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ADDENDUM 

This is an addendum to the Integrated Treatment System Study - Phase 2 Results report. This 
addendum describes the technology and the operation of System A-8, Rotary Kiln, Air Combustion 
Gas, Dry-Wet APC, and Grout Stabilization. A Process Flow Diagram (PFD), functional allocation 
diagrams (FAD), and plan views and perspective views for this system are attached. Detailed cost 

information for this subsystem is reported in Appendix A. 

1.0 System A-8: Rotary Kiln, Air Combustion Gas, Dry-Wet APC, 
and Grout Stabilization 

System A-8 is identical to System A-1 except that a grout stabilization subsystem is used to 
provide the primary stabilization function in place of the vitrification subsystem Functions of other 
subsystems remain the same as those for System A-1. 

2.0 Primary Stabilization Subsystem 

The primary stabilization subsystem receives ash from the incinerator subsystem, the air 
pollution control system subsystem, and other solid waste from the receiving and preparation 
subsystem. The stabilization process may be classified as microencapsulation, which meets EPA 
requirements for stabilizing solid wastes. The mass ratio of waste feed to grout is 1:2 by weight. 
Waste solidified by this process must meet EPA TCLP test objectives, or other testing requirements 
specified in 40 CFR 268. 

This subsystem has preparation and mixing, and container filling, capping, swiping, and 
decontamination devices. A concrete core sampling unit is also provided for obtaining samples. A 
grout mixer blends grout with solids and processed residues. Grout formulation may consist of 
cement, water, and sand. The blended product is poured into containers and allowed to cure. Once 
the stabilized waste has solidified, containers are capped, wipe tested, washed if necessary, and 
moved to the certification and shipping subsystem. Figure 1 shows the PFD for System A-8, 
Figure 2 illustrates the FAD for the System A-8, grout stabilization subsystem, and Figure 3 provides 
the equipment layout for grout stabilization subsystem. 



3.0 Comparison of Systems 

Tables 1 through 9 present comparison of outputs and costs between Systems A-1 and A-8. As 

expected System A-8 has lower off-gas due to use of a non-thennal primary stabilization technology 

(Table 1). The final volume sent to disposal from System A-8 is 2.3 times larger less than the 
volume sent to disposal System A-1 (Table 2). The volume reduction factor in this analysis is defined 
as volume input to the system divided by volume output from the system. The volume reduction 
factor for system A-8, and System A-1 are 1.47 and 3.37 respectively (Table 3). 

The life cycle cost of System A-8, not including disposal costs is 11 % higher than that of System A- 

1 (Table 5). This increase is primarily due to the increased operating expense associated with the 

certification and shipping function (Table 6) .  

Including disposal costs, the total life cycle cost for System A-8 is 24% higher than that of System A- 

1 as presented in Table 5. When compared to the other nineteen ITTS systems, System A-8 has 

higher the median treatment cost as presented in Table 7. It has the third highest final waste volume 
as presented in Table 8. System A-8 has the fourth highest total life cycle cost (total treatment and 
disposal cost) of the nineteen systems as presented in Table 9. 
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Table 1. Comparison of Offgas from Systems A-8 and A-1 ( lbh) .  

Rotary kiln, air, 
Grout 

Subsystem A-8 
Main thermal treatment APC (1) 20,200 
Metal melting 46 
Lead recovery 35 
Mercury amalgamation 97 
Primary stabilization - 
Total 20,378 
Note: 

Rotary kiln, air 

20,200 

319 
20,697 

1. The actual number calculated for APC throughput for System A-8 was 20,718 but the previously calculated throughput of 20.20 
for system A-1 was used since the thermal treatment subsystems of A-1, and A-8 are identical. 

Table 2. Comparison of Waste volume reduction for Systems A-8 and A-1 

 source: Main thermal treatment 
Source: Metal melting 
Source: Lead recovery 

Source: Main thermal treatment 
Source: Lead recovery 
Source: Mercury amalgamation 

Grout stabilization (Wh) 

PoIymer stabii t ion (ft3/hr) 
Source: Aqueous waste treatment, unprocessed Halide and Sulfate salts, trace metals from 
main thermal treatment APC. 
Source: Metal decontamination 

special waste treatment (ft3/hr) 

Total system output to disposal (ft3lhr) 
Stabilized waste output to disposal from main thermal treatment and APC subsystems 
Total system input for 20 years (1000tt3)[same for all systems] 
Total system output for 20 years (lOOOfw) 
Volume reduction factor (Input volume /Output volume) 

totary kiln, air, 
Grout 

A-8 - 
- 

0.12 
0.004 

25.50 
0.007 
0.01 

2.95 
0.11 

2.39 

31.09 
28.4 

2,507 
1.47 

3,688 

Lotary kiln, ail 

A-1 

7.99 
0.12 
0.004 

- 
0.007 
0.01 

2.95 
0.11 

2.3s 

l3.56 
10.5 
3,681 
1.09: 
3.3i 

05/23/96 



Table 4: Total Iife-cycle cost comparison for Systems A-1 and A-8. 

Table 5. Normalized treatment Iife-cycle cost comparison for Systems A-1 and A-8. 

TREATMENT (a) 

Items 1.0,2.0, and 4.0 $196,919 1.04 

Item 3.0 $554,377 0.93 

Item 5.0 $1,361,850 1.20 

Item 6.0 $54,171 1.03 

Total Treatment PLCC $2,167,318 1.11 

DEPOSAL 
Disposal PLCC $266,242 2.29 

TOTAL TREATMENT & DISPOSAL PLCC $2,433,560 1.24 

(a) Work Breakdown Structure Elements used in developing Treatment PLCC are as follows: 

1 .O 
2.0 Demonstration Costs 
3.0 Production Facility Construction Costs 
4.0 Operating Budget Funded Activities 
5.0 Operating & Maintenance Costs 
6.0 Decontamination & Decommissioning Costs 

Studies & Bench Scale Tests 

1 05/23/96 03:09 PM 



Table 6. Treatment Life-Cycle Cost Estimate per Subsystem 

Subsystem System A-1 
PLC cost 
$ Millions 

Administration Building Subsystem $139 
Receiving & Inspection Subsystem $667 
Metal Decontamination Subsystem $62 
Metal Melting Subsystem $92 
Lead Recovery Subsystem $8 1 
Incineration Subsystem $161 
Thermal Desorption Subsystem NA 
Air Pollution Control Subsystem $1 15 
Aqueous Waste Treatment Subsystem $149 
Primary Stabilization Subsystem $244 
Secondary Stabilization Subsystem $8 1 
Special Waste $29 
Mercury Amalgamation Subsystem $52 
'Certify & Shipping Subsystem $193 
IGrout Stabilization Cost Package NA 
Salt Recovery Cost Package NA 

I 

Support Subsystem $101 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

System A-8 
PLC cost 
$ Millions 

$139 
$667 
$62 
$92 
$8 1 

$161 
NA 

$1 15 
$149 

NA 
$81 
$29 
$52 

$588 
$88 

$101 
NA 

Total Planning Life Cycle Cost $2,167 $2,406 

t 

1 

i 1 
j:\4436\sysA8\05 1 096A8. WK4 1 05/22/9 6 



Table 7. ITTS Systems Ranked by Treatment Costs 
Normalized with respect to system A-1 costs 

n 87 

AVERAGE= 0.98 

Table 8. I'ITS Systems Ranked by Final Waste Volumes 
Normalized with respect to system A-1 final waste volumes 

~~~~~~ ~~ 

0.85 
0.79 

AVERAGE= 1.35 

Table 9. ITTS Systems Ranked by Total Life Cycle Costs 
Normalized with resoect to system A-1 life cvcle costs 

cycle cost I I 

AVERAGE= 1.02 



APPENDIX -A- 



Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 

HoodHEPA Filtratio 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module I'M'S) 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 



Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 

1 SYSTEM A-8 ~ 

Rotarv kiln. air/grout stabilizabon 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 

L ~ 

1 SYSTEM A-8 
Rotarv kiln. airlgrout stabilizaion I 

I MATLS. & EQUIP. INST. COSTS 

S1OOO's S1OOO's S1OOO's S1OOO's =Oh' U.O. i DESCRIPTION CAT. HP QTY UnitCost Amount UnitCost Amount 
-0. - Ventilation Blower E - CompIete Packaee Above E 1 1,700.01 1,700.0 800.0 800.0 2,500.0 - OxygenFeed ' E  I 

J:\WMFUIODULESV?TSNEW.WK3 PAGE 5 REVISION 1 DATE. 05/08/96 



Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 

1 SYSTEMA-8 1 
Rotarv kiin. airlgrout stabilization , 

DESCRIPTION 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module I'ITS) 

I Total Secondarv Stabilization Subsystem I I "  -: 1 3.638.3 1 I 1.092.0 I 4,730.3 
~ ~~ 

12 (SpeciaiWaste. .. II ' I1 I I I . . . . . . . . . . . ..... , . .... . ... . .... . .. . .. ... .. , ,. . ... . . .. .. . ,  .. . ... . . . .. . . I .  
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermal Treatment System 
(Cost Module ITTS) 
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Table E - 47: Equipment Purchase & Installation 
Budgetary Cost Estimates - 
Integrated Thermai Treatment System 
(Cost Module ITTS) $1 

Rotarv kiln. aidgrout stabilization 

DESCRIPTION 

1 
~~ 

. . .  . .  . .  
. .  . . . c. .. . ', . ' .  ..,,. . ,::;.. : . : . . .__ '1: ,. .:.;, , .,: . .  .: 

Total 

OS26 PM 
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Table E - 48 : Development, Testing & 
Evaluation Cost Estimates - 

Integrated Thermal Treatment System 

1 Administration Buildinfi Subsystem 
2 Receiving & Inspection Subsystem 
3 Metal Decontamination Subsystem 
4 Metal Melting Subsystem 
5 Lcad Recovery Subsystem 
6 Incineration Subsystem 
7 Thermal Desorption Subsystem 
8 Air Pollution Control Subsystem 
9 Aqueous Waste Treatment Subsyslem 
IO IPrimary Stabilization Subsystem 
11 (Secondary Stabilization Subsystem 

20 
Unit Cost ($/Unit) 

I Total Cost 

05:26 PM 

SYSTEM A-8 
Rotary kiln, aidgrout stabilization 

Primary Bench Sec. Bench Bench Pilot Pilot Pilot 
Paper Scale Paper Total Scale Scale Plant Plant Plant 

Evaluation Studies Evaluation Research Studies Studies Mock-up Mock-up Mock-up 
Research Research Research Manpower Equipment Installation Test Demo. Test Bid& Test E q a  

10 IO 21 1000 5@ 

6 6 
6 6 2 14 500 I so 
IO IO 21 1000 7000 

IO 6 5 21 200 500 30 1000 5000 

-- 

c d 

8 8 300 50 
5 IS 20 500 200 
3 9 12 200 100 

I I 
~~ 

'! 
I I I I I I I ~~ 

I 

PAGE 1 REVISION 1 DATE 05/08/96 



. . (  
Table E - 49 : Building and Equipment Material 

& Installation Cost Estimate Summary - 
Integrated Thermal Treatment System 

SYSTEM A-8 

05:26 PM 

8 
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Table E - 50 : Annual Operating & Maintenance Costs - 
SYSTEM A-8 I 

a 

Totals 

$1000 
553 

2,751 

10 Primary Stabilization Subsystem 
1 1  Secondary Stabilization Subsystem 8 44 158 3 65 3638.3 146 
12 Special Waste 2 12 200 
13 Mercury Amalgamation Subsystem 4 2 10 290 2895.9 I l k .  
14 Certify & Shipping Subsystem I39 12 70 475 4762.4 190 
15 Grout Stabilization Cost Package 8 47 847 98 976.1 39 
16 Salt Recovery Cost Package 
17 Support Subsystem 5 453 4523.4 18i 
18 
19 I 

I nnl I I I I I 1 

4!?6 51 
665 

1371) 
- 

J:\WMWODULESUTTSNEW.WK3 PAGE 1 REVISION 1 DATE 05/16/96 



Table E - 51 : Decontamination & Decommissioning Costs - 
Integrated Thermal Treatment System 

SYSTEM A-8 

05:26 PM 11 Post Totals To Table 0-6, Item I 6.0 
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Table E52 : ROM LIfe-CycIe Cost EItimrte Summary Cor 
0 

cost 
component Cost Items 

cost  

System A-8 
(x 1000) 

Rotarv kiln. &/mow stabilization I 
1.0 Studies and bench-scale test costs 

1.1 Manpower costs during research 
1.2 Equipment costs 
1.3 Installation costs 
1.4 Project management before title 1 10 %of 1.1 through 1.3) 
1.5 Contingency ( 25 %of 1.1 through 1.4) 

( 

Subtotal 1.0 

2.0 Demonsnation costs 
2.1 Manpower costs during demonsdon 
2 2  Design cost ( 30 % of25) 
2.3 Inspection cost ( 7 % of25) 
2.4 Project management ( 10 %of 25) 
2.5 Construction cost 

2.5.1 Building strumre costs 
2.52 Equipment costs 
2.5.3 Indirea ( 29 %of 2.5.1 & 2.52) 

Subtotal of 2.5 ’ 

2.6 Construction management costs ( 17 %of25) 
2.7 Management reserve ( 10 %of 2 5 )  
2.8 Contingency ( 25 % of21 through 27) 

subtotal 2.0 

3.0 Production facility consuuction costs 
3.1 Designcost (. 25 %Of3.4) 
3.2 Inspection cost ( 7 %Of 3.4) 
3.3 Project management ( 10 %Of 3.4) 
3.4 Construction cost 

3.4.1 Building structure costs 
3.42 Equipment costs 
3.4.3 Indirect ( 29 % of 3.4.1 & 3.42) 

s&total of 3.4 
3.5 Construction management ( 17 %of3.4) 

3.7 Contingency ( 25 % of3.1 through 3.5) 
3.6 Management reserve ( 10 %Of 3.4) 

Subtotal 3.0 

4.0 Operations budge! funded activities (see Sect. 7) 
4.1 Conceptualdesign ( 1.5 % of3.0) 
4.2 Safety assurance ( 1 % Of 3.0) 
4.3 NEPA permitting (S 6 million for EIS, SI million for EA) 

4.5 Project management ( 10 %of4.1 through4.4) 
4.4 Preparation for operations ( 100 % of 5.0) 

Subtotal 4.0 

Total initial cost (1.0,2.0,3.0 & 4.0) 

5.0 O p d n g  and maintcnanct costs 
5.1 Annual operating costs 
5.2 Annual utility costs 
5.3 Annual material costs 
5.4 Annual maintainence costs 

5.6 Subtotal 5.0 
5.7 Total 20 year 0 & M cost (20 times Subtotal 5.0) 

5.5 Contingency ( 25 % of 5.1 through 5.4) 

6.0 Decontamination &decommissioning 

7.0 ROM life cycle costs (20 years operation) 

SlS$Oo 
S 1,700 
Sl.000 
S1.860 
s5.115 

s25.575 

S10.800 
S7.740 
$1,806 
S U S O  

s3.000 
517,000 
S5.800 

S25.800 
54,412 
W 8 0  

S13.929 
S69.647 

S61.479 
SI7214 
S24.592 

s91.111 
499,521 
555.283 

S245.9 I5 
545052 
S24.592 
597,813 

S513.656 

S7,705 
S5.137 
S6.000 

S81.570 
$10.041 
SI 10,453 

S719,330 

$50.260 
5836 

54,018 
S10.142 
$16,314 
S81.570 

S1.631,400 

s55.642 

S2,406,372 

Total ROM Life cycle costs ~2,406,372 I 


