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Characterization Data Needs for Development, Design, and 
Operation of Retrieval Equipment Developed Through 

the Data Quality Objective Process Sumnary 

1.0 SUMMARY 

This Data Quality Objective (DQO) identifies the specific 
characterization data required to support the development, design, and 
operation of systems to retrieve and transfer to storage waste from both 
single-shell tanks (SSTs) and double-shell tanks (DSTs). 

early phases of design, including the key decisions it supports, is given in 
Table 1.1. The major decisions that require this data can be summarized as: 

Definition of the minimum number of mixer pump(s) required to achieve 
satisfactory sludge mobilization. 
verification of the equations for effective cleaning radius (ECR) that 
have been developed using scale model testing. 

Determination of what conditioning is required to transfer both SST and 
DST waste slurries. 

Additional data identified in other DQO’s, specifically Tank Farms Waste 

A summary of this data required to support initial planning and the 

This will be defined through limited 

Compatibility, Flammable Gas, and Tank Waste Pretreatment and Disposal, are 
also required as indicated in the discussions of SST and DST decisions in 
Section 3 and in Appendix E.  

developed and specific projects identified, their design and safety 
documentation process may require additional data that could result in the 
need for additional characterization, depending upon the state of knowledge at 
the time and the degree of accuracy required for the specific design, safety 
or operational feature. 

It should be noted, that as system engineering requirements are 

1 
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2.0 INTRODUCTION 

The 149 SSTs are arranged in 12 farms of 4 to 18 tanks each and contain 
three general waste forms: sludge, saltcake, and liquid. Sludge consists of 
the solids (hydrous metal oxides) precipitated from the neutralization of acid 
wastes. Saltcake consists of the various water soluble salts formed by the 
evaporation of water from the alkaline waste. Liquids exist as supernatant 
and interstitial liquid in the tanks. 
differing degrees. Many SSTs contain both sludge and saltcake, with a wide 
range of ratios in this combination. 
interstitial liquids and are relatively soft. 
sludge which is drier and harder, and a few have dried to brick-like hardness. 

mostly liquids and sludges with a small amount of saltcake in some of the 
tanks. 
Four of the 28 DSTs contain high level, first cycle solvent extraction from 
plutonium-uranium extraction (PUREX) plant. The remaining 24 DSTs are 
designed to store lower-heat waste and contain varying amounts of sludge, 
sal tcake, supernate, evaporator feed and concentrated 1 iquid waste. Most 
sludge is located in 16 of the DSTs with the remainder containing liquids and 
less than 2.54 cm (1  inch) of sludge. 
only supernate is expected to be relatively easy if compatibility and 
solubility of the supernate are controlled. 

The retrieval strategy is to remove waste with reference equipment, 
assess impacts of the residual waste and if necessary use alternate 
technologies to remove enough waste to meet tank site closure requirements. 
Reference mobilization are the mixer pump for DST waste and past-practice 
sluicing for SST waste. Alternate methods, which include those identified 
through the Acquired Commercial Technologies for Retrieval (ACTR) program, 
will be used to retrieve waste from SSTs or DSTs if past-practice sluicing or 
mixer pumps do not meet waste mobilization requirements. 

This DQO addresses waste information needs for retrieval equipment 
design, development, and operations, including determination of waste 
compatibility for transfer operations. Tank waste characterization data will 
be obtained for retrieval operations after the waste tank retrieval sequence 
has been determined. 

safe and compatible waste transfer operations, (2)  determine the reference 
mixer pump design equation and verify if one mixer pump is adequate to 
retrieve DST waste, (3) provide process control information to assure proper 
transfer conditions during use of the cross site transfer pipe, and 
(4 )  development and selection of alternate retrieval systems. 

These waste forms are intermingled to 

Other tanks have saltcake and 
Some sludges and saltcake contain 

The 28 DSTs are arranged in farms of 2 to 8 tanks each and contain 

The notable exception is 241-SY-101 which is full of saltcake slurry. 

Retrieval of the waste in tanks with 

Waste retrieval requires tank waste characterization data to, (1) assure 

3 
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2.1 . STRATEGY 

The Tank Waste Remediation System (TWRS) Program Mission is to store, 
treat, and immobilize the highly radioactive Hanford Site waste in a safe, 
environmentally sound and cost effective manner. 

Waste Retrieval provides systems for the mission which resolve tank 
safety issues; remove waste from aging SSTs and transfer to DSTs for safe 
interim storage; mobilize sludge in DSTs for in-tank treatment or transfer; 
provide for transfer of wastes for consolidation in DSTs or to treatment and 
immobilization facilities. 

following key elements. 
The Waste Retrieval strategy to accomplish this mission utilizes the 

SST waste removal is based on past practice sluicing. 

DST waste removal is based on mixer pumps to mobilize waste. 

Enhancements are anticipated in areas such as reduced exposures, 
extended equipment service life and reuse capability. 

Alternate retrieval methods will be developed and used as needed 
for wastes which cannot be retrieved by the above proven technical 
methods. 

2.1.1 SST Retrieval Strategy 

The SST Retrieval strategy is to begin with known technology, hydraulic 
sluicing, which has been successfully used for the retrieval of wastes in the 
1950s and 1960s. 

Continue Project W-320, C-106 sluicing as planned to support TPA 
Milestone M-45-03A. 

Sluicing will mobilize as much saltcake and sludge present as possible 
and if any tank waste remains it will be assessed on a tank-by-tank basis to 
determine final waste removal requirements. There are a variety of waste 
types and compositions, presence of hard heels, presence of in-tank hardware, 
and a potential for leakage from SSTs which may have to be considered. 
Consequently, enhancement and alternate methods will be selected that have 
greater capability for removing stubborn waste and to not rely on large 
volumes of liquid to retrieve wastes from the SSTs. 

Develop a program to solicit commercial techniques that could be 
applied to the retrieval of the non-sluicable wastes from C-106 
and for other non-sluicable items. 

4 
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2,1.2 DST Retrieval Strategy 

mobilize and a transfer pump to convey waste from the underground tank as the 
reference approach based on their successful implementation at the Savannah 
River Site and the West Valley Demonstration Project. The following presents 
the major aspects of this strategy. 

The strategy for DST retrieval is to use rotating mixer pumps to 

Demonstrate full scale mixer pump performance by Project W-151 
which demonstrates mobilization of actual sludge in tank DST 241- 
AZ-101 (AZ-101) using two 300-horsepower mixer pumps, 

Develop advanced mixer pump design based on improvements, 
enhancements, operational experience, and testing, 

retrieves waste from the first 10 DSTs to resolve safety issues 
and provide receiver tanks for SST waste, and 

Evaluate alternate methods in the event that mixer pumps cannot 
remove some of the more difficult DST wastes. Candidates include 
those being evaluated and developed for SST retrieval, 

Implement mixer pumps in DST Retrieval Project W-211 which 

2.2 SCHEDULE 

2.2.1 SST Retrieval 

The baseline retrieval program plan calls for retrieval of all 149 SSTs 
as defined in TPA Milestone M-45-05, by September 2018. The initial retrieval 
sequence for SSTs is required for submittal to Washington State Department of 
Ecology by September 1996. The retrieval sequence for all 149 SSTs is being 
developed and SST retrieval plans will meet the shorter term retrieval 
requirements/tank selections. The SST retrieval TPA milestones are as 
follows. 

M-45-03A--Initiate sluicing retrieval of C-106 by October 1997, 

M-45-03-T02--Initiate final retrieval demonstration of C-106 by June 
2002. This demonstration will retrieve the remaining wastes that 
sluicing leaves behind, with the goal of 99% retrieval, 

M-45-04-T01--Provide Initial SST Retrieval System by November 2003. 
This is defined as retrieval of an entire SST farm or an equivalent 
number of tanks. 
Conceptual Design for this retrieval system by April 1997, and 

M-45-05-Retrieve waste from all remaining SSTs by September 2018. The 
first two sub-milestones TO1 and TO2 call for initiation of waste 
retrieval from one SST by December 2003 and two SSTs by September 2004, 
respectively. Additional sub-milestones cover the remaining tanks 
beginning in 2005. 

Sub milestone M-45-04A requires completion of a 

5 
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2.2.2 DST Retrieval 

Mixer pump and sludge wash demonstration of a DST is planned for tank 
241-AZ-101 and is scheduled for September 1996. Measurement of sludge shear 
strength by an in situ sensor is required prior to the test to confirm the 
effective cleaning radius correlation for predicting mixer pump performance. 

Project W-211 which retrieves the first 10 DSTs is reviewing its 
retrieval schedule which calls for initiation of retrieval of the first DST by 
1999. 
will be placed in early FY 98. 
range of shear strength for the initial tanks to be retrieved must be measured 
and used to determine the number of mixer pumps required by early FY 98. Data 
are required to determine the number of mixer pumps required to mobilize waste 
in tanks 241-AW-105 and 241-SY-102. 

The order for the first advanced design mixer pumps for the project 
The ECR equation must be verified and the 

2.3 DATA QUALITY OBJECTIVE INTRODUCTION 

The role of the retrieval DQO is to be an interface control document 
between TWRS Characterization and Retrieval Programs. The DQO process is 
uti1 ized to ensure that retrieval data requirements are identified, 
sufficient, justified, and of adequate quality to support design, development 
and operations of retrieval equipment required to complete the retrieval 
mission. 
Characterization Program for planning sampling and analysis of tank waste. 
The format followed for decision inputs in this DQO was that recommended by 
TWRS Characterization (Kelley 1994) in the example draft DQO "Data 
Requirements for the Ferrocyanide Safety Issue Developed through the Data 
Quality Objectives Process," December 1994. 

The seven steps o f  the DQO planning process are listed below. 

1. Define the problem. 
2. Define desired decision(s). 
3. Define decision input(s). 
4. Define boundaries. 
5. Determine decision rule (s). 
6. Determine decision errors. 
7. Optimize sampling approach. 

An initial Retrieval DQO process was completed by following the DQO 

This DQO process and report include information required by the TWRS 

process steps as described above. 
completed through retrieval DQO meetings. 
addressed through discussion with Westinghouse Hanford Company and Battelle 
Pacific Northwest Laboratory personnel. It was determined in the final two 
steps that much of the initial data requested had insufficient justification. 
A revision of the Retrieval DQO was necessary to redefine the problem, to 
focus the decisions, and to provide clearer justification for needed tank 
waste information. Steps 1 through 5 of the DQO process were repeated with 
additional DQO meetings, private consulting, discussions with project managers 
and key personnel in the retrieval projects. The outcome of these meetings 
resulted in more project specific data requirements. Better definitions of 
decision logics, decision inputs, decision boundaries and decision rules were 
achieved. 
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t h e  r e p o r t  " I d e n t i f i c a t i o n  o f  Physical Proper t ies f o r  t he  Re t r i eva l  Data 
Q u a l i t y  Ob jec t i ve  Process" (Gates and Beckette 1995). 
t h e  sampling approach i s  i n i t i a t e d  i n  t h i s  DQO and w i l l  be completed by t h e  
TWRS Disposal Program and TWRS Character izat ion u t i 1  i z i n g  a Disposal Program 
Sampling S t ra tegy  and o the r  sampling data op t im iza t i on  methods. 

Other DQOs have been prepared by r e l a t e d  programs which w i l l  be u t i l i z e d  
when app l i cab le  by the  r e t r i e v a l  program. Waste data requ i red  t o  s a f e l y  s t o r e  
waste i s  de f i ned  under the  Tank Safety  Screening and Safety  Issue DQOs as p a r t  
o f  t h e  Safety  and Charac te r i za t i on  Program. 
ope ra t i ona l  cons iderat ions f o r  t r a n s f e r  o f  waste to / f rom a DST are addressed 
by the  Tank Farms C o m p a t i b i l i t y  DQO (Fowler 1995) covered under the  Tank Farm 
Operation and Maintenance Program O f f i c e .  The TWRS Disposal Program inc ludes 
t h e  r e t r i e v a l  program which i d e n t i f i e s  r e t r i e v a l  i n fo rma t ion  needs i n  t h i s  
R e t r i e v a l  DQO and t h e  Pretreatment DQO. The pretreatment and v i t r i f i c a t i o n  
i n fo rma t ion  needs are i d e n t i f i e d  i n  the Tank Waste and Pretreatment DQO 
(Kupfer 1995). Th is  work i s  prov ided by the Pretreatment, Low-Level Waste 
Disposal ,  and High-Level Waste Disposal program o f f i c e s .  

Step 7 Op t im iza t i on  o f  

Data requ i red  f o r  s a f e t y  and 

3.0 STATEMENT OF PROBLEM AND DECISION LOGIC 

3.1 STATEMENT OF PROBLEM 

The successful r e t r i e v a l  o f  waste from SSTs and DSTs requ i res  t h a t  
acceptable sa fe ty ,  h e a l t h  and operat ional  cond i t i ons  must be assured. 
R e t r i e v a l  systems equipment must be adequately designed and developed t o  cos t  
e f f e c t i v e l y  manage these r i s k s .  

requirements which must be met i n  per forming those funct ions,  are documented 
(DOE/RL 1994). 
Requirements i s  c u r r e n t l y  i n  review. 
f u n c t i o n  which covers l e v e l  t h ree  func t i ons  o f  manage tank  waste and process 
tank  waste. 
t ank  waste func t i on .  
t ank  waste. 

t o  be prov ided by the  Character ize Waste func t i on  t o  support t h e  Re t r i eva l  
Program. 
i n p u t  from Re t r i eva l  and a cha rac te r i za t i on  data output  back t o  Re t r i eva l .  
The R e t r i e v a l  DQO i s  an i n t e r f a c e  c o n t r o l  document f o r  t h e  approp r ia te  
c h a r a c t e r i z a t i o n  data. 

o v e r a l l  r e t r i e v a l  f unc t i ons  and where major dec is ions and quest ions are 
addressed, are g iven i n  f i g u r e s  3-1 and 3-2. These questions, i d e n t i f i e d  
through the  DQO process w i t h  regard t o  waste r e t r i e v a l  equipment design, 
development, and operat ions t h a t  r e q u i r e  tank waste c h a r a c t e r i z a t i o n  data, are 
as f o l l o w s  (dec is ions are i d e n t i f i e d  i n  Figures 3-1 and 3-2).  

The TWRS remediate tank  waste func t i ons  which must be performed, and t h e  

The func t i ona l  decomposition o f  t he  TWRS Functions and 
Remediate tank waste i s  a l e v e l  two 

Level f o u r  func t i ons  under process waste i nc lude  the  r e t r i e v a l  
Character ize waste i s  a l e v e l  f o u r  f u n c t i o n  under manage 

Th is  R e t r i e v a l  DQO def ines and documents the  waste c h a r a c t e r i z a t i o n  data 

The Character ize Waste func t i on  has both a c h a r a c t e r i z a t i o n  needs 

Schematic diagrams o f  t he  SST and DST r e t r i e v a l  processes, showing the  

7 
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I s  t he  r e t r i e v a l  system equipment adequate f o r  t h e  waste t o  be 
r e t r i e v e d  (Decisions 1 and 5)? 

Does t h e  waste beins considered f o r  t r a n s f e r  meet the  waste 
c o m p a t i b i l i t y  requirements f o r  sa fe ty  and operat ions (Decisions 2 
and 7)?  

I s  mob i l i zed  sludge volume p red ic ted  by ECR equation? 
(Decis ion 6)? 

How much d i l u t i o n  i s  requ i red  before t r a n s f e r r i n g  mob i l i zed  waste 
(Decisions 2, 7 and 8)? 

Does the  waste meet pretreatment r e c e i v i n g  requirements 
(Decis ion 9 ) ?  

I s  s u f f i c i e n t  waste removed t o  meet c losu re  requirements 
(Decis ion 3)?  

Which a l t e r n a t e  r e t r i e v a l  method i s  requ i red  t o  remove t h e  waste 
(Decis ion 4)?  

3 .2  RETRIEVAL DECISIONS 

Th is  sec t i on  i d e n t i f i e s  the  dec i s ion  l o g i c  needed t o  success fu l l y  and 
s a f e l y  r e t r i e v e  SST and DST wastes. The term "dec is ion"  used i n  t h i s  con tex t  
represents  the  check p o i n t s  o r  dec i s ion  p o i n t s  t h a t  requ i red  tank  waste 
i n fo rma t ion  t o  proceed. Figures 3-1 and 3-2 show schematic diagrams f o r  t he  
SST and DST r e t r i e v a l  processes. Decisions r e q u i r i n g  waste c h a r a c t e r i z a t i o n  
i n fo rma t ion  are i d e n t i f i e d  w i t h  a do t ted  l i n e  between the  f u n c t i o n  o r  dec i s ion  
b l o c k  (represented by a rec tang le  o r  diamond shape respec t i ve l y )  and the  
dec i s ion  c r i t e r i a  are l i s t e d .  

3 .2 .1  SST R e t r i e v a l  Decis ions 

engineer ing evaluat ions and hazard ana lys i s  on the  tanks se lected f o r  
r e t r i e v a l  as p a r t  o f  t he  p r o j e c t  process. 
tanks t o  be r e t r i e v e d  i n  coo rd ina t i on  w i t h  pret reatment  and sa fe ty  programs. 
Th is  i n i t i a l  s e t  o f  tanks i s  se lected based on the  c o m p a t i b i l i t y  o f  source 
tank  waste w i t h  t h e  d e s t i n a t i o n  DST, operat ional  sa fe ty  issues, cost ,  t ank  
nonleakage, amount o f  waste i n  the  tanks, and a v a i l a b i l i t y  o f  t r a n s f e r  l i n e s .  
Tank waste c o m p a t i b i l i t y  from the  source and r e c e i v i n g  tank  i s  analyzed a t  
t h i s  s tep and t h e r e f o r e  no "cond i t i on ing " ,  o the r  than d i l u t i o n ,  should be 
necessary before conveying d i l u t e d  waste t o  a DST r e c e i v i n g  tank. 
i n fo rma t ion  requirements t o  assure compatible waste t r a n s f e r  operat ions are 
prov ided (Fowler 1995). 
inc luded i n  t h e  scope o f  t h i s  DQO. 

The I n i t i a l  S ing le-Shel l  Tank Re t r i eva l  System (ISSTRS) p r o j e c t  inc ludes 

The ISSTRS p r o j e c t  se lec ts  the  

The 

Tank se lec t i on  c r i t e r i a  and eva lua t i on  i s  n o t  

8 
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The selected SST reference retrieval equipment is past-practice 
sluicing. Implementation data needs have been met through historical tank 
waste data and will be further supported with documentation of past 
experience. Review of available characterization data will provide additional 
confidence in the design and operation of the sluicing equipment. 
waste data can be obtained through historical records and documents 
(Brevick 1995a,b,c). Past experience will be obtained by consulting with 
experienced operators or workers. Information from sluicing operations, such 
as installation of saltwells for pumping liquids and thermocouple trees to 
measure waste temperatures, will provide confirmation that the saltcake can be 
sluiced. The thermocouple tree installation process involves the use of a 
mini waterjet, or force insertion of hollow tubing, to break up the waste. 

The safety analysis for the ISSTRS provides a safety evaluation which is 
prepared during conceptual design of the sluicing equipment. 
Analysis Report is prepared prior to initiation of retrieval operations and 
includes sluicing equipment design and retrieval operation safety assessments. 
Hazards of retrieval operations, including an assessment of the potential for 
criticality, release of noxious gases (such as ammonia) and triggering a 
release of flammable gases will be evaluated and the need for any mitigation 
equipment identified for the tanks to be retrieved. 
gas during waste storage is addressed in the Flammable Gas DQO (Johnson 1995) 
and some information is available for watch list tanks. 

Such tank 

A final Safety 

Accumulation of flammable 

The SST tank symbol in Figure 3-1 represents deployment of the first SST 
retrieval equipment after project design. Deployment includes installation of 
the retrieval system components and support functions, operational checkouts, 
and demonstration of operational readiness. The support functions include all 
equipment necessary for the operation of the retrieval system components, 
including utilities, service piping, monitoring and control equipment, 
personnel and equipment facilities. 

Reconfirmation of source and receiver tank waste compatibility will be 
made after the deployment of the ISSTRS equipment in an SST. 
transfer, tank waste compatibility data is needed to assure transfer 
operations meet safety and operational criteria after waste mobilization. 

Saltcake and/or sludge waste is resuspended by breaking up the material 
into particles and dissolving some saltcake or suspending sludge and saltcake 
in an aqueous solution, such as a slurry. An aqueous stream is utilized for 
conveyance. 
depending on solubility and saturation state of the liquid used in 
mobilization. Conveyance is the transfer of the SST waste to a DST holding 
tank. 

Prior to 

Mobilization may involve resuspension or dissolution o f  the waste 

Prior to transfer of an SST slurry to a receiving DST, the pumpability 
of mobilized waste must be considered. Slurry not meeting the transfer 
requirements will be diluted with water or an alkaline solution to provide 
waste meeting transfer requirements. 
should not be necessary as this was addressed during the tank selection 
process. Data needs for the pumpability decision are the properties to 
calculate Reynolds number, temperature and sol ids concentration. 
situ instruments would measure flow, density, viscosity, and temperature to 
determine the pumpability of waste. 

Other chemical or physical conditioning 

Proposed in 

A volume percent solids instrument is 
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proposed f o r  development t o  prov ide an i n  s i t u  measurement t o  assure t h a t  t he  
volume o f  s o l i d  waste i s  below 30 percent. 

Decis ion 3, shown a f t e r  SST conveyance, represents  the  eva lua t i on  which 
i s  performed t o  assess i f  waste remaining i n  the  SST meets c losu re  
requirements. Closure requirements w i l l  be addressed by a f u t u r e  c losu re  DQO. 
A f t e r  as much o f  t h e  mob i l i zed  waste i s  removed from t h e  tank  as poss ib le ,  t h e  
remaining waste, ob jects ,  and in - tank  hardware w i l l  be assessed t o  determine 
completion o f  mob i l i za t i on .  
l i m i t  a f t e r  s l u i c i n g ,  t he  remaining waste w i l l  be evaluated and a dec i s ion  
made f o r  f u r t h e r  r e t r i e v a l .  

i s  beyond the  c a p a b i l i t y  o f  s l u i c i n g  methods, an a l t e r n a t e  m o b i l i z a t i o n  system 
w i l l  be requi red.  The se lec t i on ,  design, development, and opera t i on  o f  
a1 t e r n a t e  systems t o  mob i l i ze  and convey the  ha rd - to - re t r i eve  waste w i l l  
i n v o l v e  dec is ions which may requ i re  f u r t h e r  waste cha rac te r i za t i on .  
dec is ions i d e n t i f i e d  f o r  t he  a l t e r n a t e  program are descr ibed i n  Appendix A. 

3.2.2 DST R e t r i e v a l  Decisions 

F igure 3-2 shows the  DST r e t r i e v a l  f unc t i ons  and dec is ions 
addressed which need waste cha rac te r i za t i on  in format ion.  DST r e t r i e v a l  
f unc t i ons  are s i m i l a r  t o  SST r e t r i e v a l  f unc t i ons  as discussed i n  t h e  prev ious 
sect ion,  except i n  two areas, 1) the  v e r i f i c a t i o n  o f  t he  reference system 
(i .e.,  t h e  mixer  pump) and 2) waste t r a n s f e r  can e i t h e r  be t o  a pret reatment  
p l a n t  o r  t o  t h e  cross s i t e  t r a n s f e r  system. 

The DST r e t r i e v a l  sequence was p rev ious l y  determined f o r  t he  i n i t i a l  DST 
R e t r i e v a l  System, P ro jec t  W-211. The DSTs i d e n t i f i e d  f o r  r e t r i e v a l  by P r o j e c t  
W-211 (Rieck 1995) w i l l  change, as a consequence o f  changed p r i o r i t i e s .  
Cur ren t l y ,  t h e  two h ighest  p r i o r i t y  tanks f o r  r e t r i e v a l  by P r o j e c t  W-211 are 
tanks 241-9-102 and 241-AW-105. 
determined by t h e  new r e t r i e v a l  sequence. Tank waste c o m p a t i b i l i t y  between 
t h e  source tank  and the  r e c e i v i n g  tank o r  process p l a n t  i s  confirmed be fo re  
t r a n s f e r r i n g  the  waste. 

The se lected reference r e t r i e v a l  system f o r  DSTs i s  t h e  mixer  pump f o r  
m o b i l i z a t i o n  and t r a n s f e r  pump f o r  conveying purposes. P r o j e c t  W-151 Mixer  
Pump Demonstration w i l l  con f i rm  the  mixer  pump performance and prov ides the  
oppor tun i t y  t o  v a l i d a t e  an emp i r i ca l  model es t ima t ing  the  e f f e c t i v e  c lean ing  
rad ius  (ECR) of t h e  mixer  pump. 
t h e  ECR model (Appendix A) .  Conf i rmat ion o f  t he  ECR model requ i res  i n  s i t u  
measurement o f  sludge shear s t reng th  t o  p r e d i c t  sludge m o b i l i z a t i o n  and 
p rov ide  a bas i s  f o r  t h e  determinat ion o f  c o r r e c t  ECR model constants. 
equat ion would be confirmed by comparing the  p red ic ted  mob i l i zed  volume o f  
sludge t o  the  observed mob i l i zed  volume a f t e r  m o b i l i z a t i o n  w i t h  t h e  mixer  
pumps. I n  s i t u  measurements o f  sludge shear s t reng th  and s l u r r y  d e n s i t y  are 
requ i red .  I f  the  ECR model i s  confirmed, the equation w i t h  the  v a l i d  
constants  w i l l  be used t o  determine the  number o f  mixer pumps requ i red  f o r  a 
s p e c i f i c  tank, based on waste i n fo rma t ion .  I f  both proposed equat ions f a i l  t o  
p r e d i c t  sludge m o b i l i z a t i o n  adequately, t he  data obtained w i l l  be used t o  
d e f i n e  new work t o  reso lve  the  issue. 

I f  the  remaining waste exceeds t h e  a l lowable 

Should i t  be determined t h a t  add i t i ona l  waste removal i s  requ i red  which 

These 

The remaining tanks t o  be r e t r i e v e d  w i l l  be 

Two sets  o f  constants have been proposed f o r  

The ECR 
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P r o j e c t  W-211 i s  t h e  r e t r i e v a l  o f  waste i n  t h e  f i r s t  10 DSTs and i s  
c u r r e n t l y  i n  t h e  T i t l e  I phase o f  d e t a i l e d  design. A Hazards Analys is  and 
Pre l im ina ry  Safety  Evaluat ion (Kidder 1994) are complete and a Safety  
Assessment i s  i n  process. Po ten t i a l  hazards du r ing  r e t r i e v a l  operat ions such 
as c r i t i c a l i t y ,  re lease  o f  noxious gas such as ammonia, and re lease  o f  
accumulated flammable gases are considered i n  these s a f e t y  reviews and 
documents. 
and i d e n t i f i c a t i o n  o f  c r i t i c a l  design i n fo rma t ion  w i l l  be determined du r ing  
p r o j e c t  design. Data prov ided by tank  cha rac te r i za t i on  repo r t s ,  t ank  content  
est imates (Brev ick 1995a,b,c), Agnew's model (Agnew 1994), and t h e  Tank Waste 
Pretreatment and Disposal DQO (Kupfer 1995). 

I n s t a l l a t i o n  o f  2 mixer pumps i s  t h e  cu r ren t  design bas i s  f o r  r e t r i e v a l  
o f  DSTs f o r  P r o j e c t  W-211. S i g n i f i c a n t  savings (Appendix 6) can be achieved 
by t h e  reduc t i on  o f  1 mixer  pump wherever poss ib le .  Mixer  pump demonstrat ion 
t e s t i n g  o f  2 standard mixer pumps on DST 241-AZ-101 (Kohlman 1993) w i l l  
con f i rm  t h e  design equat ion t h a t  w i l l  be used t o  determine the  number o f  mixer  
pumps. 

be t r a n s f e r r e d  w i t h  the  r e c e i v i n g  tank  waste are prov ided by t h e  Tank Waste 
C o m p a t i b i l i t y  DQO (Fowler 1995). 
i n  t h e  t r a n s f e r  l i n e  i s  t he  same as discussed e a r l i e r  i n  the  SST r e t r i e v a l  
scenario. Present ly ,  waste cond i t i on ing  i nvo l ves  d i l u t i o n  t o  prepare waste 
f o r  t r a n s f e r .  When waste i s  t o  be t rans fe r red  t o  the  pret reatment  f a c i l i t y ,  
waste feed requirements f o r  t he  pretreatment p l a n t  o r  v i t r i f i c a t i o n  may impose 
a d d i t i o n a l  acceptance c r i t e r i a .  No pretreatment requirements have been 
i d e n t i f i e d  a t  t h i s  t ime.  When waste i s  t o  be t r a n s f e r r e d  t o  the  cross s i t e  
t r a n s f e r  system, waste parameters must be w i t h i n  design l i m i t s  o f  t he  t r a n s f e r  
system ( K a l i a  1994). 

The need f o r  r e t r i e v a l  systems equipment t o  ensure sa fe  operat ions 

Requirements f o r  con f i rma t ion  o f  c o m p a t i b i l i t y  o f  source tank  waste t o  

The requirement f o r  t u r b u l e n t  f l o w  o f  waste 

4.0 DECISION INPUTS 

4.1 SUMMARY OF DECISION INPUTS 

I n  t h e  prev ious sect ion,  t he  dec i s ion  l o g i c s  t h a t  form t h e  bas i s  f o r  t he  
SST and DST r e t r i e v a l  design and operat ion were ou t l i ned .  Charac te r i za t i on  
data i n p u t  were i d e n t i f i e d  f o r  f unc t i ons  o r  dec is ions.  Decis ion i npu ts  
c o n s i s t  o f  t ank  waste data, c r i t e r i a  o r  i n fo rma t ion  t h a t  are needed t o  reso lve  
a s p e c i f i c  dec i s ion .  
i npu ts  and reason f o r  request ing dec i s ion  i npu ts .  Decis ion numbers are a l s o  
l i s t e d  f o r  re fe renc ing  SST and DST r e t r i e v a l  dec is ions (Figures 3-1 and 3-2). 

Table 4-1 summarizes dec i s ion  statements, dec i s ion  

11 
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4.2 ITEMS REQUIRING FURTHER RESOLUTION 

4.2.1 Decision 1 - SST Retrieval Safety and Operational Considerations 

tank waste characterization requirements. 
ISSTRS project are design, safety analysis, regulatory permitting and fire 
hazard analysis. The Compatibility OQO (Fowler 1995) will be utilized in the 
selection of the SST sequence and provide inputs to the four major activities 
of the project. 

4.2.2 Decision 2 - Compatibility o f  Transfer Haste 

determined prior to transfer, as the source waste compatibility may change 
from the dilution during the mobilization process. 
wastes in tanks was considered during the tank selection process of the 
project. 
mobilized waste prior to transfer. 
retrieval waste will be determined and checked against waste type from the 
receiving tank using the waste type compatibility matrix (Fowler 1995). 

4.2.3 Decision 3 - Closure o f  SST 

been addressed. 
the closure information requirements. 

4.2.4 Decision 4 - Design of an Alternate System 

made available by the ACTR program. 
these alternate .systems and the properties of interest are given in Appendix 
A. 
new sampling and analysis. Historical tank waste information, past 
experience, and data identified for other programs will be utilized by the 
alternates and ACTR program. 

4.2.5 Decision 5 - DST Retrieval Safety and Operational Considerations 

A preliminary 1 ist of desired tank waste characterization information 
for DST retrieval projects have been identified by the Initial Tank Retrieval 
Systems Project W-211 as shown in Appendix B (Van Beek 1995). The requested 
tank waste information is being addressed to provide justification, decision 
thresholds, confidence limit and input sources. 

4.2.6 Decision 8 - Cross Site Transfer Requirement 
Waste transfers must meet cross site requirements in addition to the 

pumpability requirements (Fowler 1995). Transfer waste must be within the 
design limits (Kalia 1994). Tank waste properties and their corresponding 
acceptance criteria will be determined prior to cross site transfer 
operations. 
transfer distance, higher pressure, and flow velocity. 

The ISSTRS will address safety and operation decisions and determine the 
The four main activities from the 

Tank waste type of the mobilized source tank and receiver tank will be 

The compatibility of 

However, it is necessary to confirm compatibility of the actual 
Tank waste type from the source tank 

Tank closure criteria is outside the boundary of this DQO and has not 
A separate DQO for closure of waste tank sites will determine 

Various commercially available retrieval systems will be selected and 
Tank waste information needed to develop 

No high priority project design decisions were identified which justified 

Cross site transfer requirements are more critical due to longer 
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F i g u r e  3-1. I n i t i a l  SST t o  DST Ret r ieva l  Functions and Decisions 
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Figure 3-2. 
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- 
3 

Table 4-1. Sumnary 

Deci s i  on 

Is the  r e t r i e v a l  
system equipment 
adequate f o r  the  
waste t o  be 
r e t r i e v e d ?  

Is waste ready f o r  
t r a n s f e r ?  

[ s  waste compatible 
For t r a n s f e r ?  

:s waste s u f f i c i e n t l y  
m o v e d ?  

See Section 4 .2 .2  

See Section 4 .2 .3  

15 
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Shear strength 

Sludge profile 

S1 urry density 

See Decision 2 

See Section 4.2.6 

1 

Settled sludge 
removal is dependent 
on shear strength 
(based on the current 
ECR equation). 
Sludge profile will 
be used to verify the 
ECR equation. 
Determination of 
suspended slurry is 
an indication of 
settled sludge 
mobilized. 

Decision 

Which alternate 
retrieval method is 
required to remove 
the waste? 
Is DST retrieval 
system equipment 
adequate for the 
waste to be 
retrieved? 
Is mobilized sludge 
volume predicted by 
ECR equation? 

~ 

Is waste ready for 
transfer? 

Is waste compatible 
for transfer? 
!re mobilized waste 
Jarameters within 
:ross site transfer 
lesign limits? 
Ire mobilized waste 
ncceptable for 
iretreatment feed? 

4.2.7 Decision 9 - Pretreatment Requirement 
Pretreatment requirements for acceptable waste as pretreatment feed will 

be determined as part of the store waste function and is included in the scope 
of the Pretreatment DQO. 
before transferring. 

Transfer waste must meet pretreatment requirements 

16 
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5.0 DECISION RULE 

5.1 SUMMARY OF DECISION RULE 

Selected dec is ions w i t h  de f i ned  cha rac te r i za t i on  data from Figures 3-1 
and 3-2 are shown, i n  a t a b u l a r  form i n  Table 5-1. Only dec is ions w i t h  
reso lved  issues w i l l  be addressed i n  t h i s  tab le .  The f i r s t  column from the  
l e f t  shows t h e  dec i s ion  number, t h e  second column res ta tes  the  dec i s ion  
question, t h e  t h i r d  column presents t h e  dec i s ion  threshold,  and t h e  f o u r t h  
column ind i ca tes  the  a c t i o n  needed depending on the  s a t i s f a c t o r y  c o n d i t i o n  o f  
c u r r e n t  i npu t .  
f o l l  ows: 

The gener ic  statement f o r  t h e  l o g i c  dec i s ion  shown below i s  as 

Decis ion Number: I F  c o n d i t i o n  THEN ac t i on .  

It i s  recognized t h a t  some decis ions may r e q u i r e  several i n p u t  
cond i t i ons  t o  proceed. The genera l  statement f o r  t h i s  i s  as fo l l ows :  

Decis ion Number: I F  ( cond i t i on1  and cond i t i on2  and ...) THEN ac t i on .  

5.2 JUSTIFICATION OF DECISION THRESHOLD 

Th is  sec t i on  provides the  j u s t i f i c a t i o n  f o r  Decisions 2, 6, and 7. The 
j u s t i f i c a t i o n  prov ides a techn ica l  bas is  f o r  t he  assigned th resho ld  value. 
Table 5-2 summarizes the  r e s u l t .  

17 
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6 Is mobilized 
sludge volume 
predicted by 
ECR equation? 

7 Is waste ready 
for transfer? 

Proceed to transfer. 

waste to meet 
requirement) 

Note: Reynolds number is 
calculated from specific 
gravity (slurry 
density), velocity and 
viscosity. 

Thresholds imposed on 
slurry density and 
viscosity are also 
defined by the design of 
the convey system. 

Temperature > saturation 
temperature of waste 
Volume Percent 
Solids i 30 vol% 
Proposed ECR equation 
predicts mobilized 
volume within actual 
volume k 20% for W-151 
tank AZ-101 for each pump. 
Slurry Density The threshold requirements 

for these parameters are 
similar to decision number 

Viscosity 2 above except that 
additional restriction for 
these properties can be 

Temperature imposed by either the 

Determine number of mixer 
pumps required by using 
ECR equation to predict 
percent waste mobilized 

cross site transfer 
requirements or 
pretreatment requirements. 

18 
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Decision 
Number 
2 

6 

7 

Table 5-2. Justif 

Decision Threshold 

Reynolds number 
> 20,000 

Temperature > waste 
saturation 
temperature 

Volume Percent Sol ids 
< 30 vol% 

Predicted mobilized 
volume percent is 
within actual volume 
?r 20% 
Same as Decision 2 

cation o f  Decision Threshold 

Justification 

Reynolds number determines the 
pumpability of the waste. Data needs for 
calculating the Reynolds number are waste 
density, viscosity, pipe diameter and 
pump velocity (Fowler 1995). 
Transfer temperature must be above the 
saturation temperature of the waste so 
that no precipitation or gelation will 
occur during transfer. Additional 
constraints from the convey system may 
supersede this requirement (Fowler 1995). 
The 30 vol% is the design parameter for 
the cross site transport line. Without 
proper dilution, waste can settle and 
plug pipes (Kalia 1994). The 30 vol% is 
also a decision threshold for the waste 
probability rule (Fowler 1995). The 30 
volk limit is undergoing review at this 
time. 
The actual mobilized volume percent must 
be within i 20% of the predicted amount 
in order to select the correct ECR 
correlation. 
Additional constraints may be applied 
either from the cross site transfer 
system or the pretreatment project. 

19 
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Physical Boundary 

6.0 ACCEPTABLE CONFIDENCE LIMITS FOR DECISION INPUTS 

Justification 

6.1 PHYSICAL BOUNDARIES OF DECISION INPUTS 

Physical boundaries of decision inputs are defined and justified in 
Table 6-1. These boundaries indicate the area where tank waste data are 
needed. Most physical boundaries for measurement, as indicated in Table 6-1, 
are in-place or in-tank measurement. 
recirculation loop) or verification of a design (ECR of mixer pump). If 
demonstrated measurement sensors were unavailable, core sample data could 
provide useful information on tank waste shear strength and grab samples could 
be used for slurry density. 
measurement but with much less certainty and very infrequently. 

Data are needed during operation (in 

Sludge profile could be measured by direct 

Table 6 

Decision 
Input 

S1 urry 
Density 

Viscosity 

Temperature 

Volume 
Percent 
Sol ids 
Shear 
Strength 

S1 udge 
Profile 

S1 urry 
Density 

Same as 
Decision 2 

Within 3-inch piping 
of the recirculation 
1 oop . 

In-tank: Within the 
settled sludge layer 

In-tank: Measure 
sludge layer at the 
bottom of tank. 
In-tank: Measure 
within waste tank 
slurry 1 ayer. 

To simulate actual waste 
transfer environment, flow 
turbulence must be measured 
in a region similar to 

Changes in temperature as 
waste moves through the 
transfer piping can be 
simulated using the 
recirculation loop. 
To simulate actual waste 
transfer environment. 

ECR equation requires shear 
strength of sludge to be 
mobi 1 ized. 
Change in sludge layer gives 
measure of sludge volume 
mobilized. 
Change of in-tank slurry 
density is a measure of 
amount of sludge volume 
mobi 1 i zed. 
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Decision Threshold 

6.2 DECISION INPUT CONFZDENCE LIMITS 

decision threshold numbers determine what path the logic flow will proceed in 
the DQO, it is desired to know what confidence is required in determining if 
the decision input meets the threshold. 
confidence interval for the decision input threshold limits. The confidence 
interval requirements and basis for the Reynolds number, saturation 
temperature, and percent sol ids input threshold limits are provided 
(Fowler 1995). 

measure/determine ECR, discharge velocity times nozzle diameter (UeD) ,  and 
sludge shear strength accurately enough to identify a preferred Pacific 
Northwest Laboratory (PNL) model for predicting ECR or to reject both PNL 
model s. 

Preliminary results of the analysis indicate a 90% confidence interval 
is adequate for Decision 6 which determines which PNL equation to use for 
predicting ECR. Professionals familiar with the operation, waste types, and 
instruments will determine the required measurement error tolerance to meet 
the confidence interval requirements as part o f  the sampling optimization step 
of this retrieval DQO process yet to be completed. 

The decision thresholds are summarized in Section 5.1. Since the 

Table 6-2 provides the desired 

Instrumentations for the mixer pump demonstration test is required to 

Confidence 

Table 6-2. Tolerance Requirement for Decision Inputs 

Reynolds number 2 20,000 
Temperature > waste 
saturation temperature 
Volume Percent Solids < 30 
vol% 
Predicted mobilized volume 
within f 20% of actual 
mobilized volume. 
See Decision 2 

Dec. 
Number 

2 

6 

7 

(Fowler 1995) 

90% 
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7.0 DECISION INPUT SOURCES 

Measurement methods o r  sources t h a t  can be used t o  ob ta in  tank  waste 
data t o  support t he  r e t r i e v a l  operat ion are i nd i ca ted  i n  Table 7-1. 
i n d i c a t e d  i n  t h e  t a b l e  are the  poss ib le  technologies t h a t  can be used, and t h e  
most d e s i r a b l e  method i s  l i s t e d  i n  order  w i t h  1 being the  most des i rab le .  For  
instance, shear s t reng th  can be measured i n  a l abo ra to ry  o r  i n  a waste core 
sample, us ing  the  i n  s i t u  shear vane o r  cone penetrometer, b u t  t h e  shear vane 
method i s  most p re fe rab le .  

e x i s t i n g  technologies a v a i l a b l e  a t  t he  Hanford S i t e .  The dec i s ion  t o  use a 
se lected source i s  based on making the measurement f o r  each tank. 
methods may be used a f t e r  successful t e s t i n g  and v e r i f i c a t i o n .  

Sources 

The poss ib le  dec i s ion  i npu t  sources shown i n  Table 7-1 were based on 

Add i t i ona l  

Table 7-1. Decis ion I n p u t  Sources 

1 Dec is ion I Decis ion Inpu t  I Possib le  Decis ion Inpu t  Sources 

2 I S l u r r y  Densi ty  1. I n  s i t u  mass/flow dens i t y  meter ( i n  

I 2 . ' 1 n  i i t u  u l t r a s o n i c  sensor ( i n  p ipe)  
3 .  Grab sample 

I 

V i s c o s i t y  1. I n  s i t u  viscometer ( i n  p ipe)  
2. Grab sample 

I 

hermocoupl e t r e e  

22 
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8.0 BOUNDING TANKS 

Characterization of actual tank waste is expensive and minimization of 
sampling requirements is an important method for reducing program costs. 
Methods used to reduce retrieval sampling requirements include utilizing 
historical data, using in situ instrumentation, minimizing the number of tanks 
that will be characterized or sampled, using the least expensive sampling 
method, and requesting only necessary analysis while obtaining adequate waste 
information for the identified decisions. 

Retrieval tank waste characterization requirements will be addressed in 
two phases to meet the intent of obtaining adequate waste information for the 
least cost. The retrieval function and decisions included in Phase 1 and 
those included in Phase 2 are indicated in Figures 3.1 and 3.2 for SST and DST 
projects, respectively. The first phase of waste characterization for 
retrieval is addressed by this retrieval DQO and are the needs identified at 
this time. 
historical data, development of in situ instrumentation, and use of data 
obtained for other programs to provide the necessary waste data. 

during the mixer pump demonstration test of Project W-151. No other new tank 
waste samples are requested for retrieval design, development, and operations 
in the current Phase 1. Waste information required for retrieval system 
design and operation will be obtained from historical records, in situ 
instrumentation, documentation of operational experiences, and data obtained 
for other programs, such as requirements for pretreatment or safety programs. 

considerations may cause additional safety-related questions concerning 
criticality, release o f  noxious gases, flammable gas accumulation, or others. 
Permitting and equipment disposal are additional considerations which may 
require waste information during design of retrieval projects. Waste samples 
and analysis may be required in the future to provide information to resolve 
specific issues arising in these areas. 

Reevaluation of retrieval information needs will be required during the 
design of the retrieval systems to determine if safety or operational 
requirements require additional data. The second phase of tank waste 
characterization occurs after reevaluation and it is determined that specific 
high-impact information requirements exist, a careful assessment of the 
available data is completed, and additional waste information is found 
necessary. If necessary, a revised retrieval OQO would be prepared during 
Phase 2. 

The first phase of tank waste characterization will utilize 

Some slurry grab samples are required to calibrate in situ instruments 

It i s  recognized that retrieval systems design and operations 

8.1 BOUNDING TANKS FOR SST DATA 

During Phase 1 no new tank waste samples are requested for SST retrieval 
design, development, and operations. Historical data and documentation of 
operating experience in installation of saltwell pumps and thermocouple trees 
in saltcake waste will be used to implement past-practice sluicing equipment 
design selection. 
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Tank waste data requirements for the initial sluicing demonstration in 
tank 241-C-106 are addressed in the 241-C-106 DQO. 
addressed in this retrieval DQO. 
evaluated and the results documented (Sederburg 1994). 

241-AX-103, 241-C-103, and 241-C-105. Other tanks in the A, AX, C, TX, BY, 
and S farms are also being considered for retrieval and are assigned second 
priority. Historical tank waste data from all SSTs is desired but tanks in 
farms A, AX, and C are given high priority since they are being considered for 
the ISSTRS project. 

Therefore, they are not 
Safety and operations compatibility were 

Currently proposed SSTs to be retrieved by the ISSTRS are 241-A-102, 

8 . 2  BOUNDING TANKS FOR DST DATA 

During Phase 1 only a few tank waste slurry grab samples from 241-AZ-101 
during the mixer pump process test are required for DSTs retrieval design. 
Preliminary waste information requirements identified for DST retrieval, 
Appendix B ,  will initially be addressed without new waste sampling 
specifically for retrieval. New waste samples may be required if specific 
data requirements are identified in Phase 2. 

Characterization data obtained for the tank safety and pretreatment 
programs and historical data will be utilized to satisfy information needs 
required for retrieval system design during Phase 1. Once the source and 
receiver tanks are identified for the initial retrieval project, available 
data will be assessed to meet information needs, including the criteria of the 
Compatibility DQO (fowler 1995). 

Operational tank waste data information requirements for the pumpability 
decision concerning waste transfers and the design information requirements 
for determining the number of mixer pumps for DSTs could be provided with in 
situ instruments which are currently proposed for development or 
demonstration. 
instruments are successfully demonstrated. Grab sampling of the mobilized 
waste in the waste recirculation lines during retrieval operations may 
continue to provide waste samples for limited analysis to assure the waste 
meets pumpability requirements if the in situ sensors are not developed. 

Currently, tanks 241-SY-102 and 241-AW-105 are considered the highest 
priority DSTs. Eventually, all DSTs will be retrieved and tank waste 
information required. Available compatibility information will be collected 
for these tanks from historical records tank characterization reports and data 
obtained for other programs. 

The tank retrieval sequence is currently in development and the previous 
retrieval sequence for the initial retrieval of DSTs is being revised. 
Additional changes in the sequence are likely and historical data and data 
from other programs are adequate until a retrieval sequence is determined. 
Once the tanks to be retrieved are identified and confirmed, new data 
requirements will be determined after historical data is assessed. 

No waste sampling will be necessary if the identified in situ 
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1 Impact of Wrong 
Deci si on 
Plug pipes, 

1 sections of 
pipes or 
diversion boxes. 

I 

This is a 
potential cost 
saving, but 
could cause a 
cost and 
performance 

The hazards analysis, preliminary safety evaluation, and safety 
assessment for initial retrieval of the DSTs are based on historical data. 
Specific detailed retrieval system design for each DST to be retrieved will 
also be based on historical data when it is sufficient. Retrieval system 
equipment safety class requirements are determined in the safety assessment. 

Safety and operations compatibility must be assured prior to waste 
transfer operations and any sampling requirements for operations will be 
identified once the tanks to be retrieved are determined. 

Bounding Cost Delay 

$47M/cross site 50 
transfer sys. 

4 $515K/20-ft pipe 

(months) 

$160K/di v. box 2-5 
Save S7.5M per 
pump 

9.0 IMPACT OF RETRIEVAL DECISIONS 

2 

6 

The impact on cost and schedule of the retrieval process, when tank 
waste information is not available or incorrectly measured, is addressed in 
this section. 
transport and confirmation of mobilized volume after mixer pump completion. 
Table 9-1 lists decision inputs and the associated impact of wrong decisions. 
Justifications for the estimated costs and schedules indicated in the table 
are shown in 
Appendix C. 

The decision inputs considered are waste conditioning for 

Table 9-1. Impact of Retrieval Decisions 

Is waste ready for 
transfer? 

Is mobilized sludge 
volume predictable 
by ECR equation? 

Dec. 1 Decision Description 
0 

7 

penalty . 
See Decision 2 Is waste ready for 

transfer? 

For Decision 2 the most probable impact of a line starting to plug 
during transfer operations is simply that a line flush would be required. 
Typical recovery is to flush, which is normally successful. If not flushed 
successfully, the less likely event would be line plugging and that a section 
of transfer pipe would have to be replaced. 
replacement of the entire line at a cost of S47M. 

The least likely event would be 
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Decision 6 involves providing a basis for determination whether one 
mixer pump is sufficient to remove sludge waste in a DST. 
retrieval system for DSTs is two mixer pumps. 
not known, two referenced mixer pumps will be used. This decision is a 
potential cost saving decision; however, there is also a potential cost 
penalty for making a wrong decision in selecting one mixer pump. 
savings in using one mixer pump includes design, fabrication, installation, 
and maintenance costs that approaches S7.5M. A wrong decision would require 
installation of the second mixer pump that will delay the retrieval schedule 
and reduce mixer pump system performance. Mixer pump system performance would 
be reduced by geometry effects since the two mixer pumps would not be in the 
optimum positions for maximum mobilization. 

The reference 
If tank waste shear strength is 

The cost 

10.0 DATA PRIORITY 

The relative priority of the waste characterization data is indicated in 
this section. 
lower priority information is described in descending order of priority. 
information needs are clearly defined and justified, it is likely that this 
order will change. 

Safety and operations data requirements from the Tank Farms 
Compatibility Program and corresponding Compatibility DQO apply to waste 
transfers planned for the retrieval projects. The potential for triggering 
the release of accumulated gases (hydrogen, nitrous oxide, ammonia), 
criticality, and other identified safety concerns due to transfer operations 
is evaluated in the safety analysis for each retrieval project. 

Information is required to assure pumpability and prevent plugging of 
transfer lines during transfer operations. Measurement of slurry flowrate, 
density, and viscosity are required to determine the Reynolds number and 
demonstrate that turbulent flow will occur in the transfer pipe. 
number of the flowing slurry must be above 20,000 during the transfer 
operation to meet the compatibility pumpability criteria. 

criteria. 
assuring pumpabil ity may demonstrate that percent solids measurement or 
Reynolds prediction may be replaced by other measurements which predict or 
monitor the transfer operation adequately. 
sensors may provide methods which would replace physical property measurements 
on grab samples. 

mobilization of a DST. In situ measurement of shear strength, sludge surface 
profile, and slurry density during the mixer pump demonstration Project W-151 
is required to confirm the ECR equation has the potential of providing the 
basis for eliminating one o f  the two referenced mixer pumps and associated 
cost for several of the DSTs to be retrieved by the DST retrieval 
Project W-211. 

The highest priority information is described first and the 
As 

The Reynolds 

Percent solids measurement is currently required in the compatibility 
Development test activities planned for determining a method for 

Proposed development of in situ 

Information is required to determine if one mixer pump is adequate for 
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Physica l  p roper t i es  are proposed as a bas is  f o r  s e l e c t i o n  o f  a l t e r n a t e  
r e t r i e v a l  equipment. 
a l t e r n a t e  equipment w i l l  no t  be se lected u n t i l  a f t e r  s l u i c i n g  i s  complete and 
no s p e c i f i c  high-impact p r o j e c t  dec is ions have been i d e n t i f i e d .  
i d e n t i f i c a t i o n  o f  s p e c i f i c  dec is ions o f  h igh  impact t o  the  p r o j e c t  may r a i s e  
t h e  p r i o r i t y  and w i l l  be assessed a f t e r  waste removal from the  f i r s t  SST farm 
i s  complete. 
phys i ca l  p r o p e r t i e s  des i red  t o  develop the  r e t r i e v a l  equipment i s  g i ven  i n  
Appendix A. 

i d e n t i f i e d  f o r  P ro jec t  W-211 i n  Appendix 6, i s  no t  j u s t i f i e d  u n t i l  t he  
r e t r i e v a l  sequence i s  f i n a l i z e d  and s p e c i f i c  data requirements are i d e n t i f i e d .  
Tank waste data obta ined f o r  o the r  programs and h i s t o r i c a l  data w i l l  be 
u t i l i z e d  i n  t h e  meantime t o  meet these requirements. The r e t r i e v a l  DQO 
Phase 2 w i l l  i d e n t i f y  and j u s t i f y  s p e c i f i c  sampling requests. I f  samples are 
taken from DSTs t h a t  con ta in  s o l i d s  i n  the  i n te r im ,  the  r e t r i e v a l  data needs 
i d e n t i f i e d  i n  Appendix B should be assessed f o r  a p p l i c a b i l i t y  by t h e  
c h a r a c t e r i z a t i o n  e f f o r t .  

The r e l a t i v e l y  lower p r i o r i t y  i s  assigned s ince  t h e  

f u t u r e  

A considerat ion o f  some o f  t he  proposed processes and tank  waste 

Sampling o f  waste, f o r  t h e  p re l im ina ry  i n fo rma t ion  requirements 
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APPENDIX A: MOBILIZATION TECHNOLOGY DESCRIPTIONS 

Appendix A describes the mobilization technologies for SST and DST, 
sluicing system and mixer pump system, respectively. 
equipment will be used for removing material left by the reference systems, if 
required. 
retrieval systems are shown in Tables A-1 through A-3. 
information is used to identify information required design or development of 
the alternate retrieval methods. 

Alternate mobilization 

Secondary decision inputs and parameters needed for the alternate 
The decision 

Past-Practice Sluicinq Svstem 

past-practice sluicing. This method, uses high volume (i.e., 300 gpm), high 
pressure waterjets to mobilize the solids, and a slurry pump to convey the 
resulting liquid/solid slurry. 

for slurry removal and mixing, and a visual monitoring system. The sluicer, 
with a rotating nozzle, can direct the waterstream to the location of waste 
needing mobilization. 
waste may be dissolved, and waste particles are suspended in a slurry and 
washed into an area of the tank where the slurry is pumped to the surface. 
flowrate between 250 and 300 gpm was used through each 1-3/8 inch sluicing 
nozzle with a supply pressure of 100 psi. The slurry can be removed 
hydraulically (pumping) or pneumatically (air conveyance). 
practice (used over a hundred years ago in placer mining) and was used 
extensively in retrieval operations in the past at the Hanford Site. 
past-practice sluicing equipment design used at the Hanford Site during the 
T-plant and B-plant processing campaign (Rodenhizer 1987) will be utilized in 
the retrieval of tank 241-C-106 and the ISSTRS. 

The reference approach for mobilization and retrieval of SST waste is 

The sluicing system (Figure A-I) consists of a sluicer, a vertical pump 

The waste is dislodged by waterjet impact, some soluble 

A 

Sluicing is an old 

The 

To identify the waste properties important to sluicing technology, a 
mathematical model (Summer 1994 and Gates, et al. 1995) was proposed that 
shows the relationship between the retrieval rate to the nozzle size and 
various tank waste properties (such as shear strength, particle size 
distribution, salt dissolution, and porosity). This model was developed based 
on the sluicing of sludge waste data, but it was proposed that it could be 
extended to include saltcake waste. The model is being developed and has not 
been verified. However, since we are not using the model to make any 
decisions, its further development and/or verification are not required. 
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Figure A-1. SST Sluicing Operating Scenario 
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f 

Mixer Pump Svstem 

The mixer pump will mobilize the settled sludge into the supernate, creating a 
slurry suitable for transfer by a separate transfer pump. 
mixer pump installation in a DST is shown schematically in Figure A-2.  

The reference approach for mobilization of DST waste is the mixer pump. 

A typical single 

r 

Double-Shell Tank Retrieval System 

Permanent Power 

';;;;;;;:I 
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Mixer  pump(s) w i l l  be made o f  s t a i n l e s s  s t e e l  t o  p rov ide  prolonged pump 
l i f e  and t o  f a c i l i t a t e  mixer  pump c leaning and d isposal .  Current  knowledge o f  
r a d i a t i o n  dose r a t e s  f o r  d i f f e r e n t  waste types w i l l  be u t i l i z e d  i n  ma te r ia l  
s e l e c t i o n  f o r  mixer  pumps. Seals and bearings w i l l  be const ructed o f  t h e  best  
a v a i l a b l e  ma te r ia l  t o  wi thstand s l u r r y .  A t  present, development o f  improved 
pump seals  i s  an ongoing e f f o r t  among Westinghouse Hanford Company, West 
Val ley,  and Savannah River .  
knowledge o f  t h e  e x i s t i n g  tank waste data, best  mechanical design, and best  
a v a i l  ab1 e ma te r ia l s .  

Capacity o f  t h e  mixer pump can be s ta ted  i n  terms o f  nozz le diameter, 
nozz le d ischarge v e l o c i t y  o f  t he  pump, and s p e c i f i c  tank waste p roper t i es .  
The c u r r e n t  TWRS p lan  i s  t o  purchase the  h ighest  capaci ty  pumps t h a t  w i l l  f i t  
i n t o  e x i s t i n g  34 i nch  o r  42 i nch  r i s e r s .  The d is tance from a j e t  nozz le of 
t he  mixer  pump t o  the  most d i s t a n t  sludge t h a t  i t  can mob i l i ze  i s  t he  key 
measure o f  m ix ing  pump performance and i s  r e f e r r e d  t o  as the  ECR (Powell e t  
a l .  1994) and (Gates and Beckette 1995). The cu r ren t  methodology u t i l i z e s  
sludge shear s t reng th  and j e t  parameters t o  p r e d i c t  ECR. 
been completed t o  v a l i d a t e  the  ECR model. 
us ing var ious mixtures o f  simulants (bentoni te  and k a o l i n )  i n  1 /25th and 
1/12th scale t e s t s .  

Bearing design f o r  pumps i s  based on present  

Extensive t e s t s  have 
Cor re la t i ons  were developed by 

Estimated ECR equations are as fo l l ows :  

where U, i s  t he  nozz le water v e l o c i t y  (cm/s), D i s  t he  nozz le diameter (cm), 
T i s  t he  cohesive p o r t i o n  o f  t he  shear s t reng th  (dyneslcm'), and ECR i s  i n  
cent imeters (Gates e t  a l . ,  1995). The f i r s t  ECR equat ion i s  v a l i d  f o r  low 
range o f  shear s t reng th  (10,000 t o  15,000 dyneslcm'). 
i s  r e c e n t l y  developed f o r  a wider range o f  shear s t rength.  

The second ECR equat ion 

Enhanced o r  A1 t e r n a t e  Systems 

Enhanced o r  a l t e r n a t e  m o b i l i z a t i o n  systems w i l l  be considered i f  past -  
p r a c t i c e  s l u i c i n g  f a i l s  t o  remove tank  waste sludge t o  an acceptance c r i t e r i a .  
Enhancements t o  s l u i c i n g  incTude h igher  pressure, nozz le s i z e  and shape, and 
pump a l t e r a t i o n s  t h a t  would r e s u l t  i n  l e s s  standing water. P o t e n t i a l  
a l t e r n a t e  systems (Kr ieg e t  a l .  1990) are s c a r i f i e r ,  conf ined s l u i c i n g ,  and 
new systems which w i l l  be i d e n t i f i e d  through the  ACTR program. The s c a r i f i e r  
can u t i l i z e  h igh-  pressure a i r  j e t s  o r  steam j e t s  t o  d i s lodge  small  p ieces o f  
waste. A l t e r n a t e  conveyance methods i nc lude  pneumatic and combined 
pneumat ic /water je t  pump conveyance. Descr ip t ions o f  these systems are g i ven  
i n  t h e  f o l l o w i n g  sect ions.  Add i t i ona l  technologies are a l so  being evaluated 
t o  p rov ide  o the r  m o b i l i z a t i o n  and conveyance opt ions.  

A-4 
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Tank waste data are needed t o  se lec t  these a l t e r n a t e  systems and t h e  
p r o p e r t i e s  o f  i n t e r e s t  are described below. The t h i r d  p r i o r i t y  a l t e r n a t e  
r e t r i e v a l  system design dec is ions i d e n t i f i e d  i n  t h i s  DQO process does n o t  
j u s t i f y  t he  h igh  cos t  o f  new core sampling and analys is .  
data obta ined f o r  o the r  programs w i l l  be u t i l i z e d  by t h e  ACTR program u n t i l  
s p e c i f i c  p r o j e c t  dec is ions having h igh  impact are i d e n t i f i e d .  

H i s t o r i c a l  data and 

A. Pneumatic Conveyance 

tank  waste from t h e  underground tanks. 
h igh  v e l o c i t y  a i r  t o  remove small p a r t i c l e s  and s o l i d s  up t o  about 3 inches i n  
diameter, s l u r r i e s  and viscous l i q u i d .  

The pneumatic conveyance system cons is t s  o f  a p o s i t i v e  displacement 
blower, a cyclone separator, f i l t e r  and h igh -e f f i c i ency  p a r t i c u l a t e  a i r  (HEPA) 
f i l t e r  system. Schematic f o r  t he  pneumatic conveyance system i s  shown i n  
F igure A-3. 
i n s i d e  an 8- inch hose can reach 200 miles/hour)  a t  t he  suc t i on  nozzle. 
cyclone separator  removes l a r g e r  p a r t i c l e s  from the  a i r  stream and the  f i l t e r  
systems removes f i n e  p a r t i c l e s .  
suc t i on  hose, w i l l  be l oca ted  outs ide the  tank environment. The waste can be 
conveyed t o  any d i s tance  as l ong  as waste p a r t i c l e s  can be suspended i n  the  
a i r  stream. 

discussed (Gates, e t  a l . ,  1995). Related tank waste p roper t i es  f o r  t h e  
pneumatic conveyance are s l u r r y  densi ty ,  v i s c o s i t y ,  and sur face tens ion.  

Pneumatic ( o r  a i r )  conveyance system i s  under cons ide ra t i on  t o  remove 
Pneumatic conveyance systems use 

The blower creates a s t rong suc t i on  f o r c e  ( i . e . ,  a i r  v e l o c i t y  
The 

A l l  equipment, w i t h  the  except ion o f  t he  

Pneumatic conveyance t e s t  a c t i v i t i e s  were performed and a model 
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Figure  A-3. Operation Scenario for the  Pneumatic Conveyance System 
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6. WaterJets 

reduce leakage o f  r a d i o a c t i v e  waste t o  the  environment by e f f e c t i v e l y  
c o n t r o l l i n g  t h e  w a t e r j e t  stream. The wa te r je t  method can l o c a l l y  mob i l i ze  
tank  waste us ing  water (Summers 1993). The 
f i r s t  i s  a r e l a t i v e l y  lower  pressure, h igh  volume w a t e r j e t  (5,000 t o  20,000 
l b / i n 2  and 5 t o  15 gal /min) .  The l a r g e r  mass o f  t he  water i s  used t o  d i s lodge  
the  waste. The second i s  a h igher  pressure and lower  volume w a t e r j e t  (35,000 
t o  60,000 l b / i n 2  and 1 t o  6 ga l /min) .  
t imes t h e  speed o f  sound. 
mob i l i ze  t h e  waste. 
conveyance system t o  remove the  mob i l i zed  waste from the  tank. 
t h i s  scenar io  i s  shown i n  F igure A-4. 

W a t e r j e t t i n g  i s  an extens ion o f  t he  s l u i c i n g  system and can be used t o  

There are two types o f  wa te r je t s .  

The nozz le v e l o c i t y  i s  about t h r e e  
I n  t h i s  case, the h igher  pressure is used t o  

The w a t e r j e t  can be used i n  conjunct ion w i t h  o the r  
Schematic o f  

Key tank  waste i n fo rma t ion  r e l a t e d  t o  w a t e r j e t  c u t t i n g  are t e n s i l e  
s t rength,  g r a i n  o r  c r y s t a l  s ize,  densi ty ,  po ros i t y ,  f r a c t u r e  toughness, and 
hardness (Gates 1995). 

F igu re  A-4. Water je ts  With A i r  Conveyance System 
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C.  S c a r i f i e r  

t h a t  l i m i t s  t h e  cleanup area and i s  operated w i t h  a c o n t r o l l e d  i n p u t  and 
ou tpu t  o f  water and s l u r r y .  

a i r  j e t ,  steam j e t ,  o r  mechanical means), r o t a t i n g  w a t e r j e t  housing, and a 
vacuum conveyance system. 
confinement dome. 
removed by the  vacuum conveyance system. 
w i t h  t h e  w a t e r j e t  as the  m o b i l i z a t i o n  engine. 

A i r  and w a t e r j e t  s c a r i f i e r s  have been tes ted  t o  demonstrate removal o f  
t ank  waste a t  t h e  Hanford S i t e .  The a i r  j e t  i s  e f f e c t i v e  i n  m o b i l i z i n g  s o f t  
waste, w h i l e  the  w a t e r j e t  i s  e f f e c t i v e  i n  c u t t i n g  through hard sa l tcake.  

The s c a r i f i e r ,  as depic ted i n  F igure A-5, i s  a method o f  waste r e t r i e v a l  

The s c a r i f i e r  system cons is t s  o f  a m o b i l i z a t i o n  system ( i . e . ,  wa te r je t s ,  

The s c a r i f i e r  performs waste m o b i l i z a t i o n  under a 
The waste i s  d is lodged by the  m o b i l i z a t i o n  system and i s  

F igure A-5 shows a s c a r i f i e r  system 

Figure A-5. S c a r i f i e r  Operating Scenario 
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0. Confined Sluicing 

Confined (or contained) sluicing (Figure A-6) consists of a specially 
designed, hydrocrane clamshell and a hopper-fed air conveyance system 
(Summers et al. 1994). The system uses high-pressure water to further break 
up the solids which is air conveyed to a cyclone separator outside the tank. 
The set up for the air conveyance was discussed in the previous section. 
clamshell bucket is capable of breaking and placing tank waste into the 
hopper, where high-pressure water breaks up the waste which is air conveyed 
from the tank. 

The 

Figure A-6. Confined Sluicing 
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Table A-1. Alternate System Data Needs - Scarifier Using Waterjet 

Decision or  Question 

HOU many holding tanks are needed 
f o r  s l u i c i n g  system? 

HOU long does i t  take t o  m b i l i z e  
the uaste using s lu ic ing? 

Hou nuch tank maste can be 
dissolved by s lu ic ing? 

m a t  i s  the effect of adhesion on 
the design of the r e t r i e v a l  
equipnent? 
Y i I I  uaste plug p i p ?  

Vhat are the e f f e c t  of the mass of 
maste on the s t r u c t u r a l  design? 

lnpact of Yrong Decision 

Overlurder estimated n u h e r  of 
holding tanks 

O v e r l d e r  estimated length of 
time t o  s lu ice 

1. System design inadequate 
( i n s u f f i c i e n t  volune of holding 
tanks) 
2. Increase volune of uater 
usage 
3. Dver lvder  design of 
evaporator capacity 

1. Over lvder  design of system 
2. A d d  mater, increase waste 
volune t o  conveyance p i p  

Create i n s t a b i l i t y  i n  
s t r u c t u r a l  as u e l l  as reduced 
prformance 

Primary 
Decision 
Parameter - 

Sett I ing 
r a t e  of 
s l u r r y  

Set t I i ng 
r a t e  of 
s l u r r y  

Solubi l i t y  

Hardness 

Achesion 

Density-- 
p a r t i c l e  and 
bu lk  

- 
Type of 
Sanple - 

Core 
sanple 

Core 
sanple 

core 
sanple 

I n  s i t u  

Core 
s a m l e  

Core 
sanple 

- 

Secondary Decision 
Parameters 

PSI, Zeta 
potent ia l ,  
Moisture, 
S o l u b i l i t y ,  Tensi le 
strength 

a 
? 

3 
U 

8 
0 
0 
OD 

8 



Table  A-2. A l t e r n a t e  System Data Needs - Convey ti Transport 

*at  Wing pouer i s  needed t o  
cmvey the uaste? 

w i l l  uaste break i n t o  small 

~~~~ ~ 

Decision or  Owst ion  lnpact of Wrw D e c i s i m  Primary 
Decision 
Parmeter 

W i l l  the uaste plug the p i p s ?  -t-t 3. Way need neu pipes 

1. Dverltmder design of 
r e t r i e v a l  systems 
2. Way need a neu conveyance 
system f o r  waste 

Adhesion 

Reduced w i n g  e f f i c iency  Density-- 
p a r t i c l e  and 
bulk 

Waste w i l l  not mobil ize Hardness 

How fast  does the waste s e t t l e  
during conveyance and transport? 

1. Under estimated pnp 
pressure 
2. P i p s  plugged 

S e t t l i n g  
rate of 
s l u r r y  

w i l l  uaste s t i c k  t o  r e t r i e v a l  
equipnent? 

1. Dverlunder design o f  systems 
2. Way have t o  add more uater, 
increase waste volune 

Adhesim 

y Parameters 

core 
senple 

core 
sample I 
In s i t u  I shear st.. Tensi le 

Core I 
PY), Zeta 
potent ia l ,  
Moisture. 
s o l t h i l i t y ,  Tensi le 
s t r e w t h  

0 
0 m 



5: 

Decision o r  Ows t ion  

w 
N 

lnpact o f  U r w  Decision Primary Typz o f  
Decision S m l e  

Table A-3. A l t e r n a t e  System Data Needs - Waterjets 

For water je t  end ef fector :  
How nuch water pressure i s  needed? 
How large i s  the water je t  nozzle? 
%at i s  the f e a s i b i l i t y  o f  using 
the waterjet? 

~ 

1. Over design o f  h igh pressure 
water je t  (increase cost).  
2. ua te r je t  f a i l s  t o  mobi l ize 
hard waste ( d e r  design). 

Tensile In  s i t u  

I I (poros i ty)  I 

Tenperature, 
Harhess, Shear 
Strength 1 
Crysta l  f o m t i o n ,  

i n t e r c m e c t i o n  
size. 11 
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APPENDIX 8: DESIRED TANK WASTE INFORMATION FOR DST RETRIEVAL 

Appendix B provides a preliminary identification of tank waste 
characterization needs for DST Retrieval design and operations identified by 
the Initial Tank Retrieval Systems, Project W-211. Si nificant information on 
the listed items m$,y be found in the following D$)Os: (' Fowler 1995, 
(2) Slankas 1995, ( Bloom and Nguyen 1995, and Johnson 1995. The noted 
DQOs are listed in this appendix. 

Table B-1. Desired 

General Tank Waste A Information 

Chemical 
Composition"'" 

Radionuclide 
Composi tion"J) 

)I Shear Strength'3' 
F1 ammabl e Gas"," I1 
Rheol ~gy'~' 
Gas(1,4) 

Sludge Height 

Temperature 
,u(1.2.3) 

~ ~~~~ 

Volume Percent Sol ids, 
"3, pH, Organics and 
Energetics 

Ink Waste Information for DST Retrieval Project 

Reason for Request 

1. To assure compatible materials are used in the 

2. To predict reaction from waste dilution 
3. To classify in-tank components 
4. To determine waste compatibility 
5. To perform safety analysis 
1. To address criticality 
2. To classify in-tank components 
3. To select materials for equipment 
4. To determine shielding for equipment 
5. To determine waste compatibility 
6. To perform safety analysis 
1.  To determine if one mixer pump is sufficient 
2. To estimate retrieval efficiency 
1. To design retrieval equipment 
2. To predict effect on tank during operation 
3. To estimate amount of gas release 
To determine the amount of dilution needed 
To test effect of dilution on gas retention 
To determine staging or pump position during 
mixer pump operation 
For various purposes 
To determine dilution medium 
For operations requirement such as safety and 
compatibility 

design 
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APPENDIX C: INFORMAL COST AND SCHEDULE INFORMATION 

Appendix C conta ins i n fo rma t ion  on cos t  and schedule associated w i t h  the  

Mixer  PumD 

The d e f a u l t  number o f  mixer pumps t o  use pe r  tank  i s  two. 

mixer  pumps and t r a n s p o r t  system. 

However, w i t h  
use o f  a confirmed ECR equation and measurement o f  t he  sludge shear s t reng th  
i t  may be poss ib le  t o  reduce t o  one mixer  pump. This  would save costs  o f  
manufacturing, i n s t a l l a t i o n ,  operation, maintenance, and d isposal  o f  one mixer  
pump. To ta l  p r o j e c t  cos t  est imates i n d i c a t e  an approximately cos t  savings o f  
approximately S7.5M per  pump i f  one ins tead  o f  two mixer pumps were i n s t a l l e d  
on a DST. To ta l  p r o j e c t  cos t  are estimated f o r  t he  f i r s t  DST t o  be r e t r i e v e d  
as p a r t  o f  t h e  i n i t i a l  tank r e t r i e v a l  system. The " t o t a l  p r o j e c t  c o s t "  f o r  1 
DST i s  est imated a t  S46.2M w i t h  2 mixer pumps and S31.4M w i t h  no mixer  pumps. 
The cos t  est imate inc ludes design, pe rm i t t i ng ,  safety ,  const ruct ion,  
i n s t a l l a t i o n ,  and reviews. 
d isposal  o f  t he  mixer  pumps, therefore,  t he  S7.5M cos t  savings est imate f o r  
d e l e t i n g  the  mixer  pump i s  conse rva t i ve l y  low. 

The costs  do no t  i nc lude  opera t i ng  and f i n a l  

TransDort 

The t ranspor t  system inc ludes a spare t ranspor t  l i n e  which w i l l  be used 

Cost f o r  t he  t r a n s p o r t  f u n c t i o n  

i n  case o f  a complete p lugging o f  t he  main t ranspor t  l i n e .  
cos t  and t ime  es t ima t ion  o f  S47M and 1 year  t o  rep lace a new t r a n s p o r t  system 
(ma te r ia l  cos t :  S46M t some redesign: S l M ) .  
i s  based on t he  f o l l o w i n g  est imate (Author Year). 

The worst-case 

Engineering design cost: $ 6.6M 
Remaining cos t :  S46.1M 
To ta l  Cost: S 52.7M 

Rebui ld  t r a n s p o r t  system: 
Recovery o f  bu r ied  l i n e :  

Recovery o f  t he  d i v e r s i o n  box: 

S 47M (4.3-yr de lay)  
S515K f o r  20 - f t  sec t i on  
(4-mo delay t ime) 
S160K (2- t o  5-mo delay t ime)  

c-1 
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