnATION 

31-SG-001 
ERWER 12 

SK-4075 

t 
31 -MC-005 

4Bw YCC 
FERMALO WASTE STABIUZATION = - - 8 0 8 0  

I L  
I 

SO A 

LOAD SUMMARY 

OEYANO Lou) so2 WA 
CONNECTED LOAD 758 WA 

77-An-001 
STAGING FAClUlY 

76-FA-005 76-FA-007 76-HE-001 76-HE-002 76-HE-00Y 76-HE-0038 76-HE-00X 76-HE-0030 76-HE-WE 76-Hf-003f 
WAREHOUSE WAREHOUSE 
UNIT HEATER UNIT HEATER OPERATOR A/C 

WAREHOUSE W*REMUSE WARE HOUSE 
HEATER UNIT HEATER UNIT HEATER 

76-An-001 76-AH-002 
WAREHOUSE OmCE UECH/EECT BLOC WELDING H O o O  UfM/fLECT BLOC UNIT HEATER WAREHOUSE O m C E  WAREHOUSE 

UHT HEATER UNIT HEATER AIR HANDLER E XWUSTE R AIR CONOlTlONER 

f - h 
6 O A  . l g  NOTFS: 

I $ 1. 1. REFER TO NOTES ON ORAWlNG 94X-5500-E-SK-4075 
I I - 1  I - 1  - I 

7 T 

3 1 2 A W  3 UNNKNANCE 80-CN-002 

UONORAIL 

77-Fx-001 77-HE-001 77-HE-00U 77-HE-WB 77-HE-00*C 77-HE-OM0 77-M-OM€ 77-HE-004F 
VENTIUTON FbN STAGING FACOJTY CONTAINER STXWG CONTNNER STAGING CONTAINER STAGING CONTAINER S T X W G  CONTNNER STAGING CONTAINER STMNC 

UNIT HEATER UNIT HEATER OPERATOR HEATER UNIT HEATER UNIT HEATER UNIT HEATER UNIT UEATCR 
, 
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700 KW GENERATOR 
48W. 30. 4w. 

0.8 P.F. 
32-EC-001 
W-4083 

3-350 KCUR / PHASE 
3- !l/O CROUNO I- 

32-%-001 

- - - - -  

I I 
I r--t -”-’ I 

I I 

n 
u 
3 1  
8R 

3-350 KCYlL / PKGE 
3- Pl/O GROUND 

TO AuTouAnc f 
TRANSFER m R C H  
32-E-001 
SK-407s 31 -MC-006 

UKN ucc 
FERNALO WASTE STABILIZATION 

- 3 350 KCUIL COPPER CONDUCTORS / PHASE 

-__-------- - - - - - - -__.----_-------- - -__ 

W/ THREE#l/O GROUND CONDUCTORS 

1 

4 
200 A I) !ii 

UUN. 30. 3. WHr. &001 BUS. 65 W C  

T 

200 A $p 
T 

- -&q - - - 1-G --T 3 12 A% 

x 1 
I 
I 
I 

J 

:--a080 

LOAD SUMMARY 
ucc SI-uc-006 

CONNECTED LOU) 570 LVA 
O E W O  LOU) 456 LVA 

GENERATOR 32-EC-001 

CONNECTED LOU) 616 LVA 
DEUPHO LOU) 329 kVA 

NOTES: 

1. THE m m m c  TRANSFER SWITCHES SENO START SIGNAL 
TO THE GENERATOR ON LOSS OF N O R M  POWER. 

2. THE GENERATOR PACKAGE INCLUDES EXERCISE PANEL 
TO RUN GENERATOR 30 UIN ONCE PER WEEK. AN0 SEND 
AURU S I G M  ON FAJL TO START. 

0008138 
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Silos 1 and 2 Design Basis and Descriptions 

40730-RP-0003 

40730-RP-0003 

Attachments 

1. Treatment Quantity Calculations for the Technologies Presented in the Revised 

Feasibility Study for Silos I and 2, Revision 0, Calculation No. 40730-CA-0006, 

dated August 20, 1999. 

2. Chemical Stabilization Treatment and TCLP Correlations with the Fernald OU4 

Silos I and 2 Material, dated August 16, 1999. 

A-1 
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1 

Attachment I 

Treatment Quantity Calculations for the Technologies Presented in the Revised 

Feasibility Study for Silos 1 and 2 

Revision 0 

Calculation No. 407370-CA-0006 

August 20, 1999 

A-2 
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FLUOR DANIEL FERNALD Date: 08rz0199 

Author 407303= 
Sheet 1 

CALCULATION 

- 8 0 8 0 Checker-c 

Treatment Quantity Calculations for Technologies Present in Fernald OU-4 Revised FS 

PURPOSE 

Number of Disposal Weight Disposal Volume 
Technology Containers (includes container, tons) (includes container. yd’) 

Chemical Stabilization - 6,078 63,637 47,652 

The purpose of this calculation is t o  determine the disposal box dimensions, the total number of 
boxes t o  dispose, and the bulking factor for the four technologies that are evaluated in the OU-4 
Revised Feasibility Study. 

Bulking Factor 

+436% 
(volume Increase) 

SUMMARY 

Cement 
Chemical Stabilization - 
Other 
Vitrification - Joule 
Heated 
Vitrification - Other 

Calculations are presented in this document that determine the quantity of  treated materials, etc., 
expected t o  be produced from the residues presently stored in Fernald Silos 1 and 2. Quantities 
were determined for each of  the four technologies being investigated in the Revised Feasibility 
Study. The technologies and the calculated disposal quantities are summaries in the following 
Table 1. 

. 

6,106 64,113 43,352 + 388% 

2,398 . 25,179 1 1,635 +31% 

2,162 22,461 16450 + 84% 

Disposal Quantities Summary 
Table 1 

The Bucking Factor is the percentage of volume increase from the residues in the silos t o  the 
packaged volume in the disposal cell. 

BASIS 

The volumes and densities of  the silo residues used in the treatment calculations are from the 
Fernald Units Waste Information Manual, dated 1995. The only exception is the dry density of 
bentonite which is listed as 74.00 Ibs/ft3. This value is a correct density for dry bentonite; 
however, the bentonite “paste” placed in the silos contains an average of 75 wt% moisture or 
25 wt% bentonite solids. Therefore, i ts effective amount of  dry bentonite per volume of bentonite 
paste placed in the silos is assumed t o  be 25% of 74.00 Ibs/ft3 or 18.5 Ibs/ft3. 

Intrinsic data (e.g., densities) of  the treated wastes come from empirical data obtained from Proof 
of  Principle Demonstrations, for  each of the technologies, using the Demonstrat‘ion Surrogates. 
Waste loading values used come from the Waste Loading Basis document presented in the Basis 
for  Design document for  the Revised FS. This report uses the empirically determined data during 
the POP Demonstrations and makes allowances (with justification given) for differences expected 
in the full-scale facilities operations not demonstrated in the demonstrations, for  example, recycle 
of treated filtrate. 

: + . , .  

e 
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FLUOR DANIEL FERNALD 
CALCULATION 

Date: 08120199 

Author 
40730-CA-0006 

0 Treatment Quantity Calculations for Technologies Present in Fernald OU-4 Revised FS 

The SEG container was used for the Vitrification - Joule Heated alternative. The other 
alternatives use custom containers that optimize the economics based on the container thickness 
needs for radiation shielding vs. container disposal weights and volumes. The necessary container 
thicknesses for radiation shielding were determined using Microshield, a specialized computer 
program for this purpose (see Appendix B). The containers are required to withstand the drop test 
defined in the DOT IP2, Type A requirements. Some metal wire-screen reinforcement was 
included to strengthen the container for the drop test. The actual amount of reinforcement would - 
be calculated during detailed design of the selected container type. 

Further basis, for the calculations, i s  contained in the Design Basis for the Revised Feasibility 
Study. Likewise, these calculations augment the Design Basis. 

REFERENCES 

Given in the Design Basis paragraphs given above. 

CALCULATIONS 

Follow. 



Transfer to TemDorarv Tanks - Common to All Technoloaies 

C 

C 

In-Situ Storaae 
8.890 cu. yd. 
14.787 Tons at 30 
wt% Moisture 
9.955 Tons Dry 

TemDorarv Storaae 

15.760 CU. yd. 
19,976 Tons at 50 wt% 
Moisture 
9.955 Tons Dry 

Bulking Factor. +77% 

Silo 1 
4,760 cu. yd. 
7.91 8 Tons 

a 
Silo 2 

4,130 cu. yd. 
6,868 Tons 

n 
\ I  

000894 
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C h e c k e r s  y 
Sheet 4 

40730-CA-0006 

a TRANSFER TANK AREA (TTA) TEMPORARY STORAGE - COMMON TO ALL 

- Silo 1 Volume Drv Densitv Drv Weiaht Drv Weiaht 
Residues 115,911 ft3 90 Ibs./ft3 10,431,990 Ibs. 5,216 tons 
Bentonite 12,609 18.50 233,267 117 tons 
Total 128,520 ft3 (or 4760 yd3) 10,665,257 Ibs. 5,333 tons 

Silo I - lnsitu Drv Weiaht % Moisture lnsitu TTA% Moisture TTA lnsitu 
Residues 5,216 30 wt% 7,451 tons 50 wt% 10,432 tons 

117 75 wt% 467 50 wt% 234 tons Bentonite 
10,666 tons Total 5,333 tons 7,918 tons 

T T A l  Volume Calculation 

Use specific gravity of sludge = 1.5 
TTAl volume = ((1 0,666 tons)(2,000 Ib/ton)}/{(l.5)(62.4 lb/ft3)(27 ft3/yd3)1} 
TTAl volume = 8,440 vd3 

Silo 2 Volume Drv Densitv Drv Weiaht Drv Weiaht 
Residues 100,413 ft3 90 Ibs./ft3 9,037,170 Ibs. 4,519 tons 
Bentonite 1 1,097 1 8.50/ft3 205,295 103 tons 
Total 111,510ft3 (or4,130yd3) 9,242,465 Ibs. 4,622 tons 0 
Silo 2 - lnsitu Drv Weiaht YO Moisture lnsitu TTA% Moisture TTA lnsitu 
Residues 4,519 tons 30 wt% 6,456 tons 50 wt% 9,038 tons 
Bentonite 103 75 wt%. 41 2 50 wt% 206 tons 
.Total 4,622 tons 6,868 tons 9,244 tons 

TTA2 Volume Calculation 

Use specific gravity of sludge = 1.5 
TJA1 volume = ((9,244 tons)(2,000 Ib/ton)}/{(l.5)(62.4 lb/ft3)(27 ft3/yd3)1} 
TTAl volume = 7,320vd’ 

Summarv 

Weight = 10,666 tons + 9,244 tons = 19,976 tons 
Volume = 8,440 yd3 + 7,320 yd3 = 15,760 vd3 
Bulking Factor = (1 5,760 vd3- 8,890 vd31 x 100% = 77.28% 

8,890 yd3 

. .  
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Date: 08120199 

C 

14.787 Tons at 30 
wt% Moisture 
9.955 Tons Dry 

c TernPoraw Storaae 
15.760 cu. yd. 
19.976 Tons at 50 wt% 
Moisture 
9.955 Tons Dry 
Bulking Factor: +77% 

. Vitrification 

Checker BSJlg 
Sheet 5 

Vitrification - Other - - 8 0 8 0  

Silo 1 
4.760 cu. yd. ' 

7.91 8 Tons 

a 
4.130 cu. yd. 
6,868 Tons 

Transferred at 10 - 30 wt% Solids 

Packaging 

Bulking Factor: +88% 

Bulking Factor: -45% 
8.689 cu. vd. 

0 O O to O 0 0  OO 

0 $ o ~ o ~ o  0 

D O 0  * 0 0 0 0  

Disposal 

Overall Bulking Factor. +84% 
(Indudes a 0.9% increase from recyde 

Process Summary 

Waste Form: Glass Cullet 
Additives: Fluxes, Stabilizers 
Specific Gravity: 2.81 
Density: 1.41 glcc 
Waste Loading: 87% 
Chemically bond water, hydroxide, etc., 
results In approximately 10 wt% additional 
loss to off-gas 

- Frit 
Packing Fraction: 50% 

a 
0 0 0  O 

Container Summaw: 

Dimensions: 
Exterior: 78' L x 66' W x 65" H (wlo 

forklift runners) 
Interior: 68" L x 56" W x 55" H 
Material: 5-In thick highdensity 

concrete with steel wire 
screen reinforcement 

Runners: 2-1Q x 4' concrete strips 
Weight: 5.60 (with forklift runners ) 

tons empty 
Other: . 90%filled 

O O O S 9 6  
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Author 

Sheet 

40730-CA-0006 

0 Vitrification - Joule Heated 

Vitrification - 90 wt% waste loading, + 10% extra losses from hydroxides, etc., with the 
in-situ solids density 2.81 4 g/cm3 (1 75.594 Ibs./ft3), 2% air pockets. 

Mass Glass = (19,910,000 Ibs. dry/0.9)(1 - 0.1) = 19,910,000 Ibs. glass 
= 1989108000 Ibs. x (1 ton/2,000 Ibs.) = 9.955 tons 

= (1 9,910,000 Ibs.)/(l75.594 Ibs./ft3) 
= 113,386 ft3 

.. 

Volume of Glass 

Assume the glass monolith has approximately 2% air pockets, therefore, 

Volume of Glass (adjusted for air pockets) = 11 3,386 ft3 + (1 13,386 f t3  x '0.02) 
= 115,655 ft3 
= [115,655 ft3 x ( 4  yd3/27 ft3)1 = 4,283 yd3 

But king Factor = 14.283 vd3 - 15,760 vd3) x 100% -72.8% 
15,760 yd3 

Pac kaai nq 

Inner Container: Monolith Transfer Container (MTC). 

MTC Weight: a .  
Steel Area = 2 x 3.33 f t  x 1.67 f t  + 2 x 2.5 ft x 3.33 ft + 1 x 1.67 ft x 2.5 f t  

= 31.95 ft2 

Volume = (1/8 inch)(ft/12 inl(31.95 ft2) = 0.333 ft3 

Weight = .(492 lbs./ft3)(0.333 ft3) = 164 Ibs. per MTC 

Weight of 4 MTCs = (4 MTCs x 164 Ibs./MTC) = 656 Ibs. 

MTC Volume = 3.33 ft x 2.5 ft x .1.67 ft = 13.9 ft3 

4 MTCs = 55.61 ft3 at  90% fill = 50.05 ft3 

Weight of Glass = (50.05 ft3/container) (2.81 4 g/cm3) (62.4 lbs./ft3/(g/cm3)) (1 - 
0.02) 

= 8,613 Ibs./container (Note: 0.02 is assumed for air pockets) 

Outer Container Empty Weight = 12,000 IbsJcontainer (SEG box with forklift runners as 
part of the box) 

a Estimatpd Total Gross Weight = 12,000 Ibs. + 8,613 Ibs. + 656 Ibs. = 21,269 Ibs. 

.' . 000897 
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40730-CA-0 06 "-8080 

VitrificationJoule Heated (Continued) 

Note: This is over the 21,000 Ibs. limit by 269 Ibs., so the glass weight is less this 
amount. 

0 
Adjusted Weight of Glass Per Container = 8,613 Ibs. - 269 Ibs. = 8,344 Ibshontainer 

Adjusted Volume of Glass .. 

per Container = (8,344 Ibs./container)/ 
U2.814 g/cm3)(62.4 Ibs./ft3/(g/cm3))1 (1-0.02) 
= 48.48 ft3/container 

MTC % Fill = 8,3441bs. x 100% = 87% Note: 90% fill is 8,613 Ibs. 
8,6131bs./0.90 

Container inner volume = 3.5 ft x 5.0 f t  x 3.5 f t  = 61.25 ft3 

Outer Container % Fill - - 48.48 ft3/61.25 ft3 x 10.0% = 79% 

Outer Container: 4 MTCs per outer container. 

Outside of SEG Container Volume = 4.5 ft x 6 ft x 4.83 ft = 131 ft3 

Volume of Glass = 48.48 ft3 (previously calculated for 4 MTCs) 

Container Bulking Factor = 11 31 ft3 - 48.48 ft31 x 100% = + 170.9% 
0 

48.48 ft3 

Number of Containers = 19,910,000 ibs./(8,344 Ibs./container) = 2,386 containers 

Disposal Volume = (2,386 containers)(l31 ft3/container) .= 31 2,566 ft3 
= 31 2,566 ft3 x (1 yd3/27 ft3) = 11,577 yd3 

Disposal Weight = (21,000 Ibs./container)(2,386 containers)/2,000 Ibs./ton 
= 25,053 tons 

Overall Bulking Factor = J11,577 vd3 - 8,890 vd3) x 100% = +30.2% 
8,890 yd3 

Rework, assumed to be 1% of total containers, 1.5 new containers made for each failed 
container. This increases the total by 0.5 (Le., 1.5 new containers - 1 failed container), 

Extra Containers = (2,386 containers)(O.Ol l(0.5 extra containers/container) 
= 12 containers 

c 000898 



VitrificationJoule Heated (Continuedl 

ImDact of Fines in TTA Recvcle Water 

No impact since the fines will be made into glass and'the extra water will be evaporated in 
the melter. 

Rework and Recvcle ImDact: 

Number of Containers = 2,398 containers 

Disposal Weight = 25,179 tons 

Disposal Volume = 11,635 yd3 

Adjusted Overall Bulking Factor = +30.9% 

% Volume = 30.9% - 30.2% = +0.7% 

000899 
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Vitrification - Other Checker-% -- 8 O 8 O 

TTA 
8,440 cu. yd. 
10,666 Tons 

Situ Storaae 0 A 9 0  cu. yd. 
14.787 Tons at 30 

' l T A  
7,320 cu. yd. 

L 9,244 Tons 

wt% Moisture 
9.955 Tons 'Dry 

Temporaw Storane 
15,760 cu. yd. 
19,976 Tons at 50 wt% 
Moisture 
9,955 Tons Dry 
Bulking Factor: +77% 

, 

Vitrification 

Bulking Factor: -45% 
8.689 cu. yd. 
10,298 Tons 0 

4.760 cu. yd. 4.130 cu. yd. 
7,918 Tons 6,868 Tons 

1 I 1 

0 . 0 0  0 m o o  
0 0 0  0 o o  

: " ~ ~ o o o o  0 

ooo * 0 0 0 0  
0 0 0  O 

Frit 
Packing Fraction: 50% 
- 

Packaging 

Bulking Factor: +88% 

Container Summary: 

Dimensions: 
Exterior: 78" L x 66" W x 65" H (wlo 

forklii runners) 
Interior. 68' L x 56" W x 55" H 
Mate?al: $In thick highdensity . 

concrete wiRh steel wire 
screen reinforcement 

Runners: 2-1 0" x 4" concrete strips 
Welght: 5.60 (with forklift runners ) 

tons empty 
Other: 90% filled 

I 
10 

01 

n 
Disposal 

Overall Bulking Factor. +84% 
(Includes a 0.9% Increase from recycle 

. .  , 
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Vitrification - Other 

Vitrification - 87 wt% waste loading, + 10% extra losses from hydroxides, etc., with the in- 
solid density 2.814 g/cm3 (1 75.594-lbs./ft3) . 
Mass Glass = 119,910,000 Ibs. dry/0.87)(1 - 0.1) = 20,596,552 Ibs. glass 

= 20,596,552 Ibs. x (1 ton/2,OOO Ibs.) = 10,298 tons glass 
_ .  

Volume of Solid Glass = (20,596,552 lbs.)/175.594 Ibs./ft3) = 1.1 7,296 ft3 

Frit has approximately 50% packing fraction, therefore, 

Volume of frit = 117,296 ft3/0.50 = 234,592 ft3 x (yd3/27 ft3) = 8,689 yd3 

Bulking Factor = (8.689 vd3 - 15,760 vd31 x 100% = -44.9% 
15,760 yd3 

Packaaing 

The SEG container is designed for high-density waste-loading glass. The bulk (effective) waste 
loading for frit is less, so using the SEG container for cullet would not be cost effective. Frit 
contains approximately 50% void space. The effective density and waste loading of the frit are: 

. 

Effective Density = (1 75.594 lbs./ft3)(0.50) = 87.797 Ibs./ ft3 
Effective Waste Loading = (0.87)(0.50) x 100 wt% = 43.5 wt% 

For economics, a concrete container with an effective wall thickness of 5 inches may be best. 
Therefore, the following are the box dimensions: . 

Box Dimensions 

Wall: 5-inch high-density concrete was calculated per a Microshield calculation (see appendix). 
Container = 5-inch high-density concrete w/wire-screen reinforcement. 

Exterior Dimensions L x W x H 
(w/o forklift runners) 

Interior Dimensions L x W x H 

= 78" x 66" x 65" 
6.5' x 5.5' x 5.417' 

68" x 56" x 55" 
5.667' x 4.667' x 4.583' 

- - 

External Volume = 
(w/forklift runners) 

6.5 ft x 5.5 ft x (5.42 ft + 0.33 f t )  = 205 ft3 x 
(1 yd3/27 ft3) = 7.609 vd3 

6.5 f t  x 5.5 f t  x 5.417 f t  = 193.7 ft3 
193.7 ft3 (1 yd3/27 ft3) = 7.174 yd3 

- External Volume - 
(w/o forklift runners) = 

Inner Volume = 5.667 ft x 4.667 f t  x 4.583 ft = 121.2 ft3 

.. 000901 
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Vitrification - Other (Continuedl 

Volume Concrete = 193.7 ft3 - 121.2 ft3 = 72.5 ft3 

Weight of high-density concrete = (72.5 ft3)(147 Ibs./ft3) = 10,658 Ibs. 
= 10,658 Ibs. x (1 ton/2,000 Ibs.) 
= 5.329 tons 

Forklift Runners: 

Runners - - 
Use two 10-in wide x 4-in high concrete runners the width of the box 

2[(10 in)( l  f t / l 2  in)l[4 in)( l  ft/l2in)l(5.5 f t l ( l47 Ibs./ft3) 
449 Ibs. - - 

Wire-Screen Reinforcement = 94 Ibs. per report 40730-ES-002 

Container Weight = 10,658 Ibs. + 449 Ibs. + 94 Ibs. = 11,201 Ibs. 
= 5.60 tons 

90% fill = 0;90(121.2 ft3) = 109.08 ft3 = (109.08 ft3)(87.797 Ibs./ft3) 
= 9,577 Ibs. 

Container Gross Weight = 11,201 Ibs. + 9,577 = 20,778 Ibs. = 10.389 tons (This is below 
the 21,000 Ib. limit.) 

biswsal 

Number of Containers = 20,596,522 lbs./(9,577 Ibs./container) = 2,15 1 containers 

Disposal Weight = (1 0.389 tons/container)(2,151 containers) = 22,347 tons 

Disposal Volume = (2,151 containers)(7.609 yd3) = 16,367 yd3 

Container Bulking Factor = 16,367 vd3 - 8,689 vd3 x 100% = +88.4% 
8,689 yd3 

Overall Bulking Factor = 16,367 vd3 - 8,890 vd3 x 100% = +84.1% 
8,890 yd3 

000902 
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Vitrification-Other (Continuedl 

Rework, assumed to be 1 % of total containers, 1.5 new containers made for each failed 
container. This increases the total by 0.5 (i.e., 1.5 new containers - 1 failed container). 

Extra Containers = (2,15 1 containers)(O.Ol l(0.5 extra containers/container) 
= 11  containers 

Number of Containers 
Disposal Weight = 22,461 tons 
Disposal Volume = 16,450 yd3 
Adjusted Overall Bulking Factor 
% Increase = 85.0% - 84.1% = +0.9% 

= 2,162 containers 

= + 85.0% 
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@"-Situ Storacle 
8.890 cu. yd. 
14,787 Tons at 30 wt% 
Moisture ' 

9.955 Tons Dry 

Temporaw Storaae 

15,760 cu. yd. 
19,976 Tons at 50 wt% 
Moisture 
9,955 Tons Dry 

Bulking Factor: +77% 

Chemical Stabilization 

Bulking Factor: +73% 
27.254 tu. yd. 

Author 2- 
=- 8 0 8 0 z::?r-iF'L, Chemical Stabilization - Cement 

Silo 1 
4,760 cu. yd. 
7.918Tons . 

Silo 2 
4,130 cu. yd. 
6,868 Tons 

c I 

- - 
TTA TTA - 

8,440 cu. yd. 7,320 cu. yd. 
10,666 Tons 9,244 Tons 

Packaninq 

Bulking Factor: +70% 

Disposal 

Overall Bulking Factor: +436% 
(Indudes a 4 6 %  increase from 

Transferred at 10 - 30 wt% Solids 
Process Summaw: 

Waste Form: Semiflowable Grout 
Additives: Cement, Calcium Hydroxide, 
Phosphate, Iron Sulfate 
Density: 1.52 glcc 
Waste Loading: 30 wt% 
Secondary Waste: Filter Press Liquid, 
high Lead and Selenium 

a 

a 

Waste Form Contains 
5% Honeycombing, 
Airpockets 

Container Summary: 

Dimensions: 
Exterior: 78' L x 6 7  W x 66" H wlo forklift 

runners 
Interior: 70" L x 59" W x 58" H 
Material: 4' highdensity concrete with 

wirescreen reinforcement 
Runners: 2-10' x 4" concrete strips 
Weight: 4.59 tons empty, 90% fill by 

volume 
Other: 25 pounds plastic, 100 pounds 

absorbent, 50 pounds metal-foil 
liner for radon control 

. .  & A- 

.. 
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Date: 08/20/99 
40730-CA-0006 
Author 
C h e c k e v  
Sheet 1 

. Chemical Stabilization - Cement 

Chemical Stabilization - 30 wt% waste loading, density 1.52 g/cm3 (94.7 Ibs./ft3), 5% air 
pockets/honey combing 

Weight Concrete = (9,955 tons dry waste) (2,000 Ibs./ton)/0.30 Ib. waste 
= 66,366,666 Ibs. = 33,183 tons 

Volume Concrete = (66,366,666 lbs.)/(94.7 Ibs./ft3) = 700,810 ft3 

Cement-based stabilized monolith has 5% air pockets, therefore, 

Volume of Concrete 
(adjusted for air pockets) = 700,810 ft3 + (700,810 ft3x 0.05) 

= 735,850 ft3 = 735,850 ft3/(27 ft3/yd3) 
= 27,254yd3 

Bulking Factor = 127.254 vd3 - 15,760 vd31 x 100% = +72.9% 
15,760 yd3 

Packaainq 

Container = 4"-inch high-density concrete w/wire-screen reinforcement 

Exterior Dimensions L x W x H = 78" x 67" x 66" 
6.5' x 5.583' x 5.5' . 

Interior Dimensions L x W x H - - 70" x 59" x 58" 
5.833' x 4.917' x 4.833' 

External Volume 
(with forklift runners) 

= (6.5 ft)(5.583 fN5.5 ft + 4 in/(l2 in/ft)l 
21 1.7 ft3 x 1 yd3/27 ft3 = 7.840 yd3 

External Volume 
(w/o forklift runners) 

= 6.5 ft x 5.583 ft x 5.5 ft = 199.6 f t3  
= 199.6 ft3 (1 yd3/27 ft3) = 7.392 yd3 

Internal Volume = 5.833 ft x 4.917 ft x 4.833 ft 
= 138.6 x (1 yd/27 ft3 = 5.134 yd3 

Volume of High-Density Concrete = 199.6 ft3 - 138.6 ft3 = 61 .OO ft3 

Weight of High Density Concrete = 61 .OO ft3 x (147 Ibs./ft3) = 8,967 Ibs. 

Forklift Runners: Use two 10-in wide x 4-in high concrete runners the width of the box 

Weight Runners: 2[(10 in)(l  f t / l2 in)J[(4 in)(? ft/l2 W(5.583 ft)(l47 Ibs./ft3) 
= 456 Ibs. 
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40730-CA4006 
Author 

Sheet 
- 8 0 8 0  

Chemical Stabilization - Cement (Continued) 

Wire-Screen Reinforcement = 94 Ibs. per report 40730-ES-002 

Container Weight = 8,967 Ibs. + 4 5 6  Ibs. + 94 Ibs. = 9,517 Ibs. 

0 
Assume: absorbent = 100 Ibs., plastics = 25  Ibs., metal-foil liner for  radon 

control = 5 0  Ibs. _ .  

Container weight adjusted = 9,517 Ibs. + 1 0 0  Ibs. + 25  Ibs. + 5 0  Ibs. = 9,692 Ibs. .or 
4.846 tons 

9 0 %  fill = 138.6 ft3 (0.90) = 124.7 ft3 

DisDosai 

Number of Containers = (735,850 f t3 / l  24.7 ft3) = 5,901 containers 

Gross Container Weight = (33,183 'tons/5,901) + 4.846 tons = 10.47 tons 
= 10.47 tons x (2,000 Ibs./ton) = 20,940 Ibs. 
This is below the 21,000 Ib. container limit. 

' 

Disposal Weight = (1 0.47 tons/container)(5,901 containers) = 61,783 tons 

Disposal Volume = (7.84 yd3/Container)(5,901 containers) = 46,264 vd3 

Container Bulking Factor = 

0 
1- x 1 0 0 %  = +69.8% 

27,254 yd3 

Overall Bulking Factor = 146,264 vd3 - 8,890 vd31 x 100% = +420.4% 
8,890 yd3 

Rework, 1 % of total container, 3 new containers made for each failed container. This 
increases the total by 2 (i.e., 3 new containers - 1 failed container). 

Extra containers = (5,901 containers)(0.01)(2 extra rework containers/failed 

= 118 extra containers 
container) 

ImDact of  Filtrate Treatment and Recvcle 

Treatment of lead in filtrate and recycle add 1 % of total containers. This equates t o  59 
containers. * .  

Rework a.nd Recvcle ImDact e Number of containers = 5,901 + 118 + 5 9  = 6,078 containers 
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Sheet 

Chemical Stabilization - Cement (Continuedl 

Disposal Weight = (6,078 containers)( 10.47 tons/container) = 63,637 tons 

Disposal Volume = (6,078 containers)(7.84 yd3/container) = 47,652 yd3 

Overall Bulking = 147,652 vd3 - 8.89O/vd31 x 100% = +436.0% 
8,890 yd3 

% increase = 436.0% - 420.4% = + 15.6% 

. .  000907 



8.890 cu. yd. 
14.787 Tons at 30 wt% 
Moisture . 
9,955 Tons Dry 

Temporary Storacle 

15.760 cu. yd. 
19.976 Tons at 50 wt% 
Moisture 
9,955 Tons Dry 

Bulking Factor. +77% 

Chemical Stabilization 

Bulking Factor: +90% 
29.895 cu. vd. 

Packaging 

Bulking Factor. +35% 

Disposal 

.. 

Date: 08120199 

Author 
40730-CA-0006 

Chemical Stabilization - Other 
- 8 O 8 0 Sheet 

Silo 1 
4,760 cu. yd. 
7,918 Tons 

Silo 2 
4,130 cu. yd. 
6.866 Tons 

I I a 
TTA 

8.440 cu. yd. 
10,666 Tons 

TTA 
7,320 cu. yd. 
9.244 Tons 

Transferred at 10 - 30 wt% Solids Process Summary: 

Waste Form: In-container Mixing 
Additives: Cement, Flyash, Phosphate 
Density 1.68 glcc 
24 wt% Waste Loading 
Decant Recycle and Treatment 

t?j 0 

0 
0 

0 

n 

Waste Form ' 

Contains 2% Air Pockets 

Overall Bulking Factor: +388% 
(Indudes a +32% increase from 
?cyde and rewok) 

, .  

I - -  f t f  <,(.: .. \ . . f : f  

'Container Summary: 

Material: 34-inch steel plate 
plastic lined 

Dmension:7Mnch diameter, 
67.5 inches tall (excludes 1 .Wn . 
lid and 4-in forklift runners) 

Weight: 2.68 tons empty 
0.5 tons intemals. etc. 

Other: 100 pounds absorbent, 
85% fill by volume 



Date: 08/20/99 
40730-CA-0006 

Sheet 1 

0 . Chemical Stabilization - Other 

Chemical Stabilization - 24 wt% waste loading, density 1.68 g/cm3, 2% air pockets 

Weight Concrete = (9,955 tons)(2,000 lbS./ton)/0.24 = 82,958,333 Ibs. of 
concrete = 41,479 tons 

Volume Concrete = (82,958,333 IbsM(l.68 g/cm3)(62.4 lbs./ft3/(g/cm3)1 
= 791,345 ft3 

Chemical-stabilized monolith has 2% air pockets, therefore, 

Volume of Concrete 
(adjusted for air pockets) = 791,345 ft3 + (791,386 f t3x 0.02) 

= 807,172 ft3 
= 807,172 ft3/(27 ft3/yd3) 
= 29,895 yd3 

Bulking Factor = J29.895 vd3 - 15,760 vd31 x 100% = +89.7% 
15,760 yd3 

Packaaing 

Container Weight and Volumes (76-in diameter, %-in thick, 67.5 in height, or 6.33-ft 
diameter, 0.0625-ft thick, 5.625 f t  height) 

Volume Shell = x (76/12 ft)(0.75/12 ft)(67.5/12 ft) + 2x/4 (76/12 ft)’(0.75/12 ft) = 
10.94 ft3 

Weight = (492 Ibs./ ft3)(10.94 ft3) = 5,380 Ibs. x (1 ton/2,000 Ibs.) 
= 2.690 tons 

Metal internal mixing assembly and extra parts (i.e., lid) = 1.5 ft3 

Weight = (1.5 ft3)(492 Ibs./ft3) = 738 Ibs. 

Forklift Runners: Use 4 in I-beam, 11.5 IbsJft length. Assume 2-5.5ft pieces and 2- 
3ft  pieces are used. 

Runner Weight = (5.5 + 5.5 + 3 +3)ft (1 1.5 IbsJft) = 196 Ibs. 

Interior Plastic Coating for Corrosion Control = 50 Ibs. 

Total Weight = 5,380 Ibs. + 738 Ibs. + 196 Ibs. +50  Ibs. = 6,364 Ibs. 
x (1 ton/2,000 Ibs.) = 3.182 tons (Note: 2.68 tons + -0.5 tons 
internal parts, etc.) 
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Chemical Stabilization - Other (Continued) 

Total Weight (with absorbent) =6,364 Ibs. + 100 Ibs. 
= 6,464 Ibs. x (1 ton/2,000 Ibs.) = 3.230 tons 

Internal Volume = (x/4)[[76 - (2 x 0.75)1/1 212 (66/12)1 = 166.5 ft3 

External Volume = (x/4)(76/1 212 ((67.5 + 1.5 + 41/12]. 
= 191.6 ft3 x (1 yd3/27 ft3) = 7.10 yd3 (includes 1.5 inch high lid 
and 4-in forklift runners) 

Amount of Concrete = 21,000 Ibs. Limit - 6,464 Ibs. = 14,536 Ibs. concrete/container 

Volume Concrete = 14,536 IbsA(l.68 g/cm3)(1 - 0.02) 
(62.4 Ibs./ft3)/(g/cm3)1 [Note 0.02 is for air pockets] = 141.49. 
ft3 

% fill = (141.49 ft3/166.5 ft3) x 100% = 85% 

Gross Weight of Container = 14,536 Ibs. + 6,464 Ibs. = 21,000 Ibs. 
10.5 tons - - 

Number of Containers = 82,958,333 Ibs. of concrete/(l4,536 Ibs. concrete/ 
container) = 5,707 containers 

Disposal Weight = (1 0.5 tons/container)(5,707 containers) = 59,924 tons 

Disposal Volume = (1 9 1.6 ft3/container)(5,7.07 containers)/(27 ft3/yd3) 
= 40,499 vd3 

Container Bulking Factor = 140.499 vd3 - 29,895 vd31 x 100% = +35.5% 
29,895 yd3 

Overall Bulking Factor = 140.499 vd3 - 8,890 vd31 x 100% = +355.6% 
8,890 yd3 

Rework, 1 % of total container, 3 new containers made for each failed container. This 
increases the total by 2 (Le., 3 new containers - 1 failed container). 

Extra containers = (5,707 containers)(O.Ol)(Z extra containers/container) 
= 114 extra containers 
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40730-CA-0006 

Chemical Stabilization - Other (Continued) 

Impact of Fines in TTA Recvcle Water 

Fines'from the decanting operation are recycled back to the TTA. These fines can buildup 
with time and eventually become a significant part of the feed. This can affect the 
production of the grout. 

Assume last 5 %  of the feed makes '/2 the expected waste loading in the concrete. 

Extra containers = (5,707 containers)(0.05)(1 extra container/container) 
= 285 containers 

Rework and Recvcle ImDact 

Number of containers = 6,106 containers 
Disposal weight = 64,113 tons 
Disposal volume = 43,352 yd3 
Adjusted overall bulking factor = +387.6 
% increase = 387.6% - 355.6% = +32.0% 
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Appendix A 

Microshield Runs to Determination Container Thickness 

Contains Runs for the following technologies: 

I. Chemical Stabilization - Cement 

2. Chemical Stabilization - Other 

3. Vitrification - Other 

Note: The Vitrification - Joule Heated Technology uses the Scientific Ecology Group (SEG), Inc. container. 
The thickness determinations for the SEG container were calculated separately with the SEG container. 

design and appears in the report for this effort, entitle, 'Enduropak SIFCON Concrete Packaging for OU4 
Vitrified Material. 
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Microshield v 5 . 0 1  (5.01-00093) 
Fluor Daniel Fernald 

Page : 1  -- %kQ&Qf: 
Date: 

By : Date: June 11, 1999 
Time: 1:44:18 PM Checked : 

File: BIGBOX.MS5 - - a 0 8 0  

Duration: 00:07:41 

' Case Title: 30% waste loading 
Description: 78" x 67" x 66"  Concrete Box - 4"  wall 

Geometry: 13 - Rectangular Volume 
Source Dimensions 

Length 149.86 cm 4 ft 11.0 in 
Width 177.8 cm 5 ft 10.0 in 
Height 147.32 cm 4 ft 10.0 in 

Y 

S 

Nuclide 
Ac-227 
Ac-228 
Bi-210 
Bi-211 
Bi-212 
Bi-214 
Pa-231 
Pa-234 
Pa-234m 
Pb-210 
Pb-211 
Pb-212 
Pb-214 
Po-210 
Po-212 
PO-214 
PO-215 

e 
PO-216 
PO-218 

Dose Point 

# 1 161.02 cm 73-66 
5 ft 3.4 in2 ft 5 . 0  

# 2 190.02 cm 73.66 
6 ft 2.8 in2 ft 5 . 0  

# 3 260.02 cm 73.66 
8 ft 6.4 in2 ft 5 . 0  

X Y 

8 

360.02 cm 73.66 
11 ft 9.7 in2 ft 5.0 -------x# 

Shields 

cm 
in 
cm 
in 
cm 
in 
cm 
in 

z 
88.9 cm 

2 ft 11.0 in 
88.9 cm 

2 ft 11.0 in 
88.9 cm 

2 ft 11.0 in 
88.9 cm 

2 ft 11.0 in 

Shield Name Dimension MaterialDensitv 
Source 3.93e+06 cm3 Concrete 1.45 
Shield 1 10.16 cm Concrete 2.35 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
curies becuuerels pCi/cm3 Ba/cm3 

1.4378e-002 5.3199e+008 3.6629e-003 1.3553e+002 
2.0378e-003 7.5400e+007 5.1914e-004 1.9208e+001 
3.7756e-001 1.3970e+010 9.6186e-002 3.5589e+003 
1.4378e-002 5.3199e+008 3.6629e-003 1.3553e+002 
4.3021e-003 1.5918e+008 1.0960e-003 4.0551e+001 
8.9155e-001 3.2987e+010 2.2713e-001 8.4037e+003 

1.2453e-003 
3.7756e-001 
1.4378e-002 
4.3021e-003 
8.9155e-001 
5.2519e-001 
4.3021e-003 
8.9155e-001 
1.4378e-002 
4.3021e-003 
8.9155e-001. 

3.1726e-004 1.1738e+001 
9.6186e-002 3.5589e+003 
3.6629e-003 1.3553e+002 
1.0960e-003 4.0551e+001 
2.2713e-001 8.4037e+003 
1.3380e-001 4.9504e+003 
1.0960e-003 4.0551e+001 
2.2713e-001 8.4037e+003 
3.6629e-003 1.3553e+002 
1.0960e-003 4.0551e+001 
2.2713e-001 8.4037e+003 
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Page - 
DOS File: 
Run Date: 
Run Time: 
Dl-ation : 

Enemy - MeV 

0.015 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
:.0 

TOTALS : 

2 
BIGBOX.MS5 
June 11, 1999 
1:44:18 PM 
00: 07:41 

Nuclide 
Ra-223 
Ra-224 
Ra-226 
Ra-228 
Rn-219 
Rn-220 
Rn-222 
Th-227 
Th-228 
Th-230 
Th-231 
Th-232 
Th-234 
T1-207 
T1-208 
U-234 
U-235 
U-238 

curies 
1.4378e-002 
4.3021e-003 
8.9155e-001 
2.0378e-003 
1.4378e-002 
4.3021e-003 
8.9155e-001 
1.4378e-002 
4.3021e-003 
1.2884e-001 
1.1321e-004 
2.0378e-003 
1.2453e-003 
1.4378e-002 
4.3021e-003 
1.6982e-003 
2.2643e-004 
1.2453e-003 

pCi/cm3 
3.6629e-003 
1.0960e-003 
2;2713e-001 
5.1914e-004 
3.6629e-003 
1.0960e-003 

3.6629e-003 
1.0960e-003 
3.2821e-002 
2.8841e-005 
5.1914e-004 
3.1726e-004 
3.6629e-003 
1.0960e-003 
4.3262e-004 
5.7683e-005 
3.1726e-004 

2.27136-001 

Buildup 
The material reference is : Source 

Integration Parameters 
x 'Direction ' 10 
Y Direction 20 
Z Direction 20 

Results - Dose Point # 1 - (161.02,73.66,88.9) cm 
Act ivi tv 

photons/sec 

2.006e+05 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
2.609e-99 
3.736e-45 
3.746e-17 
1.130e-09 
1.738e-04 
6.890e-05 
3.589e-01 
2.157e-02 
3.994e-02 
5.699e+00 
3.215e+01 
1.217e+02 
1.069e+01 
4.326e+02 
1.787e+02 
1.017e+03 
1.679e+03 
4.648e+03 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
3: 100e-28 
2.587e-27 
7.321e-17 
3.451e-09. 
8.134e-04 
4.597e-04 
3.715e+00 
2.854e-01 
6.210e-01 
8.501e+01 
3.921e+02 
1.220et03 
9.043et01 
3.174e+03 
1.051e+03 
5.064e+03 
6.333e+03 
1.484e+04 

ExDosure Rate 
mR/hr 

No Buildup 
2.238e-100 
1.294e-46 
3.712e-19 
4.996e-12 
4.630e-07 
1.368e-07 
5.679e-04 
3.299e-05 
6.577e-05 

6.098e-02 
2.371e-01 

8.445e-01 
3.398e-01 
1.875e+00 ' 
2.826e+00 
7.188e+00 

1.006e-02 

2.098e-02 

Exposure Rate 
mR/hr 

With Buildux, 
2.659e-29 
8.962e-29 
7.255e-19 
1.526e-11 
2.167e-06 
9.131e-07 
5.879e-03 
4.366e-04 
1..023e-03 
1.500e-01 
7.439e-01 
2.376e+00 
1.775e-01 
6.195e+00 
1.998e+00 
9.334e+00 
1.066e+01 
2.295e+Ol 

1.589e+08 2.052e+02 5.315e+02 2.784e-01 7.210 

7.828e+10 8.332e+03 3.279e+04 1.368e+01 5.531 

Results - Dose Point # 2 - (190.02,73.66,88.9) cm' 
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Page : 3  
DOS File: BIGBOX.MS5 
Run Date,: June 11, 1999 
Run Time: 1:44:18 PM 
Diiration: 00:07:41 

- -  8 0 8 0  

0.015 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 

Activity 
photons/sec 

Fluence Rate 
MeV/cmz/sec 
No Buildur, 
1.692e-99 
2.682e-45 
3.880e-17 
1.142e-09 
1.726e-04 
6.828e-05 
3.558e-01 
2.138e-02 
3.953e-02 
5.630e+00 
3.162e+01 
1.191e+02 
1.041e+01 
4.189e+02 
1.710e+02 
9.621e+02 
1.544e+03 
4.165e+03 
1.764e+02 

Fluence Rate 
MeV/cmz/sec 
With Buildup 
1.764e-28 
1.472e-27 
7.586e-17 
3.485e-09 
8.072e-04 
4.558e-04 
3.686e+00 
2.828e-01 
6.118e-01 
8.322e+01 
3.793e+02 
1.166e+03 
8.558e+01 
2.973e+03 
9.659e+02 
4.576e+03 
5.509e+03 
1.252e+04 
4.291e+02 

Exposure Rate 
mR/hr 

No Buildur, 
1.451e-100 
9.290e-47 
3.845e-19 
5.051e-12 

"4.597e-07 
1.356e-07 
5.630e-04 
3.271e-05 
6.510e-05 
9.936e-03 
5.999e-02 
2.321e-01 
2.043e-02 
8.177e-01 
3.253e-01 
1.774e+00 
2.598e+00 
6.440e+00 
2.393e-01 

Emosure Rate 
mR/hr 

With Buildup 
1.513e-29 
5.100e-29 
7.518e-19 
1.541e-11 
2.150e-06 
9.053e-07 
5.833e-03 
4.326e-04 
1.008e-03 
1.469e-01 
7.195e-01 
2.273e+00 
1.680e-01 
5.804e+00 
1.837e+00 
8.435e+00 
9.268e+00 
1.936e+01 
5.821e-01 

TOTALS: 7.828e+10 7.604e+03 2.869e+04 1.252e+01 4.860e+01 

- MeV 

0.015 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 

TOTALS : 

0.015 

Results - Dose Point # 3 - (260.02,73.66,88.9) cm 
Activi tv 

photons/sec 
Fluence Rate 
MeV/cmz/sec 
No Buildub 
1.554e-99 
2.506e-45 
3.769e-17 
1.101e-09 
1.596e-04 
5.999e-05 
2.886e-01 
1.652e-02 
2.864e-02 
3.925e+00 
2.090e+01 
7.563e+01 
6.394e+00 
2.504e+02 
9.774e+01 
5.307e+02 
7.985e+02 
2.065e+03 
8.305e+01 

Fluence Rate 
MeV/cmz/sec 
With Buildup 
6.907e-29 
5.765e-28 
7.371e-17 
3.357e-09 
7.419e-04 
3.938e-04 
2.870e+00 . 
2.049e-01 
4.015e-01 
5.160e+01 
2.196e+02 
6.471e+02 
4.597e+01 
1.558e+03 
4.872e+02 
2.245e+03 
2.575e+03 
5.677e+03 
1.881e+02 

Emosure Rate 
mR/hr 

No Buildur, 
1.333e-100 
8.679e-47 
3.736e-19 
4.869e-12 
4.251e-07 
1.192e-07 
4.568e-04 
2.527e-05 
4.716e-05 
6.928e-03 
3.964e-02 
1.474e-01 
1.255e-02 
4.887e-01 
1.859e-01 
9.782e-01 
1.343e+00 
3.193e+00 
1.127e-01 ' 

Exposure Rate 
mR/hr 

With Buildup 
5.924e-30 
1.997e-29 
7.305e-19 
1.485e-11 
1.976e-06 
7.822e-07 
4.541e-03 
3.135e-04 
6.611e-04 
9.107e-02 
4.166e-01 
1.261e+00 
9.024e-02 
3.041e+00 
9.267e-01 
4.137e+00 
4.333e+00 
8.779e+00 
2.552e-01 

7.828e+10 3.932e+03 1.370e+04 6.509e+00 2.334e+01 

Results - Dose Point # 4 - (360.02,73.66,88.9) cm 
Act ivi tv Fluence Rate Fluence Rate Emosure Rate Emosure Rate 

No ,Buildup with BuilduD No Buildur, With Buildup 
2.006e+05 1.289e-99 2.895e-29 1.106e-100 2.483e-30 

photons/sec MeV/cmz/sec MeV/cm2/sec mR/hr mR/hr 
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Page : 4  
DOS File: BIGBOX.MS5 
Run Date: June 11, 1999 
Run Time: 1:44:18 PM 
P---?tion : 00 : 07 : 41 

0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 

Act ivi tv 
photons/sec 

Fluence Rate 
MeV/cm2/sec 
No Buildur, 
2.290e-45 
3.346e-17 
8.098e-10 
9.953e-05 
3.378e-05 
1.472e-01 
8.064e-03 
1.335e-02 
1.789e+00 
9.264e+00 
3.293e+01 
2.747e+00 
1.065e+02 
4.093e+01 
2.198e+02 
3.252e+02 
8.332e+02 
3.322e+01 

TOTALS: 7.828e+10 1.606e+03 

Fluence Rate 
MeV/cm2 /sec 
With Buildup 
2.416e-28 
6.538e-17 
2.453e-09 
4.549e-04 
2.158e-04 
1.404e+00 
9.513e-02 . 

1.762e-01 
2.209e+01 
9.170e+01 
2.667e+02 
1.879e+01 
6.328e+02 
1.962e+02 
8.993e+02 
1.025e+03 
2.251e+03 
7.445e+01 

5.480e+03 

ExDosure Rate 
mR/hr 

No Buildur, 
7.934e-47 
3.316e-19 
3.582e-12 
2.651e-07 
'6.709e-08 
2.329e-04 
1.234e-05 
2.199e-05 
3.157e-03 
1.757e-02 
6.416e-02 
5.393e-03 
2.078e-01 
7.785e-02 
4.052e-01 
5.472e-01 
1.289e+00 
4.507e-02 

With Buildur, 
8.370e-30 

1.085e-11 
1.212e-06 
4.287e-07 
2.222e-03 
1.455e-04 
2.902e-04 
3.899e-02 
1.739e-01 
5.196e-01 
3.688e-02 
1.235e+00 
3.732e-01 
1.658e+00 
1.724e+00 
3.481e+00 
1.010e-01 

6.479e-19 
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Microshield v5.01 (5.01-00093) -- 8 0 6 0 
Fluor Daniel Fernald 

Page : 1  File Ref: 
Dee File: CNS2.MS5 Date: 

3ate: February 23, 1999 By : * Time: 10:41:11 AM Checked : 
Duration: 00:00:20 

Case Title: Chem Nuclear Cask 
Description: Contact Dose at 1 cm with 3/4” wall 

Geometry: 7 - Cylinder Volume - Side Shields 
Source Dimens ions 

Height 149.86 cm 4 ft 11.0 in 
Radius 95.25 cm 3 ft 1.5 in 

Dose Points 
X Y z 

# I  98.155 cm 74.9808 cm 0 cm 
3 ft 2.6 in ’ 2 ft 5.5 in 0.0 in 

Shields 
Shield Name Dimension MaterialDensitv 
Source 4.27e+06 cm3 Concrete1.68 
Transition Air 0.00122 
Air Gap Air 0.00122 
Wall Clad 1.905 cm Iron 7.86 
Top C l a d  1.905 cm Iron 7.86 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
Nuclide curies becuuerel s @./cm3 
Ac-227 1.4000e-002 5.1800e+008 3.2776e-003 1.2127e+002 
Ac-228 2.0000e-003 7.4000e+007 4.6824e-004 1.7325e+001 
Bi-210 3.6000e-001 1.3320e+010 8.4282e-002 3.1184e+003 
Bi-211 1.4000e-002 5.1800e+008 3.2776e-003 1.2127e+002 
Bi-212 4.1000e-003 1.5170e+008 9.5988e-004 3.5516e+001 
Bi-214 8.6000e-001 3.1820e+010 2.0134e-001 7.4496e+003 
Fr-223 
Pa-234 1.8000e-006 6.6600e+004 4.2141e-007 1.5592e-002 
Pa-234111 1.2000e-003 4.4400e+007 2.8094e-004 1.0395e+001 
Pb-210 3.6000e-001 1.3320e+010 8.4282e-002 3.1184e+003 
Pb-211 1.4000e-002 5.1800e+008 3.2776e-003 1.2127e+002 
Pb-212 4.1000e-003 1.5170e+008 9.5988e-004 3.5516e+001 
Pb-214 8.6000e-001 3.1820e+010 2.0134e-001 7.4496e+003 
Po-210 5.1000e-001 1.8870e+010 1.1940e-001 4.4178e+003 
Po-211 
Po-212 4.1000e-003 1.5170e+008 9.5988e-004 3.5516e+001 
Po-214 8.6000e-001 3.1820e+010 2.0134e-001 7.4496e+003 
PO-215 1.4000e-002 5.1800e+008 3.2776e-003 1.2127e+002 
Po-216 4.1000e-003 1.5170e+008 9.5988e-004 3.5516e+001 
PO-218 8.6000e-001 3.1820e+010 2.0134e-001 7.4496e+003 
Ra-223 1.4000e-002 5.1800e+008 3.2776e-003 1.2127e+002 
Ra-224 4.1000e-003 1.5170e+008 9.5988e-004 3.5516e+001 
Ra-226.* 8.6000e-001 3.1820e+010 2.0134e-001 7.4496e+003 
Ra-228 ‘p~2.0000e-003 7.4000e+007 4.6824e-004 1.7325e+001 

Ba/cm3 



Page : 2  
DOS File: CNS2.MS5 
Run Date: February 
Run Time: 10:41:11 
Diivation: 00:00:20 

Nuclide 
Rn-219 
Rn-220 
Rn-222 
Th-227 
Th-228 
Th-230 
Th-231 
Th-232 
Th-234 
T1-207 
T1-208 
U-234 
U-235 
U-238 

0.015 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 

23, 1999 
AM 

curies 
1.4000e-002 
4.1000e-003 
8.6000e-001 
1.4000e-002 
4.1000e-003 
1.2000e-001 
9.7000e-005 
2.0000e-003 
1.2000e-003 
1.4000e-002 
4.1000e-003 
1'.7000e-003 
1.7000e-004 
1.2000e-003 

becauerel s 
5.1800e+008 
1.5170e+008 
3.1820e+010 
5.1800e+008 
1.5170e+008 
4.4400e+009 
3.5890e+006 
7.4000e+007 
4.4400e+007 
5.1800e+008 
1.5170e+008 
6.2900e+007 
6.2900e+006 
4.4400e+007 

yCi/cmS 
3.2776e-003 
9.5988e-004 
2.0134e-001 
3.2776e-003 
9.5988e-004 
2.8094e-002 

4.6824e-004 
2.8094e-004 
3.2776e-003 
9.5988e-004 
3.9800e-004 
3.9800e-005 
2.8094e-004 

2.2709e-005 

Buildup 
The material reference is : Source 

Integration Parameters 
Ra'dial 
Circumferential 
Y Direction (axial) 

A c t  ivi tv  
photons/sec 

Fluence Rate 
MeV/cmz/sec 
No Buildup 
O.OOOe+OO 

' 1.893e-220 
5.582e-72 
1.419e-33 
5.911e-17 
3.738e-12 
3.601e-04 
7.533e-04 
2.118e-02 
6.032e+00 
4.834e+01 
1.964e+02 
1.744e+01 
7.015e+02 
2.820e+02 
1.556e+03 
2.385e+03 
6.164e+03 
2.417e+02 

Results 
Fluence Rate 
MeV/cmz/sec 
With Buildup 
3.158e-28 
2.648e-27 
5.900e-27 
4.llle-26 
5.600e-16 
5.881e-11 
8.133e-03 
1.851e-02 
4 .371er01 
1.013e+02 
5.789e+02 
1.837e+03 
1.343e+02 
4.619e+03 
1.468e+03 
6.834e+03 
7.963e+03 
1.765e+04 
5.765e+02 

10 
10 
20 

Emosure Rate 
mR/hr 

No Buildup 
O.OOOe+OO 
6.557e-222 
5.532e-74 
6.274e-36 
1.575e-19 
7.425e-15 
5.699e-07 
1.152e-06 
3.488e-05 
1.065e-02 
9.170e-02 
3.826e-01 
3..423e-02 
1.369e+00 
5.364e-01 
2.869e+00 
4.012e+00 
9.533e+00 
3.280e-01 

2.708e-29 
9.173e-29 
5.848e-29 
1.818e-28 
1.492e-18 
1.168e-13 
1.287e-05 
2.832e-05 
7.199e-04 
1.787e-01 
I. 098e+00 
3.580e+00 
2.636e-01 
9.016e+00 
2.793e+00 
1.260e+01 
1.340e+01 
2.729e+01 
7.822e-01 

TOTALS : 7.550e+10 1.160e+04 4.176e+04 1.917e+01 7.100e+01 



Microshield v5.01 (5.01-00093) 
Fluor Daniel Fernald 

Page : 1  
DCIQ File : BIGVBOX .MS5 m Time: 3:32:33 PM 
Duration: 00:02:04 

.- 3ate: June 11, 1999 

File Ref: 
~ - Date : 

BY: 
Checked : 

0 8 0  

Case Title: Vit Other 
Description: Frit Waste Form - 5" concrete 

Geometry: 13 - Rectangular Volume 
Y 

Nuclide 
AC-227 
AC-228 
Bi-210 
Bi-211 
Bi-212 

Pa-231 
Pa-234 
Pa-234m 

Bi-214 

Pb-210 
Pb-211 
Pb-212 
Pb-214 
Po-210 
Po-212 
PO-214 
PO-215 
Po-216 
PO-218 
Ra-223 
Ra-224 
Ra-226 
Ra-228 
Rn-219 
Rn-220 

Source Dimensions 
Length 142.24 cm 4 ft 8.0 in 
Width 172.72 cm 5 ft 8.0 in 
Height 139.7 cm 4 ft 7.0 in 

Dose Points 
X Y Z 

# 1 155794 cm 69T85 cm 86.36 cm 
5 ft 1.4 in 2 ft 3.5 in 2 ft 10.0 in 

Shields 
Shield Name Dimension Material Densitv 
Source 3.43e+06 cmVortec friU.402 
Shield 1 12.7 cm Concrete 2.35 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons 0.015 : Excluded 

curies 
3.2096e-002 
4.6158e-003 
8.4447e-001 
3.2096e-002 
9.5536e-003 
1.9940e+000 

2.8983e-003 
8.4447e-001 
3.2096e-002 
9.5536e-003 
1.9940e+000 
1.1747e+000 
9.5536e-003 
1.9940e+000 
1.1747e+000 
9.5536e-003 
1.9940e+000 
3.2096e-002 
9.5536e-003 
1.9940e+000 
4.6158e-003 
3.2096e-002 
9.5536e-003 

Library : Grove 
becmerels pCi/cm' Ba/cm3 
1.1875e+009 9.3516e-003 3.4601e+002 
1.7078e+008 1.3449e-003 4.9761e+001 
3.1245e+010 2.4605e-001 9.1039e+003 
1.1875e+009 9.3516e-003 3.4601e+002 
3.5348e+008 2.7836e-003 1.0299e+002 
7.3778e+010 5.8099e-001 2.1497e+004 

8.4446e-004 
2.4605e-001 
9.3516e-003 
2.7836e-003 
5.8099e-001 
3.4226e-001 
2.7836e-003 
5.8099e-001 
3.4226e-001 
2.7836e-003 
5.8099e-001 
9.3516e-003 
2.7836e-003 
5.8099e-001 
1.3449e-003 
9.3516e-003 
2.7836e-003 
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Page ' : 2  
DOS File: BIGVBOX.MS5 
Run Date: June 11, 1999 
Run Time: 3:32:33 PM 
Di*-?tion: 00: 02 : 04 

Nuclide 
Rn-222 
Th-227 
Th-228 
Th-230 
Th-231 
Th-232 
Th-234 
T1-207 
T1-208 
U-234 
U-235 
U-238 

curies 
1.9940e+000 
3.2096e-002 
9.5536e-003 
.2.8800e-001 
2.1469e-004 
4.6158e-003 
2.8983e-003 
3.2096e-002 
9.5536e-003 
3.8644e-003 
4.2937e-004 
2.8983e-003 

. p~ilcms 
5.8099e-001 
9.3516e-003 
2;7836e-003 
8.3914e-002 
6.2553e-005 
1.3449e-003 
8.4446e1004 
9.3516e-003 
2.7836e-003 
1.1259e-003 
1.2511e-004 
8.4446e-004 

0 

Buildup 
The material reference is : Source 

This buildup reference material is a mixed material with a high atomic 
number element (82). Buildup Factors less than and somewhat greater 

than 88 keV may be incorrect. Please understand your results. 

Integration Parameters 

hnerw 
MeV 
0.015 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 

. 3.0 

X 
Y 
Z 

A c t  ivitv 
photons/sec 

Direct ion 
Direction 
Direction 

Fluence Rate 
MeV/cm2 /sec 
No Buildup 
1.233e-178 
5.124e-101 
2.719e-36 
1.117e-19 
4.523e-10 
2.273e-08 
7.363e-03 
5;298e-06 
3.661e-03 
1.089e+00 
1.653e+01 
9.492e+01 
1.059e+01 
4.996e+02 
2.477e+02 
1.569e+03 
2.936e+03 
8.383e+03 
3.627e+02 

Results 
Fluence Rate 
MeV/cmz /sec 
With Buildup 
6.400e-28 
1.541e-24 
2.947e-07 
6.448e-11 
9.843e-08 
7.326e-08 
1.397e-02 
8.230e-06 
2.561e-03 
1.960e+00 
'3.852e+01 
2.840e+02 
3.594e+Ol. 
1.787e+03 
9.080e+02 
5.591e+03 
8.847e+03 
2.312e+04 
8.744e+02 

10 
20 
20 

Exposure Rate 
mR/hr 

No Buildup 
1.058e-179 
1.775e-102 
2.695e-38 
4.938e-22 
1.205e-12 
4.514e-11 
1.165e-05 
8.106e-09 
2.735e-06 
1.923e-03 
3.135e-02 
1.849e-01 
2.078e-02 
9.751e-01 
4.711e-01 
2.892e+00 
4.939e+00 
1.296e+01 
4.921e-01 

mR/hr 
With Buildup 
5.490e-29 
5.340e-26 
2.921e-09 
2.852e-13 
2.622e-10 
1.455e-10 
2.211e-05 
1.259e-08 
4.218e-06 
3.460e-03 
7.306e-02 
5.534e-01 
7.055e-02 
3.488e+00 
1.727e+00 
1.031e+01 
1.488e+01 
3.575e+01 
1.186e+00 

v--ALs : 1.751e+ll 1.412e+04 4.149e+04 2.297e+01 6.805e+01 
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DRAFT 

CHEMICAL STABILIZATION TREATMENT AND TCLP CORRELATIONS 

with the 

FERNALD OU-4 SILOS 1 AND 2 RESIDUES 

August 16, 1999 

1. INTRODUCTION 

1 .I Background 

Fernald has t w o  Silos (known as K-65 or Silo 1 and Silo 2 wastes) that contain uranium 

processing residues that are laced with high concentrations of radium that emanates large 

quantities of radioactive Radon gas. The residues in the silos will be remediated under 

CERCLA and RCRA regulations. The main RCRA constituents of concern are lead (Pb) and 

barium (Ba). The residues contain approximately 5 t o  15 w t %  lead (as lead carbonate and 

lead sulfate) and 3 t o  8 w t %  barium (as barium sulfate). Treatability studies were done on 

actual K-65 residues and on surrogates during the Proof-of-Principle (POP) demonstrations 

t o  determine if the wastes could be remediated by chemical stabilization (CS) and/or 

vitrification technologies. Results are documented in the Treatability Study Report 

Operable Unit 4 and four POP final reports provided by vendors that performed the 

demonstrations for each of the four technologies. 

1.2 Purpose 

The paper evaluates data t o  determine (1 ) an approximate operating window for the 

chemical stabilization of the silo residues, (2) effectiveness of phosphates in the treatment 

of the silo residues, and (3) i f  curing time has an impact on the EPA's required Toxic 

Characteristic Leach Procedure (TCLP) results. Laboratory and pilot tests performed on the 

000922' 



0 actual Silo 1 and 2 residues and surrogates show that treatment is  sensitive t o  the 

amounts cement binders used. Not only will too little binder in a grout mix  cause failure of 

the TCLP, but adding too  much binder can also lead t o  failure of the TCLP. Especially for 

lead (Pb). This paper correlates the results of these tests t o  show operating ranges for the 

treatment of the silo residues. The results are complimented with results from other CS 

projects dealing with lead. 
_ .  

2. CHEMICAL STABILIZATION AND TCLP RESULTS 

Results of these studies show the peculiarities of treating lead with cement-based, CS 

formulations. Most of the later CS formulations contained phosphate t o  assist treatment. 

Results from using phosphate are presented later. Table 1 , taken from the  original FS 

report shows an example of  the TCLP results from fifteen CS grouts made from t w o  final 

formulations developed during the feasibility study. Positive numbers (in the table) show 

that the grout performed better than the raw residue by that percentage. Negative 

numbers show that the waste performed worse than the raw residue by that percentage. 

Table 2 shows grouts recipes made with actual K-65 residues. These grouts were made 

from different strata within Silos 1. and 2. All the TCLP leachability concentrations of the 

chemically stabilized K-65 residues showed only mild improvement over the raw residues or 

actually worsened (as shown by the negative numbers in the table) except for lead. This 

anomaly is because the acid-based TCLP (in combination with alkaline-based cements) 

actually stabilizes the lead and gives the impression that CS reduced lead leaching in the 

grout. Actually, CS treatment can significantly increase the leaching of lead as shown later 

in this document. Why this is so requires a minimum knowledge of the chemistry of lead, 

CS, the TCLP, and their combined reactions. The following pages give a brief 

understanding of  their separate and combined chemistry. 

0 

' 
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Table 1' 
Percent Reductions for Silo 1, Zone B 

Dilution Adjusted Treatability Data -- Formula 1 

Chemical 
Antimony 
Barium 
Benzoic acid 
Boron 
Chromium 
Lead 
Molybdenum 
Selenium 
Tributyl phosphate 
Vanadium 
Zinc 

Mean Percent Reduction 
3.7 

-66.3 
na 

-60.6 
-1 16.4 
> 99.9 

-36,325.5 
-1 13.5 

na 
-101.2 
66.1 

Table 2* 
Final Stabilization Formulas 

Used During the Feasibility Studies 

Constituent 
Residues no bentonite, dry 
(assumes 30% moisture) 
Portland Cement 
Flyash 
Blast Furnace Slag 
Ferric Chloride 
Attapulgite 
Clinoptilolite 
Water 

Totals 

Formula 1 Formula 2 
Weiaht Percent Weiaht Percent 

25.8 t o  26.3 24.6 

14.8 t o  15.0 17.9 
. 10.9 

.14.8 t o  15.0 
0.3 
1.4 
1.4 

44.6 t o  43.7 - 43.5 
100.0 t o  100.0 100.0 

Waste Loading, wt% 25.8 to  26.3 24.6 

'Data from Table 4-32A in the Remedial Investigation and Feasibility Study-Treatability Study Report Operable Unit 4 
Draft, March 1993. 

'Data from Table 3-9 in the Remedial Investigation and Feasibility Study-Treatabiliw Study Report Operable Unit 4 
Draft, March 1993. 

, .  000924 . '  .. 
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2.1 Lead Chemistry 

Lead is amphoteric, that is, it is soluble under both basic and acid conditions. Lead 

is fairly insoluble at pH values between 6 and 11  I4 . Its peak insolubility is at a pH 

of approximately 9 to  10. The common compounds of  lead (e.g., oxide, carbonate, 

sulfate, sulfide) vary somewhat but are similar in behavior. A t  a pH below 7, lead is 

soluble as Pb++, while at a pH above 11 , it can be soluble as anionic plumbate ion. 

2.2 Chemical Stabilization Chemistrv 

CS chemistry generally involves cementation processes with water. Cement 

particles in water undergo hydrolysis, with the main products being calcium 

hydroxide [Ca(OH),] and a less basic silicate hydrate (CSH). The reactions may be 

represented by the following equations: 

0 2(3Ca0-SiO2) + 6H20 - 3Ca0-2Si02.3H20 + 3Ca(OH), (Reaction 1) 

2(2Ca0.SiO2) + 4H20 - 3Ca0.2SiO2-3H2O + Ca(OH), (Reaction 2) 

3CaO.AIZO, + 31 H20 + .3CaS04 - 3Ca0~A120,~3CaS04~31 H,O (Reaction 3) 

4CaO~A120,~Fe20, + 1 OH20 + 2Ca(OH), - 6CaO~A120,~Fe20,-l 2H20(Reaction 4) 

Reaction 3 produces ettringite, and the hardening time is controlled by i ts physical 

hindrance effect. Reactions I and 2 produce CSH, which is the main strengthening 

component. The above reactions precipitate the formation of crystalline particles. 

Reaction 4 depletes calcium hydroxide. This reaction may continue for a long time.3 

Reaction 1 is responsible for most of the early pH change and strength (7 days). 

Reaction t w o  is slower. Reactions 3 and 4 happen much later (weeks, months). 

Reaction 4 is a consumer of calcium hydroxide and can, therefore, decrease pH. 

The calcium hydroxide, and t o  a lesser extent, oxide compounds increase the pH or 

3Kim, J.-H., Kim, H.-Y., Park, H.-H., and Suh, I.-S.,'Cementation of Borate Waste by Adding Slaked Lime, Stabilization 
and Solidification of Hazardous, Radioactive, and Mixed Wastes, z"d Volume, ASTM STP 1123, T.M. Giliam and C.C. Wiles, 
Eds. American Society for Testing and Materials, Philadelphia, 1992, pp. 338-347. . .  
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makes the CS product more basic. Usually, the pH of CS products are normally 

between pH 1 2  and pH 13. Saturated lime or calcium hydroxide has a pH of 1 2.g4. 

The pH of  the cured grout for the Chemical Stabilization - Other Technology 

measured between 12.8 and 12.9. Generally, it is the high pH producing capability 

of  the CS process that renders most toxic metals insoluble. However, the 

increasing pH of the CS process can increase the leachability of lead and actually 

make the lead soluble. A solidification study of a lead contaminated site (average 

76 ppm) in Washington D.C. lead t o  an "unexpected result" where the "leachability 

increased with cement stabi l izat i~n."~ Table 3 is an excerpt from that study that 

shows the Pb leachate versus amounts of cement in the treated chemically 

stabilized waste. 

Table 3 

CS Treatability Results of Contaminated Washington D.C. Site 

Archive SamDle 
Control (soil) 0.47 1 
3 %  Cement 2.22 
6 %  Cement, as fragmentse 1.684 
(broken monoliths) 
6% Cement, as monolith 10.165 

EP Tox, Lead, mqh 

T w o  reasons were given for the increase of  lead in the leachate. One was Pb 

contamination in the cement itself and "another possible reason for the increase in 
. .  

leachability is the change in pH during stabilization and EP TOX testing"'. 

4CRC Handbook of Chemistry and Physics, 51st Edition. 

Kleppe, J. H., Otten, M. T., and Finn, J.T., 'StabilizationlSolidification of Metal-Contaminated Soils: Two Case 
Histories,'Stabilzation and Solidification of Hazanfous, Radioactive, and Mixed Wastes, 2"d Volume, ASTM STP 1 123, T.M. 
Giliam and C.C. Wiles, Eds. American Society for Testing and Materials, Philadelphia, 1992, pp. 426-439. 

5 

. 

and cause shifts in the pH in the extraction fluid and solubility for lead. 
'why might fragments leach less than monolith? Answer: Fragments can more readily react with the extraction fluid 

'The initial extract was reported to have a pH of about 11, which was later lowered to about 5 at the end of the e extraction process. . 

. .  

2. . . . .  
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2.3 TCLP Chemistrv 

The TCLP is a leachability test where (1) the sample is crushed and (2) the sample 

material that passes through a 9.5 millimeter screen is placed in a leachate 

extraction fluid for 18 hours. Then the fluid is filtered'and the clear fluid analyzed 

for dissolved metals. 

T w o  extraction fluids are used in the TCLP. Extraction Fluid No. 1 is sodium 

acetate based with a 4.93 20.05 pH units. Extraction Fluid No. 2 is acetic acid 

based with a pH of 2.88 k0.05 pH units. Extraction Fluid No. 2 is used with most 

grouts t o  counteract the high pH and strong buffering (acid-neutralizing) capacity of 

most CS samples. Extraction Fluid No. 1 is used with grouts that  contain low 

concentrations of cement and alkaline additives, such as calcium hydroxide. A 

pretest is done t o  determine which extraction fluid t o  use*. Some grouts may 

require testing with one extraction fluid early in the curing process and, then later, 

require the other extraction fluid after it is well cured. This is because (1) the 

cementation reactions (Reactions 1 through 4) can either produce or reduce the 

concentration of calcium hydroxide during curing, (2) the rigidness of the cured 

sample produces larger pieces with less surface area and a harder surface that 

reduces the ability of the grout t o  neutralize the TCLP acid, or (3) weathedaging 

reduces the alkaline content in  the grout. 

The TCLP is a test intended t o  determine the leachability of a treated waste form. 

The an acidic (low pH) extractants were chosen t o  accelerate leaching and limit the 

leaching time t o  18 hours so turnaround time for results is 24 hours. Generally, t w o  

liters o f  acid extraction fluid are added to 100 grams of sample. Acid extraction 

was considered to give conservative leach values (i.e., erroring on the high side). 

However, this may not be the case with amphoteric materials like lead. 

'Steps (in simple terms) for determining the correct Extraction Fluid .is as follows: 
a. Perform initial test by placing 5 grams of screened sample in 96.5 grams of water. 

If the pH < 5 then Extraction Fluid 1 is used for the Final TCLP. 
If the pH is 25 then the pretest is run. 

b. The pretest is performed by adding 3.5 ml of l-normal hydrochloric acid to the initial test. Then heat, mix, and cool. 
. .e, If the pH < d then Extraction Fluid 1 is used for the Final TCLP. 

If the pH is 25 then Extraction Fluid 2 is used for the Final TCLP. 

0001192~ 
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2.4 Combined Chemistw 

Lead is amphoteric, meaning that is soluble in both in acid and basic condition. For 

example, lead becomes more soluble towards the low and high ends of the pH 

scale. Therefore, the high pH of CS cementation (assuming everything stays 

constant) will increase the leachability of lead. However, the pH of the lead sample 

will be decreased with the addition of the low pH TCLP extractant. 

Soils from a Superfund site containing 4 t o  1 1 % lead were evaluated during a CS 

feasibility study. (This waste is of slightly lower lead concentrations than the silo 

residues.) The prepared CS cements were subjected t o  a special leachate test 

known as the Generalized Acid Neutralization Capacity (GANC) Test. The results 

are presented graphically in Figures 1 and 2 on the following page.' The figures 

show how t w o  CS formulas reacted t o  the GANC test. The t w o  figures are 

different representations of the same data. One figure shows lead leaching as a 

function of how much acid is added, The GANC test takes the treated waste and 

adds increasing amounts (known as Equivalents) of acetic acid. The other Figure 

shows the measured pH when the acid equivalents were added". Some important 

data points in the Figures should be noted: 

a. The treated waste follows the expected solubility curves for lead. The lead 

dropped magnitudes in concentration with the addition of acetic acid until the 

pH of the leachate reached 9 t o  10. Then the concentration of Pb increased 

again. The figures also show approximately where conditions exist for the 

TCLP test and the TCLP Regulatory Limit of 5.0 ppm for lead. 

'Isenbury, J. and Moore, M., 'Generation Acid Neutralization Capacity Test,' Stabilization and Solidification of 
Hazardous. Radioactive, and Mixed Wastes, z"d Volume, ASTM STP 1123, T.M. Giliam and C.C. Wiles, Eds. Ammican 
Society for Testing and Materials, Philadelphia, 1992, pp. 361-377. 

"To save confusion in reading the tables, notice that data points run from right to left because pH decreases as the 
acetic acid is added. 

. .  000928 



0 b. Two  equivalents of acetic acid (added) is the same as that used in the TCLP 

test using Extraction Fluid No2. The line would be further t o  the left if 

Extraction Fluid No. 1 were used. 

a. Zero equivalents of acetic acid (added) is the same as placing 100 grams of 

treated waste in water. Therefore, this a good 'approximation of how well 

the treated waste form would resist leaching in ground. 

3. CHEMICAL STABILIZATION/TREATMENT RESULTS USING SILOS I AND 2 

SURROGATES 

Surrogates were developed that simulated the chemical makeup, water retention, and 

mixing characteristics of the waste. These surrogates where treated by the four POP 

technologies. Each technology performed bench-scale testing on the surrogates and came 

up with a formula that was carried through pilot-scale testing. Approximately one ton per 

day of surrogate (dry weight basis) was processed. TCLP results of the bench-scale testing 

are shown in Figure 3. The TCLP results were plotted against (1 ) cement content in the 

grout and (2) the final TCLP pH. The final TCLP pH is the measured pH of the extraction 

fluid after it has been mixed and reacted with the sample (being tested) for 18 hours. 

Notice that the results show the expected lead solubility curves. Two curves are shown. 

One curve is shown for testing with Extraction Fluid No.1 (labeled as Sodium Acetate 

Extraction Fluid with an initial pH of 2.88). The other curve is shown for testing with 

Extraction Fluid No. 2 (labeled as Acetic Acid Extraction Fluid with an initial pH of 4.93. 

These curves show that there are windows that require the right amount of cement be 

added. Adding too much cement (and additives) can bring the same negative results as 

adding too little cement. The Chemical Stabilization - Cement technology has grouts that 

show on both curves. Even though the Extraction Fluid used for the Chemical Stabilization 

- Other technology was not disclosed. However, this technology is shown using 

Extraction Fluid No. 2 because of i ts  high cement content. 

0 
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3. PHOSPHATE TREATMENT AND TCLP RESULTS 

Phosphate did not appear t o  play a significant role in the treatment of lead in the 

surrogates. Both CS technologies used approximately 2 wt% phosphates in the grout 

mixes. Some mixes were made without phosphates as shown in Figure 3. If phosphates 

had worked well in treating the surrogates, the curves would'have been flat, thus 

showing, no effect by cement concentration or pH. Likewise, some formulas listed in 

Figure 3 contained little or no phosphates and lead leaching should have greatly increased. 

However, this did not happen, again, showing that phosphate is not a dominant mechanism 

in the treatment of the surrogate (or Silo Residues). The use of phosphate appeared t o  

impart a mild decrease in leaching in some formulations. Ironically, some showed an 

increase. Reasons whys are not known. 

The reason why phosphate does not significantly treat the Silo Surrogates (and actual 

residues) is accredited t o  the fact that lead in the Silos (as carbonates and sulfates) is 

rather insoluble t o  begin with." The phosphates have t o  chemically react with the lead to 

bind it up. Ironically and unfortunately, this requires that most of the lead needs t o  

dissolve (become soluble) in the water of the grout t o  position itself for reaction with the 

phosphate. Since so little of the lead dissolves in the water, the cement cures before the 

phosphate has a chance t o  react with the lead, and is, therefore, rendered inactive. 

4. CURE TIME AND TCLP RESULTS 

Curing can have a significant effect on TCLP results. The following defines potential 

mechanisms and magnitude for the effect. 

Table 4 shows grouts made t o  identical formulas but mixed and sampled at  times. The last 

t w o  entries in the table are from the same batches but the TCLP was run on the samples at 

different times with different results. The results of the TCLP were so markedly different 

"The pH of the silo residues is around 9.5 which is at lead's least soluble pH. The ecid used in the TCLP Test actually 
can increase the solubility of the lead orders of magnitudes beyond its in situ condition. 

. .. , .  
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that the samples required different extraction fluids. This would indicate (1) an error in 

performing the test, (2) in data management, or (3) there is a fundamental difference 

between the grouts tested. The magnitude of the difference between the  grouts (or the 

magnitude of the mechanism causing the difference) can be approximated by estimating 

the difference of  acidic neutralization strength (capacity t o  neutralize a base) between 

Extraction Fluids No. 1 and No. 2 as follows: 

m 

64.3 ml of 1-normal sodium hydroxide solution is added t o  Extraction Fluid 

No. 2 t o  make Extraction Fluid No. 1. This increases the pH from 2.88 t o  

4.93. If the resulting pH's between the t w o  grout is approximately the 

same, then the mechanism's magnitude is approximately equal t o  the "acid 

neutralization strength" (capacity t o  neutralize an acid) of  sodium hydroxide 

cited. This acid neutralization strength calculates t o  be 0.1 29 moles of 

hydroxide ions. 

Not coincidentally, the acid neutralization strength of the calcium hydroxide used in the DS 
Grout calculates t o  be 0.1 13 t o  0.1 54 moles of hydroxide.'' Cement in the grout will also 

add some t o  the acid neutralization strength as it cures and produces calcium hydroxide. 

(See Reactions 1 and 2 listed earlier.) The calculations imply that wi th one mix the calcium 

hydroxide was free t o  interact with the TCLP acid and with the other it is not. When grout 

samples have cured and reached strength, the sample is less like t o  break apart and 

disburse during the TCLP test. Therefore, Extraction Fluid No. 1 is more likely t o  be  sed.'^ 
If the sample has not cured, the grout can freely mix with and react with the TCLP acids. 

Therefore, Fluid No. 2 is more likely t o  be used. 

* 

A t  first glance of data in Table 3 one might conclude that result get better with curing. 

However, one needs t o  remember that these recipes were formulated t o  hit the minimum 

'%alcium hydroxide is added before the filter press and directly to the grout mixer. The actual amount calcium 
hydroxide that is in the grout depends on how much of the calcium hydroxide is retained in with the filter cake in the fitter 
press. Range given covers none to all of the calcium hydroxide is retained. 

' 7This scenario will happen only with grouts containing lower concentrations of binders. With higher concentrations, e Extraction Fluid No. 2 will always be required because the basic binders will overwhelm the acid pretest. 

000934 
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point of the sodium acetate curve in Figure 3 with a well-defined surrogate. 

Uncompensated small variations in the actual material could result in large variations in the 

TCLP. 

The pH and acid neutralization strength of grouts diminish with aging due to  weathering 

and long curing process of cement. For example, Reaction 4 (mentioned earlier) consumes 

calcium hydroxide and is a very slow process that frequently takes months t o  happen. 

Also, chemicals in the waste are known t o  consume calcium hydroxide because lime 

(calcium hydroxide) was originally added t o  residues to  precipitate the lead and other 

metals prior t o  placement in the silos. Also, aging of the residues has resulted in the 

formation calcium carbonate nodules that are now found in Silo residue samples in  varying 

concentration. 

5. COMPARISON TO VITRIFICATION 

a Lead-is chemically and physically bound in the glass matrix. Glass is, essentially, 

chemically inert and does not react with the chemistry of the TCLP test. Hence, the pH of 

TCLP does not significantly affect the leach rates from glass. 

Even though the leach rate of glass is low, most glasses will weather quicker, through the 

decades, under high (or basic) pH conditions. Glass weathers by acquiring a "rainbow" 

iridescent patina on the surface. Eventually some of the patina may flake off. However, 

this rate is so slow that, essentially, no lead or radionuclides are released t o  the 

environment. 

6. CONCLUSION 

This study has shown that: 

(1) Lead leaching is sensitive t o  pH and the acid-neutralization (buffering) ability of the 

grout. The K-65 material should be processed in batches with the batches analyzed 

for i ts  acid-neutralization strength before treatment. Routine sampling of feed e 
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streams and quality process control are important in ensuring that the grout will 

pass the TCLP. Bench and pilot studies imply that  grout formulations need t o  be 

"tuned" t o  meet the TCLP. For example, too little binders can be just as bad at 

meeting the TCLP. The formulations can be sensitive t o  fluctuations t o  acid- 

neutralization strength changes in the Silo Residues and binders used. Sampling, 

analysis, and process controls will need t o  be able t o  'measure these "acid 

neutralization strength" changes and make the appropriate changes in the process t o  

ensure the final product meets the TCLP. The operating window for the Chemical 

Stabilization - Cement Technology is narrow and may be very difficult t o  maintain 

tolerance with the variability in the feed composition and quantity measurement. 

The operating window for the Chemical Stabilization - Other technology looks wider 

than the Chemical Stabilization - Cement Technology. However, a study should be 

done t o  determine the  Chemical Stabilization - Other Technology grout recipe will 

produce acceptable grouts with the known variations in the Silo Residues. 

(2 )  TCLP results are sensitive t o  when the TCLP test is run on the samples for slow 

curing grouts. Fully-cured samples can give drastically different results from 

partially-cured samples. . 

(3) Chemical reduction (Le., phosphate) of the lead is ineffective. Proper control of pH 

is more important as stated in the paper "Solidification/Stabilization: Is It Always 

App.ropriate?" by C.C. Wiles and E. Barth'*. 

"Wiles, C.C. and Barth, E. 'Solidification/Stabilization: Is It Always Appropriate?' StabiFzation and Solidification of 
Hazardous, Radioactive, 8nd Mixed Wastes, 2"d Volume, ASTM STP 1123, T.M. Giliam and C.C. Wiles, Eds. American 
Society for Testing and Materials, Philadelphia, 1992,  pp. 18-32; 
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