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EXECUTIVE SUMMARY 

This report provides an alternative strategy evolved from the current Hanford- Site 

Tank Waste Remediation System (TWRS) programmatic baseline for accomplishing the 

treatment and disposal of the Hanford Site tank wastes. This optimized processing strategy 

performs the major elements of the TWRS Program, but modifies UK deployment of selected 

treatment technologies to reduce the program cost. The present program for development of 

waste retrieval, pretreatment, and vitrification technologies continues. but the optimized 

processing strategy reuses a single facility to accomplish the separationsllow-activity waste 

(LAW) vitrification and the high-level waste (HLW) vitrification processes sequentially, 

thereby eliminating the need for a separate HLW vitrification facility. This facility is called 

the Sequential Processing Facility (SPF). Reuse of the processing facility for multiple 

functions reduces capital and expense costs, minimizes the land committed for radioactive 

waste management, and reduces the decontamination and decommissioning task. 

To do this, all waste treatment functions and associated technologies currently 

identified in the programmatic baseline are incorporated into a single process facility. This 

strategy will require the modification of the interim system constraints, but will maintain the 

same system end states. These end states contained in the current programmatic baseline are 

consistent with the Hanford Federal Facility Agreement and Consent Order' (Tri-Party 

Agreement) completion date of 2028 for tank clean-up. The system end states are (1) closed 

'Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent 
Order, as amended, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and U.S. Department of Energy, Olympia, Washington. 
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single-shell (SST) and double-shell tank (DST) farm operable units, (2) vitrified LAW 

disposed at the Hanford Site, and (3) vitrified HLW transported to a federal repository for 

disposal. 

SYSTEM DESCRIPTION FOR LOW COST STRATEGY 

The SPF initially separates tank wastes into LAW and HLW fractions using enhanced 

sludge washing and cesium ion exchange. The separated HLW fraction is stored in existing 

DSTs and the LAW fraction is vitrified. After vitrification of the LAW fraction, the 

unnecessary equipment is removed when it is in the way, and new equipment is installed as 

required by the HLW vitrification process. 

COST AND SCHEDULE COMPARISON 

The total life-cycle cost estimate for the TWRS Program was previously estimaed in 

the Multi-Year Work Plan, which is updated annually (WHC 1995). Adoption of the 

optimized processing strategy results in the reduction of total life-cycle cost to $15.6 billion 

in 1995 dollars. Table ES-1 identifies the primary components of the total estimated costs 

provided. 

iv 
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1.4 REPORT ORGANIZATION 

This document provides both a description of the SPF and the balance of the TWRS 
to support the facility. A brief description of the report organization is provided below: 

Chapter 2.0 Summary of Findings, provides the key fiidings of the document that 
include the process strategy for the optimized processing strategy, a comparison of the new 
strategy cost to the current baseline, and a comparison of the new strategy schedule to the 
current baseline. 

Chapter 3.0 Description and Evaluation of the Tank Waste Remediation System, 
provides a description of the other five TWRS functions that must be accomplished to 
achieve the TWRS mission. These functions include (1) tank waste retrieval, 
(2) characterization, (3) tank farm upgrades and tank safety, (4) operations and maintenance, 
and (5) program management. This section also includes an evaluation of differences 
between the current TWRS operational scenario and the proposed optimized processing 
strategy. 

Chapter 4.0 Description and Evaluation of the Sequential procesSing Facility, 
provides a description and evaluation of the proposed facility. A process flowsheet has been 
developed and forms the basis for the discussion of the process and facilities. Process flow 
diagrams (PFDs) and the material balance for major process streams are provided in 
Appendix A. Appendix B contains the facility layouts for both combined separations and 
LAW vitrification and HLW vitrification, PFDs depicting the changes between the modes of 
operation, and a description of the conversion equipment. Appendix C contains the 
equipment lists for both modes of operation and support facilities. 

- 

Chapter 5.0 Cost Estimates, provides a summary of the cost information assembled 
to date for the optimized processing strategy. This chapter contains cost estimates for life- 
cycle cost and all of its elements consistent with the Multi-Year Work Plan (MYWP). In 
addition to the MYWP cost, the chapter includes an estimate for decontamination and 
decommissioning (D&D) of the facility. As of yet, no closure costs for the tanks have been 
estimated as part of the MYWP. 

3 
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2.0 SUMMARY OF FINDINGS 

This report identifies a modification to the TWRS program baseline that allows 
incorporation of an innovative strategy for accomplishing the TWRS mission. This approach 
incorporates all waste pretreatment and immobilization functions into a single process facility 
called the SPF. The process scheme changes to sequential processing (Le., separations and 
LAW vitrification followed by HLW vitrification). Sequential processing reuses a single 
facility to accomplish pretreatment and LAW vitrification followed by equipment replacement 
and subsequent HLW vitrification. Reuse of a single facility for multiple processing 
functions reduces capital and expense costs, minimizes the land committed for radioactive 
waste management, and reduces the D&D task. 

2.1 SUMMARY OF SINGLE PROCESS FACILITY TREATMENT STRATEGY 

The single process facility concept sequentially vitrifies the LAW and HLW separated 
from the tank waste. A site in the 200 East Area plateau of the Hanford Site has been 
identified to locate the facility. The facility separates tank wastes into LAW and HLW 
fractions using enhanced sludge washing and cesium ion exchange. Initially, the SPF 
vitrifies the LAW fraction in the combined separations and vitrification facility, while storing 
the HLW fraction in existing DSTs. After vitrifying the LAW fraction and replacing a 
portion of the equipment, the SPF vitrifies the HLW fraction. 

As with the current baseline technology, the separations portion of the SPF conducts 
enhanced sludge washing using caustic and water solution and cesium ion exchange. The 
washed sludges are transferred to existing DSTs for blending and interim storage, until HLW 
vitrification is conducted. The existing tank waste supernatants and sludge wash solutions 
are processed to separate cesium (average solution decontamination factor [DF] of 100) by a 
single cycle ion exchange. The separated cesium is transferred to existing DSTs for interim 
storage until HLW vitrification is conducted. 

The concentrated ion exchange effluent feeds the LAW vitrification portion of the 
facility. The design of the LAW vitrification portion is based on one, remotely operated, 
120-Mg/d melter. The vitrified waste is in the form of glass cullet. This cullet is either 
poured alone or mixed with a sulfur polymer cement and poured into steel boxes for disposal 
in nearby concrete vaults. The LAW glass cullet contains 25 wt% N+O oxides. The steel 
boxes allow retrieval of the waste from the vaults. 

After vitrifying LAW, the 120-Mgld melter and LAW vitrification process equipment 
are replaced with a 20-Mgld melter and canister handling equipment for vitrification of 
HLW. HLW is transferred from DSTs to the vitrification portion of the SPF. The vitrified 
waste is in the form of a glass monolith that is poured into canisters. The HLW glass 
contains about 48 wt% waste oxides. 

5 
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Operating cost element 

(Based upon 18 years for separations and LAW 
vitrification; 5 years for HLW vitrification) 

Staff (from Table 5-4) 

Facility mode 

Separations/ HLW 

vitrification 
LAW vitrification 

1.038 253 

Chemicals (from Table 5-7) 

Utilities (from Table 5-7) 

Replacement equipmenf (from Table 5-7) 

LAW vaults and containers (from Table 5-7) 

~ 

I27 8 

177 123 

I62 25 
236 __  

HLW = High-level waste 
LAW = Low-activity waste 
"Assumes during the last 5 years of LAW operation that this assessment is 

applied to HLW melter conversion. 

Table 2-4 shows the division between capital costs and operating costs for the life- 
cycle cost shown in Table 2-1 for the optimized processing strategy without demonstration. 
The operating cost dominates the life-cycle cost, but the capital has a major impact on up 
front and peak funding demands of the program. These two impacts have serious 
implications on the program viability. To enhance the program viability, the optimized 
processing strategy reduces the up front funding and, therefore, flattens the funding peak. 

HLW storage pads, containers, and canisters (from 
Table 5-7) 

Total 

Table 2-4. Optimized Processing Strategy Cost in Billions of Dollars. 

~ 

_- 253 

I .740 662 

Cost element 

Manaee tank waste 

Retrieve waste I 2.0 I 2.4 I 4.4 I 

Capital cost Operating cost Total cost 

0.5 3.1 3.6 

Process waste 2.0 3.8 5.8 

12 

Process waste 

Total cost 

__ 1.8 1.8 

4.5 1 1 . 1  15.6 
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Figure 2-3. Comparison of the Tri-Party Agreement and Optimized 
Processing Strategy Schedules. 

8 
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Also, the optimized processing strategy accounts for the many economies the M&O 
staff have identified over the last year. The M&O staff have greatly reduced the Program 
Management, Tank Safety, and Characterization costs (shown in Appendix F). The 
optimized processing strategy assumes similar reductions for the Upgrades Program. 

3.2.1 Characterize Waste 

The TWRS obtains physical and chemical characteristics of the different tank wastes 
by review of historical processing data, in situ analysis, andlor physical sampling. These 
characteristics aid in resolving safety issues; establishing the safe operating basis for the tank 
farms; determining the 242-A evaporator operating conditions; designing waste retrieval 
systems; and developing and testing flowsheets for separations, LAW immobilization, and 
HLW immobilization processes. The TWRS anticipates the completion of all tank waste 
characterization by September 30, 1997, as part of the Secretary of Energy’s safety 
initiatives. The Wuste Tank Summary report provides a schedule for obtaining samples of 
tank wastes for characterization (WHC 1994b). 

The process design characterization requirements decrease in support of the optimized 
processing strategy. The current baseline seeks to characterize the sludges from tank waste 
before design of the HLW vitrification facility. The delay of the design of HLW vitrification 
until after retrieval of a significant portion of the sludges, eliminates the need for this 
characterization effort. As the retrieved sludges pass through sludge washing operations, 
samples drawn can provide extensive knowledge of the sludges. This knowledge can provide 
the basis for HLW vitrification formulation and equipment design. 

3.2.2 Transfer Stored Waste 

The TWRS transfers wastes contained within the SSTs and DSTs to DSTs using the 
existing underground pipelines and double-contained receiver tanks (DCRTs). No additional 
transfer system components are anticipated to be needed for the management and storage of 
tank wastes, with the exception of salt well pumping components beyond currently planned 
activities. 

The baseline has not selected a site for the TWRS Treatment Complex. This lack of 
site selection requires the baseline to develop the transfer system independent of the eventual 
destination of the waste for processing. The baseline for transferring waste (W-058, W-028, 
and W-314) does not have as much integration as possible and inefficiencies may occur. 

The optimized processing strategy takes the recommendation from the TWRS site 
selection evaluation (Shord 1995) as a basis for facility location. This site allows the 
optimized processing strategy to provide an integrated transfer system that can eliminate any 
inefficiencies in the current transfer system. 

18 
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3.2.2.1 Single-Shell Tank Stabilization. Transfer of interstitial waste solutions from SSTs 
into DSTs (Le., salt well pumping) is being conducted to reduce the likelihood and 
consequences of leaks from these older tanks. At the completion of stabilization, all SST’s 
will contain a maximum of 190 m3 of drainable interstitial liquid. The TWRS anticipates 
stabilization of all SSTs by September 30, 2000, in accordance with the Tri-Party Agreement 
milestone M-41-00 (Ecology et al. 1994, pg. D-74). 

3.2.2.2 Waste Transfers to Support 242-A Evaporator-Crystallizer Operation. 
Transferring of tank waste to support the 242-A Evaporator-Crystallizcr operation will be 
carried out in the DSTs of the A Farm Complex to reduce the waste volume. The volume 
reduction allows the transfer of new waste to the DSTs from retrieval of high-heat waste in 
tank 241-C-106, salt well pumping, or terminal clean out of older facilities such as PUREX 
and B-Plant. Waste solutions generated from facilities not pan of h e  TWRS (e.g., B Plant, 
T Plant, PUREX, Waste Sampling and Characterization Facility, 100 N Reactor) transfer 
into DSTs either through underground pipelines or the 204-AR railcar unloading facility. 

3.2.2.3 Cross Site Transfer SystemlAging Waste Transfer Lines. The cross site transfer 
system is used to transfer waste solutions collected in tank 241-SY-102 to the 200 East Area 
DSTs. Waste solutions collected in tank 241-SY-102 are generated from salt well pumping, 
terminal clean out of Plutonium Finishing Plant, operation of the 2223  Analytical 
Laboratory, and operation of the T Plant Decontamination Facility. 

The existing cross site transfer system consists of six transfer lines, four of which are 
either plugged or suspected of having failed and the remaining two are of questionable 
integrity. In the spring of 1995, the TWRS conducted an integrity assessment of the 
remaining two transfer lines that showed the lines can be used. A replacement cross site 
transfer system will be provided by Project W-058, Cross-Site Transfer System. In 
accordance with the Tri-Party Agreement milestone M-43-07, Project W-058 is anticipated to 
be completed and operational by February 28, 1998 (Ecology et al. 1994, pg. D-81). 

The aging waste transfer lines also are planned as the main transfer line from the 
DSTs to the planned pretreatment and vitrification facility. New underground pipelines will 
be provided from the waste retrieval annexes and DST farms to the pretreatment and 
vitrification facility by tie-in to the cross site lines provided by W-058. 

3.2.3 Concentrate Waste 

The TWRS uses the 242-A Evaporator-Crystallizer to concentrate waste. The 242-A 
Evaporator-Crystallizer is located in the 200 East Area of the Hanford Site just North of the 
241-AW Tank Farm. Originally built in 1976, the 242-A Evaporator-Crystallizer reduces the 
volume of wastes stored within the Hanford Site underground storage tanks. 

19 
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The Liquid Effluent Retention Facility (LERF) collects the process condensates from 
the 242-A Evaporator-Crystallizer. The LERF has a hold up of about 50,000 m3 of process 
condensates, with 50 percent spare capacity. The 200 Area Liquid Effluent Treatment 
Facility (LETF) processes the condensate from the LERF to remove hazardous constituents 
before discharge to the 200 Area Treated Effluent Disposal Facility (TEDF). The TWRS 
does not include these facilities. 

After a series of upgrades, the TWRS began to concentrate waste with the 242-A 
Evaporator-Crystallizer in April 1994. The TWRS plans to operate the facility as necessary 
to reduce waste volumes requiring storage in the DST system. The recent series of upgrades 
to the 242-A Evaporator-Crystallizer (Project B-534) should extend the service life to 2005. 
However, additional modification to the ventilation components of the 242-A Evaporator- 
Crystallizer may be necessary to accomplish this. 

3.2.4 Tank Farm Restoration and Safe Operations Upgrades 

Various upgrades to the SSTs and DSTs are being conducted to improve operations, 
provide instrumentation for monitoring of tank waste conditions (e.g., waste temperature, 
liquid level, leak detection), and mitigate and/or resolve safety issues. Electrical, 
instrumentation, ventilation, and underground waste transfer pipeline upgrades for the DSTs 
will be provided by Project W-314, Tank Farms Restoration and Safe Operations. Project 
W-314 will be conducted in phases, with completion of scheduled activities to occur before 
commencing waste retrieval actions. 

Ventilation upgrades to the 241-AY and 241-AZ tank farm were identified before the 
conception of Project W-314 and need to be conducted near term. Project W-030, AYlAZ 
Primary Ventilation System Replacement, will provide the necessary modifications to the 
241-AY and 241-AZ tank farm ventilation system. Project W-030 will be completed by 
December 31, 1996, in accordance with the Tri-Party Agreement milestone M-43-01 
(Ecology et al. 1994, pg. D-78). 

Only upgrades necessary to support the controlled, cleaned, and stable storage 
philosophy will occur. Other upgrades to support enhanced operations, such as the W-314 
project, will be reviewed for applicability under this altemate strategy. 

3.3 DISPOSAL OPERATIONS 

The disposal operations consist of the Process Waste Function from the Functions and 
Requirements (DOE 1995a). These operations include retrieval, in-process transfer, LAW 
immobilization, and HLWlTRU immobilization functions. 

20 
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The requirement of a single system per tank in the baseline operational scenario led to 
the selection of arm-based retrieval systems for SSTs. This selection process (Krieg 1992) 
eliminated the use of robotic devices for retrieval because of the concern such a system 
would sink in soft sludges. The optimized processing strategy operational scenario has 
allowed the reconsideration of robotic devices because sluicing of the tanks removes soft 
sludges. Robotic devices allow a significant cost savings over arm-based systems because the 
robots do not need the large above ground infrastructure identified for arm-based systems. 

3.3.2 Separations 

The initial feeds for sludgelsolids separations consist of the DSS and DSSF wastes. 
These wastes contain primarily cesium in the supernatant and precipitated aluminum 
compounds, strontium, and TRU elements in sludges. Approximately 1,300 m3 of sludges 
and 4,200 m3 of DSS are identified in six (241-AN-103, 241-AN-104. 241-AN-105, 
241-AP-105, 241-AW-101, and 241-AW-104) DSTs (WHC 1994b). The sludge volume 
could be considerably more, since sludge level measurements have not been conducted in 
three of these tanks (241-AN-105, 241-Ap-105, and 241-AW-101) after being filled with 
DSSF. Additionally, evaporation of existing dilute tank wastes is being conducted to manage 
tank wastes (see Section 3.2.3). which generates additional DSSF and may generate 
additional sludges. 

Before cesium removal from the DSSFlDSS supernatants, these retrieved tank wastes 
will be filtered to separate suspended solids and thereby avoid plugging the cesium ion 
exchange column(s). If the DSSFlDSS solids contain excessive radionuclides, the solids 
recovered from filtration of DSSFlDSS will be washed using a 3M sodium hydroxide 
solution to dissolve aluminum compounds (Le., caustic leaching). Residual solids will be 
washed with water following caustic leaching to remove dissolved compounds in the 
interstitial liquid. Both the caustic leach and water wash solutions will be processed to 
remove cesium using the same ion exchange system used for Supernatant pretreatment. The 
residual solids will be combined with the washed NCAW solids contained in tank 
241-AZ-101 (see Section 3.2.3.1). 

- 

During the processing of the DSSFlDSS sludgeslsolids, retrieval of salt cake wastes 
from 241-TX and 241-U farms will be on going. Sludgeslsolids entrained with these 
retrieved salt cake wastes will be the next feed source for sludgeslsolids pretreatment. 

The Tri-Party Agreement schedules retrieval of 241-TX farm salt cake waste to 
commence by October 2004. However, the optimized processing strategy does not begin 
supernatant separations processing of retrieved 241-TX farm salt cake waste until January 
2010. Separations of 241-TX farm and other retrieved sludgeslsolids is conducted in a 
similar manner as described for DSSlDSSF sludgeslsolids and will be conducted during 
supernatant pretreatment. 
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Pending completion of this evaluation, it is assumed the cesium and strontium 
capsules can be packaged to meet geological waste acceptance specifications. The TWRS 
Program will receive the cesium and strontium capsules from the interim storage facility and 
package these wastes in accordance with the geological repository waste acceptance 
specifications. The combined pretreatment and vitrification facility will include features that 
will support the receipt and repackaging of cesium and strontium capsules. 

3.3.4.3 Interim Store Immobilized Waste. The spent nuclear fuellHLW geological 
repository is scheduled to begin receipt of HLW beginning in 2015 (DOE 1994b, pg. 26). It 
is anticipated HLW will be initially received from other DOE sites (Le., West Valley 
Demonstration Project and Savannah River Site) since these sites will have already completed 
immobilization operations. Sufficient interim storage capacity for all the HLW MPCs and 
overpacked capsules MPCs will be provided at the Hanford Site. The interim storage facility 
is envisioned to be above grade concrete pads with a surrounding metal weather enclosure. 
The interim storage facility will have equipment for monitoring storage conditions and to 
load the MPCs onto vehicles for transport to the repository. 
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4.0 DESCRIPTION AND EVALUATION OF 
SEQUENTIAL PROCESSING FACILITY 

Waste processing in the SPF occurs in a sequential fashion. The facility initially 
processes the tank waste separating the waste into LAW and HLW fractions and vitrifies the 
LAW. During this period, the separated HLW accumulates in DSTs for processing at the 
end of the LAW campaign. At the end of the LAW campaign, the equipment replacement 
and conversion to support HLW processing occurs. 

4.1 PROCESS DESCRJFTION 

The SPF uses a similar process as described for the baseline (Orme 1995). The 
process rate and use of out-of-tank sludge washing constitute the only changes of 
significance. For the baseline, equipment has a design process rate necessary to the 
production of 200 Mg/d of LAW glass and 20 Mgld of HLW glass. The SPF has a design 
rate of 120 Mgld for LAW glass. Equipment is replaced after the LAW campaign to support 
the 20 Mgld HLW glass production. The basis for out-of-tank sludge washing comes from a 
series of technical studies performed by Raytheon-BNFL (Raytheon 1995a, 1995b, 1995~). 

Figure 4-1 provides a top-level flowsheet for the TWRS mission. This flowsheet 
shows the major streams and their compositions for feeds to the facility; sludge 
washing/leaching; cesium ion exchange columns; and the streams leaving the facility as LAW 
product, HLW for interim storage, and the vitrified HLW product. 

The average TOE of the combined separations and vitrification facility is assumed to 
be 60 percent. The historical TOE for the design of Hanford facilities has been 72 percent. 
With this assumption, all equipment is sized to complete the separations and LAW 
vitrification portion of the TWRS mission in 18 years. The replacement equipment is sued 
to complete the HLW vitrification in 5 years. 

4.1.1 In-Process Waste Storage System 

The in-process waste storage function includes all storage activities following the 
initial retrieval of waste. This function primarily consists of storing retrieved waste, washed 
sludges, and the removed cesium until the SPF can process the material. Existing DSTs, 
after initial waste retrieval, will be used to store in-process waste solutions. 
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4.1.2 Separations and Low-Activity Waste Processing System 

Tank waste separations consists of sludgelsolids leachig/washing and cesium 
separation from supernatants. Sludgelsolids leaching/washing removes by caustic solution 
(leaching) and water (washing) soluble components (e.g., aluminum, chromium, and 
phosphate) that would otherwise increase the volume of vitrified HLW. The washed sludges 
are temporarily stored in DSTs where blending for the HLW vitrification process is 
conducted (Le., in-process waste storage sub-system). The wash solutions along with tank 
waste supernatants are processed to remove cesium before LAW vitrification. 

A single-cycle ion exchange process removes the cesium to provide an average cesium 
DF of 100. The LAW evaporator concentrates the ion exchange effluent before entering the 
LAW vitrification portion of the facility. Cesium separated from tank wastes is concentrated 
and temporarily stored in DSTs (Le., in-process waste storage). Figure 4-2 shows the 
process steps for the combined separations and LAW vitrification process. The major 
process systems for this facility are shown in Appendix A, Figure A-2, Process Flow 
Diagrams (sheets 1 through 23). 

4.1.2.1 Separations. Before the start of SST retrieval, supernatants are decanted from 
DSTs (in-process waste storage) by use of decantation pumps and transferred to the 
pretreatment process. Supernatants typically are at a density greater than the ion exchange 
resin and must be diluted to prevent fluidization of the ion exchange resin. Dilution of 
supernatants that contain a large concentration of aluminum is conducted using dilute caustic 
solution (e.g., 0.1M NaOH) to prevent precipitation of aluminum compounds, otherwise 
water is used for dilution. Supernatants are diluted to a maximum concentration of 7M 
sodium. After dilution, pumps transfer the supernatant through cross-flow fiters to remove 
entrained solids before cesium ion exchange processing. 

After providing sufficient storage capacity by initially processing DST supernatants, 
waste is retrieved from SSTs to DSTs. Batches of retrieved tank waste are slurry transferred 
from DSTs to the separations portion of the facility, where the waste slurry is sampled. The 
waste slurry is pumped through cross-flow filters to separate the liquid fraction (i.e., 
supernatant). Sludgeslsolids are collected and leached with 3M sodium hydroxide solution, 
filtered and washed with water to remove dissolved interstitial components. The washed 
sludgeslsolids are filtered and slurried to DSTs for interim storage until HLW vitrification is 
conducted. The sludgeslsolids leachate and water wash solutions (Le., supernatants) are 
concentrated before undergoing cesium ion exchange. 

The supernatants pass through the feed evaporator, which increases the ion exchange 
feed solution to about 7M sodium. From the evaporator, pumps transfer the supernatants to 
the ion exchange columns after feed clarification in a sand filter. This clarification step 
reduces the chance of entrained solids plugging the ion exchange columns and provides a 
further decontamination of the supernatant. The entrained solids passing through the ion 
exchange system could carry addition transuranic and strontium radionuclides to the LAW 
S t r e a m .  
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Figure 4-2. Process Flow Diagram for Separations and Low-Activity Waste Campaign. 
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Four ion exchange columns operate as two separate systems designated A and B. 
After reaching a prescribed cesium breakthrough point on the second column of System A, 
supernatant processing temporarily stops and the two columns from System B come on line. 
While System B processes supernatants, the System A columns have the cesium eluted 
using nitric acid. 

Then, sodium hydroxide solutions and wash water are used to convert the resin to the 
sodium form (Le., regenerate) in preparation for reuse of the resin. The first set of columns 
returns to service when the lead column in the other set becomes loaded. The columns are 
sized to allow this process to operate in a continuous fashion. 

4.1.2.2 Low-Activity Waste Vitrification. After separation, the pretreated LAW 
supernatant transfers to the LAW feed preparation system where the LAW recycle streams 
mix with the supernatant feed before concentration by the LAW evaporator. Evaporator 
overheads are condensed and collected in the process liquid waste system for recycle. The 
evaporator bottoms are sampled, cooled, and adjusted (if necessary) before transfer to the 
LAW melter feed system. 

The liquid melter feed and dry glass formers feed into a combustion melter where the 
streams combine and melt into glass. The glass exits the melter and enters a quench flume 
where the glass fractures into cullet. The cullet enters a crusher and then goes to a lag 
storage area before mixing with a sulfur polymer cement. The culleUsulfur polymer cement 
mixture is poured into 32 m3 steel boxes, which are transported to near surface vaults for 
disposal. 

The LAW melter offgas (MOG) system receives the hot combustion gases from the 
glass separator section of the melter. Quenching of these offgases by contact with cool scrub 
water removes most of the entrained particulates and water-soluble contaminants, and 
condenses much of the water vapor. Excess condensates from the LAW MOG system 
recycle to the LAW feed preparation system for re-evaporation. 

A bleed stream from the condensates from the MOG system is routed to a 
chloridelfluoride removal system as required. This system separates from the process 
condensate chloride and fluoride not incorporated into the glass. The removal system distills 
HCI and HF from the purge stream, neutralizes the removed halides, and grouts the halide 
purge stream for disposal. 

The scrubbed melter offgases cool and pass through successive stages of filtration 
before flowing to a sulfur dioxide adsorption process and a catalytic de-NO, reactor and final 
discharge to the heating, ventilating, and air conditioning (HVAC) system. The recovered 
sulfur dioxide is converted into elemental sulfur by a Claus unit that discharges its product to 
a storage tank for use in the sulfur polymer cement mixing. 
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4.1.3 High-Level Waste Processing 

After completing LAW vitrification, the LAW vitrification system is removed and 
replaced with a HLW vitrification system. The washed solids are combined with the 
recovered cesium and fed to the HLW vitrification process. The main changes in the facility 
occur in the area of product handliig. 

At the completion of the plant conversion, the optimized processing strategy begins 
processing HLW in 2024. This date allows about 5 years to process the HLW before the 
Tri-Party Agreement milestone for the completion of tank processing. Equipment for 
vitrifying HLW is sized to complete this portion of the TWRS mission in 5 years, at 
60 percent TOE. 

Figure 4-3 shows the process steps for the HLW vitrification process. The major 
process systems for this process are shown in Appendix A (Sheets 10 through 20). 

The sludges return to the SPF from the DSTs. The solidslliquid separations 
equipment removes the majority of the solution from the feed slurry. The evaporator 
concentrates the solution so as to reduce the heat load on the melter. The bottoms from the 
evaporator recombine with the solids and the concentrated slurry goes to the melter feed 
tank. After condensing, the overheads from the evaporator go to the process condensate 
system before discharge to the retention basin. 

Stored cesium provides the other main tank feed to the HLW process. The cesium 
blends with the concentrated slurry in the melter feed tanks. 

The melter feed system adjusts the chemical composition of the feed and combines the 
feed with glass formers. This mixture continuously feeds the melter. The melter serves to 
incorporate the waste into a glass. From the melter, the glass pours into 1.26-d canisters. 
The package handling system cools the canister, welds the canister shut, decontaminates the 
canisters, and places the canisters in an overpack. Shipping and receiving places the loaded 
overpacks on a storage pad to await shipment to the repository. 

The HLW MOG system receives the hot combustion gases from the glass melter. 
Quenching of these offgases by contact with cool scrub water removes most of the entrained 
particulates and water-soluble contaminants, and condenses much of the water vapor. Excess 
condensates from the HLW MOG system recycle to the HLW feed preparation system for 
re-evapration. The scrubbed melter offgases cool and pass through successive stages of 
filtration before flowing to a catalytic de-NO, reactor and final discharge to the HVAC 
system. 
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4.2 PROCESS FACILITY DESCRIPTION 

The combined separations and vitrification process facility provides the heart of a 
consolidated TWRS Treatment Complex. The utility and chemical facilities support the 
operations of the process facility. The arrangement of these buildings and facilities must 
support the mission of the process facilities. Adjacency issues associated with supporting 
facilities are discussed under the heading of each of the individual supporting facility. The 
process facility requires truck access to allow for movement of various sizes of equipment 
and supplies into and out of them. 

The main separations and vitrification processes are contained within a building about 
100-m long, 60-m wide, 40-m high above grade, and 15-m below grade. The facility layout 
drawings (see Appendix B), show the relative position of equipment, cells, and support 
systems, with associated facility dimensions in plan and cross-section views. The process 
facility consists of a single aisle facility with adjoining remote maintenance cells. The aisle 
concept allows moving failed equipment into the maintenance area for repair or replacement. 
This concept allows replacement of small equipment packages or entire vessels in a relatively 
short period of time. 

Above the aisle area, a limited maintenance area exist that contains many of the 
process vessels. A flasking system maintains these vessels as necessary and allows 
replacement of valves, pumps, and other components prone to failure. A major failure of a 
vessel in this area would require either a termination of use or a major maintenance effort to 
regain use of the vessel. 

4.3 SUPPORT FACILITY DESCRIF'TION 

Figure 4-4 provides a drawing of a treatment complex consolidated about the SPF. 
The ancillary areas and structures required to support the operation of the SPF are 
collectively referred to as "support and infrastructure" and are arranged with respect to the 
SPF as shown in Figure 4-4. 

The support and infrastructure functions associated with the TWRS processing 
flowsheet have been systematically identified and documented in Facility Design Philosophy: 
TWRS Process Support and Infastructure Definition (Leach 1995). Utilities and structures 
have been mapped to the TWRS functional block diagram for "Remediate Tank Waste" to 
ensure a complete identification of processing support and infrastructure. Subsequently, each 
support function was assessed for location and process constraints. Specifically, on the bases 
of safety and operational considerations, it was determined whether support functions should 
be close coupled with the main processing facility or could otherwise be placed some 
distance away. It was also determined whether the function could be shared between 
pretreatment and vitrification or must otherwise be dedicated to each. Finally, opportunities 
for cost savings and efficiencies were considered through grouping or collocating functions in 
common structures. 
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Certain support functions that were identified to be close-coupled with the SPF were 
arranged as annexes to the main process building. Annexing saves costs over the option to 
construct multiple stand alone facilities. The site layout shown in Figure 4-4 maximizes the 
use of annexes while recognizing the practical restrictions to annexing too many of the 
support functions. Annexed support functions are NOT included in the support facilities cost 
reflected in Table 2-2. Instead, these costs are included in the SPF cost. The functions are 
shown as the following in Figure 4-4: 

Container Staging Annex (CSA) 

FdFil ter  Annex (FFA) 

Cold Chemical Annex (CCA) 

Contact FilterlBlower Annex (CFBA) 

Regulated ComplexlFacility Entry (RCFE) and Analytical Lab Annex. 

Additional information on the individual support functions is included in Appendix B. 

4.4 SITE LOCATION 

The outlined rectangular area shown in Figure 4-4 has been assumed in this study for 
the location of the TWRS Treatment Complex. This area was also the preferred location in 
Facility Design Philosophy: Tank Waste Remediation System Process Suppofl and 
Infratructure Definition (Leach 1995) for the parallel processing scheme. The marked area 
is approximately 89 hectares. It is situated north of Route 4 South and between Baltimore 
Avenue and the PUREX Plant. There is road access from the existing Hanford Site road 
system and close proximity on the north to the planned Replacement Cross Site Transfer 
System. 

- 

The TWRS Treatment Complex, as shown in Figure 4-4, occupies less than half of 
the available area and collocates most of the functions necessary to support a self-contained 
processing and storage mission. A premium is placed on collocation to support efficient use 
of land mission attainment. The arrangement of the facilities and areas on the site considers 
the efficient movement of materials and personnel, as well as the efficient supply of utilities. 
Structures are placed on the north end of the site to be near the cross-site transfer lines and 
the existing rail line. The switchgear building is located on the east side to be near the 
electrical supply system while the water pumphouse is located on the west side to be near the 
supply tie-in points. The area to the south of the HLW interim storage pad and LAW vaults 
is available for construction laydown. Additional site location considerations are discussed in 
Appendix B. 
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5.2 LIFE-CYCLE COST METHODOLOGY 

Life-cycle costs are derived from the design media generated for the SPF as shown in 
Figure 5-1. Capital and expense costs for the life of the mission are derived from the 
Process Flow Diagram (PFD) and the related mass balance run on ASPEN software. These 
provide a basis for the process equipment list, design layouts, and site layouts. 

Capital costs were estimated by Fluor Daniel, Inc., for process equipment, facility, 
and the sitelinfrastructure elements. The expense costs were developed by WHC from 
specific elements of the design media as depicted on Figure 5-1. Thus, the life-cycle costs 
are directly traceable to specific elements of the design included in this document. 

The ancillary areas and structures required to support the operation of the SPF are 
collectively referred to as "support and infrastructure" and are arranged with respect to the 
SPF in a site layout. 

The support and infrastructure functions associated with the TWRS processing 
flowsheet have been systematically identified and documented in Facility Design Philosophy: 
TWRS Process SUPPOI? and Infastructure Definition (Leach 1995). Utilities and structures 
have been mapped to the TWRS functional block diagram for "Remediate Tank Waste" to 
ensure a complete identification of processing support and infrastructure. Subsequently, each 
support function was assessed for location and process constraints. Specifically, on the bases 
of safety and operational considerations, it was determined whether support functions should 
be close coupled with the main processing facility or could otherwise be placed some 
distance away. It was also determined whether the function could be shared between 
pretreatment and vitrification or must otherwise be dedicated to each. Finally, opportunities 
for cost savings and efficiencies were considered through grouping or collocating functions in 
common structures. 

5.3 INITIAL CAPITAL COST 

The initial capital cost for the SPF has a Total Project Cost (TPC) of about 
$2.0 billion. The TPC consists of the TEC for the facility ($1,450 million) and the Other 
Project Costs (OPC) ($555 million). The TEC includes the costs for acquisition of the 
facility's civil and structural elements and equipment in the facility. The OPC includes the 
cost not related to the facility construction necessary to bring the facility on line. These 
other costs include development and start-up costs for the project. 
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The new infoxmation from DOE-RW suggests Hanford’s waste disposal cost for a two 
repository case may increase to between $4 and $5 billion. A repository disposal fee of 
$4 billion would escalate to $4.8 billion. This cost would significantly increase the portion 
of the operating cost for repository disposal (from less than 20 percent to greater than 
30 percent). 

Program element 

This new pricing does not impact the decision for simple separations because the 
volume of material shipped to the repository has a small impact on the overall DOE cost. 
The recent communication with RW indicate that a large reduction in the amount of waste 
shipped to the repository would only reduce the cost by $500 million for a two repository 
case. 

cost 
(Billions of escalated dollars) 

5.7 OTHER TANK WASTE REMEDIATION SYSTEM PROGRAM COSTS 

To implement any waste disposal concept, support is required from a number of 
program elements, of which the SPF represents one program element. The other TWRS 
program elements that must be accounted for in a life-cycle cost analysis are given in 
Table 5-9. The costs for program management, maintenance and operations, safety, 
characterization, and upgrades come from the guidance budget provided for fiscal year 1996 
activity data sheet preparation (contained in Appendix F) and a modified MYWP. In 
addition to those two sources, the retrieval cost incorporates a sluice based strategy. 

Program management 

Operations and maintenance 

Safety 

1 .o 
1 ;8 

0.2 

Characterization 

Retrieval 

0.6 

4.4 

I Total 
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Program element 

Program management 

5.8 DEMONSTRATION PHASE COSTS 

cost 
(Billions of escalated dollars) 

1 .o 

The demonstration facility’s cost is approximately $300 million for a LAW-only 
mission at 15 MTlday of glass processing rate. OPC of $300 million are assumed to account 
for the development, escalation, start-up, and D&D of the facility. These costs increase the 
total project cost for the program by $600 million. 

Operations and maintenance 

It is assumed that the presence of a demonstration phase will not affect the operating 
cost of the facility or the HLW disposal fee. Therefore these values will not be increased for 
the demonstration phase case. 

2.9 

The other TWRS program elements that must be accounted for in a life-cycle.cost 
analysis are given in Table 5-10. The costs for program management, maintenance and 
operations, safety, and characterization come from the guidance budget provided for fiscal 
year 1996 activity data sheet preparation (contained in Appendix F) and a modified MYWP. 
The differences between the values in Table 5-10 and 5-9 are as follows. Operations and 
maintenance increases by $1.1 billion due to the extended tank farm operating time 
($175 milliodyear for 5 years, plus the necessary site and infrastructure impacts 
($150 million) and escalation ($100 million). The change in the retrieval schedule increases 
the cost by an additional $600 million. 

Safety 

Table 5-10. Tank Waste Remediation System Program Cost 
Required To Implement the Optimized Processing Strategy 

With a Demonstration Phase. 

0.2 

Retrieval 5.0 

I Total I 9.7 

54 





WHC-SD-WM-TI-694 
Revision 0 

Gasper, K. A., 1995, Cost Bentfit and Risk Assessment for Selected Tank Waste Process 
Testing Alternatives, WHC-SD-WM-ES-337, Rev. 0, Westinghouse Hanford 
Company, Richland, Washington. 

Jensen, R. D., 1994, Enhanced Sludge Washing Evaluation Plan, WHC-EP-0805, 
Westinghouse Hanford Company, Richland, Washington. 

Johnson, M. E., 1995, Tank Waste Remediation System Operational Scenario, 
WHC-EP-0856, Rev. 0, Westinghouse Hanford Company, Richland, Washington. 

Krieg, S. A., W. W. Jenkins, K. J. Leist, K. G. Squires, and J. F. Thompson, 1990, Single- 
Shell Tank Waste Retritval Study, WHC-EP-0352, Westinghouse Hanford Company, 
Richland, Washington 

k h ,  C. E., 1995, Facility Design Philosophy: Tank Waste Remediation System Process 
Support and Infratructure Dtfinition, WHC-SD-W378-ES-002, Rev. 0,  Westinghouse 
Hanford Company, Richland, Washington. 

Orme, R. M., 1995, TWRS Process Flowsheet, WHC-SD-WM-TI-613, Rev. 1, 
Westinghouse Hanford Company, Richland, Washington. 

RaytheodBNFL, 1994a, Initial Pretreatment Module Trade Studies: Sludge Washing, 
EIB-SD-W236B-RPT-021, RaytheonIBNFL, Richland, Washington. 

RaytheonlBNFL, 1994b, Initial Pretreatment Module Trade Studies: In-Tank Radionuclide 
Separation, EIB-SD-W236B-RPT-O 18, RaytheonlBNFL, Richland, Washington. 

RaytheonIBNFL, 1994c, Initial Pretreatment Module Trade Studies: Out-of-Tank 
Radionuclide Separation, E/B-SD-W236B-RPT-023, RaytheonIBNFL, Richland, 
Washington. 

Shord, A. L., 1995, Tank Waste Remediation System Site Evaluation Report, 
WHC-SD-WM-SE-021, Rev. 0, Westinghouse Hanford Company, Richland 
Washington. 

Slaathaug, E. J., 1996, Tank Waste Remediation System Optimized Processing Strategy 
Alternative with an Altered Treatment Scheme, WHC-SD-WM-TI-737, Rev. 0, 
Westinghouse Hanford Company, Richland, Washington. 

WHC, 1993, Hanford Site Tank Farm Facilities Interim Safety Basis, volume 2: Design 
Description, WHC-SD-WM-ISB-001, Rev. 0,  Westinghouse Hanford Company, 
Richland, Washington. 

WHC, 1994a, Tank Waste Remediation System Multi-Year Work Plan, WHC-SP-1101, 
Rev. 0, Westinghouse Hanford Company, Richland, Washington. 

56 



WHC-SD-WM-TI-694 
Revision 0 

WHC, 1994b, Waste Tank Summary for Month Ending July 31, 1994, B. M. Hanlon, 
WHC-EP-0182-76, page E-6 and E-7, Westinghouse Hanford Company, Richland 
Washington. 

WHC, 1995, Tank Waste Remediation System Fiscal Year 1996 Multi-Year Work Plan, 
W.B.S.l.1, WHC-SP-1101, Rev. 1, Westinghouse Hanford Company, Richland, 
Washington. 

57 



WHC-SD-WM-TI-694 
Revision, 0 

This page intentionally left blank. 

58 



WHC-SD-WM-TI-694 
Revision 0 

APPENDIX A 

PROCESS DESCRIPTION 

Figure A-1 provides a summary material balance. In Section A3.0, Figure A-2 shows 
the sequential process facility flow diagram, including separations, low-level waste (LLW) 
vitrification, and high-level waste (HLW) vitrification. 

A1.O PROCESS DESCRIPTION FOR SEPARATIONS 
AND LOW-LEVEL WASTE 

Al . l  PRETREAT WASTE 

The waste pretreatment portion of the combined pretreatment and vitrification facility 
is described in this section. The following process systems are included in this portion of the 
facility: 

Waste Receipt 
Sludge Washing 
Supernatant Concentration 
Polishing Filtration 
Cesium Ion Exchange 
HLW Evaporation 
LLW Evaporation. 

Al . l . l  Waste Receipt 

The retrieved tank wastes (Stream #100) are collected in the ReceiptlSample Tanks 
(TK-131 A, B, and C). Each of these three tanks provide 380 stere of storage capacity. The 
contents of each tank are sampled before they are pumped (P-132-1) to the sludge washing 
process (TK- 132). 
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Concentrated Supernatant Feed 
(based upon average feed composition) 

Water rinse 

35 cv 

2 cv 
Nitric acid elution (0.5M HNO,) 

Water rinse 

Caustic regeneration 

A1.1.6 High-Level Waste Evaporation 

The function of the HLW evaporation is to reduce the volume of the HLW transferred 
to interim storage and to recycle some of the nitric acid for elution of the ion exchange resin. 

HLW (Stream #223) is pumped from the Cesium Ion Exchange Eluant Tank (TK-217) 
to the cesium ion exchange concentrator (EV-224). The liquid is transferred by Pump-218, 
and the flow rate of Stream #223 is 90 L/min. Similar to the supernatant evaporator, the 
HLW cesium ion exchange concentrator is a natural circulation evaporator. The nitric acid 
solution evaporated from the cesium solution is 2,360 kg/h. The volume reduction achieved 
by the cesium evaporation is approximately 98 percent. 

The overhead (Stream #225) from the concentrator is condensed in the Condenser 
(EC-223). The cooled condensate (Stream #227) is collected in the Acid Recycle Tank 
(TK-1538). The flow rate of Stream #227 is 88 L/min. 

6 CV 

2 cv 
1 CV (OSM NaOH) 
1 CV (2.0M NaOH) 

The concentrated cesium solution (Stream #228) flows from the concentrator at about 
1.35 L h i n  and is collected in the Cesium Concentrator Catch Tank (TK-225). In this tank, 
the cesium nitrate solution is chemically adjusted for compatibility with the interim storage 
vessels (in-process waste storage) by addition of sodium hydroxide and sodium nitrite 
solutions. The adjusted cesium solution (Stream #230) is pump to the DST designated as the 
Cesium Concentrated HLW Feed Accumulation Tank. 

The capacity of the acid recycle tank (TK-210) for the condensate is 46 stere, and it is 
sized to collect one batch of recovered nitric acid solution. The capacity of the cesium ion 
exchange concentrator catch tank (TK-225) is 20 stere, and is sized for interim storage of 
several cesium product batches. 

*Duolite CS-100 is a registered trademark of Rohm and Haas, Philadelphia, Pennsylvania. 

A-8 



WHC-SD-WM-TI-694 
Revision 0 

A1.1.7 Low-level Waste Evaporation 

The function of LLW evaporation is to reduce the volume of the LLW from the ion 
exchange process before the waste is feed to the LLW melter system. 

LLW (Stream #233) is pumped from the cesium IX waste tank (TK-221) to the LLW 
Evaporator Feed Tank (TK-400) and mixed with recycled LLW from the vitrification and 
offgas treatment systems. The flow rate of Stream #233 is 170 Umin and the recycled LLW 
solution flow rate is 80 L/min. The combined LLW solution (Stream #400) is pumped to the 
LLW Evaporator (EV-402) at 250 L/min. Similar to the supernatant evaporator, the LLW 
evaporator is a natural circulation evaporator. The amount of water evaporated is 200 kg/h. 

The overhead (Stream #401) from the evaporator is condensed in the Condenser 
(EC-403). The cooled condensate (Stream #403) is pumped to the Condensate Recycle 
Tanks (TK-800 A, B, and C) where some of the condensate is recycled to the sludge washing 
process and the remaining condensate is sent to the liquid effluent treatment facility. The 
flow rate of the cooled condensate is approximately 190 L/min. 

Concentrated liquid (Stream #404) is withdrawn from the evaporator and is collected 
in the LLW Evaporator Catch Tank (TK-404A). The concentrated LLW contains 1.8 wt% 
suspended solids and 49 wt% dissolved solids. After the liquid level in the evaporator catch 
tank reaches a pre-determined level, the contents of the tank are transferred (Pump P-405-A) 
to the Concentrated LLW Sample Tank (TK-404B) for sampling. After the sampling, the 
liquid (Stream #405) is transferred to the LLW Melter Feed Tank CTK-406). The capacities 
of the LLW evaporator catch tank, the concentrated LLW sample tank, and the LLW melter 
feed tank are 35 stere each. 

A1.2 LOW-LEVEL WASTE VITRIFICATION AND DISPOSAL 

The main vitrification process systems are: feed preparation, melter feed, the melter, 
cullet handling, culletlsulfur polymer cement mixing, MOG, vessel offgas systems, and 
process liquid waste handling. The LLW vitrification process is based on a single I2O-Mg/d 
melter line. 

A1.2.1 Feed Preparation, and Melter Feed 

The primary functions of these systems are to allow for possible chemical adjustment, 
provide for sampling, and supply a controlled, monitored waste feed to the melter. The 
process and equipment are described below. 

The vitrification process feed stream consists of an aqueous solution from the 
pretreatment process. The LLW feed (Stream #404) has been pretreated to remove about 
99 wt% of the cesium. The LLW feed is sampled in the Concentrated LLW Sample Tank 
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(TK-404B). The concentrate (Stream #404) is transferred to the LLW Melter Feed 
Adjustment Tank (TK-405). In addition to the normal feed from the evaporator, the 
concentrated LLW sample tank can occasionally receive slurried off-spec cullet (Stream 514) 
for rework. For this study, no required chemical additives or other adjustments to the feed 
have been identified for a combustion melter. 

Each adjustment tank has a 35 stere capacity and a motor-driven agitator to 
homogenize the process slurry. An internal cooling coil is provided to remove the waste 
heat of agitation and to cool the evaporator concentrate to a temperature suitable for pump- 
out. 

A1.2.2 Low-Level Waste Melter 

The LLW melter (EM-412) used for this process is a combustion-type melter. The 
waste slurry is pumped under pressure through spray nozzles into a combustion chamber. 
The semi-volatiles and volatiles are partitioned to the offgas and the remaining solids and 
waste oxides are combined with glass forming oxides. The melters receives process slurry 
(Stream #406) totaling 64 Llmin in addition to a stream of dry glass formers (Stream # 407). 
totaling 53 kglmin. 

The combustion gases, combustion byproducts and pre-heated glass flow axially 
downward through the combustion chamber and enter a cyclone unit on a tangent. The hot 
combustion gases and byproducts flow axially through the cyclone creating a rotating gas 
flow. The glass solids are deposited along the refractory wall by the action of the rotating 
gases centrifugal force and form a thin fiim as they flow axially through the cyclone. 

The molten glass film is approximately 1300 "C that collects in the base of the melter 
and is discharged into the Glass Separator (S-413). The combustion chamber and glass 
separations chambers are refractory line to eliminate heat losses and protect the vessel wall 
from the hot, caustic gases. Molten glass continuously overflows a weir built into the glass 
separator for flow control. The molten glass gravity flows into the Quench Flume (MQ-414) 
where it is cooled with chilled water and fractured into cullet. The glass cullet contains up 
to 25 percent by weight of waste as sodium oxide. 

A1.2.3 Low-Level Waste Cullet Handling 

The cullet and water pass through a roll crusher (MC-415) to break up large pieces of 
glass. The cullet and water are collected in the LLW Cullet Catch Tank (TK-416). The 
cullet slurry is pumped at 400 Llmin from the catch tank to the Screen (FS-422) to remove 
water and to separate undersized cullet. The cullet is then transferred by gravity to the LLW 
Cullet Day Lag Storage and dried (B-427A). The cullet is held in the lag storage bin until 
sample analyses are complete. Accepted cullet is then transferred via a pneumatic transfer 
system through a cyclone (FC-432) to the day bin (B-434). From the day bin, the cullet is 
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fed by gravity to the Mixer (MM-440) where the cullet is mixed with molten sulfur, an 
oligomer, and dicyclopentadiene (DCPD) to form the sulfur polymer cement. 

If necessary, out-of-specification cullet is transferred via the pneumatic transfer 
system from the cullet lag storage bin to the Recycle Cullet Catch Tank (TK-508) through 
Cyclone (FC-500) and another Roll Crusher (MC-502). In the cyclone, the exhaust air 
passes through sintered metal fdters, where fine particles are removed. 

A1.2.3.1 Equipment Descriptions. The equipment for the cullet handling system is 
described below: 

e 

e 

The Quench Flume (MQ-414) is an enclosed trough in which chilled water 
passes through at a rate of 1,420 L / m h  In the quench flume, the molten 
glass that discharges from the Melter Separator (S-413) makes contact with 
chilled water and forms cullet. The quench flume is equipped with a chilled 
water inlet nozzle, a molten glass inlet, cullet slurry outlet and a vapor outlet. 

The Roll crushers (MC-415 and MC-502) break large pieces of cullet into 
desired sizes. There are two roll crushers in the cullet handling system. One 
Roll Crusher (MC-415) located after the Quench Flume (MQ-414), breaks 
oversize cullet pieces into 6 mm or smaller cullet. The second Roll Crusher 
(MC-502), that is in the cullet recycle system, crushes the cullet before it 
enters the Recycle Cullet Catch Tank (TK-503). 

The Screen (FS-422) removes water and separates the undersized cullet. The 
Screen is designed for accurate sizing of the cullet. Cullet is transferred to 
LLW Cullet Lag Storage (B-427). The undersized cullet and water are 
collected in the LLW Filter Catch Tank (TK-426). Clean demineralized water 
is periodically added to the screen to enable periodic water and fines purge. 

The LLW Cullet Lag Storage (B-427) dries cullet and provides cullet lag 
storage. Cullet is dried by blowing heated air through the cullet. The storage 
system is divided into 100 ton compartments. Cullet enters the cullet 
pneumatic transfer system through a bottom discharge in the lag storage bin. 

The Pneumatic Transfer System transports cullet from the cullet lag storage 
bins through Cyclones (FC-432 and FC-500) to either the Day Bin (B-434) or 
the Recycle Cullet Catch Tank (TK-503). The pneumatic transfer system uses 
plant air as a motive force for transferring the cullet. 

The Cyclones (FC-432 and FC-500) receive cullet from the cullet storage bins 
via the pneumatic transfer system. Cyclones in the cullet handling system are 
located before the Day Bin (B-434) and the Recycle Cullet Catch Tank 
(TK-503). In the cyclones, the sintered metal filters are high-efficiency filters 
to remove particle sizes 3-5 pm or larger. The sintered metal filters in the 
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pH Adjustment Tank (TK-803). Out-specification waste is returned to the LLW evaporator 
feed tank for rework. 

The condensate recycle and pH adjustment tanks are sized so that two tanks can 
accommodate the normal forward flow of on-spec liquid. The third tank is used for short- 
term storage of off-spec waste. Each tank has an operating capacity of 175 stere. 

In the adjustment tank, a measured volume of sodium hydroxide is added based on 
laboratory analysis of samples. The contents of the tank are sampled and analyzed after any 
further pH adjustments and before transfer out of the facility. 

A2.0 PROCESS DESCRIPTION FOR HIGH-LEVEL WASTE 

A2.1 HIGH-LEVEL WASTE VITRIFICATION 

The process facility is initially constructed as a combined SeparationslLLW 
vitrification facility but with features built-in to allow for the conversion of the 120 Mgld 
melter train to a 20 Mg/d HLW melter train and the addition of HLW canister and cask 
handling equipment at a future date. 

The feed material consists of washed HLW slurry and recovered radionuclides from 
pretreatment. The feed is periodically transferred from storage to the feed preparation 
system where excess water is removed by filtering the HLW slurry. Soluble solids are 
removed from the filtrate by evaporation. Solids from other aqueous waste systems are also 
removed by this evaporation step. The resulting condensate is sent to the process liquid 
waste system. The concentrated feed slurry is sampled and, if necessary, adjusted before 
batchwise transfer to the melter feed system. The melter feed system periodically receives 
batches of melter-ready feed slurry from the feed preparation system and provides a 
continuous, controlled delivery of it to the melter system. 

The melter system continuously receives feed slurry and dry glass formers (frit). 
Feed slurry and glass formers are blended before the resulting mixture is fed to the melter. 
The molten glass is poured on a semi-continuous basis from the glass separator, through an 
opening in the melter cell floor, and into 4.57-111 high cylindrical canisters. The canister 
contains 1.26 stere of glass in 1.44 stere of gross internal volume. As it cools, the glass 
forms a fractured solid inside the canister. 

The glass-filled canisters are plugged and welded closed before they are 
decontaminated to remove exterior contamination. The spent decontamination liquids are 
accumulated and recycled to the feed preparation system for evaporation of excess water and 
recovery of contaminants. The decontaminated canisters, filled with monolithic HLW glass, 
are placed into an overpack container (four canisters per overpack). Overpack containers are 
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transferred from the Vitrification Building to interim storage while awaiting eventual 
shipment to a federal geologic repository. The process produces 7,400 canisters in 1,850 
overpacks I 

In the MOG system, hot gases from the melter combustion chamber and glass 
separator are first cooled by counter-current contact with scrub water. This operation also 
results in significant water vapor condensation and the capture of entrained particulates and 
water-soluble contaminants.. A bleed stream of the excess condensates from the MOG system 
routes to the chloridelfluoride removal system. This system removes the chloride and 
fluoride not incorporated into the glass as HCl and HF, neutralizes the stream, and grouts. the 
waste for disposal. Excess condensates from the MOG system are recycled to the feed 
preparation system evaporator. 

The scrubbed MOG undergoes further cooling and successive stages of filtration to 
remove radionuclides, after which sulfur dioxide (SOJ is absorbed from the gas and 
subsequently converted into elemental sulfur by a Claus unit. The MOG finally passes 
through a catalytic reactor where NO, is converted into nitrogen and water vapor before 
being discharged to the HVAC system. 

The VOG and condenser vessel offgas (CVOG) systems decontaminate the ventilation 
gases from tanks in the feed receipt, f e d  preparation, melter feed, and process liquid waste 
systems. The treated VOG and condenser offgas streams are discharged to the HVAC 
system. 

The process liquid waste system receives the continuously generated, clean overhead 
condensates from the feed preparation system. It performs sampling, interim storage, and 
pH adjustment before periodically transferring aqueous waste to a retention basin. Off- 
specification waste is returned to the feed preparation system for reevaporation. 

The W A C  system combines building ventilation gases with the treated MOG, VOG, 
and CVOG streams. The combined stream undergoes further high-efficiency filtration before 
discharge from the plant stack. Several utility systems supply heat, cooling, electricity, and 
other utilities to the plant process systems. 

A-16 





WHC-SD-WM-TI-694 
Revision 0 

This page intentionally left blank. 

A-18 



FROM SHEET 2 

FROM SHEET 2 

WE-UP TPllK 

FROM SHEET 2 

FROM SHEET 2 

jEPmlIONS 
WE-UP TPllK 

TK-109 

CWR 
cw 

P 

SEPhTlONS 
FEE0 TANK 

TK-100 

(I 

I 
I 
I 
I 
I 
t 

n FILTER BACKWASH WHC-SD-WM-TI-694 m Revision 0 
I 

63 

I f 
I 1st CAUSTIC 2nd WASH 

I 
------- -L------,--- It 1 s t  WASH -1 2nd CAUSTIC 

r l  i I 
I I  I I I I FILTER BACKWASH I I 

I 

I 
I 

I @ 

I 
- 

SEQUENTIAL PROCESS FACILIlY FLOW DIAGRAM SHEET 1 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 1 of 23) 
A-19/A-20 

W360101 







WHC-SD-WM-TI-694 

BULK HNOJ 
FROM SHEET 22 

Revision 0 

I 
I 

I I 

I 
BULK NaOH 

FROM SHEET 2- 1 

;a cv CWR 
cw 

CWR 
cw cw 

HNOj 
ELUANT 

TANK 
(0.5 M) 
TK-228 

NaOH 
REGEN 
TANK 

(2.0 M) 
TK-211 

NaOH 
REGEN 
TANK 

(0.5 M) 
TK-212 

STARTUP 
NITRIC 

ACID TANK 
(4.2 M) 
TK-208 

CSlX 
RESIN 
TANK 

TK-205 

TO CslX 
CONCENTRATOR 

SHEET 3 

I I I I  I 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

ACID RECYCLE 

CONCENTRATO 
I FROM CslX 

I SHEET 3 

TO SHEET 3 

WATER FLUSH STRONG NaOH 

(Sheet 4 of 23) 

WATER FLUSH 
TO SHEET 3 P- I 

I 
I- 
i 
v) 

I 
2 
LL 
w 
J 
L 

4 
I 

z 
2 

A-25 IA-26 

CslX RESIN 
TO SHEET 3 

- 
SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 4 003601 04 







WHC-SD-WM-TI-694 
Revision 0 

SCREEN 
FS-422 AB n 

BULK WASH WATER 
FROM SHEET 22 

d 

I 

I 
- 1  

(Sheet 7 of 23) 
TO BVOG 

I 43 REWORK -SHEET is 42 I 

PUMP 
P-423 4 B  

PUMP 
P-424 A.B 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

EC-428 

I 42 PRODUCT 
I 42 

U W  FILTER CATCH 
TANK 

TK-426 AB 

CULLET CULLET 
DAY LAG STORAGE 
STORAGE TK-2002 

AI ,  A2. A3 
P-430 lb- 

LLW CONDENSATE 
CATCH 
TANK 

TK-429 
HEPA HEPA ~ - 

PREFILTER FILTER FILTER 

-FILTER ME-341A 

ME-431B 

TO LLW 
EVAPORATOR 
FEED TANK 

SHEET 5 

SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 7 
DO360107 



I 
I 

I 
I 

I 
b I 
g 21 
LL 

METAL METAL 
HEPA HEPA 

FILTER flLTER 
FM-444A1 N - 4 4 4 A 2  

FILTER WASH 
WATER FROM 

SHEET 2 2  

TO PVOG 
C E U  MNTILATION 

FILTRATION & EXHAUST 

W EVAPORATOR 

CYCLONE Wi’H 
SINTERED METAL 

FILTERS 

flLTER WASH 
CATCH TANK 

TK-445 

FC-432 

ROTARY STAR 
FEEDER 
M-433 

DAY BIN 
8-434 

ROTARY STAR 
FEEDER 
M-435 

BULK SULFUR 
FROM SHEET 22 

RECOVERED SULFUR 
FROM SHEET 13 

STORAGE TANK 
TK-436 

TK-438 AB 

BULK DCPD 
FROM SHEET 22 

BULK CPD OLIGOMER 
FROM SHEET 22 

. WHC-SD-WM-TI-694 
Revision 0 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 8 of 23) 

DO360109 

W 

Y 

-I 
I 

U 
I 

J z 
2 I 

A-33lA-34 SEOUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 8 



I 
a I 

FILTER WASH 
WATER FROM 

SHEET 22 

CYCLONE MlH 
SINTERED METAL 

ROTARY STAR 
FEEDER 
M-501 

ROLL 

MC-502 

c m 7  Y VOG 
To 

n 

PUMP 
P-504 

FROM SHEET 2 2  

RECYCLE CULLET 

TO U W  MELTER 
FEED ADJUSTMENT 

TANK 
SHEET 5 

METAL METAL 

WHC-SD-WM-TI-694 
Revision 0 

~- ~ 

FM-505A1 FM-505A2 

TO PVOG 
CELL M N l l U l l O N  

flLTRATlON k EXHAUST 

SHEET 14 

HEPA HEPA 
FILTER FILTER 

FM-50561 fM-50562 

TO 

flLTER WASH 
CATCH TANK 

TK-506 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 9 of 2 

FILTER WASH TO 
U W  EVAPORATOR 

FEED TANK 
SHEET 5 

I 

e 
Y CATCH TANK Y z TK-503 A 
z 

r 
2 
I 

u 
I- E-+ 4: I I < 

A-35lA-36 SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 9 DO360109 





WHC-SD-WM-TI-694 
Revision 0 4a - 

BULK Ca(OH), 
FROM SHEET 22 FROM SHEET 22 

CONDENSER 
EC-1103 

EC-1108 

I 
I 

. . I  

I 
21 

BULK NaOH 
FROM SHEET 22 

cwRl C W 1  

1 

Q I 
. TO OVaG SYSTEM 

SHEET 14 

TO PROCESS 
CONOEMATE TREATMENT 

CONDENSER 

GROUT EVAPORATOR 
CATCH TANK 

TK-1115 

GROUT PROCESS 
FEE0 TANK 
TK-1117 

BULK FLYASH 
FROM SHEET 22 

BULK CEMENT 
FROM SHEET 22 

FI 

- 

GROUTING 
PROCESS 

~ 

DRUM 
OECLW/STOPACE/SAUPUNG 

SEQUENTIAL PROCESS FACllR FLOW DIAGRAM SHEET 1 1  

cw 

Ca(OH)z 
MAKEUP TANK 

TK-1119 

1 
P-1111 

I 
I 
I 

P-1 11 I WHC-SD-WM-TI-694 
Revision 0 

TK-1110 

. 

I 
I 
I 

WHC-SD-WM-TI-694 
Revision 0 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 11  of 23) 
I 

. I  

I 
I N  
8 
v) 

0 c 
w 

r u c 
5 
s 

A-391 A-40 
DO3601 11 







WHC-SD-WM-TI-694 
Revision 0 

SHEET 11 

FILTER WASH WATER 
FROM SHEET 22 

FROM SUPERNATANT 
EVAPORATOR 
SHEET 3 

FROM 1st CYCLE CsI 
CONCENTRATOR 
SHEET 4 

FROM LLW FEEO 
EVAPORATOR 
SHEET 5 FILTER WASH TO 

LLW EVAPORATOR 
FROM GROUT FEEO TANK 
FEEO EVAPORATOR 

FILTER WASH WATER METAL METAL 
FROM SHEET 2 2  

FM-701Al FM-701W 

FROM VESSEL 
VENT SYSTEM 

LLW CULLET PVOG 
FROM SHEET 8 

i 
VOG SYSTEM 

FILTER WASH 
CATCH TANK 
TK-702 

4J 

RECYCLE CULLET FVOG 
FROM SHEET 9 I 

FILTER WASH WATER 
FROM SHEET 22 HEPA HEPA 

PREFILTER FILTER FILTER 

PROCESS CELL 

HEPA HEPA 
PREFILTER FILTER FILTER 
FP-90061 M-90062 FH-9006 

E-9006 ME-9006 

FUGITM LEAKS 43- 
I M-9016 

METAL 
HEPA HEPA 
FILTER FILTER 

FM-901W FH-901A3 

h4nAL 
HEPA HEPA 
FILTER FILTER 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 14 of 23) 
I 
I 

PROCESS 
FACILITY 
STACK 

ST-902 

TO 

I I +  905 

SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 14 

I 

DO3601 14 

‘0 
i 

E 

I 
v) 

w 
2 
I 
L 

ii 
A-45lA-46 



I 
METAL MET& 
HEPA HEPA 

FILTER flLTER 
FM-906A1 FM-906A2 

U W  STORAGE 
BIN VENT 

FROM SHEET 7 ER FILTER 

FILTER FROM WASH SHEET WATER 22 -@- 

BVOG SYSTEM Y 
HEPA HEPA 

BLOWER E-905B 
MB-905B 

HEPA HEPA 
PREFILTER FILTER flLTER PREFILTER 

M-905A2 M-905A3 STORAGE BIN 
VAULT 

NGITNE LEAKS +- 

CULLET STORAGE 
FACILITY 
STACK 

ST-908 

SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 15 

WHC-SD-WM-TI-694 
Revision 0 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 15 of 23) 

FILTER WASH TO 
EVAPORATOR 

FEED TANK 
SHEET 5 

flLTER WASH 
CATCH TANK 

TK-909 

DO360 1 15 

I 
I 

I 
I 

I 
I 

I 
I 
.n - 
i 
v) 

2 
w 
_I 
I 
z 
e 
5 
A-47lA-48 





BULK GLASS 

HEAD BIN 
E-319 "-- FORMERS 

FROM SHEET 23 

ROTARY STAR 
FEEDER 
M-320 

I MF-321 

BULK 
GLYCOLIC ACID 

FROM SHEET 22 

GLYCOLIC 
ACID TANK 

TK-327 

WEIGH FEEDER CONDENSER 
EC-328 

I I 

. .  - 1  

ROTbRY STAR 

(CLOSE COUPLED FOR LINE 

/-------- 

HLW MELTER 

FEED ADJUSTMENT 
REACTORS (FAR) 

TK-332 A.B & C 

HLW FEED MELTER TANK 

TK-318 A & B 
OXYGEN FROM 

SHEET 2 1  

--- - 
CANISTER POUR 

AND COOLING 

WHC-SD-WM-TI-694 
Revision 0 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 17 of 23) 

R W I N G )  --- -@- 

TO - INNER CANISTER CLOSURE 

CANISTER DECONTAMINATION 

- SMEAR TEST STATION 
r 

- J - FINAL CLOSURE 

* INSPECTION 

DO3601 17 SEQUENTIAL PROCESS FACILIlY FLOW DIAGRAM SHEET 17 

I 
I 

I 
I 

Lo 
i 

e 
vl 

A-5 1IA-52 



3 rn 
? 
4 

61 'HS 01 3NllH31VYI --- 
I 

Q 
-- --A_- -- 

L1 'HS MOW 3NllH31V 

- 
I 

PD 
6 

n 

u1 
r) 
0 

I- 
W 
W 
I vl 







I 
- 

AIR FROM 
ATMOSPHER 

COMPRESSOR 

I 

125 PSlG 
M-1000 

TK-1005 TK- 1002 

I 4 3  

FROM SUPERNATANT +$- 
EVAPORATOR 
SHEET 3 

02 
SUPPLY 

TK-1006 

FROM LLW FEED 
EVAPORATOR 
SHEET 5 

2 
e 
4 
Y 

I 
0 

I 
2 

A-59lA-60 

FROM HLW FEE0 
EVAPORATOR 
SHEET 16  

FROM GROUT 
WASTE EVAPORATOR 
SHEET 11  

BULK NoOH 
+FROM SHEET 22 

C W R i  

RECYCLED 
CONDENSATE 
TO SHEET 1 

f 

/- 
-- 

09 

RETENTION BASIN 
TK-806 

a 
CWR- PUMP 
cw - P-802 PUMP 

P-804 
.: .. :. . ". - .P * : '  . ~. 

PUMP I 
P-805 I OFF SPECIFICATION 

PUMP 
P-801 

L--6d--- CONOENSATE TO 

PROCESS CONDENSATE 
RECYCLE TANK 

TK-800 IcB.&C 

RE CYCLE0 
CONDENSATE 
TO SHEET 3 

RECYCLED 
CONDENSATE 
TO SHEET 3 

pH ADJUSTMENT 
TANK 

TK-803 

TANK FARMS U 

BULK LIQUID 02 
FROM SHEET 2 2  

SEQUENTIAL PROCESS FACILITY FLOW DIAGRAM SHEET 21 

RECYCLED 
CONDENSATE 
TO SHEET 1 

I 
I RECYCLED CONOEN SATE 

TO SHEET 1 

CONDENSATE RECYCLED 

TO SHEET 1 

CONOENSATE RECYCLED 

TO SHEET 1 I 
WHC-SD-WM-TI-694 

Revision 0 

Figure A-2. Sequential Process 
Facility Flow Diagram. 

(Sheet 21 of 23) 

I 
I 
I 

COVER GAS 
SUPPLY 

I 

DO390 1 2 1 







WHC-SD-WM-TI-694 
Revision 0 

07:41:53 

A-65 



WHC-SD-WM-TI-694 
Revision 0 

lhrzll 
e 1 4  (h-w 
B s w 7  

Rruo 
FU-241 
4-90 
Y-90 
Tc-99 
mapi- 

E: 

7 . 9 M 3  7.9lFm 7 . m m  4 . 9 m  5.9%- 5.9E-05 4 . W  1.34EtOe 
J.JzE*03 3.- 3.14EM3 2.OEtOe 2.49E-05 2.49E-05 1.7ZiU2 5.WW1 

6 . 9 M  6 . 9 M  6 . M  4.W2-01 5.24E-M 5.24E-M 3.6lE-31 1.lE-01 
i . m m 3  1 . 6 ~ ~  1.m 1.w 1.2hE-X 1.24E-05 8.56EtOl Z.WW1 
4 . m  4.mm 4 . m m  3.- 3.W-05 3.W-05 2.5lEtOe 8 . m l  
1.853% 1.853% 1.7E106 1.16E105 1.39E-02 1.39E-02 9.633104 3.1Eto4 
1.853% 1.853% 1.7E106 1.16EM5 1.39E-02 1.39E-02 9.633104 3.1EW 
6 . m W 7  6.57M7 6.21Eto7 4.- 1.29E-01 1.BE-01 3.41Eto6 1.1ZE106 

3.lEW7 3 . m 1  3.0lEW 2.035% 5.1E-02 5.1E-02 1.6E106 5.4mW5 
3 . m 7  3 . m 7  2.86EW7 1.m 4.m-02 4.m-02 1.57E106 5.13EH15 

4.333102 4 . 3 M  4.- 2.7lEW1 3.24E-06 3.24E-06 2 . m 1  7 . x m a l  

2.mm 2.mm 2,mm 1.m 3.77E-04 3.77E-04 1.19Em 3.mw 

4.4E-01 

4 .m- lo  

2.96E-08 

3.OE-ll 

'.mm 

i.mm 

..37Em 

1.39-05 

1.3E-08 

3.m-W 9.9z-04 
3.67Eto1 1.ZEiQl 
1.24E-02 4.06E-03 
7.m-06 2.4E-06 
2.5E-06 8.24E-07 
5.m-01 1.84E-01 
3.7E-04 1.wEQ4 
9.- 3.17Em 
O.ZE-01 1.4OE-01 
5.m-04 1.m-01 
4.9E-01 1.63E-01 
1.455-03 4 . W Q 4  
1.z5E-05 4.0E-06 
5.6E-06 1.W-06 
4.4E-05 1.4Z-05 
5.14E-05 Z.OlE-05 
5.99E-M z.zsT-06 
8.ZE-01 2.7E-01 
1.97E-02 6.46E-W 
4.29E-05 1.422-05 
5.5Ew 1.mm 
4.03E-05 1.JzE-05 
1.ZE-06 4.UE-07 
9.5E103 1.49EM3 
2.m-lo 7.0%-u 

2.mo2 6 . m W l  
5.9OEW1 1.93301 
4.68e-W 1.uE-03 
4.9lEtOe 1 . 6 E m  
5.SBW3 1.8lFW3 
3.97Em 1 .mW3 1.mm 3.93Em 
1.0ZtOe 3.44EW1 
l.L%-01 3.76E-02 
7.29EtO4 2.39Eto4 

3.9E-01 1.7E-01 
1.oBE-08 3 .X-09  

3 . s z ~ ~ i  i.l!smi 
i . 6 ~ ~ 2  s.27Etoi 

5 . 4 ~ ~ 1  i.wm 

1.wE-05 3.37E-M 

1.OE-08 3.m-E 

1 

1.94E102 

A-66 



WHC-SD-WM-TI-694 
Revision 0 

, .19E-G2 
1.4SZ-01 

i.69E+Q1 
.. 19WW 

A - 6 7  





z.m-05 

L.4Q-08 

1.m-05 

L.46E-08 

- 
5 E* 
3 JE-05 
6 56E-01 
5 Sp-04 
1 2862 
3 9 9 - 0 7  
1.91E-01 
2.6E-01 
1 x - 0 1  
3 mix. 
2 3 6 - 0 5  
2 
1 ME* 
I 9 p - 0 5  
5 m-01 

1 yEm 

- 
2 192-03 
1 x-05 
2 JBE-07 
2 3Z-04 
5 4lE-03 
166E-01 
8 WE-02 
1 uE-01 
5.m62 
1.6ZE62 
6 51E-10 
1 m-05 
1 26E-m 
6 7E-M 
8 lE-06 
2 x - 0 1  

2.4E-05 

2.  5lE-W 

i.71EM3 

. .34E104 

- 
3.mm 

8 a m  

2 a - u  
4 322-l3 
3 m - 1 0  

2 5%-l3 
1 Z-0) 
2 3E-05 
1.14E-07 
2 vE-08 
1 O l E - 1 5  156-u 

1 2E-ll 
3 6JE-07 

4 u-09 
1 mm 

1.WE-05 

1.YZ-W 

1.69E-05 

1.91E-08 

5.m-05 

5.1Q-W 

5.m-05 

5.lQ-08 

A-69 



TotaIbsFlava.fr) I 

1.31EHll 

1.5lEiW 

1 . 4 W  1.- I 9.IZEm 1.352tw 

A-70 





k 2 4 l  
-14 
(h-l37 
kl37 

Rrm 
Rr2bl  
4-90 
Y-90 
7-53 
Total Wla 

ZE; 

- 
3.uE-0: 
Z.ZbE-(l! 
3.93E-07 
3.33E-01 
7.67E-O: 
z.36E-0; 
l . lp-O1 
l.sce-01 
7.4oE-E 
2.29E-E 
9 . z - 1 c  
1.4Z-0: 
1.7Le-oi 
9.6aE-w 
1.16E-o: 
3.34E-01 
5.66E-w 
2.mm 
1.4Z-06 
4.7a-07 
1.05e-01 
7.RZ-05 
6.39343 
7.96E-02 
9.58E-05 
9.3zE-02 
2.77E-04 
2.33E-06 
1.0%-06 
8 . r n - M  
l . E - 0 5  
1.3lE-M 
1.532-01 
3.69E-E 
8.m-06 
1.O33.X 
7.54E-06 
2.36E-07 
1.67NOz 
6 . m - M  
6.58EHx1 
3.0lEMl 
0.- 
1.1rntOl 
0.76E-04 
9.lE301 
1.03Et03 
4.5lFw 
5.56E41 
1.96E41 
Lip* 
8.6% 
1.m41 
7.3lE-u 
3.47E-08 

1.m-04 1.m* 7.67E101 2.52EWl 1.RZ-04 1.m-04 2.33E10l 4.95e101 
3,723101 1 . O P H ) l  4.26E-05 4.2bE-05 9.- 2.08EtO1 5.OZ-05 5.RZ-05 
3.0E105 1.0lE105 8.8lEQ2 8.8lE-02 9.36Ho4 1 . m 5  1.043-01 1.wE-01 

1.06E-07 1.06E-07 
2.M-05 2.M-05 1.MEWl 5.- 2.lZ-05 2.1zE-05 4.86Etm l.EE101 
6.Z-06 6.=% 

4.69€301 1.ytrml 6.22e-05 6 . Z - 0 5  1.Wl 3.mEto1 7.33E-05 7.m-05 

2.9SW5 9.- 8 . 3 7 ~ ~ 2  B.J?EM 8 . m  i.mm 9.m-02 9 . m a  
6.76E-02 2 . Z Q 2  8.9Z-08 8.95eQe 2.05e-m 4,267-02 

4.lEm 1 . 3 m  5.m-x 5.YE-06 1.27Em 2.7oEw 

1.mtc4 5.mm 2.38332 2.ma 5.mw 1.lEm 2.8lEQ2 2.0lEQ2 
l.m 5.mm 2.3al-m 2.m-m 5.46E103 l.m 2.8lE-m 2.8lEQ2 
Z.Z* 7.27E101 6.45e-04 6.45e-04 6.73EM1 1.- 7.633-04 7.m-a 
6.37~105 2 .w~tos 2.m-01 2.m-01 1 . w  4 . m 5  2.6aE-01 2.6aE-01 

3.3lE-05 

3.36EIx 

1.W5-05 

1.€3Etm 

2.2E-05 

2.3lE-08 

2.2E-05 1.03E-05 2.39E-05 

16Etm 

6 a E 2  

7 5 e m  

2.6E-05 

2.m-08 

o.BE-09 
3.L9E-u 
b.1G-U 
5 . Z - l C  
1.aE-08 
3,s-u 
1.19E-07 
3.39-05 
1.60-07 
3 . x - 0 8  
1.W-I5 
2.m-U 
5.99E-09 
1.XE-09 
1.alE-11 
5.2lE-07 

2.6E-05 

2.m-w 

A- 72 









62 63 101 102 m 1w m -WE 3 MI 61 
9uDcnmnRus 
TDtd Ehar b W) 8.86E-01 6.26E-31 6.16E-01 6.25E-01 6.25E-31 l.mE102 l .mE42 - (ci) 
k Z 4 1  4 . 9 M  3 .5 lEm 3.5IEm 3.5lE02 3 . 5 W  5.7- 5.7EmZ 
e 1 4  l.lZ-31 7.9E-m 7.94E-E 7.wE-m 7.93E-02 1.310)(11 1.3IE1O1 
6-137 1.55etoz 1.mm 1.1oEtm 1.mm 1.mm 1.mm 1.mm 
BY137 1.4EmZ l.W 1 . W  1.wEtM 1 . W  1.7lEm 1.7IEm 

3.233-03 2 . Z - 0 3  2 . Z *  Z . Z - 0 3  2.Z-03 3.7E-01 3.7E-31 
l.m 9.ZlE-01 9.ZlE-01 9.B33-01 9.1E-31 1.5ZWZ 1.5ZWZ 
3.24E-01 2.29E-31 2.BE-01 2 . Z - 0 1  2.m-31 3.76wo1 3.76EtOl Rrw) 

Y - w  2.63E103 1.- 1.86Em 1 . M  1.- 3.05et05 3.0E1O5 
Tr99 4.B3E-01 3.4lE-01 3.4lE-01 3 .4IE4l  3.4lE-01 5.6lEMl 5 . 6 W l  
T d  M a  5.56E403 3.aKL3 3.- 3.93Eto3 3 . 9 m  6.47H05 6 . 4 W  

andurb Mp) 

3s; 
b Z 4 1  3.64Eica 2.mm 2.mm 2.mica 2.mica 4 . m w  4.zAmm 
4-w z.mm 1.- i.mm 1.- 1.- 3.0~105 3.05~105 

4.49E-33 
6.16E-02 

3.mm 
1.3E-m 

i.23E-31 '.mm !.Z?&+l .mica 

- 

- 

A-76 





5.m-05 

5.6lE-38 

5.m-05 

5.6lE-38 

- 
J.lE-01 
2.m* 
4.m-05 
3.4lE-m 
7.86E-01 
2.4lE-05 

1.64EWl 7.mm 
2.3EiQI 
9.492-08 
1.4X-03 
l.B?EtM) 
9.m-m 
1.1sZ-oj 
3.4ZW1 

5 .m-m 
7.0JEtM 
2.37E-01 
1.4E-04 
4.EZ-05 
1.07EW1 
7.19E-03 
8.39Ern 
8.16Etw 
9 . m *  
9 . x m  
2.W-GZ 
2.39E-04 
1.DBE-04 
8.4Z-04 
1.1BE-03 
1.34E-04 
1.58Ern1 
3.7E-01 
8 .pE-w 
l.OE42 
7.73E-M 
2.4lE-05 
1.24EiC4 
l.lE-09 
6.74Em 
3.mm 
6.77Etoz 
1.13Em3 
8.97E-m 
9 . 4 m  
l . r n W 5  
2.44Eto4 
4..mm 
2.olEm 
2.aOEm 
4.3nrn5 
1 . 0 e m  
7.49FiQI 
5.5E-08 

1.17~rni  

5.5Z-05 

5.6lE-W 

A - 7 8  











WHC-SD-WM-TI-694 
Revision 0 

T &.J?etOl 

A - 8 3  













WHC-SD-WM-TI-694 
Revision 0 

A - 8 9  





WHC-SD-WM-TI-694 
Revision 0 

A-91 







WHC-SD-WM-TI-694 
Revision 0 

1 

A - 9 4  



WHC-SD-WM-TI-69h 
Revision 0 

A - 9 5  



5i 

R 

3 

9 

I 
1 

!8 " i  
2 N "i i 









2.mE-05 
8.73EiQ1 
1.7LTEm 
1 . X - 0 7  
6 3 5 - 0 5  
1.97E-04 
3.07N)9 
3.4s-10 

4.1E-07 
8.472-10 
2.7E-05 
1.5lE40 
7 . 4 8 3 7  
2.i3E-05 
1.9lE-12 
1.5%-u 
8.69E-06 
z.m-07 
Z.rn-08 
1.OE-04 
1.m-12 

i.mmi 

4.44E-m 
2.6JE-N 
3 . m  
1.5lEW 
4.m-14 
4.79E-09 
2.8tE-w - 

Z.gQ-05  

1.lEW 
1.57E-07 
6.523-05 
1.9E-04 
3.04E-09 
3.4lE-lo 
1.3lE+01 
4. m-07 
8.3%-10 
2.7E-05 
1.MW 
7.4lE-07 
2.7lE-05 
1.8%-u 
1.m-12 
8.6aE-06 
2.0JE-07 
2.3JE-08 
1.oJE-04 l.a-u 

8 . w m i  

b.z IE-08 
2.53E-08 
2 . 9 P d z  
1.43E-02 
3.9%-l6 
4.51E-ll 
2.73E-06 - 

2.68E-07 
8.273-01 

1.M-09 
6.23E-07 
1.873-06 
Z.9lE-11 
3.m-32 
1.zsI-01 
3.93E-w 
8.OZE-U 
2.64E-07 
1.43E-02 
7.m-09 
2.59E-07 
1.8lE-14 
l.M-14 
8.rn-08 
1.9E-w 
2.m-lo 
1.03E-06 
9. 74E-15 

i .mmi 

4.m-08 
2 yE-08 
2.9E-02 
I 43E-02 
3.9E-16 
L YT-Il 
2 ?H* - 

4.2lE+8 
2.53E-08 
2.9S-02 
1.49-02 
3.9%-l€ 
4 . x - l l  
2.m* - 

2.68E-07 
8.2JE-01 
1.1JEffll 
1.5lE-w 
6.232-07 
1.8JE-06 
2.9lE-11 
3.m-12 
l.zs5-01 
3.93E-09 
8.m-12 
2.64E-07 
1.43E-02 
7. WE-09 
2.59E-07 
1.8lE-14 
1 . a - 1 4  
8.nE-m 
1.9E-09 
2.m-10 
l.mE-06 
9.74E-15 

4 m-08 
z.uE-08 
2 9Edz 
1 43E-02 
3 9%-U 
L x-ll 
2.73E-m 

4.m-08 
z.Yg-08 
2.932-02 
1.43XQ 
3.9E-16 
4.5-u 

A- 100 





5.m-07 

1 . 4 E m  

3.m-07 

L.7lE101 

,.19E* 

6.m-07 

1.7E101 

4.1%+33 

2.33E-05 
3.84E-05 
3.0P-09 
2.685% 
1.0%-a2 

1.M-04 
8.9E-05 
4.455-06 
6.?zEtoz 
2.yE-04 
2.5SJ-01 
J . J P U ?  

4.39~101 

1 

1.47E-01 1 
A-102 







WHC-SD-WM-TI-694 
Revision 0 

L.4iE-01 

5.1iE-01 

!.Mto1 

1.34E-02 

1.5S-07 

l.YX-05 

!.M-08 

5.1iE-0 1.m-u) 

.2n-o9 . m-10 . mm 

. M-ll 

A-105 



WHC-SD-WM-TI-694 
Revision 0 

laD-2 Q- 
F- 

4.80-01 
1.05E-02 
1 m 1  
1 m 1  
3 14E-m 
1 m-01 
3 E-02 
3 w-01 
25ma2 
2 5pm 
4.69E-02 
5 mm - 

C.CR-07 
2.7LE-07 
2.432-03 
7.7E* 
4.m-15 
4.w-10 
2.9E-05 

4.04E-m 
2.ma 
2 . l R 6 2  
6.94E-05 
3.8E-14 
4.3&-09 
2.m-04 

1.6E-02 

. .4E+l  

8.51E-01 

A-106 



WHC-SD-WM-TI-694 
Revision 0 

A-107 







WHC-SD-WM-TI-694 
Revision 0 

1.M-10 
5.m-14 
1.m-u 
2.a-u 
8.m-19 
4.7E-19 
1.1s-u 
4.98-18 
2.6TE-l2 
2 .a -06  
9 . m - u  
2 . E - U  
4.m-U 
3.m-la 
1.592-12 1.m-u 
0.m-10 
3.E-u 
4.69-M 

A-110 



WHC-SD-WM-TI-694 
Revision 0 

2 39-04 
3 e4E-04 
3.05?-08 
2 m-03 
1.04E-01 

1.M-03 
8.9P-04 
4 . 4 P - 0 5  
6.Zm 
2.50-03 
2.556e-06 
7.5E-02 

4.39EWl 

8.YiE-04 
1.17EIo1 

. l3EQ2 

5.01E-08 1.94BU3 

5.61E-08 

- 
7 2lEQf 
5 1R-lC 
9 E-12 
7 7zE-04 
1.7E-07 
5 m-u 
2 m-cf 
6 WE+ 
2 m-06 
5 325-07 
2 la-14 
3 m-10 
1 WE48 
2 pE-08 
2 m-lc 
7 74E-06 

1 59-04 
6 5lE-04 
5 36E-07 
2.l3E-03 
5 %Ea 
4 39-03 
1 m-03 
4 5p-o-04 
9 6R-07 
12AWC6 
6 a-04 
1 70% 
4 9oE-07 

4.4nE-04 

1.27E-14 

- 
7 m-u 
5 1%-E 
9 m-u 
7 Io-u 
17Le-lc 
5 . 4 s - u  
2 66E- 
6 WE-07 
2 m-os 
5 325-10 
2 1Q-17 
3 m-u 
1 WE-u 
2 z3E-u 
2.m-U 
7.74€* 

4.uE-07 

1.27l-17 

A-111 



4.49E-06 
2.70-06 
2.43E-02 
7.1lE-05 
4.m-11 
4.84E-09 
2 . 9 E S  - 

3. m-05 
1.95E-06 
3 . 4 Z S  
3.65EKU - 

A-112 



WHC-SD-WM-TI-694 
Revision 0 

A-113 



WHC-SD-WM-TI-694 
Revision 0 

- 
12GZ-08 
5 1 z -m 
9 m-u 
7 7E-w 
1 7E-01 
5 a - u  
2 663-06 
6 0E-W 
2 m-06 
5 z - 0 7  
2 1e-N 
3 ZBE-10 
1 UE-08 
2 a-08 
2 68E-10 
7 7P-06 

4.4m-w 

1.m-14 

1.9=+33 

5.6lE-08 

6 m+o7 
2 8lEw3 
2 37Em 
9 LIT3103 
1 3lE4Js 
19lE.C4 
5 6EXa 
2 0lEm 
4 2Em 
2 9lEws 
1 o A o 3  
74ElCO 
2 lQtoD 

1.94E43 

5.6lE-08 5.6lE-08 

9 . 4 3 E e  

1.2QEiO: 

3 . m  

2.ma 

4.14Eto4 

A-114 



A-115 





WHC-SD-WM-TI-694 
Revision 0 

A-117 





WHC-SD-WM-TI-694 
Revision 0 

A-119 





WHC-SD-WM-TI-694 
Revision 0 

.4E-01 

l.ME100 
2.m-05 

1.7Z-02 1.7ZW1 

A-121 



WHC-SD-WM-TI - 694 
Revision 0 

A-122 





7.17E-O; 

5.m* 
LlG-u 

8.5a-x 

1.wE-o: 

l.UZ-C.5 
2.Z7E-07 

1.7E-M .7aE-M . 7 W 1  1.7tEtO1 

1.OBQ3 
6.ZZ-05 
1.@8Z-02 
1.14EIOs - 

1.06E-M 
6.ZZ-M 
l.CS3-02 
i . i a m 5  

..7tEW1 

A - 1 2 4  



WHC-SD-WM-TI-694 
Revision 0 

1 

3.542103 
3.59Em 

1.36Eto5 - 

I 

A-125 



WHC-SD-WM-TI-694 
Revision 0 

.59Em . xm 
.26Eto5 

I 

A-126 







WHC-SD-WM-TI-694 
Revision 0 

5.olE-Z '.2lE-Q: 7.7lE-Q: 1.39E4 1.37Ew: 

.mwi .4zm 

.6EW 

A-129 



WHC-SD-WM-TI-694 
Revision 0 

1.45Z-0f 

1.oJE-04 
2.252-01 

1.7Z-06 

.7.4E-09 

. m-W . E-12 

3E-10 

,439-05 

l.CQE-04 
Z.29EQ9 

1,723-06 

1.0E-10 
6.m-12 
1.09E-09 
1.IE-02 

7.14E-01 

3 . m m  

i.%mi .7E-01 .ZQl 

A-130 



WHC-SD-WM-TI-694 
Revision 0 

- 
1.16eQ 
I.l.?E-o! 
1 uka 
3.zIp-o! 
2.69-u 1.u-u 
l.07E-u 
1.4SZ-U 
5.32-13 
2.6%- 
1.69-05 
4.m-08 
2.0SZ-07 
1 .Z-10  
1.923-11 
1.m-U 
1.19-05 
1.01E-10 
5.m-07 

- 
1.51~101 
5.24Ed3 
1.76E40 
2.m-a 
9 . u - 0 8  
4.939-08 
1.m-z 
5.14E-07 
2 76E-01 
5.8Ee42 
9.UE-01 
2.uExx) 
4 . a - z  
3.99E-07 
1.6e-01 
1.34Edz 
8 4'IEIol 
3.21E-fQ 
4.8Tw1 

A-131 



WHC-SD-WM-TI-694 
Revision 0 

L.m-0: 

.am 

.m* 

.m-03 

6.383-01 6.383-01 

1.mm1 

1.28E-o l.0E-a 1.4(ato: 

A - 1 3 2  





WHC-SD-WM-TI-694 
Revision 0 

605 606 601 608 609 610 611 6U 6U 614 

l.bS-0l l.op-01 
5.wE-05 2.44E-04 
1.7lE-02 8.m-02 
2.49-04 1.m-m 

1.aOE-oL 5.7E-04 
h.99E-09 2.39-08 

5.65940 2.7O?+01 9.m-w 4.38-02 
2.1E-02 1.m-01 
4.293-04 2.m-03 
3.87e-w 1.BQ-m 

1.3(Ed4 6.W-W 
8.rn-01 396Em 
3 . E - W  1.m-m 
c.m-01 2.24E40 

6 . 9 ~ - I O  c.mm 
~ . i ~ - l o  2.34-09 

2.mm i.m-02 

i.m-03 7.am 

1 1lE-m 
4 ea?* 
2 39-05 
8 wr-11 
4 m-11 
1 E - 0 5  
4 m-lo 
2 YDdn 
5 a-01 
8 7P-01 
2 asm 
a m a  
3.m-lo 
1 %Bo4 
12s5-05 
7 91E-02 
3 OP-05 
4 LE* 

1 usm 
i.y1Etoi 
5.33E-03 
1.l9Em 
2.6Z+GZ 
9.37E-08 
5.02-08 
1.25-02 
5.m-07 
Z.BlE-01 
5.933U2 
9.56E-01 
2.2E40 
4.5oEu2 
4.06E-07 
1.m-01 
1.36EQZ 
8.64Ei01 
3.33E-02 
4.89Eto1 

A-134 







WHC-SD-WM-TI-694 
Revision 0 

- 
7.m-M 
2.44E-09 
8.2oa-07 
1.2OE-08 
4.2%-14 
2 .m-14  
5.7S5-09 
2.3%-W 
1.29E-07 
2.7a-04 
4 .m-07  
1.04E-06 
2.06E-08 
1.86E-13 
7.6E-08 
6.24E-09 
3.9fE-05 
1.5zE-08 
2.24E-05 

- 
3.4lE-01 
3.31E-x 
3.m-01 
9.55334 
7 . m - x  
4.14E-06 
3.l3E-E 

l.M-05 
7.9lEm 
4.7m40 
1.SE-W 
6.a3E-m 
3.5e-05 
5.w-M 
4.58E-07 
3 .3 lEm 
2.955-05 
1.73E-01 

4.mm 

A-137 



WHC-SD-WM-TI-694 
Revision 0 

- 

l.llE-01 

6.14E-M 

1.mw1 
2.1OE-01 

1.m-05 
2.Uc101 

1.39E-01 

1.72-05 
4.BE-06 

1, m-05 

1.3Z-03 
8.08EtO1 

6 . 0 E 4 1  
6.6E-02 

7.3cwiz 
3.34Eto1 

5.m-a 
6.6IEtoJ 

9.yE-03 
1.44E-03 

2 . m  
1.9 lEm 

4.14Eto4 

2.4- 
1.51Eto3 
1.2Eto4 
1.2lEKQ 

- 

- 

5.mm 

3.0E-02 

s.am 
l . m E 4 1  

5.49E-M 
1 . W 3  

6.62303 

8.4E-M 
2.3aM4 

5.m-M 

6.4iT-02 
3 . 9 6 ~ 4 3  

2. 94E43 
3.2iTM 

3 . m  

1.63Ei03 

2.89E100 
0.6lE45 

1.8lE-01 
7.c6E-02 

3.7EU 

2.m-1 

6.wEU 

?.Et( 

3.m-c 
8.63EH 

4.JXW 

5.e6E-0 
1.66E-o 

4.m-0 

4.5lE-0 
2.76EIO 

2.0s34 
Z . u e t 0  
2.m4 
1.14EW 

2.m4 
3.m4 

2.19Ew 

9.6E41 

5.3iT-01 

1.16Etoo 
7.mto4 

5.26€to4 
5.Wi01 

1.59245 

2.92304 

5.33Eto1 
9. 

5.6lE41 

5.1iT-01 

3.J4E-m 

2.6iTto4 

l.llE-01 

6.14E-M 

1.7241 

2.lCE-01 

1.m-05 
2.UEtol 

1.39E-01 

- 
1.72-05 
4 . 8 z - M  

1. m-05 

6.0lE41 
6.m-02 

7.mm 
3. W41 
5.m* 
6 .6E43  

9.W* 
1.44E-03 

2 . 3 3 4 3  
1.9lE45 

4.14EW 

A-138  



WHC-SD-WM-TI-694 
Revision 0 

i.ME-01 

.mu? 
,032-01 
.3=-05 

4.17E100 

2.9Etol 
6.6OE-04 

. o I E a  4.9G-01 3.44Z-01 i.57E-01 

, , m-05 
l.OIE-04 
1.73E-09 

i.wE-06 

A-139 



WHC-SD-WM-TI-694 
Revision 0 

- 
3.34E-01 
3.uE-04 
3.ls?-01 
9.3E-04 

4.06E-06 
3.07E-05 
4.1R- 
1.m- 
7 . 7 E l m  
*.taxa 
1.3s-02 
5.9E-02 
3.uE-05 
5. ma 
4.49e-07 
3.uElm 
2.m-05 
1.7oE-01 

i.mm 
3.3E-m 

7 . m - u  
4 .  la-u 
3.m-lr 
4.m-1c 
1.Z-1c 
7.91E-02 
4.7E-05 
1.33E-07 
6.mE-07 
3.3s-10 
5.m-u 
4.B-12 
3.32505 
2.a-10 1.ma 

A-140 









WHC-SD-WM-TI-694 
Revision 0 

l.llE-01 

6 . 1 k E a  

1.mw1 
2.1oE-01 

1.lZ-05 z.aEmi 

1.39E-01 

5 . n a  
9.mm 

4.37E04 

2.46E+M 
1.85241 
1.18*04 
1.2IE4.32 

2.86E41 

i .mmi 

.mm 

.mm 

i . m t 0 1  

l .mW3 

..m1 ..48Eto1 ..4teto3 : . 4 m  

A- 144 



.2E-05 

3.0E-W 
6 . 7 9 - 0 9  

WHC-SD-WM-TI-694 
Revision 0 

A-145 



WHC-SD-WM-TI-694 
Revision 0 

648 649 650 651 652 653 654 sII(wMw€ 645 €46 647 

91IDaxamm 

A-146 





WHC-SD-WM-TI-694 
Revision 0 

A- 148 



WHC-SD-WM-TI-694 
Revision 0 

A- 149 



WHC-SD-WM-TI - 694 
Revision 0 

mm 

.mm 

.m 

.mi01 

.%Et01 

.mm 

.m 

.mm .mm , mm 

ma? 

i3Em 

mm 

A-150 



WHC-SD-WM-TI-694 
Revision 0 

_. 

A-151 





WHC-SD-WM-TI-694 
Revision 0 

.W-14 

.m-l5 

.mmi 

. wmi 

.OE* 

, lEm 

1.57E-a 

4.mm 
5.37Em 

4.39E-04 
1.wE-04 

3.07E-04 

9.052- 

8.4oE-07 

.=-17 

..m-I! 

4. a - 7  

1.m-17 

- 

WE-15 

. lEia 

A-153 







WHC-SD-WM-TI-694 
Revision 0 

Ma-l5 

- 

Ma-15 

- 

.Ma-l3 .Ma-l3 

- 
8.e6E-0 
6.38E-1 
1 . m - 1  
9.49E-0 
2.19E-0 
6.m-1 
3.27E-0 
6.m-3 
2.97E-3 
6.W-C 
2.m-1, 
4.w-2 
1.09E-o 
2.74E-01 
3.m-11 
9.m-M 

1.m-01 
1.9iEQ. 
6.6lE-01 
4 . w - 1  
1 . x - 1 :  
2.99E-01 
2.m-0! 
6.W-a 
2.27e-Ol 
2.m-05 
3.73E-06 
7.9lE-05 
6.W-11 
2.m-11 
2 ,s -u :  
4.6lE-U 
7.4E-ll  
4.4lE-x 
1.0E-0? 
3 . a - l o  
z.93E-05 
Z . E - l o  
6.7P-Y 
3.4m-a? 
1.WE-X 
1.44E-03 
1.6lE-04 
1.69E-04 
7.mQ4 
8.4E-W 
2.64E-03 
7.06E-m 
8.66E-03 
l.aE-03 
8.6lE-04 
L.3S+O6 
L.7lEto6 
1.36E-04 
1.08E-06 
8.14E-07 

1.9oE-04 

1.98E-07 

i.49E-08 

1.56E-ll 

A-156 





WHC-SD-WM-TI-694 
Revision 0 

A-158 





A-160 



WHC-SD-WM-TI-694 
Revision 0 

A-161 



WHC-SD-WM-TI-694 
Revision 0 

A-162 



WHC-SD-WM-TI-694 
Revision 0 

.3zE-o5 

3.imE-04 
6.84E-09 

5.m-06 

4.31E-05 

3.m-w 
6.WE-09 

3 . Z - 1 0  
18R-ll 
3 m-09 
3 ma - 

!.%E* 

1 

A-163 



WHC-SD-WM-TI-694 
Revision 0 

3.273-06 
9.7E-09 
7 . e 6 - l l  
4.m-11 
3.m-lo 
1.m-10 

4.86E-05 
1.3S-07 
6.uE-07 
3 , s - 1 0  
5.74E-ll 

3.OE-10 
1.76E-06 

- 
1 ma 
1.19-05 
1 mu2 
3.26E-05 
2 ME-07 
1 blE-01 
1 07E* 
1 4 E - M  
5 3zE-07 
2 mm 
1 m-01 
4 . S - a  
2 NE* 
1 uE-M 
1.m-07 
l.%E-Oa 
1 10-01 
1 OE-06 
5.9lEdJ 

A - 1 6 4  



WHC-SD-WM-TI-694 
Revision 0 

l.m 5.8lE-02 5.87E-Q 

A-165 









WHC-SD-WM-TI-694 
Revision 0 

hL-%1 
C14 
8-137 

!E 
Rr240 
Rrul 
9-90 
Y-90 
Tr99 mal &des 

l.lE* 
2.m-10 
4.1ze-w 
3.m-a 
7.m-lo 
3.m-07 
7.bsE-08 
8.ulE-07 
6.23E-04 
6.23E-04 
1.13E-07 
2.OE-m 

5 4E-10 
3 2 s - l o  
5.93E-09 
1.V.E-10 
5.m-18 5.m-u 
3.5lE-08 - 

A-169 

















!.mm 

1.64E104 2.3lFw 

s.mm 

2.3Ew 

9 . m - 0 1  

9 .M-05 
2.16Em 

1.19Em 

1.47E-04 
4.14E-05 

1.op-04 

1.uEQZ 
6.SUEtO2 

5.mm 
5.652-01 

6.4zEta3 

2.8ptOz 

5.19E-01 
9.mm 

5.47E-01 

A-177 



TDtalHnSnmam I 

'.26E-o1 

i. 14Ew 
L . 1 E - 0 4  

2.2aEiO3 

3.6lE-02 

A-178 





snwt4m 1102 m3 u04 m5 1106 1107 Ut@ lm UlO uu 
uam- 
Tdal b k s  Flm W) L O W 5  8.16FiO4 8. lSW4 2.ZiO4 2.ZiO4 7.1mM3 1.57E104 2.02M3 1.37EiO4 1.37EiO4 
wlum (L) 9 . 9 3 3 ~ 7  7 . 9 7 ~ ~ 7  7 . 9 7 ~ ~ 7  i . m m 7  1 . 9 4 ~ ~ 7  4 . 5 1 ~ ~ 1 6  1 . 4 ~ ~ 7  1.47Eto6 1 .34~07 1 . ~ 1 0 7  
S r i u c  Qavity 1.0EIw 1.aZim 1.mm 1.lEi.m 1.mm 1.mi.m 1.mm 1.3Ei.m 1.ozztw 1.mm - (U) 
h 2 4 1  
e 1 4  
cs-I37 9.08eM4 3.232-02 3.m-02 9.0%iO4 9 . W  9.08eW4 

8.63Et04 3.07E-02 3.07E-02 8 . M  8.63EiO4 8.63Em E 
Rr2M 
BJ-241 
4-90 
Y-90 
Tr99 5.36Eto3 1.9E-E 1.9E-W 5.36Eto3 5.363W 5 . M  
Total Mes l . m W 5  6.49E-02 6.49E-02 1 B E M 5  1.83Eto5 1.- 

9.M-01 

5.m-03 

1.soEm 

1.79EW 

9.56E-05 
z . l S m  

1.19Em 

1.47E-04 
4.14E-05 

1.m-04 

1.uE-02 
6.9,WOZ 

5.mm 
5.652-01 

6.4ZW3 

2.8pm2 

5.19E-01 
9.rnM4 

5.47E-01 

3.36E-07 

1.863-09 

4.3EM1 

6.36E-07 

3.m-u 
7.67E-05 

4.m-07 

5.m-11 
1.47E-u 

3.m-11 

4.033-09 
1.7ZiOi 

3.79Ew 
2.ozE-07 

1 . m 3  

l.OE-04 

1.8e-01 
7.9mol  

1.9E-01 

3.3Q-07 

1.8Q-09 

4.3EiO1 

6.W-07 

3.4m-u 
7.67E-05 

4.73-07 

5.m-u 
1.47E-11 

3.64E-11 

4.0E-09 
1 . 7 Z m  

3.79Em 
Z.ozE-07 
1.1m 

1.OE-04 

1.BE-07 
7.9EiC4 

1.9E-07 

).M-01 

t.mKU 

L.79Ei.m 

3.56E-05 L.mm 

L. 19Ei.m 

L.47E-04 
L.14E-05 

L.VZ-04 

l.uE-02 
5.17Em 

1.33E46-2 
5.69E-01 

5, mi03 

2.BEm 

5.19E-01 
L.WiO4 

5.47E-01 

l.M-01 

L.&SEi@Z 
L.79Em 

L.47E-04 
\ .14E-05 

L.ozE-04 

L.IX-02 
5.17EKU 

L.33EKU 
5.69E-01 

i.mm 
1.BEm 

5.19E-01 
1.64EW4 

5.47E-01 

9.44E-01 

5.m* 

8.430H)l 

1.79EUC 

9.56E-05 
2.mm 

1.19Em 

1.4E-04 
4.14E-05 

l.CQE-04 

1.uE-02 
5.17E-01 

1.3.E-01 
5.6E-01 

5.mm 
2.mm 
5.19E-01 
1.3EM3 

5.47E-01 

! , l E M l  

i.17EtM 

..3zm 

. . wm 

r.YEW4 ..Ma 

.mm 

..3EiC4 1.3EW 

A-180 



WHC-SD-WM-TI-694 
Revision 0 

'.26EQ1 
i.14Em 
. .1EQ4 

1.6lE-02 

7.26E-01 
5.14Etw 
1.1E-M 

8.6lE-02 

5 37E-06 
3 E-01 
5.455-01 
5.76Eloa - 

1.26E-01 

5.14Em 
1.1E-M 

3.6lE-02 

5.37E-x 
3.lS5-07 
5.455-05 
5.7mi-Q 
~ 

'.ZQl 

i.14E*oo 
i.1E-M 

3.6lE-02 

A-181 



WHC-SD-WM-TI-694 
Revision 0 

7.07E-07 

2.67E-06 

8.16e-01 
2.275-03 

5.64E-06 
9.63E-07 
7.82E-08 
5.65501 

2.9Q-02 

A-182 













WHC-SD-WM-TI-694 
Revision 0 

. .am 

..sea 

A-188 



WHC-SD-WM-TI-694 
Revision 0 

APPENDIX B 

PROCESS FACILITIES, SITE LAYOUT, AND SUPPORT FACILITIES 

B1.O PROCESS FACILITIES 

The initial facility will be capable of performing separations and vitrification of LLW. 
It will have the capacity of producing up to 120 Mg/d of glass cullet. The vitrification 
process will use a single combustion melter train. 

At some predetermined point in time the LLW melter train will be shut-down and 
converted to a HLW melter train capable of producing up to 20 Mg/d of HLW glass. The 
converted facility will be capable of producing monolithic glass, pouring it into stainless steel 
canisters, cooling, sealing, decontaminating, and overpacking the canisters, and loading them 
out to the Canister/Cask Handling Annex. Figure B-1, SPF Layout, shows the SPF 
configuration for both (1) separations/LLW vitrification and (2) HLW vitrification. 

Due to the depth (approximately 16 m belowgrade) of the canister transfer and 
handling facilities, these portions of the HLW plant will be included in the initial design and 
construction of the Separations/LLW vitrification facility. The equipment located in these 
areas are dedicated to the HLW vitrification process and will be procured and installed at a 
later date. To prevent contamination and insure the ability to install the HLW equipment, 
seal plates and cover blocks will be provided to separate these areas from the LLW 
processing areas. Radiological protection will be provided to allow the installation of 
equipment in the canister transfer tunnel while the LLW melter is in operation. 

It is assumed that the majority of the decommissioning, decontamination, and removal 
of LLW equipment and installation of HLW equipment within the process area can be 
performed remotely. However, a certain amount will have to be contact handled. 
Radiological protection will have to be provided for personnel in the melter and other process 
Cells. 

Knockouts in the exterior walls and roof will be provided to allow installation of large 
equipment items. These knockouts will be located so as to not compromise the integrity of 
the LLW confinement envelope. 

The impact of this alternative on equipment in the LLW portion of the plant is 
summarized in Table B-1 . 
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Table B-I. Impact of Melter Replacement. (2 sheets) 

LLW Glass Separator 
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Figure B-1. Sequential Processing 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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Figure B-2. Sequential Processing 
Facility Conversion Process 

Flow Diagram. 
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B3.3 FAN/FILTER BUILDING 

The dedicated FadFilter Building is attached to the process facility. The FdFil ter  
Building’s primary function is to house the Zone 1 exhaust filters and fans. Also located in 
the building is a filter decontamination room, health physics area, instrument room and 
continuous air effluent monitoring (CAEM) rooms. The building’s safety classification is 
consistent with the safety classification of the Zone 1 exhaust system. 

The filters housed in the FadFilter Building are required by DOE 6430.1A Section 
1500-99.02 to be “as close to the source as possible” to limit or minimize contamination of 
the air transportation system. This requirement is met by having the dedicated Fan/Filter 
Building annexed to the Separations/ vitrification Building. 

B3.4 EMERGENCY GENERATOR BUILDING 

A dedicated Emergency Generator Building is provided at the process facility. It 
provides emergency power to those functions required to maintain confinement and bring the 
complex into a safe shutdown condition during and after a loss of power. The Exhaust Air 
Treatment System in the FdFil ter  Building is the largest load requiring emergency power. 
For that reason, the Emergency Generator Building is located as close as possible, without 
interfering with the process operation, to the FanlFilter Building. 

B3.5 CONTAINER STAGING ANNEX (CSA) 

The Container Staging Annex is an annex to the vitrification facility. The LLW 
containers and the HLW canisters and casks will move from the Shipping and Receiving 
Building to the CSA for cleaning, inspection, lag storage and movement to the container load 
in station, canister load in stations or cask loading station. The building ensures quality and 
contamination control for the containers. The building is adjacent .to the canister load in 
stations and over pack load out station. This allows for the CSA overhead cranes to lower 
the canisters into the building and to raise the over packs out of the facility. 

B3.6 LOW-LEVEL WASTE VAULTS 

The LLW vaults will store the LLW product. A below grade tunnel will be used to 
transport containers of a sulfur polymer cement (SPC) and cullet from the 
Separations/vitrifiction building to the vaults. This tunnel will also be used to cool the SPC 
and cullet. A minimum tunnel length of 250 m is required to provide adequate time for 
cooling. Shortening this length would require additional W A C  to lower the tunnel 
temperature so as to provide adequate cooling. A longer tunnel would ,increase construction 
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and operating costs. The tunnel is required to provide shielding and prevent the spread of 
contamination. The tunnel to the vaults is sealed after the LLW production run. 

B3.7 EMERGENCY RESPONSE CENTER (ERC) 

If warranted by results of safety analyses an Emergency Response Center (ERC) 
would be provided for redundant safe shutdown and accident recovery monitoring. 

B3.8 COLD CaEMICAL ANNEX (CCA)/BULK HANDLING AREA (BHA) 

The main function of the CCA and the Bulk Handling Area is to provide cold 
chemical receipt, storage, preparation and distribution to the TWRS Treatment Complex 
process facility. The length of solids transport lines to the users must be minimized to avoid 
the problems inherent to solids transport such as line obstruction and erosion. Additionally, 
the length of the liquid transport lines must be minimized to avoid substantial leaks of toxic 
chemicals. Therefore, the CCA is attached to the process facility and the BHA must be 
located close to the processing facility. 

B3.9 MECHAMCAL UTILITIES BUILDING (MUB) 

The MUB houses the Utility Steam System, the Compressed Air System, the 
Demineralized Water System, and the HVAC Chilled Water System. From a process 
standpoint, it is desirable to locate all of these systems in proximity to the main users the 
process facility. Locating these systems far from the processing. facility, especially distant 
site locations, would require steam super heating, water cooling to a lower temperature, 
heavier line insulation and tracing, longer transfer lines, and higher transfer pressures, all of 
which lead to a higher capital and operating cost. Therefore, this building is located close to 
the process facility. 

B3.10 SWITCHGEAR BUILDING 

The electrical Switchgear Building and substation are fed from the main electrical 
lines coming from the north and therefore should be situated for ease of access. To limit the 
length of the power feed lines, the electrical equipment is located near the primary user, the 
vitrification facility. 

B3.11 COOLING TOWER 

The Cooling Tower should be located to the southeast portion of the TWRS 
Treatment Complex. Consideration of the prevailing wind direction was given when 
determining this location. Drift from the cooling tower should not be allowed to travel 
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B3.16 HIGH-LEVEL WASTE CASK PADS 

The HLW Cask Pads allow for interim storage of the HLW product. HLW casks will 
be moved by special transporters from the HLW Canister/ Cask Staging Building to the Cask 
Pads. Location of storage pads should be near the process facility to limit the travel time for 
the transporter. Extensive travel time for the transporter may require additional transporters 
or other means of transportation to fulfill the Total Operating Efficiency requirements. 
Shielding and personnel protection also place requirements on the casks, cask pads and 
surrounding area. 

The casks used for interim storage of the HLW glass canisters does not provide 
sufficient shielding for personnel contact. A cost analysis of these various shielding options 
was conducted. The results of this study indicated that the most cost effective solution to this 
problem is a full berm around the cask pad for personnel protection. 
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PUMP P-B01C 16.6 m3/hr. 415 kPa 316L SS Re-used %-Is' after conversion ' 

PW P-8026 191 m3/hr. 275 kPa 316L SS Re-used %-Is' after conversion 

COLD FEED VENT BLOWER W-11OOA 510 sm3/hr. 6.2 kPa. 1.5 kW 304L SS 
........--- 

Re-used %-Is' after conversion 
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FILTER 
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304L SS Re-used 'As-Is" after conversion 

LIWID WTE COLLECTION HEPA 
FILTER 

FH-1112 170 sm3Ihr 304L ss Re-used "As-Is' after conversion 
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DAY DIESEL FUEL TAK TK-291% 2.3 m3 CpRBOw STEEL Reused 'AS I S "  following conversion 

EMERGENCY GENERATW. oG-2916A 1Hw Reused "AS IS" following conversion - 
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CONDENSER EV-684 93 kW 316L SS 
~~~~~~~~~. . . . . . . .  

SIMILAR m EC-1101-4. MY REM. IN 
SERVIEC FOC. CONVERSION IF REQ'D 
FOR CHLORIDE PURGE 
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Phone 376-2745 H5-49 
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I 

Date: May 26, 1995 subrn: "SINGLE LINE FACILITY" COST ESTIMATE REVIEW 

'! 

TO J. 0. Honeyman 

cc: J. A. Swenson 
JSG File/LB 

S7-81 

H5-49 

Stone & Webster Engineering has completed an independent review of 
the "Single Line Facility" cost estimate. 
prepared for us by Fluor Daniel and reviewed by Tony Waldo of I C F  
Kaiser Hanford Company who is matrixes to my staff. The Single Line 
Facility houses the TWRS flow sheet which includes Pretreatment, LLW 
and the ability to convert to HLW processing. They concentrated 
their review in the area of contractor overhead and profit, 
construction and project management, engineering , contingency, 
process equipment costs, unit prices and building costs/SF basis. 
The letter documenting the cost summary (Attachment 1) and review 
(Attachment 2) are attached and the findings are summarized below. 

1.) 

2.) 

This estimate was 

Fully loaded labor rates, used in the cost estimate, 
appeared to be reasonable. 

All of the markup percentages used on the vitrification 
facility (i.e. OH&P, CM, PM, Engineering and Contingency) 
appeared to be reasonable. However the same markups on 
facilities like warehouses, office buildings, etc. were too 
high and recommended lowering in this area. 

Initially the process equipment pricing appeared to be very 
high for the vitrification facility (primarily for tanks, 
pumps and agitators). 
fabricates this type of special equipment, the reviewer 
changed his mind and decided that their costs were 
reasonable. 

3 . )  

Once vendors were contacted, that 

4.) 

5.) 

The cost per SF and CF for the vitrification facility 
appeared to be reasonable. 

The cost per SF.and CF for support facilities was 
difficult for the reviewer to follow and appeared to be too 
high. 
believed that it was very conservative, by as much as S86M 
and should be reviewed once better details is available. 

This area received the most criticism as the reviewer 
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4D - SINGLE LINE - 
VITRIFICATION CIVIUSTRUCTURAL 
VIT. FACILITY - EQUIPMENT 
BUILDING EQUIPMENT 
PROCESS EQUIPMENT - 

REG. ENTRY 8 LAB ANNEX 
REG. ENTRY a LAB ANNEX-EQUIP. 
CFE ANNEX 
CONTAINER STAGING ANNEX 
CONT. STAGING ANNEX - EQUIP. 
FANFILTER ANNEX 

EMERG. GEN. 
EMERG. GEN.- EQUIP. 
LLW CONTAINER XFER TUN 
EMERG. RESP. CENTER 
EMERG. RESP. CENTER - EQUIP. 
COLD CHEM. ANNEX 
COLD CHEM. ANNEX - EQUIP. 
BULK HANDLING AREA 
BULK HANDLING AREA - EQUIP. 
MECH. UTlL ELDG. 

WATER PUMPHOUSE 
WATER PUMPHOUSE -EQUIP. 
SWITCHGEAR ELDG. 
SWITCHGEAR ELDG. - EQUIP. 
COOLING TOWER 

FMFILTER ANNEX - EQUIP. 

MECH. UTlL ELDG. - EQUIP. 

WAREHOUSE 
WAREHOUSE - EQUIP. 
FAE a ASSY. SHOP 
FAB 8 ASSY. SHOP - EQUIP. 
SUBSTATION 
FEED LINE 8 SWITCHYARD 
MECH UTIL. 
ELECTR. DlSTRl 
SITE PREP 
ROADS 
RAIL LINE 
FINAL SITE WORK 
LIGHTING 
FENCING 
FEED XFER LINES 

TOTAL ESTIMATED COST (TEC) 

DLBECI: 

$138,309 

$117,792 
s2Q!x& 
$456,665 

$17,660 
$22,276 
$1,811 
$1,347 

$161 
$6,325 
$4,428 
$1.871 

$1 5.1 32 
$23,037 
$2,405 
$1,207 

$210 
$4,679 

$321 
$9,098 
$1,613 
$7.883 

$622 
$1,609 

$643 
$5,699 
$3,767 
$1 -244 

$105 
$2,832 

$879 
$1 1,220 
$5,751 
$3,765 
$2,380 
$2,666 

$808 
$127 

$1,375 
$167 
$153 

at324 
$170,152 

E@G 
$55.324 

$47,117 
SaQ.226 

$182,666 

$7.064 
$8,910 

$725 
$539 
$65 

$2,530 
$1,771 

$749 
$6,053 
$9,215 

$962 
$483 
$84 

$1,872 
$128 

$3,639 
$645 

$3,153 
$249 
$644 
$257 

$2,280 
$1,507 

$497 
$42 

$1,133 
$352 

$4,488 
$2.300 
$1.506 

' $952 
$1,066 

$323 
$51 

$550 
$67 
$61 

SLEQ 
$68,061 

$626.817 $250,727 

I;M 

$13,831 

$11,779 
S2Qa.6 
$45,667 

$1.766 
$2,228 

$181 
$135 
$16 

$632 
$443 
$187 

$1,513 
$2,304 

$241 
$121 
$2 1 

$468 
$32 

$910 
$161 
$788 
$62 

$161 
$64 

$570 
$377 
$124 
$10 

$283 
$88 

$1,122 
$575 
$377 
$238 
$267 
$81 
$13 

$1 37 
$17 
$15 
SBz 

$17,015 

$62.682 

D-5 

4D 
PM ( ; O N T I N . I E c  

$20.746 

$17,669 
BQ.QE5 
$68,500 

$2,649 
$3,341 

$272 
$202 
$24 

$949 
$664 
$281 

$2,270 
$3,456 

$361 
$181 
$31 

$702 
$48 

$1,365 
$242 

$1.182 
$93 

$241 
$96 

$855 
$565 
$187 
$16 

$425 
$1 32 

$1,683 
$863 
$565 
$357 
$400 
$121 
$19 

$206 
$25 
$23 
$!!et 

$25,523 

$94,023 

$91.284 $319,494 

$77,743 $272,099 

$301.399 $1,054.897 
S l 3 2 . m -  

$1 1,656 
$14.702 
$1,195 

$689 
$107 

$4,174 
$2,923 
$1,235 
$9,987 

$15,204 
$1.587 

$797 
$139 

$3,088 
$212 

$6.005 
$1,064 
$5,203 

$41 1 
$1,062 

$425 
$3,761 
$2,486 

$821 
$69 

$1,869 
$580 

$7,405 
$3,796 
$2.485 
$1,571 
$1,759 

$533 
$84 

$907 
$110 
$101 

a&u 
$1 12.300 

$40,795 
$51.458 
$4,184 
$3,112 

$373 
$14,610 
$10,229 
$4,323 

$34,955 
$53,215 
$5.556 
$2,789 

$485 
510,808 

$742 
$21,016 
$3,725 

$18,209 
$1,437 
$3,717 
$1.486 

$1 3,165 
$8.702 
$2,873 

$242 
$6,542 
$2.030 

$25,919 
$13,285 
58.698 
$5,497 
$6,158 
$1.867 

$294 
$3,176 

$385 
$353 

SLMQ 
$393,050 

$413,699 $1 447,947 
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STONE & WEBSTER ENG~NEERING CORPORATION 

Donald,L. Huddleson 
Contract Administrator 
ICF Kaiser Hanford Company 

Richland, WA 99352 
P. 0. BOX 888, MSIN G7-21 

1200 JADWIN AVENUE. SUITE 455 

RICHLAND. WASHINGTON 99352 
\ \  

TLLCCHONE: (509) 949-8392 

May 11, 1995 
05696.01 

SW-ICFKH-548L 

TRANSMITTAL OF "SINGLE LINE FACILITY" COST ESTIMATE REVIEW 
CONTRACT NO. KH-8010F 
A/E LABORATORY, OFFICE STORAGE, SHOP FACILITIES DESIGN HANFORD 
SITE, RICHLAND, WASHINGTON 
TASK ORDE R KEK-BOlOF-1 (APPENDIX A) 

Dear Mr. Huddleson: 

Please find enclosed the "Single Line Facility" cost estimate review prepared for ICF Kaiser 
Hanford Company by Mr. George Takacs of Stone & Webster Engineering Company. We - 
appreciate this opportunity. 

If you have any questions or require further information please feel free to give me a call on 
(509) 943-8392. 

Project , ~ a n a y  

D P W & j L /  
i 

cc: Tony Waldo, ICFKH, H5-49 

Enclosure 

MAILING ADDRESS: 
P.O. BOX 54M 
DENVER CO 8 0 Z I 7 W  

GEORGE L. TAKACS 
PRINCIPXLUXFL SCHEDULING ENGINEER 

STONE & WEESTER ENGINEERING COWORATION 
rsrr EASTBERRY AVENUE 

TELEPHONE lw 741.7114 
ENOLEWOOD. COIL)RADo 80111-2157 

FU(: laoS1741i1670 
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This reviewer disagrees with applying a global factor of 131% of direct cost for indirects to the 
entire project. The 10% for construction and 10% for project management appear reasonable. 
However. 40% for engineering and 40% for contingency throughout appears to be too 
conservative for the supporting facilities. The total project cost may be realistically reflected if a 
lowu percentage was used for engineering and contingency and would reflects the degree of 
difficulty. Engiieering costs on traditional buildings like offices and warehouses rarely ex& 
10% of the consmaion cost. A 40% allowance for engineering would be at the extreme high 
end, but may be justified for the vitrification facility, due to the complex nature of this plant 
design. In any case, it is this reviewers opinion that the 40% engheerhg should be applied to 
the vitrification facility only and a reduced percentage be used for the other support facilities. A 
reworked version of the above multiplier calculation for three of the options follows (Vit Bldg, 

' 

RCFE. Warehouse): 

Vit Bldg R warehouse 
DIRECT COST 

ENGINEERING (40%/25%/15%) 
CONSTRUCTION MGMT. (10%/10%/10%) 

SUBTOTAL 

PROJECT MANAGEMENT (10%/10%/10%) 

SUBTOTAL 

CONTINGENCY (40%/25%/15%) 

TOTAL 

100 

40 

19 

150 

* 
165 

66 

?a 

100 
25 

a 

135 

14 

149 

37 

a 

100 

15 
- 10 

125 

12 

138 

21 

SI? 

MULTIPLIER EQUALS 2.31 1.86 1.59 

An installation factor of 2.29 times the equipment cost was used, which includes 7.8% for sales 
tax, contractork overhead and profit of 5% of equipment, 10% of subcontracts, and 53% of 
direct labor. 'Ihe base labor rate used was $31.50 per hour, which is a Kaiser standard for this 
area, and includes base wages, fringe benefits, payroll taxes and insurance. When the 53% 
OH&P is added to this it translates to a $48.20 per hour fully subcontracted rate which appears 
reasonable for the scope of work. 

, 

' 2  
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1. 

F’ricinv 

Equipment in the vitrification facility accounts for $774,108,000 or nearly half of the 
$1,534,000,000 total capital cost estimate. Tanks, pumps and agitators represented the largest 
component of the vitrification facility equipment accounting for just under 40% of the total, thus 
representing a good area to review for accuracy. FluorDaniel supporting data was requested for 
selected equipment and the pricing appears to be reasonable through discussions with tank, pump. 
agitator and material supply vendors. Radiation hardening, balancing and me.chanical/electrical 
jumpers appear to be covered adequately. pricing in all cases is for pon NOAL equipment. 

Thorough evaluation of much of the equipment was difficult because detailed supporting 
documents are in FluorDaniel5 offices in Irvine. It is recommended that a copy of all detailed 
data related to case 4D be sent to Kaiser5 office in Richland. 

While unit prices are not included in the vitrification facility itself. the cost per square foot and 
cost per cubic foot appear to be reasonable. Substantial detail was shown for most of the 
supporting facilities. Representative samples of sitework, concrete, structural steel, architectural 
fdshes. piping and electrical were reviewed and found to be reasonable when compared with 
SWECS database. In all cases this comparison showed the unit prices used were within an 
acceptable range of accuracy. 

A cost per square foot analysis of the support facilities is difficult. Detailed estimates were 
developed for the central facilities study. These estimates were then factored for study 2001 
which was then factored for 2015 to m e  4D revision 1 and then revision 2, all without having 
the design in the hands of the FluorDaniel estimators. Case 4D Rev. 1 was based upon WBS 
2001 and WBS 2015. Case 4D Rev. 2 was based upon case 4D Rev. 1 which further 
compounded what appears to be a conservative set of estimates to begin with. It appears these 
estimates could be high. 

conclusion 

The total cost for the estimate reviewed was developed utilizing previous estimates, factored 
equipment costs or systems similar to the work required for these facilities. Estimating methods 
used in developing the various estimates appeared to be consistent from one to another. Based 
upon my experience the case 4D Rev. 2 estimate appears conservative but reasonable and not 
drastically high. It is conservative based on the square foot cost and the impact of factors used 
for indirects. The bottom l i e  of $1,534,000,000 is well within the range of accuracy expected 
for an order of magnitude estimate. Based on the current scope of work as described in 4D Rev. 
2. it would not be reasonable to expect cost to be as low as $1.450,000,000. 

3 
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ESTIMATE SUMMARY AND VARIANCE 

PROCESS FACILITY 
HANFORD VlTRlVlCATlON FACILITY 
FANFORD VlTRlVlCATlON FACILITY 

REV. 1 REV. 2 DELTA SWEC 
AREA s x1,000 AREA s xl,000 AREA txl.000 sx1.000 

BLDG 319,494 
OTHER 0 

PEDICATFD SUPORT FAClLlTlTS 
REGULATED FACILITY ENTRY ANNEX BLDG 
REGULATED FACILITY ENTRY AMMEX OTHER 
CONTRACT FILTER BLOWER ANNEX BLDG 
CONTRACT FILTER BLOWER ANNW OTHER 
CONDENSATE COLLECTION ANNEX BLDG 
CONDENSATE COLLECTION ANNEX OTHER 
CONTAINER STAGING ANNEX BLDG 
CONTAINER STAGING ANNEX OTHER 
FANFILTER ANNEX BLDG 
FANFILTER ANNEX OTHER 

U EMERGENCYGENERATOR BLDG - EMERGENCY GENERATOR OTHER 
e 

LLW CONTAINER TRANSFER TUNNEL AND STORAGE VA 

SHARED SUPPORT FACILITIES AND INFRASTRUCTURE; 
REGULATED TWRS COMPLEX ENTRY BLDG 
REGULATED W R S  COMPLEX ENTRY 
OPERATION SUPPORT BUILDING 
OPERATION SUPPORT BUILDING 
EMERGENCYRESPONSECENTER 
EMERGENCYRESPONSECENTER 
BULK COLD CHEMICAL BUILDING 
BULK COLD CHEMICAL BUILDING 
BULK HANDLING BUILDING 
BULK HANDLING BUILDING 
MECHANICAL UTILITIES BUILDING 
MECHANICAL UTILITIES BUILDING 
WATER PUMPHOUSE 

OTHER 
BLDG 
OTHER 
BLDG 
OTHER 
BLDG 
OTHER 
B3DG 
OTHER 
BLDG 
OTHER 
BLDG 

14.849 
0 

10,114 

20.982 
0 

13,450 
0 

38.413 
0 

15,064 
0 
0 

45,031 
0 

56.038 
0 

13.558 
0 

12,654 
0 
0 
0 

22.596 
0 

8.178 

279.385 
1.122.346 

14,371 
0 

5.201 
0 

31,421 
8.914 
3,873 

313 
18.181 
10,229 
7,113 

31,944 
53,215 

16,655 
2,654 

18.349 
98 

6.914 
2.789 
5,030 

10.064 
142 

16,044 
6.180 

18.209 
2.384 

178.464 
0 

69.940 
0 

10,114 

0 
0 

13,450 
0 

38,413 
0 

15.064 
0 
0 

0 
0 
0 
0 

13.558 
0 

4,304 
0 
0 
0 

22.596 
0 

8.178 

319.494 -143,030 40.109 
774.108 0 -348.238 

67.690 55,091 53.319 
0 51.458 51.458 

5.207 0 0 

0 -20.982 -31,427 
0 0 -8.914 

3.873 0 0 
373 0 0 

18,181 0 0 
10,229 0 0 
1.173 0 0 

34,955 0 3,011 
53,215 0 0 

0 -45.031 -16.655 
0 0 -2,654 
0 -56.038 -18.349 
0 0 -98 

6,914 0 0 
2,789 0 0 

603 -6,350 -4.427 
10,808 0 744 

142 0 0 
21.016 0 4.912 

8,180 0 0 
18.209 0 0 
2,384 0 0 

319.494 
735,403 

40.795 
51.458 
4.184 

0 
0 

3.112 
373 ? 

14.610 FF  
El g: z 10,229 

4,323 
34,955 .o 4 
53,215 e( 

0 
0 
0 
0 

5.556 
2.789 

485 
10,808 

742 
21,016 

3,725 
18,209 
1.431 

Page 1 
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APPENDIX E 

MELTER CONVERSION ESTIMATES 

DATA NOT AVAILABLE FOR ATTACHMENT AT THIS TIME. 
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APPENDIX F 

ALTERNATIVE FUNDING PROFILES 

Life-cycle costs are derived from the design media generated for the SPF as shown in 
Figure F-1. Capital and expense costs for the life of the mission are derived from the 
Process Flow Diagram (PFD) and the related mass balance run on ASPEN software. These 
provide a basis for the process equipment lit, design layouts, and site layouts. 

Capital costs were estimated by Fluor Daniel, Inc. for process equipment, facility, 
and the sitelinfrastructure elements. The expense costs were developed by WHC from 
specific elements of the design media as depicted on Figure F- I .  Thus, the life-cycle costs 
are directly traceable to specific elements of the design included in this document. 

The ancillary areas and structures required to support the operation of the SPF are 
collectively referred to as "support and infrastructure" and are arranged with respect to the 
SPF in a site layout. 

The support and infrastructure functions associated with the TWRS processing 
flowsheet have been systematically identified and documented in WHC-SD-W378-ES-002 
(draft), "Facility Design Philosophy: TWRS Process Support and Infrastructure Definition". 
Utilities and structures have been mapped to the TWRS functional block diagram for 
"Remediate Tank Waste" in order to ensure a complete identification of processing support 
and infrastructure. Subsequently, each support function was assessed for location and 
process constraints. Specifically, on the bases of safety and operational considerations, it 
was determined whether support functions should be close coupled with the main processing 
facility or could otherwise be placed some distance away. It was also determined whether 
the function could be shared between pretreatment and vitrification or must otherwise be 
dedicated to each. Finally, opportunities for cost savings and efficiencies were considered 
through grouping or collocating functions in common structures. 

Table F-1 provides the A D S  guidance for fucal year 1996 as well as the target 
funding and planning budgets for the April 10, 1995 budget submittal. 

Table F-2 provides the funding profile for SPF. 

Table F-3 provides the staff levels for the SPF separations and LLW vitrification. 
Table F-4 provides the staff levels for the SPF HLW vitrification. 

Table F-5 provides the expense costs for chemicals, utilities, equipment replacement, 
and containers and vaults. 
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Multi-Year Work Plan 
Program Management 
TWRS Plant Operation and Maintenance 
Characterization 
Tank Safety 
Base TWRS Program 
Waste Retrieval 

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
43 34 32 30 31 31 31 31 31 31 
1 74 167 147 190 208 244 177 176 175 175 
78 72 63 52 41 27 77 77 77 0 
53 49 47 19 14 8 0 0 0 0 
304 287 257 261 263 278 254 253 253 175 3 
44 28 29 46 65 53 69 75 92 90 

Tank Salety I 53 I 49 I 47 
TWRS Cost 440 I 416 I 381 

'rocess Facility with Demo 
Waste Retrieval 
Facility Cost 
Program Management 
operations and Maintenance 
Characterization 

1996 1997 1998 
44 28 29 
48 68 63 
43 34 32 
1 74 167 147 
78 72 63 

1999 I 2000 I 2001 1 2002 I 2003 
46 
96 
30 ' 

190 
52 

65 53 69 75 
252 257 137 104 
31 31 31 31 
208 244 177 176 
41 27 77 77 

19 I 14 I 8 1  0 1  0 
434 I 610 1 619. I 490 1 463 

Discounted TWRS Total 
Discounted Faciliy Cost 

365 483 463 346 318 
81 1 199 I 192 1 97 1 ,  72 

440 393 339 
48 64 56 

I 

140 
43 
174 
78 

'recess Facility without Demo I 1996 1 1997 1 1998 I 1999 I 2000 I 2001 
Waste Retrieval I 44 I 28 I 29 I 70 I I 0 1  I 114 
Escalated F d i y  Cost 
Program Management 
operations and Maintenance 
Characterization 

117 154 
34 32 
167 147 
72 63 

237 
30 
190 
52 

31 8 396 
31 31 
208 244 
41 27 

Tank Safety 53 49 I 47 I 19 14 8 

2002 2003 

177 

808 746 
570 512 
243 147 

Discounted TWRS Total Cost 
Discounted Faciliy Cost 

578 
386 379 
116 

m 
. ? I  

532 439 420 503 564 613 
1 40 110 138 199 252 296 
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Table F-2. Funding Profile for SPF. (Sheet 2 of 6) 

N 
a 
T a 
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Characterizah 
Tank Safety 
Base TWRS Program 
Waste Retrieval 

'rocess Facility with Demo 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
6 6 6 0 0 0 0 0 0 - 0  

Waste Retrieval 
Facility Cost 
Program Management 
operations and Maintenance 
Characterization 

2026 
108 
122 
24 
0 
0 

Tank Safety 
TWRS Cost 

2027 2028 2029 2030 2031 2032 2033 
79 70 35 29 0 0 0 
132 152 304 162 262 262 262 
24 24 3 3 3 2 2 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

Discounted TWRS Total 
Discounted Facility Cost 

0 
254 
92 
44 

0 0 0 0 0 0 0 
235 246 342 194 265 264 264 
83 a5 115 63 84 81 79 
47 52 102 53 83 81 78 

157 
24 
0 
0 

I I I I I I I I 
I 

157 157 141 141 141 141 112 0 360 
24 24 3 3 3 2 2 2 2 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

159 398 
46 113 
46 112 

Tank Safety 
TWRS Cost 
Discounted TWRS Total Cost 
Discounted Faciliy Cost 

I 

0 0 0 0 0 0 0 0 0 0 
187 187 187 144 144 144 143 114 2 362 
68 66 64 48 47 46 44 34 1 103 
57 56 54 47 46 45 43 33 0 102 

Process Facility without Demo 1 2026 I 2027 I 2028 1 2029 I 2030 1 2031 I 2032 I 2033 I 2034 I 2035 
Waste Retrieval I 6 1  6 1  6 1  0 1  0 1  0 1  0 1  0 1  0 1  0 
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Multi-Year Work Plan 2046 
Program Management 0 
TWRS Plant Operation and Maintenance 0 
Characterization 0 

Tank Safety 0 
Base TWRS Program 0 
Waste Retrieval 0 

Total 

2.586 
1,430 

2047 2048 2049 2050 
0 0 0 0 
0 0 0 0 
0 0 . o  0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

7 I-. 
c 
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Process Facility with Demo 2046 2047 2048 2049 2050 Total 
Waste Retrieval 0 0 0 0 0 5,045 
Facility Cost 0 0 0 0 0 8,251 
Program Management 0 0 0 0 0 951 
Operations and Maintenance 0 0 0 0 0 2,883 
Characterization 0 0 0 0 0 564 
Tank Safety 0 0 0 0 0 189 
TWRS Cost 0 0 0 0 0 17,882 
Discounted TWRS Total 0 0 0 0 0 9,750 
Discounted Facility Cost 0 0 0 0 0 3,782 

Process Facility without Demo 
Waste Retrieval 
Escalated Facility Cost 
Program Management 
Operations and Maintenance 
Characterization 
Tank Safely 
TWRS Cost 
Discounted TWRS Total Cost 
Discounted Facility Cost 

2046 2047 2040 2049 2050 Total 
0 0 0 0 0 4,440 
0 0 0 0 0 7,583 
0 0 0 0 0 951 
0 0 0 0 0 1,833 
0 0 0 0 0 564 
0 0 0 0 0 189 
0 0 0 0 0 15,560 
0 0 0 0 0 9,022 
0 0 0 0 0 3,749 
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Table F-3. Staff Levels for the SPF SeDarations and 
Low-Level Waste Vitrification. (Sheet 1 of 3) 

Sequential Processing Facility Separations and LLW Stafl 
Tltle t : 
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Table F-3. Staff Levels for the SPF Separations and 
Low-Level Waste Vitrification. (Sheet 2 of 3) 

Title 
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Table F-3. Staff Levels for the SPF Separations and 
Low-Level Waste Vitrification. (Sheet 3 of 3) 

Sequential Proc 
We 

issing Facility Separations and LLW Staff 

A 
shl 

BU E WI 

--_ 
1 

4 
4 

2 
2 
1 
2 
2 
2 
1 - 

1 
4 

2 

1 
2 
2 
3 0 3  

! 

2 
2 

2 
2 

2 

z 

2 

1 
! 

1 

4 

4 
1 
2 
1 
1 
? 
1 

L 

4 

2 

2 

1 
! 
L 

- 
'ob 

- 
I 
i 
3 
1 - 
e 
1 

1 
i 4  
14 
2 
12 
11 
2 
2 
2 
1 - 
1 
1 
6 
I4 

I 2  - 
1 
1 
6 
12 
12 

140 
526 

- - - 

F-14 









I Unit I Unlt 

407 
407 
407 

Separations High Level Total 
and Ll 

Slmun 

support for Row.. 

V.MIP.d. 
C o n t a h n  

Told C o ~ l l m b * s  

I Level Waste 
I 

cost 

1239.320 
b16.730.000 

1161,000 
1161.000 
1w.000 
113.083 

U@,U2.S00 
1634.(00 
( 6 3 4 . 0  

M 
114.808.mO 

17.717.200 

u 1  

86.m 
NUlllbU 

316 

327. 347. I 
811 

I Annual Consumb.b*s I 

M d d  

62 
1.430 
1.611) 
1.611) 
6,480 

82 
134.lM 
3.w 
3.wa 

0 
61.636 

41.670 

2.410 
2.114 
6.720 

61.110 
912.107 
2E6.000 

16.200 
M.O.700 

m43.Wo 
1M1.040 

16,720,000 
* I . I * W O  

119,187 
110.em.ooo 
17.em.000 
12.u2,mO 

M 

n1.mo.m 122,630 
1369.111 

19.866.130 

1.000.000 6161,000,000 

W6.7M.673 l=l 1n8a.m 

198,461,173 

1116 

314 
314 
314 
314 
314 

344 

1702.1 17.774 
*ls.w..w 

Waste 

M d d  

I 

I 
3.17' 
1 . m  

e97.m 
1o.m 

I 
I 

1.7% 
4w 

216.000.U 
S23.m 

4 . i m . m  

cost 
I 

cost 

M 
M 

M 
M 
M 
10 

1863.sm 
M 

10 

M 
11.271.OM 
11.000.000 

M 
*20.910 
U36.000 

10 
M 

ll.lP.000 

I 18.680 
1 2 7 . 6 ~  

M * 626.000 000 

1166.111.7M 

Ul.lW.74S 

123E.320 
116.730.a 

t l61.0X 
1161.W 
lw.a 

113.083 
US.MZ.Sm 

1634.M 
1634.W 
1683,w 

1 1 4 . 8 0 8 . ~  
W 
hl 
hl 
M 

17.717.200 
hl 

1uo.w 
12.120,lW 
16.720.000 
11.~.600 

160.087 
111.03(1.000 
17.Mo.000 
tzu2.000 
11.730.000 
12.410.000 

6136.084.7W 

131.110 
l387.603 

M 
1yD.mo.000 

6300,428.613 

6 1 S7.000.000 
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