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Mixer pumps are the primary method for sludge mobilization and maintaining 
slurry uniformity. Past practice sluicing will be used in conjunction with 
mixer pumps for sludges that are difficult to mobilize. For this analysis, 
mobilization of waste will be accomplished by installation of two mixer 
pumps. (Constraint) 

Mixer pumps will not remove a hard heel and some sludge in all cases. 
(Assumption) 

Tank waste inventories will be calculated using the information in Tank Farm 
Surveillance and Waste Status Summary Repon for October 1994 (Hanlon 
1994). (Constraint) 

Relative risk values @robability/consequence) for environmental protection and 
safety concerns will be approximately equal for all study cases when averaged 
over the overall time frame for DST/single-shell tank (SST) retrieval and 
disposal. (Assumption) 

All DSTs will be reused to store waste. (Assumption) 

All tank waste will be considered mixed waste. Segregation will not be 
required because of mixed waste issues. (Assumption) 

Key Hanford Federal Facility Agreement and Consent Order (Tri-Party 
Agreement) (Ecology et al. 1994) milestones affecting this analysis are: 

M-50-02, M-60-05, M-45-05-T03, M-45-05-TO4, M-45-05-T05, M-50-04, and 
M-50-03. (See Table A-1, Appendix A,) 

M-45-03A, M-45-03-T02, M-45-03-TO1, M-45-05-TO1, M-45-05-TO2, 

1.3 DEFINITIONS 

Complexant--A chemical species that is able to bond to another chemical species and thus 
reduce the availability of that species for further chemical reaction. A chelate is a special 
case of complexed chemical species; chelating agent is one kind of complexant. Organic 
compounds that form coordination complexes with insoluble metal ions solubilizing the metal 
ion. 

Complexed Waste--Dilute waste material containing relatively high concentrations of 
chelating agents, such as ethylenediaminetetraacetic acid (EDTA), 
hydroxyethylethylenediaminetriacetic acid (HEDTA), etc., from B Plant waste fractionization 
operation. Characterized by a high content of organic carbon including organic complexants. 
The main sources of this waste in the DST system are saltwell liquid inventory from SSTs. 
(Also called dilute complexed [DC] waste). 
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Heel--A heel is defined as the residue remaining in a tank after its contents have been 
retrieved to the maximum extent practicable and before the tank is either refilled or cleaned 
of hazardous material before final closure and landfill disposal. A heel can consist of solid 
waste, free liquids, and sludges. 

Hard Heel--A hard heel is defined as solid material that has consolidated and is cemented or 
bonded to the tank such that removal can only be accomplished by direct high pressure water 
jets or mechanical removal (scraping). 

High-Level Waste--The highly radioactive waste material that results from the reprocessing 
of spent nuclear fuel, including liquid waste produced directly in reprocessing and any solid 
waste derived from the liquid, that contains a combination of transuranic (TRU) waste and 
fission products in concentrations requiring permanent isolation (DOE Order 5820.2A). 

Low-Level Waste--Any gaseous, liquid, or solid waste that contains radioactivity and is not 
classified as high-level waste (HLW), TRU waste, or spent nuclear fuel or lle(2) byproduct 
material as defied by DOE 5820.2A. Test specimens of fissionable material irradiated for 
research and development only, and not for the production of power or plutonium, may be 
classified as low-level waste (LLW), provided the concentration of transuranic is less than 
100 nCi/g. For this analysis, the LLW is a component of the supernatant of the non- 
complexed waste tanks. 

Sludge--At the Hanford Site, the term sludge is applied to those solids that settle and 
accumulate at the bottom of a storage tank; solids formed by precipitation or self- 
concentration, primarily insoluble metal hydroxides and oxides precipitated from neutralized 
waste. Sludge usually was in the form of suspended solids when the waste was originally 
received in the tank from the waste generator. The sludges are considered to be HLW. 

Supernatantshpernate--The liquid layer that is above the solids in the waste storage tanks. 
Drainable liquid remaining minus drainable interstitial. Supernate is usually derived by 
subtracting the solids level measurement from the liquid level measurement. In some cases, 
the supernatant volume includes floating solid crusts because their volume cannot be 
measured. (Also known as supernates.) The supernatants contain the LLW fraction that will 
be separated during LLW processing. 

Transuranic (TRU)--Period 7 elements having an atomic number of 93 or greater (elements 
that are heavier than uranium in the periodic table). 

Transuranic (TRU) Waste--Without regard to source or form, waste that is contaminated 
with alpha-emitting transuranium radionuclides with half-lives greater than 20 years and 
concentrations greater than 100 nCi/g at the time of assay. For this analysis, TRU Waste is 
limited to waste that has the potential for certification for deep geologic disposal at the Waste 
Isolation Pilot Plant (WIPP), in Carlsbad, New Mexico. 
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Watch List Tanks--Tanks that have been designated as having an unreviewed safety question 
(USQ) surrounding it or other major safety concern. The safety issue can be related to 
several different items, Le., hydrogen gas, ferrocyanide, organics, and high heat. 

1.4 EXECUTIVE SUMMARY 

The Double-Shell Tank Retrieval Allowable Heel Trade Analysis evaluates the effects 
a remaining heel has on subsequent waste storage requirements after initial retrieval. The 
information contained in this analysis will be used as a basis for the identification of DST 
retrieval system design and performance requirements. 

This document addresses the three study cases for initial retrieval either leaving no 
heel, a hard heel, or residual sludge. The amount of heel was estimated for a base case 
using two 300 hp mixer pumps for sludge mobilization. The analysis identified that there is 
a distinct advantage for leaving residual sludge whenever possible. Initial retrieval allowing 
residual sludge results in retrieval activities that require less equipment, a lesser degree of 
characterization, and a less complicated operations. For those DSTs containing a sludge, it 
will be difficult to ensure that a high degree of cleanout is possible for the initial retrieval 
campaign. For this reason, retrieval plans should be based upon some residual sludge 
remaining. 

Any limitations on tank reuse are dependent upon two elements: the compatibility of 
the waste added onto the heel and the need to ensure that tank operational and safety 
specifications have been met. As long as waste is compatible and the tank requirements and 
specifications are within the operational limits, there is no l i i t  on the size of the remaining 
heel. 

The heel, remaining after initial retrieval, affects the future storage mission of the 
DSTs. Available tank space, waste compatibility, incidental blending, retrieval sequence and 
tank reuse were considered when addressing what constitutes the effects of an allowable heel. 
From this analysis, two waste types will limit or restrict tank reuse, complexed waste, and 
sludge containing large quantities of TRU. 

A complexed heel has the potential to bring the insoluble TRU materials into solution. 
This would complicate the LLW immobilization processes. For this reason, the amounts of a 
complexed heel must be very small, such that the soluble TRU content will not adversely 
affect the downstream processes. To avoid problems, it is recommended that complexed 
waste remain segregated. This involves segregation of tanks SY-101, SY-103, AN-102, AN- 
107, and AY-101. 

Complete segregation is not necessarily required for those DSTs containing large 
amounts of TRU, namely AW-103, AW-105, and SY-102. Tanks AW-103 and AW-105 
could be used to store supernates for LLW feed, sludge for HLW feed, and other TRU solids 
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2.1.4 Instrumentation 

In addition to the instrumentation required to monitor slunylsupernate transfers, 
retrieval would require in-tank instruments to measure sludge mobilization over the entire 
tank. The instrumentation would have to be accurate enough to measure even small amounts 
of sludge lodged behind in-tank hardware or along the tank periphery. Instrumentation that 
would accomplish this task has not been proved or fully developed. 

2.1.5 Summary 

This is the most restrictive retrieval case. As such, retrieval to this high level of 
cleanout will require the most extensive retrieval system, the most complicated operations, 
the most extensive characterization, and the most comprehensive instrumentation and control 
system. 

2.2 CASE 2--HARD HEEL ALLOWED 

DST retrieval to the level where a hard heel is allowed is significantly less stringent 
than when retrieval must leave no heel. For this study, the residual would contain no or 
minimal sludges but a hard heel is acceptable. Mobilization of all but a hard heel should 
retrieve waste in excess of 98 percent for most DSTs. Note that the DST characterization 
program has not identified the extent of what would be considered a hard heel. The 
characterization information available does not allow exact calculation volume of the hard 
heel. The characterization of the waste tanks has not progressed to the point where the 
physical characteristics of sludges and solids are known. Therefore, the equipment needed 
for this level of cleanout can be estimated only and the confidence of its adequacy is 
relatively low. 

Retrieval operations may find that the amount of sludge remaining after sludge 
mobilization will not meet the requirements for reuse. This will require additional equipment 
to remove the residuals. This equipment could include a sluicing installation, deployment of 
remote operated cleaning/mining equipment, or installation of a long reach arm with suitable 
end effectors. 

2.2.1 Retrieval Systems 

The retrieval system to retrieve DST waste, leaving only a hard heel, is essentially 
equivalent to complete retrieval (Case 1). The system required to achieve this level of 
retrieval will be directly proportional to the amount and strength of the sludges in the tanks. 
Tanks containing only supernates (for instance the AP farm) will require only a transfer 
pump to achieve the required level of cleanout. Other tanks that contain deep sludges with a 
relatively high strength such as tank AW-103 may be difficult to retrieve requiring both 

9 



WHC-SD-WM-TA-162 
Revision 0 

mixer pumps and sluicing systems. In general, if no heel is allowed, the retrieval system 
will be only slightly less extensive than the complete cleanout leaving no heel. Costs for this 
study case would be only slightly less than Case 1. 

2.2.2 Retrieval Operations Considerations 

When initial retrieval before tank reuse requires essentially complete sludge removal, 
this then requires a high degree of confidence to ensure that the sludges are mobilized and 
that the transfer operations are complete. Addition of wash water and a second 
mobilizatiodtransfer cycle may be required to meet residual sludge requirements. If the 
sludge is not removed using mixer pumps, then sluicing may be required. 

Another major operations consideration for this initial DST retrieval is the ability to 
deal with sludges after transfer from the tank. These materials would contain the bulk of the 
transuranics, uranium, and heavy metals in addition to the majority of the strontium. There 
would need to be either enough tank space to receive these sludges and solids or they would 
have to be accepted into a treatment facility that could accept and process the HLW. 

Safety issues such as hydrogen generation, nuclear criticality, noxious gas generation, 
and chemical incompatibility must be addressed. These issues may prove to be 
inconsequential. The compatibility of wastes added on top of a hard heel should not disturb 
or react to any great extent. Likewise, any minor amounts of residual sludge should not be 
of concern. The DST waste retrieval acceptance criteria would be established to prevent any 
problems. 

2.2.3 Characterization 

An extensive characterization program is required to provide assurance that the DSTs 
can be retrieved such that essentially all sludge is removed, leaving only a hard heel. This 
characterization would include determination of the physical, chemical, and radiological 
properties of sludges, saltcakes, and supernates. Before design of retrieval systems, the 
physical properties of the sludge and supernate would need to be determined. 

2.2.4 Instrumentation 

In addition to the instrumentation required to monitor slunylsupernate transfers, 
retrieval would require in tank instruments to measure sludge mobilization over the entire 
tank. The instrumentation would have to be accurate enough to measure even small amounts 
of sludge along the tank periphery. Instrumentation that would accomplish this task has not 
been proved or fully developed. 
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2.2.5 Summary 

This retrieval case is nearly as restrictive as one which allows no heel. The level of 
effort required 'to retrieve all sludge is comparable to that for removal of the sludge plus the 
hard heel. As such, retrieval to this level of cleanout will require an extensive retrieval 
system, complicated operations, the extensive characterization of the sludges, and a 
comprehensive instrumentation and control system. 

2.3 CASE 3-RESIDUAL SLUDGE ALLOWED 

DST retrieval to the level where residual sludge is allowed is the least stringent than 
when compared to retrieval leaving either no heel or a hard heel. For this study, the residual 
would contain significant amount of sludge. This cleaning would retrieve most of the 
sludges and virtually all of the pumpable liquids for most DSTs. The characterization of the 
waste tanks has progressed to the point where the physical characteristics of sludges and 
solids are understood well enough where a reasonable estimate of what equipment is required 
can be developed. 

2.3.1 Retrieval Systems 

The retrieval system to retrieve DST waste, leaving residual sludge, is the least 
extensive and thus the least costly of the three study cases. Depending on the ultimate reuse, 
the heel for a given tank could be quite large without adverse effects. The retrieval system 
would be the least complicated and least extensive, thus having the lowest relative cost. In 
some cases, depending upon the reuse, it may not be necessary to retrieve any sludge, thus 
eliminating the mobilization equipment entirely. 

2.3.2 Retrieval Operations Considerations 

When initial retrieval before tank reuse allows residuals to include significant amounts 
of sludge, the necessary degree of confidence to ensure that the sludges are mobilized and 
that the transfer operations are complete is greatly reduced. The major operations issue is 
ensuring that the wastes added to the residual waste in the DST are compatible, both from a 
radionuclide and chemical compatibility perspective. 

Another major operations consideration for this initial DST retrieval is the ability to 
deal with sludges after transfer from the tank. These materials would contain the bulk of the 
transuranics, uranium, and heavy metals in addition to the majority of the strontium. There 
would need to be either enough tank space to receive these sludges and solids or they would 
have to be accepted into a treatment facility that could accept and process the HLW. 
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3.0 THE EFFECTS OF A REMAINING DOUBLESHELL TANK 
HEEL AFTER INITIAL RETRIEVAL 

This study deals mainly with sludges and not with supernates as no technical concerns 
concerning supernate mobilization and transfer were identified. The current tank inventory 
was derived from Tank Farm Surveillance and Waste Status Summary Report for October 
1994 (Hanlon 1994). The information from this document is summarized in Appendix A. 

A relatively large heel of unmobilized sludge may remain after initial retrieval before 
DST reuse and could have adverse effects mainly in the following five general areas. The 
first is the need for the retrieved DST to provide adequate tank space for the reuse mission, 
and the second to meet waste compatibility requirements. The third is the effect of incidental 
blending of newly added waste with the heel. The remaining areas of concern were the 
effect on a remaining heel on the retrieval sequence and the effect of the remaining heel on 
DST reuse. The following paragraphs document a sensitivity analysis of the effect of the 
remaining heel for these five topics. 

3.1 TANKSPACE 

Initial DST retrieval will be done primarily to provide space for the storage of waste 
from SST retrieval activities. As treatment and disposal facilities are made operational, 
DSTs will be required to support other activities requiring .waste to be retrievably stored in 
tanks. These include storage of in-process waste from LLW pretreatment and vitrification, 
and HLW pretreatment and vitrification while at the same time continuing to receive and 
store additional waste from the SST retrieval activities. These storage requirements include 
both liquid (supernates and wash solutions) and solids (undissolved saltcakes and sludges). 
Currently, there is no estimate or calculation of waste to be stored as "in-process waste." 
This stored waste would come either as retrieved waste from the SSTs or as return streams 
from the LLW pretreatment. 

The useable tank space for storing additional waste can be increased in only two 
ways. First, supernates can be evaporated and concentrated to reduce liquid levels. The 
limits to which the concentration of supernates are practical and cost effective have not been 
established as stored tank waste requirements. Secondly, compatible sludges can be 
consolidated, creating useable tank space in the emptied tank. 

Tank space, as related to how much heel remains after initial retrieval, is an 
operational concern for a particular tank. Until there is an ability to process (vitrify) waste 
and permanently remove it from the tank, the total amount of initial tank space including that 
which can be made available through evaporation remains fixed. DST retrieval does not 
create more tank space. All that can be done is to move DST waste, thus making the 
useable space available in specific tanks which are configured for accumulating the 
solids/sludges or liquids. Consolidation of compatible wastes would then create useable tank 
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space, even though the total DST available space remains more or less unchanged. For 
example, the neutralized current acid waste (NCAW) wastes have not been blended in the 
past and may require continued segregation. Consolidation of AZ-101 and AZ-102 would 
free up one tank, providing 3,800 m3 (1 Mgal) of space. The allowable heel limits for 
unrestricted use of the "clean" tank have not been established. The allowable heel for 
storage of similar, compatible waste, are a function of the tank operations requirements to 
maintain the waste within the safety and operations limits for that particular tank. 

Shear strength 
K dy/cmZ (Iblft') 

7 (14.7) 

14 (29.4) 

28 (58.7) 

70 (147.0) 

The relationship between the effectiveness of the mixer pumps in mobilizing sludge 
was developed experimentally using non-radioactive sludge simulants. This relationship 
between the sludge shear strength and the effective cleaning radius (ECR) is expressed by the 
following equation: 

Effective cleaning % Mobilized 

1,250 (41) 99 

793 (26) 75 

488 (16) 36 

274 (9) 11 

radius cm (ft) 

Equation: ECR = K.U,.D.i" 

ECR - Effective Cleaning Radius (cm) 

U,.D - Jet Velocity Times Jet Diameter (27,314 cm2/s) 
7 

n - Experimental Constant (0.67). 

K - Constant (17.3) 

- Sludge Shear Strength (dy/cm2) 

The ECR decreases exponentially as the shear strength increases as shown in Table 1.  
Small increases in sludge shear strength can mean large decreases in the ECR. Experimental 
data of shear strength of DST sludges conducted in hot cells show a large variability. Sludge 
cores show that the waste varies both top to bottom as well as radially away from the waste 
inlet risers. Until greater experimental data are available, the shear strength data and 
resulting predictions in sludge mobilizations can not be considered to be precise. 
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Table 2. Hanford Site Double-Shell Tank Estimated Heel Using Two Mixer Pumps. 

AZ-102 NCAW 41 21/60 38 
SY-101 cc 3 8‘ 22/63 318’.’ 
SY-102 DNlPT 81 13/24 54 
SY-103 cc 67 15/32 392’ 

0 Remaining 10 DSTs contain minimal sludge 
‘Shear strength values presented are from hot cell testing of core samples. 
bEffective Cleaning Radius (ECR) was computed using the equations developed from scale testing of 

sludge simulants. The highest shear strength values from testing were used. 

Equation: ECR = K , U , , D 4  
ECR - Effective Cleaning Radius (cm) 
K - Constant (17.3) 
U,.D - Jet Velocity Times let Diameter (27314 cm’ls) 
r 
n - Experimental Constant (0.67) 

- Sludge Shear Strength (dylcm’) 

‘Sludge removal was estimated using expected sludge properties based upon existing test data. 
“Tanks AN-103, SY-101, and SY-103 do not contain sludges; however, the waste is concentrated to the 

extent where the shear strength is large enough to require mobilization of the waste by mixer pumps or other 
means. 

‘Shear strength for SY-101 vary from less than detectable to over 242 Ib/ft*. 
Waste type: 
cc = Complexed concentrate 
CP = Concentrated phosphate 
DC = Dilute concentrate 
DN = Dilute noncomplexed 
DSS = Double-shell slurry 
DSSF = Double-shell slurry feed 
NCAW = Neutralized Current Acid Waste 
DN/PD = Dilute Non-Complexed Waste Containing PUREX TRU Solids 
DNIPT = Dilute Non-Complexed Waste Containing PFF’ TRU Solids. 
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AN-101 

AN-102 

AN-103 

AN-104 

AN-105 

Table 4. Double-Shell Tank Retrieval Blending Considerations. 
Sludge Tank Tank space considerations for reuse after initial retrieval due to a remaining heel 

0 

405 

0 

1,200 

0 

0 

89 

0 

264 

0 

Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 
Contains CC waste and can receive additional DN, CC, and DC waste. 
Quantities of organic complexants must he addressed to identify blending issues. 
Contains DSS waste and can receive additional DSS, DSSF, and DN waste. 
This is a watch list tank. (Tank AN-103 has no sludge.) 
Contains DSSF waste and can receive additional DSS, DSSF, and DN waste. 
This is a watch list tank. 

Contains DSSF waste and can receive additional DSS. DSSF, and DN waste. 
This is a watch list tank. (AN-105 has no sludge) 

AN-106 

AN-107 

77 17 Contains CP waste and can receive additional CP and DN waste. Quantities of 
Phosphorus must be addressed to identify blending issues. 
Contains CC waste and can receive additional DN, CC, and DC waste. 
Quantities of organic complexants, aluminum and sodium must he addressed to 
identifv hlendine issues. 

609 134 

AP-101 

AP-102 

AP-103 

0 0 Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 
Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 
Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 

0 0 

0 0 

AP-104 

AP-105 
AP- 106 

I AW-101 I 382 I 84 I Contains DSSF waste and can receive additional DSS, DSSF, and DN waste. I 

0 

0 

0 

0 

0 
0 

Contains'DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 
Contains DSSF waste and can receive additional DSS. DSSF, and DN waste. 
Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 

AP-107 

A€-108 

0 0 Contains DN waste and can receive additional DN, DSSF, NCRW, and DN/PT 
waste. 
Contains DN waste and can receive additional DN, DSSF, NCRW, and DNiPT 
waste. 

0 0 

19 

AW-102 I 5 1 I Contains DN waste and can receive additional DN. DSSF. NCRW, and DN/PT 

AW-103 

AW-104 

waste. 
Contains DNlPD waste and can receive additional DNIPD. NCRW. and DN 
waste. Quantities of TRU and zirconium must he addressed to identify blending 
issues. 
Contains DN waste and can receive additional DN, DSSF. NCRW, and DNiPT 
waste. 

1,650 363 

813 179 
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3.3.1 Segregation of PUREX and Plutonium Finishing Plant 
Transuranic Containing Solids 

There are three DSTs that have been identified as potential TRU wastes based upon 
the nominal source history. These tanks are the NCRW waste in tanks AW-103 and 
AW-105, plus the Plutonium Finishing Plant (PFP) waste stored in tank SY-102. For the 
TRU wastes, blending of TRU into other waste tanks will not designate them also as TRU. 
The opposite occurs as blending HLW with TRU changes the designation of the TRU to high 
level. Thus, incidental blending of a heel in any of the three TRU tanks is not restricted as 
HLW can contain TRU material. Any incidental blending of the TRU waste heel with other 
waste would be regulated by other criteria such as fissile limits, tank heat limits, or 
concentration of specific elements or chemicals. 

If LLW is trans-shipped through these three tanks, very small amounts of incidental 
blending will change the designation from LLW to TRU. For instance, only 159 L (42 gal) 
of sludge from SY-102 will bring the concentration of TRU in 11 m’ (30 Kgal) of LLW 
solids above the 100 nCi/g limit. 

3.3.2 Segregation of Complexed Waste 

Complexed wastes contain organic chemicals which combine with the normally 
insoluble heavy metals including the TRU, to bring them into solution. The complexed 
metals would cause problems during waste treatment as these complexed materials would be 
considered HLW and the supernatant is considered feed for the LLW stream. The 
complexants can be considered to reside in the supemate and interstitial fluids in the sludge. 
Removal of the supernates will remove most of the complexants. Non-complexed waste 
added to a tank containing a complexed heel will ultimately blend the complexants int the 
new waste through liquid diffusion. The limit for the allowable heel must be established by 
determining the amount of complexed waste that would be mixed and what effect that would 
have on waste processing. 

3.3.3 Segregation of Supernate (Low-Level Waste) 

Currently, certain SST tank wastes and the decanted supernates from the DSTs are 
considered to be feed stock for LLW processing. As the supernates will be compatible with 
most wastes, and that incidental blending with a sludges will not occur except for complexed 
waste, where the TRU and other heavy metals remain in solution will freely mix with the 
supernate. Except for segregating supemates from a tank containing a complexed heel, they 
can be added to any other tank. 
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3.3.4 Minimizing Concentration of Glass Degrading Material 

Certain elements such as chromium, phosphorus, and zirconium detract from the 
durability of the vitrified waste (glass). If these elements are in solution, they will diffuse 
into the new waste through liquid diffusion. Insoluble material will only be mixed with the 
new waste when sludges are mobilized for sludge washing or waste transfer. The amount of 
incidental blending through sludge mobilization should be minor as a heel that was not 
initially mobilized will probably not be mobilized through subsequent mobilization operations 
using the same mobilization process. As all of these elements that affect glass durability 
must eventually be vitrified, the process of manufacturing high quality glass requires waste 
blending to minimize the concentrations of these elements. For this reason, even a large heel 
may not pose an incidental blending problem. 

3.3.5 Fissile and TRU Minimization to Meet High-Level Waste Acceptance 

The HLW acceptance criteria for permanent geologic disposal at Yucca Mountain, 
Nevada, may limit the amount of fissile material and TRU concentrations. As with 
minimizing material that affects glass durability, the concentration of fissile and TRU 
materials would be accomplished by blending. Thus, any incidental blending because of a 
heel may not pose a problem. 

3.4 EFFECT OF A HEEL ON DOUBLE-SHELL TANK RETRIEVAL SEQUENCE 

The retrieval sequence should address DST reuse in support of SST retrieval in the 
near term. Retrieval specifically to support treatment activities will follow those providing 
tank space for retrieved SST waste. Depending on the final schedule for initiating LLW 
treatment, retrieved SST waste may take up all available DST storage capability. Using the 
estimates for retrieval from Table 2, a summary of the sludges, estimated heel, and 
mobilized (waste that could be transferred) is shown in Table 5 .  The following paragraphs 
discuss what effect a heel will have upon the DST retrieval sequence. 

3.4.1 Complexed Waste (CC and DC) 

There are 4 DSTs that contain cornplexed concentrate (CC) waste including SY-101 
and SY-103 in the West Area and AN-102 and AN-107 in the East Area. A fifth DST, 
AY-101, in the East Area, contains dilute complexed (DC) waste. As a heel of complexed 
waste will commingle with newly added waste, it may be inadvisable to retrieve any tank 
with CC or DC waste. For this reason, the retrieval sequence for these five tanks should be 
delayed until a facility or in-tank process is available to destroy the organic complexants. 
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3.4.2 Transuranic Waste (DNIPD and DNIPT) 

Dilute Non-Complexed Waste Containing PUREX TRl Solids (DNIPD) is stored in 
the East Area in tanks AW-103 and AW-105. The Dilute Non-Complexed Waste Containing 
PFP TRU Solids (DNIPT) is stored in the West Area in tank SY-102. As these are potential 
TRU wastes, they should be consolidated and held separate from other waste until a 
determination is made that they can be certified as remote handled TRU waste. From a 
sequence standpoint, SY-102 must be retrieved for reuse as a receiver tank for West Area 
SST retrieved waste. Of the remaining two, based upon the remaining heel, AW-105 should 
also be retrieved as it would have the least heel. The sludges from SY-102 and AW-105 
consolidated into AW-103. This would leave AW-103 with approximately 2,400 m3 
(635,000 gal) of sludge which would be stored until it was either processed as TRU or 
blended with other HLW. 

3.4.3 Concentrated Phosphate Waste 

The concentrated phosphate (CP) waste is stored in tank AN-106. The phosphate, 
which adversely affects the durability of the glass, is found in both the sludge and supernate. 
The heel should be very small and since the means for dealing with phosphate is dilution by 
mixing with low-phosphate waste, then the heel should not be an issue. Therefore, the heel 
should not be a consideration for retrieval sequence. 

3.4.4 Aging Waste (NCAW) 

NCAW is stored in thks  AZ-101 and AZ-102. This waste has a relatively high 
concentration of radioactive material with a high-heat generation due to radioactive decay. 
Project W-151 will install mixer pumps, instrumentation, and controls in tank AZ-101. 
Current plans show that AZ-101 will be moved to tank AZ-102 freeing up AZ-101 for other 
uses. The heel in AZ-101 will be relatively small even if mobilization is less effective that 
anticipated. As the heel is insoluble and incidental blending will not be large, then the 
sequence for when AZ-101 is retrieved should not be closely linked to any retrieval 
sequence. 

3.4.5 Non-complexed Waste (DSS, DSSF, and DN) 

The remaining 17 DSTs contain double-shell slurry (DSS), double-shell slurry feed 
(DSSF), and dilute noncomplexed (DN) waste. Of these 17, only 6 tanks would contain a 
significant heel. The waste in these tanks are compatible and the heel would need to be 
considered only for those tanks which contained materials which would cause glass durability 
issues. Since blending is the means to deal with materials that affect glass durability, then 
the heel should not be related to retrieval sequence. There would be no limitations based 
upon a heel that would affect the retrieval sequence with the possible exception of tank 
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AN-103, which could have a 1,740 m3 (459,000 gal) heel. This would b i t  the useable tank 
space for reuse and may be more useful for storage of sludges. 

3.5 EFFECTS OF A HEEL ON DOUBLE-SHELL TANK REUSE 

3.5.1 Double-Shell Tank Reuse Supporting Double-Shell TanklSingle-Shell Tank 
Retrieval 

The effects of a heel on DST reuse is dependent upon the following constraints which 
were identified in the previous paragraphs: 

e 

e 

e 

e 

e 

e 

e 

e 

CC waste is to be segregated from all other waste. 

A CC heel will limit a DST reuse to only CC waste if the complexed 
radionuclides, TRU and Fissile, contained in the sludge will migrate via fluid 
diffusion into the new, added, waste in enough quantities to cause problems 
with LLW processes. 

TRU designated waste (WIPP) is to be segregated from all other waste to 
maintain the requirement for certification. 

A TRU designated waste heel will limit reuse to HLW or TRU waste. 

A heel containing materials which may reduce the durability of the glass will 
not limit reuse with the qualification that those detrimental materials must be 
accounted for to ensure proper blending to minimize the amount of frit needed 
to prepare glass that meets durability requirements. 

A heel containing TRU, fissile, and heat generating radioisotopes will not limit 
reuse; however, they must be accounted for to ensure tank operating 
specifications are met. 

A heel containing TRU and fissile material will not limit reuse, however, they 
must be accounted for and/or blended with other waste to ensure vitrified 
HLW does not exceed limits on these materials. 

A heel will not limit reuse within the context of past practice compatibility 
(Table 4). 
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The reuse restrictions for the DSTs, using the above constraints are presented in 
Table 6. This table assumes a retrieval based upon sludge mobilization using two mixer 
pumps for those tanks containing any sludge. Four areas of waste acceptance are evaluated 
against the expected heel for each DST. The four areas are (1) noncomplexed supernates for 
LLW processing, (2) noncomplexed sludges for HLW processing, (3) PUREX, and PFP 
solids that are candidate TRU waste, and (4) complexed waste (CC). The PUREX and PFP 
solids are the sludges from the three DSTs that have the potential to be certified as TRU 
waste, namely, AW-103, AW-105, and SY-102. Finally, the complexed waste is that waste 
found in tanks AN-102, AN-107, AY-101, SY-101, and SY-103. 

Reuse of DSTs based upon the allowable heel show that those tanks which have no 
appreciable heel have unlimited reuse upon retrieval of any liquid waste. These tanks could 
be used as storage of any of the four types of wastes. 

Supemates as feed for LLW processing can be transferred to any tank other than one 
containing complexed waste. The only condition would be that if the heel material were to 
be incorporated into the supernate, the solids would have to settle out before transfer for 
processing. 

As with the supemates, the sludges for HLW processing can be transferred to any 
tank but one containing complexed waste. 

The PUREX and PFP solids could be transferred to any tank where there is no heel 
or to a tank also containing TRU waste. This should preserve the ability to certify the waste 
for shipment to WIPP. If a decision is made to handle this waste as HLW or if the 
certification process were to approve storing this waste in a tank containing a HLW heel, 
then, the waste could be stored in any DST except those containing complexed waste. The 
heel in the TRU containing tanks will prevent reuse if the those wastes stored or trans- 
shipped through the tank must remain below the 100 nCi of TRU per gram of waste limit for 
LLW. For instance, only 159 L (42 gal) of SY-102 sludge contains enough TRU to 
contaminate a 38 m3 (100 Kgal) transfer of 30 percent solids slurry above the 100 nCi/g 
limit. For this reason, use of SY-102 to receive West Area waste before cross-site transfer 
would require essentially complete retrieval (no sludge) before reuse. The other TRU tanks, 
AW-103 and AW-105 would also require complete cleanout for the same reason. 

The CC waste must be segregated until such time that either the complexing 
chemicals have been removed or destroyed. A DST with a complexed heel could be used to 
store other waste if it is shown that the amount of the heel which would be blended would 
not cause problems with waste processing. The limits for how much of a complexed heel 
can remain without limiting the reuse to only complexed waste have not been determined. 
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Tank 
Table 6. Double-Shell Tank Reuse Limitations: Retrieval Usina Two Mixer P u m ~ s  

Heel Waste acceptance 
type Low-level Supernate low- Sludge PUREWPFP' Complexed 

waste vit. level waste high-level TRU solids waste 
feed feed waste feed 

'Initial SUNS, tank contained no sludge. 
CC = Complexed concentrate 
CP = Concentrated phosphate 
DC = Dilute concentrate 
DN = Dilute noncomplexed 
DSS = Double-shell slurry 
DSSF = Doubleshell slurry feed 
NCAW = Neutralized Current Acid Waste 
NCRW = Neutralized Cladding Removal Waste 
DN/PD = Dilute Non-Complexed Waste Containing PUREX TRU Solids 
DN/PT = Dilute Non-Complexed Waste Containing PFP TRU Solids. 
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SY-102 sludges must be removed to the maximum extent possible, to avoid 
contamination of trans-shipped waste with TRU. 

When consolidating tanks, the waste from tanks with the least calculated or 
expected least heel should be the one mobilized and transferred. 

. 
4.2.1.2 Reuse Strategy. The DST reuse strategy based upon a remaining heel after initial 
retrieval is as follows: 

0 

0 

0 

0 

A tank containing a complexed waste heel can only be used to store other 
complexed waste until sampling and analysis shows that the amount of 
complexant in the heel will not adversely affect waste processing. 

A tank containing a TRU Waste heel (AW-103, AW-105, and SY-102) can be 
used for storage of any other waste except complexed waste. 

A tank containing a heel with materials that would affect the durability of the 
glass, e.g., a phosphate waste heel in AN-106, can be used for storage of any 
other waste except TRU waste and complexed waste. 

A tank containing an ageing waste heel can be used for storage of any other 
waste except TRU waste and complexed waste. 

A tank heel containing significant amounts of heat generating or fissile 
radionuclides will limit tank reuse only to the extent that the heel inventory 
could limit what or how much waste is added to the tank due to tank 
operational limits. 

A tank heel will not limit tank reuse withiin the context of past practice waste 
compatibility and safety. 

4.2.2 Additional Studies and Analysis 

The following paragraphs discuss technical issues that require resolution before final 
determination of allowable heel requirements for a specific tank. To resolve these issues, 
trade analysis, testing, and technical studies are required. 

4.2.2.1 Transuranic Blending. Will blending of waste with remaining heels in tanks 
containing appreciable amounts of TRU waste (SY-102, AZ-101, AZ-102) cause problems. 
Historically these wastes have been segregated, however consolidation into one tank, 
probably AZ-102, will leave the remaining two available for reuse. Transfer of other waste 
into SY-102 and AZ-101 will mix the waste with the remaining heel. 
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AW-103 

AW-105 

SY-102 

AN-107 

DN/PD - Dilute Non-Complexed Waste Containing PUREX TRU Solids. 
(DN/PD is also referred to as neutralized cladding removal waste [NCRW] .) 

DNlPT - Dilute Non-Comulexed Waste Containine PFP TRU Solids 

Table A-1. Hanford Site Double-Shell Tanks 

AZ-101 

AZ-102 

Waste description 

CC - Concentrated Complexant 

NCAW (Aging) - Neutralized Current Acid Waste 

High Level, first cycle solvent extraction waste from the PUREX plant. 

Concentrated product from the evaporation of dilute complexed waste. 

DC - Dilute Complexed Waste 

Characterized by a high content of organic carbon including organic 
complexants: Ethylenetiaminetetra-acetic acid (ETDA), citric acid, and 
hydroxyethyl-ethylenediaminetriacetic acid (HEDTA), being the major 
complexants used. Main sources of DC waste in the DST system are 
saltwell liquid inventory (from SSTs). 
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Tank ' AN-101 

AP-101 

AP- 102 

AP-103 

AP-104 

AP-106 

AP- 107 

AP-108 

AW-102 

AW-104 

~ 

~ 

AW-106 

AY-102 

Waste description 

DN - Dilute Non-Complexed Waste 

Low activity liquid waste originating from T and S Plants, the 300 and 
400 areas, PUREX facility (declading supernatant and miscellaneous 
wastes), l00N Area (sulfate waste), B Plant, saltwells, and PFP 
(supernate). 
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Tank 

SY-102 

Waste Total waste Available space Pumpable liquid 

DNPT 762 378 691 
type @gal) m a l )  @gal) 

SY-103 

A-6 

cc 749 391 172 
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Tank 

AN-101 

Waste Total waste Available space Sludge 
type &gal) &gal) &gal) 
DN 843 297 0 

AN-102 cc 1084 56 89 

I AN-105 I DSSF I 1128 I 12 I 0 

AN-103 

AN-104 

DSS 955 185 0 

DSSF 1063 77 264 

I AP-101 I DN I 149 I 991 I 0 I 

AN-106 

AN-107 

CP 422 718 17 

cc 1060 80 134 

IAP-104 I DN I 20 I 1120 I 0 I 

AP-102 

AP-103 

DN 1102 38 0 

DN 27 1113 0 

I AP-107 I DN I 163 I 977 I 0 I 

AP-105 

AP-106 

DSSF 820 320 0 

DN 1127 13 0 

I AW-102 I DN I 882 I 258 I 1 I 

AP-108 

AW-101 

DN 29 1111 0 

DSSF 1125 15 84 

I AW-105 I DN/PD I 1075 I 65 I 267 I 

AW-103 

AW-104 

DN/PD 514 626 363 

DN 1123 17 179 

I AY-102 I DN I 789 I 191 I 32 I 

AW-106 

AY-101 

DN 604 536 211 

DC 863 117 83 

AZ-101 

AZ-102 

SY-101 

NCAW 960 20 35 

NCAW 950 30 95 

cc 1098 42 0 
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Tank 

SY-102 

Waste Total waste Available space Sludge 

DNlPT 762 378 71 
type O<gal) (Kgal) 

A-8 

SY-103 cc 749 391 0 - 
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AP-105 I DSSF I 

Table A-6. Hanford Site Double-Shell Tank Saltcake. 

AP-106 

AP-107 

DN 1127 13 0 

DN 163 977 0 

AP-108 

AW-101 

AW-102 

DN 29 1111 0 

DSSF 1125 15 0 

DN 882 258 0 

I AW-103 I DN/PD I 514 I 626 0 

AW-104 

AW-105 

DN 1123 17 111 

DN/PD 1075 65 0 

I AZ-101 I NCAW I 960 I 20 I 0 I 

~ I AW-106 I DN I 604 I 536 85 

A-9 

AY-101 

AY-102 

DC 863 117 0 

DN 789 191 0 

AZ-102 

SY-101 

NCAW 950 30 0 

cc 1098 42 560 
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Tank 

AN-101 

AN-I02 

Table A-8. Hanford Site Double-Shell Tank Waste Summary. 

Waste Total waste Available space Pumpable liquid Sludge 
type (Kgal) Wgal) (Kgal) (Kgal) 
DN 843 297 843 0 

cc 1084 56 995 89 

AN-103 

AN-104 

AN-105 

AN-106 

AN-I07 

DSS 955 185 18 0 

DSSF 1063 77 802 264 

DSSF 1128 12 1128 0 

CP 422 718 405 17 

cc 1060 80 926 134 

A-12 
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Table A-10. Hanford Site Double-Shell Tank Waste Summary. 

AW TANK FARM 

A-14 
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Tank 

AN-101 

AP-101 

AP-102 

AP-103 

Waste Total waste Available space Pumpable liquid Sludge 
type Kgal) (Kgal) (Kgal) Wgal) 
DN 843 297 843 0 

DN 149 99 1 149 0 

DN 1102 38 1102 0 

DN 27 1113 27 0 

AP-104 DN 20 1120 20 0 

AP-105 

AI- 106 

I AN-105 1 DSSF I 1128 I 12 I 1128 -1- 

DSSF 820 320 820 0 

DN 1127 13 1127 0 

AP-107 

AI-108 

AN-107 

I AY-101 I DC I 863 I 117 I 780 - 1 7  

DN 163 977 163 0 

DN 29 1111 29 0 

cc 1060 80 926 134 

AN-106 

AZ-101 

1 AW-101 I DSSF 1 1125 I 15 I 1041 I 84 I 

CP 422 718 405 17 

NCAW 960 20 925 35 

SY-102 

AZ-102 

AW-102 

I AN-104 I DSSF I 1063 I 77 I 802 I 264 I 

DN/PT 762 378 691 71 

NCAW 950 30 855 95 

DN 882 258 88 1 1 

AN-102 

AY-102 

IAW-104 I DN I 1123 I 17 I 860 I 179 I 

cc 1084 56 995 89 

DN 789 191 757 32 

SY-101 

SY-103 

A-18 

cc 1098 42 239 0 

cc 749 391 172 0 

AN-103 DSS 955 185 18 0 
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Tank 

AW-105 

AW-103 

AW-106 

Waste Total waste Available space Pumpable liquid Sludge 
type @gal) (Kgal) (Kgal) @gal) 

DNlPD 1075 65 785 267 

DNlPD 5 14 626 166 363 

DN 604 536 328 211 

A-19 
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AW-103 DNIPD 5 14 626 166 363 

AW-105 DNlPD 1075 65 785 267 

SY-102 DNIPT 762 378 691 71 

AZ-101 NCAW 960 20 925 35 

AZ-102 NCAW 950 30 855 95 

AN- 102 cc 1084 56 995 89 

AN-107 cc 1060 80 926 134 

SY-101 cc 1098 42 239 0 
I I I I I 

I 1 0 SY-103 cc 749 391 172 

A-20 
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Tank 

AN-106 

AY-101 

Table A-15. Hanford Site Double-Shell Tank Waste Summarv bv Waste TvDe. 
- 

Waste Total waste Available space Pumpable liquid Sludge 

CP 422 718 405 17 

DC 863 117 780 83 

type @gal) @gal) (KgaU (KgaU 
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AW-101 

AW-102 

AW-103 

Table A-16. Hanford Site Double-Shell Tank Waste Summary. 

DSSF 1125 15 1041 84 

DN 882 258 881 1 

DN/PD 5 14 626 166 363 

AW-104 

AW-105 

DN 1123 17 860 179 

DN/PD 1075 65 785 267 

AW-106 

AY-101 

AY-102 
~ 

1 AZ-101 I NCYWT 960 - 1  20 I 925 I 35 I 
~~~ 

DN 604 536 328 211 

DC 863 117 780 83 

DN 789 191 757 32 

AZ-102 

A-22 

NCAW 950 30 855 95 

SY-101 cc 1098 42 239 0 
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Tank 

SY-102 

SY-103 

Waste Total waste Available space Purnpable liquid Sludge 

DN/PT 762 378 69 1 71 
type O(ga1) m a l )  @gal) (Kgal) 

cc 749 391 172 

A-23 
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