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I 

FEED ACCEPTANCE FOR THE DEFENSE WASTE PROCESSING FACILZTY 

AT THE SAVANNAH RIVER SZTE 

At the Department of Energy’s Savannah River Site (SRS), the Defense Waste Processing 

Facility (DWPJ?) receives feeds from the High Level Waste (HLW) Tank Farm in the form of washed 

sludge and washed cesium and potassium tetraphenylborate precipitate. The feeds are immobilized in a 

borosilicate glass waste form for eventual disposal in a federal geological repository. While the DWPF 

was designed to process a wide range of feeds, certain limits must be met to assure operation within 

safety, process design, and glass quality requirements. To assure feeds meet these requirements, a feed 

acceptance process has been developed which involves both the supplier and the receiver of the feeds. 

The acceptance process is described: the key requirements, the critical components, their technical bases, 

and the methods for controlling and evaluating the feed composition. 

INTRODUCTION 

How the waste was generated 

Since the early 1950’s, the Savannah River Site operated a nuclear fuel cycle to manufacture 

nuclear materials for the US defense program. Fuel and target elements were fabricated and irradiated in 

reactors to produce the desired materials (figure I ) .  After removal from the reactors, the targets and fuel 

Figure I 
Savannah River Site Fuel Cycle 
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elements were chemically processed through the canyon facilities (F and H Canyons) - so-called because 

of their long, narrow enclosed structure designed for shielding and remote maintenance. Fuel was 

recovered and recycled for fabrication into new fuel elements and the desired products (plutonium and 

tritium) extracted for further processing. The extraction process involved dissolving the targets and fuel 

elements in nitric acid and produced a substantial waste stream. Since stainless steel was in critically 

short supply in the early 1950’s, the waste was neutralized to a high pH with caustic before being stored 

in buried carbon steel tanks. During the 40 years of operation, about 85 million gallons (320 million 

liters) of high level radioactive waste have were generated. 

How the waste is stored 

The waste is stored in alkaline form in 1.3 million gallon (4.9 million liter) carbon steel tanks 

(figure 2). Most of the metal ions (primarily aluminum, iron, and transition metals) precipitate as oxides 

Fiaure 2 
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or hydroxides known as sludge, while alkali metals and anions (e.g., sodium aluminate, sodium nitrate) 

stay in solution as dissolved salts. Most of the radioactive elements are in the sludge, except for 137Cs 

which is found in the dissolved salt solution (supernate). The sludge is allowed to settle and the salt 
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solution is decanted to another tank. To conserve storage space, the salt solution supernate is 

concentrated by evaporation beyond saturation. As the evaporator bottoms cool, the alkali salts 

precipitate to form “saltcake.” The evaporator overheads flow to the Effluent Treatment Facility (ETF) 

where the waste water is filtered and treated to remove mercury, organics, salts, and any residual Cs, then 

released at a permitted outfall. Solids and salts removed in ETF are concentrated by evaporation and sent 

to Z Area. After evaporation, the Tank Farm waste is in three forms: sludge, saltcake and supernate, 

Through evaporation, the orginal waste volume of 85 million gallons (320 million liters) has been 

reduced to a total of about 35 million gallons (130 million liters). 

Waste pretreatment - the first step toward immobilization. 

Before the waste can be immobilized in the DWPF, it must be pretreated in one of two processes: 

Extended Sludge Processing (ESP) or In-Tank Precipitation (UP) (figure 3). In ESP, sludges from 

Precipitate 

Sludge 

c] Washwtr 

To DWPF 
Extended Sludge Processing 

Decontaminated 
I salt solution * 

Wash water1 I 
Wash water In-Tank Precipitation 

Figure 3 
HLW System: Pretreatment 
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several different tanks are recovered and combined into a single tank. The recovered sludge is processed 

to remove excess aluminum by caustic dissolution and then “washed” by repeated dilution, settling, and 

decanting to remove soluble species. The aluminum dissolution and washing steps remove components 

(e.g., soluble sodium salts) which would require a significantly greater volume of glass for 
T. 

immobilization of the wastes. After pretreatment in ESP, this “macrobatch” - which is sufficient to feed 

the DWPF for two to five years - is ready for transfer. 

The water soluble radioactive species in the saltcake and supernate are primarily 137Cs and 

fission products/actinides such as Sr, PU, and U. In ITP fj5gut-e 3), the cesium is precipitated by sodium 

tetraphenylborate (NaTPB) and the fission products/actinides adsorbed onto monosodium titanate 

(MST). Soluble potassium is also precipitated by the TPB. The resulting solids are concentrated to about 

10 weight percent using a crossflow filter. The filtrate, known as decontaminated salt solution, flows to 2 

Area where it is mixed with cement, flyash, and slag and disposed of as low level radioactive waste in a 

concrete waste form known as “saltstone” (figure 4). The concentrated slurry is washed to remove 

soluble species to reduce the glass volume in the DWPF and then stored in one of the 1.3 million gallon 

(4.9 million liter) carbon steel tanks. Prior to feeding to DWPF, the washed precipitate must be washed a 

second time (in “Late Wash”) to remove the nitrite corrosion inhibitor which is required for storage in 

the carbon steel tank. After Late Washing, the slurry must be handled in stainless steel equipment. 

The DWPF: Turning high level waste into glass 

Washed sludge is transferred to the Sludge Receipt and Adjustment Tank (SRAT) in Feed 

Preparation while the precipitate must first be processed through Precipitate Hydrolysis to remove most 

of the organic material (figure 4 ) .  In Precipitate Hydrolysis, the Cs and K tetraphenylbdrates react with 

formic acid in the presence of copper (E) catalyst to produce aromatic organic compounds, primarily 

benzene with small amounts of phenol, biphenyl, and diphenylamine. The organic is separated from the 

aqueous phase by steam stripping, decontaminated by washing and distillation, and then combusted in the 
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Consolidated Incineration Facility. The aqueous phase, which contains the soluble cesium, the titanate 

particles, excess formic acid and boric acid, is transferred to the SRAT. 

The alkaline sludge is neutralized with added nitric acid and formic acid as well as by the excess 

formic acid in the aqueous product from Precipitate Hydrolysis. The formic acid also reduces the 

mercuric oxide in the sludge to elemental mercury, which is steam stripped from the sludge during the 

concentration step and recovered. After this processing, the sludge slurry is transferred to the Slurry Mix 

Evaporator (SME) where ground glass (frit) is added. The frit contains those glass forming compounds 

(e.g., silicon, boron, lithium) which are not already present in the SRAT product. This blend is 

concentrated to produce melter feed. The SME product is analyzed to assure that the feed will be 

processable and meet all waste acceptance criteria and processing requirements. 

After the melter feed in the SME is found to be acceptable, it is transferred to the Melter Feed 

Tank and fed to the joule heated melter. The DWPF melter has two pairs of diametrically opposed 

Or anic waste DWPF FF to incineration 

Figure 4 
HLW System: Immobilization 
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electrodes which fire through the melt pool. The slurry is fed through the top of the melter and covers the 

pool of molten glass. It forms a crust, or “cold cap”, on the melt surface from which water is evaporated 

and removed via an off gas treatment system. The cold cap melts from the bottom and forms the 

borosilicate glass. 

The molten glass is removed from the melter near the melter bottom through a riser and pour 

spout. A vacuum is drawn on the pour spout to pull the glass up the riser and to the overflow point. The 

glass runs down the pour spout and falls into a stainless steel canister where it solidifies. When the 

canister is filled to the specified height, a temporary closure is inserted and the canister is 

decontaminated by blasting with a frit slurry. The permanent closure is welded into the canister neck and 

the canister is transferred using the Shielded Canister Transporter (SCT) to temporary storage in the 

Glass Waste Storage Building - where it is stored until transfer to the geological repository. 

THE IMPACTS OF FEED COMPOSZTZON 

The composition of the feeds is of primary importance to the DWPF. Critical factors related to 

components in the feeds are related to safety, process design and operability, and glass quality. These 

factors are 

Safety 

Biological shielding 

0 Potential for criticality 

0 Generation of flammable gases 

0 

Safety Analysis Report source terms 

Glass insolubles which can form second phase on top of the melt pool ’ 

Process design 

NO, emissions 

Corrosive species 

Canister heat generation 
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Process Operability 

Glass viscosity 

Glass liquidus 

Crystalline glass phase 

Nitrite in the washed precipitate 

Glass Quality 
Durability 

These feed-related requirements are summarized in Table 1. 

Safety requirements related to the feed 

Safetv Analysis Report source term 

A key element of the D W F ' s  Authorization Basis (for operation) is the evaluation of accident 

scenarios documented in the Safety Analysis Report (SAR). A very important source term in these 

evaluations is the offsite inhalation dose potential which is directly related to feed composition. Feed 

components which contribute the most to inhalation dose are ?WY,  137Cs/'37"'Ba, 238Pu, 239pU, 241Am, and 

Cm. The SAR source term is based on historical knowledge of tank farm composition.' As feed 244 

batches are prepared, their composition is confirmed by sample analysis and the inhalation dose potential 

(on a rem/volume basis) is compared to the SAR source term to assure DWPF operation within the 

Authorization Basis. 

Biological shielding 

Naturally, the DWPF must be designed to protect its occupants from the high radiation fields 

generated by strong gamma emitters (design of concrete walls) and alpha, neutrodspontaneous fission 

(design of Shielded Canister Transporter) in the feeds. During the initial design stages;SRS was still 

operating its reactors and canyons to produce materials for the US defense program and there was no end 

in sight to the Cold War. It was assumed that fresh sludge and saltcake would be generated well into the 

future and eventually these would be fed to the DWPF after minimal aging. The design basis for DWPF 

The current SAR is based specifically on the current feed batch. Future evaluation will be based on historical 
knowledge of tank farm composition. 
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Melter operability 

Table I 

Fe, AI, Si 
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shielding is saltcake which has aged (out-of-reactor) 15 years and sludge aged 5 years. While a very 

specific radionuclide composition based on the projected reactor operating parameters was used to 

generate the design shielding source term, the feeds will be sampled and analyzed to assure the total 

shielding requirement is met rather than comparing the feed on a radionuclide-by-radionuclide basis. 

Potential for criticality 

A Nuclear Criticality Safety Evaluation (NCSE) has been performed which shows that a 

criticality within the DWPF is not credible. While there are some fissiles in the sludge feed (233U, 235U, 

Pu, and 24'Pu), there are also abundant neutron absorbing poisons available to prevent criticality (Fe 239 

and Mn). The NCSE concluded there are no processing mechanisms by which the poisons can be 

separated from the fissiles. Nonetheless, the sludge feed is analyzed to confirm the presence of sufficient 

neutron absorbing poisons. 

Generation of flammable gases 

In Precipitate Hydrolysis, benzene is produced by Cu-catalyzed, acid hydrolysis of tetraphenyl- 

borate. A small but significant amount of H2 is produced by noble metals (Ru, Rh, Pd, and Ag) catalyzed 

decomposition of formic acid.2 The reaction vessel is operated under a slight vacuum and is purged with 

C02 to maintain the 0 2  concentration below the Composite Limiting Oxidant Concentration (CLOC) for 

a specific benzene/H2 mixture in air. The CLOC used in safety calculations is based on H2 generation 

rates measured in small scale experiments using feed simulants. As required, the washed precipitate feed 

is sampled and hydrolyzed in the Shielded Cell facility at the Savannah River Technology Center (SRTC) 

to confirm the actual H2 generation rate is less than design. 

H2 is also produced in the SRAT (and less so in other Feed Prep and Melter Feed-vessels) by 

noble metals catalyzed decomposition of formic acid. These vessels are purged by air to maintain the H2 

concentration below the Lower Flammability Limit (LFL) for H2 in air. The design air flow rates are 

based on H2 generation rates measured on simulants tested in bench scale and pilot scale facilities. Each 

The noble metals come from sludge which is entrained in the supernate during decantation from the sludge. 
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sludge feed macrobatch will be sampled and tested in the Shielded Cells at SRTC to confirm the actual 

H2 generation rate is less than the design rate. 

Nitrous oxide (N20) is also produced in the SRAT by the reaction of nitrite with formic acid. 

The LFL for H2 with N20 as oxidant is slightly lower than the LFL of H2 in air. If N20 is present at 

sufficient concentration, then the composite oxidant mixture would lower the LFL below that used to set 

the interlock setpoint. Currently, the interlock setpoint has been adjusted to allow for up to 20 volume 

percent N20. No SRS sludge simulant has ever produced this much N20, although Hanford sludge 

simulants have. Nonetheless, N20 generation rates are also verified during Shielded Cell testing to 

confirm the H2 generation rate. 

Glass insolubles 

Certain sodium salts (Na2S04, NaC1, and NaF) have limited glass solubility and can form a 

second phase which floats on top of the melt pool. If this occurs, it is possible that water contained in the 

feed could collect between the molten glass and the floating sulfate phase - a condition which can lead to 

a violent steam .explosion. The solubility limits for these species have been determined and the feeds are 

analyzed to ensure the total concentration in the glass will be below the solubility limit. 

Process design elements which depend on feed composition 

NO, emissions 

The D W F  operating air permit includes the emission of NO,. NO, is generated in the SRAT and 

the melter by several reactions involving acids and anions such as NO; and NO;. In addition, there are 

species in the feed (e.g., OH- and CO;) which require more nitric acid to be added which thus lead to 

even more NO, emissions. Through extensive pilot scale and bench scale testing, we have developed the 

ability to fairly accurately predict NO, generation based on feed composition and the required acid 

additions. This knowledge has been translated into a simple algorithm which is used to estimate NO, 

emissions as a function of feed composition. Actual emissions are of course continuously monitored at 

the stack. 
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Corrosive species 

There are several species (Hg, SO,', Cl-, F) in the feeds which can cause equipment corrosion. 

Extensive testing of materials of construction (stainless steel, Hastelloy@ C-276, Inconel@ 695) has been 

performed at concentrations which should conservatively bound any feed concentrations. Feeds are 

sampled and analyzed to ensure that concentrations are less than those which have been tested. If the 

concentrations were to exceed those tested, an option is to perform testing at the higher concentrations. 

Canister heat generation 

The filled, decontaminated, and sealed canisters are stored in the Glass Waste Storage Building 

(GWSB) until shipment to the federal repository. The GWSB can store over 2000 canisters in individual 

racks surrounded by a concrete vault. Decay of radionuclides (?WY, IMRU/Rh, 137Cs/137mBa, IMCePr, 

238Pu, 2MCm) in the glass generates heat within the canisters which could heat the concrete to the point 

where it could not withstand the weight of the Shielded Canister Transporter. Air plenum chambers 

above and below the canister racks allow forced air to circulate past the canisters to remove the heat. 

Even if the fans fail, the natural convection is sufficient to remove the heat as long as the heat generation 

is within the design basis. An algorithm has been developed which allows the total canister heat 

generation to be estimated based the measured radionuclide concentrations in the feeds. 

Process operability influenced by feed composition 

Nitrite in the washed precipitate 

In most of the HLW Tank Farm tanks, corrosion of the carbon steel is prevented by high 

concentrations of hydroxide (typically about 1.5 M or higher). After washing, the tetraphenylborate 

precipitate in ITP to remove soluble species, the hydroxide concentration is too low to inhibit corrosion. 

Nitrite is added to prevent corrosion while the washed precipitate is stored in Tank 49. However, in 

precipitate hydrolysis, nitrite concentrations sufficient for corrosion inhibition (0.08 to 0.15 M) cause 

side reactions which form large quantities of high boiling aromatics such as triphenyl and quaterphenyl. 

These compounds are not steam stripped to the waste organic to any significant extent and cause tar-like 
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deposits in the hydrolysis vessel and downstream equipment. Bench scale and pilot scale tests have 

demonstrated satisfactory operation as long as the nitrite concentration is below 0.01 M. Just prior to 

transferring the precipitate from Tank 49 to the DWPF, the nitrite is removed in Late Wash using a 

crossflow filter in a process similar to washing in ITP. At-line analysis of nitrite in Late Wash confirms 

sufficient washing. 

Glass viscosity and liquidus 

The glass melt is poured into the canister by drawing a vacuum on the pour spout and pulling the 

melt up the riser and over the overflow point into the pour spout. The melt flows down the inside of the 

pour spout until it disengages from a knife edge and free falls the rest of the way through the connecting 

bellows and canister neck into the canister itself. This whole process will not work properly if the melt 

viscosity is either too thick or too thin. Viscosity is primarily determined by Fe, Al, Na, and K and it is 

the combination of these which establish if the melt will be within the design operating range of 20 to 

100 centipoise at 1150 "C. 

The maximum allowable melter operating temperature of approximately 1200 "C is based on 

materials of construction limits such as refractory corrosion and metallic softening points. On the other 

hand, the melter must operate above the predicted liquidus temperature, the lowest temperature at which 

the glass is completely melted. Additionally, the minimum allowable operating temperature includes an 

allowance for sampling, temperature measurement, and liquidus correlation uncertainties. Therefore the 

liquidus temperature, which is primarily a function of Fe, Al, and Si, must be low enough to ensure a 

reasonable operating "window" between the minimum and maximum allowable melter temperatures. To 

ensure an adequate window, the predicted liquidus must be less than 1050 "C. 

The DWPF melter has three feed streams (treated sludge, precipitate hydrolysis product, and frit) 

whose composition and mixing ratios determine the glass properties. Two of the streams, washed 

precipitate and frit, have essentially fixed compositions. The glass forming constituents in the precipitate 

hydrolysis product are nearly invariate ((Cs+K):B is 1:l; there is essentially zero Na; Ti02 and Cu are 
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controlled below glass solubility). The frit composition is fixed because it is a raw material and prepared 

to stringent specifications. Also, the amounts of each added to the melter feed are carefully controlled. 

Therefore, melt properties such as viscosity and liquidus are essentially a function of the third stream, the 

sludge composition and concentration in the melter feed. The composition of each sludge macrobatch is 

projected and the viscosity and liquidus evaluated by correlations contained in the Product Composition 

Control System (PCCS) ~rogram.~  This assures the overall batch composition will produce satisfactory 

melt viscosity and liquidus. Then each melter feed batch is sampled at the SME and analyzed to confirm 

the composition meets viscosity and liquidus requirements, as well as other requirements such as glass 

insolubles, corrosive species, and glass durability. 

Cvstalline glass phase 

There are several species (TiOP, Cr03, PO:‘, and Cu) which if present in quantities exceeding 

their solubility will not melt and become part of the glass. These will exist as a separate crystalline phase 

and if these materials accumulate in the melter, they will reduce the melter operability and life which is a 

rather expensive piece of equipment requiring an extended outage to replace. As with the glass-insoluble 

salts, the solubility limits for these species have been determined and the feeds are analyzed to ensure the 

total concentration in the glass will be below the solubility limit. 

Glass quality: the durability of the final waste form 

The DWPF produces a canistered waste form containing borosilicate glass which must meet the 

“Waste Acceptance Product Specifications” (WAPS). The WAPS are in place to assure that the DWPF 

waste form will be acceptable for long term storage in the federal repository. The specifications dealing 

with the caniste;, the canistered waste form, Quality Assurance and documentation are ’largely 

administrative (e.g., reporting requirements) or deal with the canister itself (e.g., dimensions, 

perpendicularity, surface contamination). However, the one specification dealing with the borosilicate 

The PCCS is a statistically based program which determines if a blend meets processing and WAPS requirements 
while taking into account sampling, analysis, measurement, and correlation uncertainties. 
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glass waste form itself, durability, imposes limits on the feed composition and operating conditions in the 

plant. 

The DWPF glass must be more durable (i.e., less leachable) than the bench mark glass - 

Environmental Assessment (EA) glass.4 The leach rate for boron, lithium and sodium are measured by 

the Product Consistency Test (PCT).5 The direct comparison of EA glass to the DWPF product glass 

PCT results would be an acceptable compliance method, but would require frequent sampling of 

radioactive glass with PCT analysis at SRTC. Further, there is no provision to re-work the glass product 

once it has been made. 

Glass durability can be predicted with sufficient accuracy based on the composition of the melter 

feed. Therefore, an alternate approach to sampling the glass product is strict quality assurance (ie., 

composition control) of the melter feed. Thus routine PCT tests of glass product are not required and the 

melter feed composition can be adjusted eliminating the need for re-work capability. This strategy was 

developed in the DWPF Waste Compliance Plan, demonstrated during Cold Chemical Runs, and 

documented in the Waste Qualification Report. In essence, this approach requires extensive statistical 

understanding of errors in process measurement (level and density), sampling (remote sample systems), 

analytical methods (remote analysis of small radioactive samples), and durability correlation uncertainty. 

As with viscosity and liquidus, the composition of each sludge macrobatch is projected and the predicted 

durability evaluated by the PCCS. During operation, the DWPF then demonstrates compliance by sample 

and analysis of the feed stream and evaluation by PCCS prior to melting. 

The EA glass was developed for the DWPF Environmental Assessment. The leach rates of certain components 
from this glass set the minimum acceptable standards for the DWPF glass waste form. ’ Method ASTM C 1285-94. In this test, crushed glass is leached by distilled water. The quantities of boron, lithium 
and sodium leached are measured to determine glass durability. 
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THE FEED ACCEPTANCE PROCESS 

How it’s organized and controlled 

In the HLW System, it is imperative that process feeds be characterized and accepted in an 

orderly and well-understood fashion. The HLW Engineering Department has prepared a document called 

the Process Interface Description (PID) which describes the functions and requirements of the six HLW 

processes. In the PID, the individual HLW system processes are delineated (based primarily on function 

and geography) and the interface between each of the processes identified. The functions of each process 

are described, as are the requirements (primarily composition related) at each interface and the basis for 

those requirements. Finally, the PID describes the current and planned documents which are, or will be, 

used to control transfers across the interface. 

In general, each interface is, or will be, controlled by a pair of documents: the WasteFeed 

Acceptance Criteria and the Waste/Feed Compliance Plan. The acceptance criteria is prepared by the 

receiver and the compliance plan is prepared by the sender - and each document must be accepted by the 

other party. The acceptance criteria documents the requirements of the receiver, including the bases for 

each, and the compliance plan documents the ways in which the sender will meet the receiver’s 

requirements. 

A critical facet of both documents is the involvement and acceptance by the other party. This 

assures the sender will not be expected to meet criteria which are impossible or impractical. Also, the 

receiver has the opportunity to have input to and approve the sender’s plans for production and control of 

the feeds. 

The acceptance criteria for the DWPF documents all the feed targets and limits which will assure 

that the safety, process design and operability, and glass quality requirements are met. It includes targets 

or limits for each of the requirements shown in Table 1. Development of the Feed Acceptance Criteria 

are the process by which the Authorization Basis, process design, quality, and operating knowledge are 
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translated into a document which the sender uses to manage the feed which is transferred across the 

interface. 

Note that there are two types of requirements: limits and targets. Limits apply to requirements 

which are absolute (“hard”) and must be met; for example, requirements associated with the 

Authorization Basis and the SAR would normally be regarded as limits. Targets, on the other hand, are 

negotiable (“soft”) and may be modified by agreement between the receiver and the sender. In other 

words, if a target value is met then the receiver is expected to accept the feed without question; if a target 

value cannot be met, then the sender and receiver can negotiate. An example of a requirement which 

would have a target value is one associated with process operability. In such a case, the lowest cost 

position for the HLW system as a whole may result from relaxation of target value. 

Another concept used wherever possible in the DWPF acceptance criteria is statement of the 

criterion in the form of an algorithm which allows the sender to evaluate the actual parameter of interest. 

This is particularly useful in cases where the process impact is the aggregate result of several feed 

components and is done in lieu of setting limits on a component-by-component basis. Thus the sender 

can evaluate various feed blending options without frequent iteration with the receiver. A good example 

is the canister heat generation limit. The design heat generation for the GWSB is based on the design 

basis radionuclide concentrations in the glass. It would be easy to simply translate these concentrations 

into feed specification limits for each of the radionuclides. However, some of the anticipated feeds would 

have radionuclide concentrations which would exceed the individual limits even though the total heat 

generation would be acceptable. A simple algorithm has been developed which sums all the major heat- 

generating radionuclides, their heat contribution, and includes estimation of their concentrations in the 

glass based on feed concentration. Thus the total canister heat generation can be estimated by the sender 

based on the projected composition of the feeds. 
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D WPF Feed Planning and Acceptance: Good to the last transfer! 

DWPF feed planning and acceptance involves a process which starts with projecting batch 

compositions and ends with bench scale tests of actual wastes in the Shielded Cells. The complete 

process is described below. 

While the DWPF has been designed and tested to process sludge feeds ranging in composition 

from Purex (F Canyon waste) to HM (H Canyon waste), there are some atypical sludges in the HLW 

Tank Farm which could not be made into glass by themselves. (Recall that nearly all the variation in the 

precipitate feed is removed in the washing steps and the frit composition is fixed; therefore, essentially 

all the variability in melt and glass composition is due to the sludge.) This problem is offset by the fact 

that sludge from several tanks is blended into a single “macrobatch”.6 To ensure that all the macrobatches 

can be processed, and to guard against the temptation to leave all the small, unusual batches until the end, 

all the macrobatches have been planned and their projected compositions evaluated. 

The pZanning 

HLW Engineering has developed a database in which the concentration and quantity of the waste 

stored in each tank in the Tank Farm is tracked. This data base is based on a critical review of samples, 

inventories of materials added in the Separation Facilities (the canyons) and corrosion inhibitors and 

other materials added directly to the tanks over the years. 

These data are then used to plan the 20+ year sequence for removing waste from tanks and 

blending it in ESP. Of course, there are many constraints, such as available storage volume, waste stream 

routing, funding for waste removal projects for given tanks, and so forth. Based on the current situation, 

the sequence of waste removal and processing is updated and documented in the HLW System Plan once 

or twice per year. 

A total of six macrobatches are planned. 
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Each time the projected feed to ESP (and ITP) changes, the flowsheet is reevaluated. Currently, 

this is a done by performing material balances using the “Chemical Process Evaluation System” (CPES). 

Once CPES has iterated to closure, the projected product glass composition is evaluated for acceptability 

using the PCCS. At the same time, other feed requirements specified in the Acceptance Criteria but not 

related to glass durability (e.g., radionuclide concentrations versus SAR source term and gamma dose 

compared to design basis for biological shielding) are also evaluated. To the extent possible and 

practical, the HLW Tank Farm will adjust operations to meet these requirements by waste removal 

sequencehlending, caustic dissolution of aluminum, and amount of sludge washing. 

The acceptance 

After a batch of sludge has been aluminum-dissolved and soluble salt concentrations decreased 

by washing, the washed sludge is sampled and the highly radioactive sample transported to SRTC for 

analysis and bench scale processing in the Shielded Cells facility. The chemical and radionuclide 

composition of the sludge is determined and compared with the projected composition. 

The sludge is processed in the Shielded Cells using the actual DWPF flowsheet chemistry. The 

evolution of H2 and N20 (both safety parameters) is measured and the degree of foaming is ~bserved.~ 

The concentrations of key chemical species such as formic and nitric acid and nitrite ion are tracked. 

After frit is added, the processed feed is melted in a crucible. The glass is analyzed and a PCT is 

performed. 

In a parallel activity, glasses with the approximate compositions of actual waste/frit blends are 

made from simulated waste and PCT’s are performed. This “Variability Study” is done to assure the 

durability model (based on the free energy of hydration of the glass) is applicable for theplausible range 

of actual waste/frit feed blends. The variability study is required by our Waste Acceptance agreements 

with the Department of Energy and also provides information about the size of the processing “blend 

window”. 

In the case of excessive foaming, additional sludge washing may be required. 
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Prior to transferring the waste to DWPF, the results of the radioactive and non-radioactive 

analyses and testing are evaluated by DWPF Engineering and the evaluation documented. After approval 

by DWPF management and the Department of Energy, permission to receive and process this waste is 

given to DWPF. 

SUMMARY 

The operation of the Defense Waste Processing Facility at the Savannah River Site requires 

knowledge and control of the waste feed compositions. While the DWPF was designed to process a wide 

range of feeds, it is known that some of the Tank Farm waste can not be processed without blending. 

Also, feed pretreatment is necessary to meet DWPF design. To guide feed blending and pretreatment 

operations, feed acceptance criteria have been developed which define the limits and target values related 

to safety, process design and operability, and glass quality and which serve as the basis for the 

acceptance of transfers. In turn, the HLW operations performing the blending and pretreatment have 

developed a mutually agreed upon compliance plan which documents the methods for producing the 

feeds and assuring the feeds meet the mutually agreed upon limits and target values. 


