
WM2014 Conference, March 2 – 6, 2014, Phoenix, Arizona, USA 

 

Waste Treatment Planning for Challenging Hanford Tank Waste – 14114 

Paul J. Certa,* Tom W. Crawford,* Jeremy D. Belsher,* Laura H. Cree,* Taran K. Dhaliwal,* 
Eric J. Slaathaug** 

*Washington River Protection Solutions, LLC 
**Bechtel National, Inc. 

 
ABSTRACT 
Hanford tank waste is a complex, heterogeneous mixture consisting primarily of supernate, 
saltcake, and sludge.  The bulk of the tank waste is projected to be treated using baseline 
architecture, flowsheets, process strategy, and plans.  However, a portion of the tank waste 
presents technical challenges to the tank farms and the Waste Treatment and Immobilization 
Plant (WTP) that may require additional steps to meet waste acceptance criteria (WAC), 
regulatory requirements, or to optimize the overall waste treatment mission.  These challenges 
may be addressed by implementing a potential future process flowsheet based on the strategic 
framework documented in the Hanford Tank Waste Retrieval, Treatment, and Disposition 
Framework. 

INTRODUCTION 
The DOE manages the Hanford Site in Southeastern Washington State where decades of 
nuclear material production for the Cold War yielded a legacy of nuclear waste.  Today, 
approximately 212 million liters (56 million gallons) of radioactive waste liquids, solids, and salts 
are stored in 177 underground storage tanks.  Of these, 149 are aging single-shell tanks (SST) 
of which eight have been declared as “retrieval complete” (as of July 2013).  The other 28 are 
newer double-shell tanks (DST).  Some SSTs are known to have leaked in the past; the 
resulting soil contamination threatens the nearby Columbia River.  In response, the DOE Office 
of River Protection (ORP) created the River Protection Project (RPP), whose mission is to 
retrieve and treat Hanford’s tank waste and close the tank farms to protect the Columbia River.  
The RPP is an integrated system of waste storage, retrieval, treatment, and disposal facilities, 
which are in varying stages of design, construction, operation, and future planning.  These 
facilities face overlapping technical, regulatory, and financial hurdles to achieve site cleanup and 
closure.  Program execution is ongoing, and completion is currently expected to take 
approximately forty years. [1, 2] 

The ORP and Washington River Protection Solutions, LLC (WRPS) have planned for the 
preparation and delivery of waste feed to the WTP in anticipation of the start of its hot 
commissioning and routine operations; Bechtel National, Inc. (BNI) is responsible for the design, 
construction and commissioning of the WTP [3].  To achieve the RPP mission, the waste stored 
in the 149 SSTs will be retrieved and consolidated into the 28 DSTs and then prepared and 
delivered to the WTP for immobilization into HLW and LAW glass. 

The primary objective is to develop the scheme for delivering timely and compliant waste feed to 
the WTP to safely and efficiently accomplish the RPP mission.  Timely refers to the ability of the 
tank farms to supply adequate waste feed to the WTP to maintain efficient operations of the 
WTP and any supplemental facilities throughout the treatment mission; compliant refers to 
meeting the WTP WAC [4, 5].  Modifications to existing systems and installation of new systems 
will be coordinated to meet WTP startup, commissioning, and processing needs.  The 
architecture, flowsheets, process strategy, and plans required to achieve this primary objective 
will be refined in response to a number of potential changes based on evolving documented 
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safety analysis requirements, WAC, and criticality specifications; funding; decisions affecting the 
overall system configuration; and a better understanding of tank farms mixing, transfer, and 
sampling capabilities.  Refinements may result from system-level trade-offs on system 
performance or from new or updated requirements. 

The Hanford tank waste is a complex, heterogeneous, mixture consisting primarily of supernate, 
saltcake, and sludge.  Wastes were primarily generated by multiple separation and recovery 
processes beginning in 1944 and ending in 1989, such as the Bismuth Phosphate process 
conducted in T Plant and B Plant; the REDOX process conducted in the 202-S Building; the 
PUREX process conducted in the PUREX Plant; and plutonium conversion and scrap recovery 
processes conducted at the Z Plant complex.  Each process generated multiple waste streams 
that often varied over time as flowsheets were modified.  Most of the SSTs and DSTs contain 
waste from more than one of the waste streams tracked as waste types in the Best-Basis 
Inventory.  Additionally, time, thermal history, and waste management activities such as salt-
well pumping, in-tank solidification, concentration by vacuum evaporator/crystallizer, and 
addition of ferrocyanide and other adsorbents further increased the complexity of the tank 
waste. [6] 

The bulk of the Hanford tank waste is projected to be addressed using the baseline architecture, 
flowsheets, process strategy, and plans.  However, a portion of the waste may present 
challenges that require additional steps in order to meet WAC, regulatory requirements, or to 
optimize the waste treatment mission.  Examples of these challenges include the removal of 
complexed strontium and TRU radionuclides from certain DST supernates; reducing the high-
fissile to total uranium ratio of certain sludge; reducing the zirconium concentration of certain 
sludge; reducing the hydrogen generation rate (HGR) of certain supernates; the mixing, 
sampling, and transport of sludge with undesirable particle size and density distributions and 
associated rheology; and the disposition of sludge containing large, dense plutonium oxide 
particles. [7, 8, 9, 10, 11] 

The ORP and its prime contractors, WRPS (the Tank Operations Contractor) and BNI (the WTP 
Contractor) are exploring a number of possible enhancements to the waste treatment mission 
as part of the risk and opportunity management process.  A number of potential mitigating 
actions to these challenges have been identified, many of which are being actively addressed.  
Those challenges directly related to the preparation and treatment of the tank waste are 
discussed herein.  Other challenges, such as those directly related to the retrieval of tank waste 
or for retrieving waste from tanks known or suspected of leaking, are not discussed. 

DISCUSSION 

Current Approach 
The current process flowsheet for executing the mission is shown, in highly simplified form, in 
Fig. 1 [12,13].  Tank waste from the SSTs is retrieved and transferred into the DST system.  
The DSTs are used to receive and store the tank waste, manage the volume of the waste by 
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evaporating excess water, blend or segregate waste, mitigate waste in Group A tanks,1 
accumulate supernate and slurry for use as WTP waste feed, and sample and deliver the waste 
feed to the WTP.  The DSTs are also used for the special processing needed to address some 
of the challenging waste, namely: 

• Removal of complexed strontium and TRU from supernate, 
• Reduction of the fissile to total uranium ratio in sludge, 
• Reduction of the zirconium concentration in sludge, and 
• Reduction of the HGR in tank waste. 

  

Fig. 1.  Simplified Current Process Flowsheet. 

The WTP Pretreatment Facility separates the delivered supernate and slurry feed into LAW and 
HLW fractions using a combination of ion exchange to remove Cs-137, filtration to separate 
liquids from solids, and caustic and oxidative leaching of solids to reduce the mass of the HLW 
fraction.  The WTP HLW Facility incorporates the HLW fraction into a vitrified HLW glass 
product.  The WTP LAW Facility incorporates some of the LAW fraction into a vitrified LAW 

1 Group A tanks are those tanks, that due to their waste composition and quantities, have the potential for 
a spontaneous buoyant-displacement gas release event and are conservatively estimated to contain 
enough flammable gas within the waste that if all were released into the tank headspace, the 
concentration of the flammable gas would be a flammable mixture. 
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glass product; the Second LAW Facility is assumed to incorporate the rest.  The LAW glass 
product will be disposed onsite at the Integrated Disposal Facility; the HLW glass product will be 
temporarily stored onsite in the Interim Hanford Storage Facility until a permanent disposal 
facility is available. 

Eleven SSTs contain waste that is potentially classified as CH-TRU waste; this waste is 
assumed to be processed, packaged, and temporarily stored onsite.  It would be disposed at 
WIPP, if the waste were properly classified as TRU waste and permitted for disposal at that 
facility. [14, 15] 

Potential Future Approach 
The current approach described above does not address three important challenges: 

• Starting tank waste treatment as soon as practicable, 
• Handling of sludge with undesirable physical properties, and 
• Handling of sludge with large, dense, plutonium particles. 

A potential future process flowsheet, based on the strategic framework discussed in [16], is 
shown in highly simplified form in Fig. 2.  This strategy addresses starting immobilization of 
waste as soon as practicable using a time-phased approach for facility startup while 
simultaneously solving the technical challenges with the handling of solids at the WTP; the time-
phasing is beyond the scope of this paper. 

  

Fig. 2.  Simplified Potential Future Processing Flowsheet. 
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In this approach, an interim pretreatment system is used to remove cesium and entrained solids 
from supernate with the pretreated supernate being directly fed to the WTP LAW Facility, 
bypassing the Pretreatment Facility.  The strategy includes options for treating the sludge with 
undesirable physical properties or containing large, dense, plutonium particles by feeding the 
waste to the WTP HLW Facility (bypassing the Pretreatment Facility) or by preconditioning the 
problematic waste prior to treatment in the Pretreatment or HLW Facilities.  This might be 
accomplished with a new Tank Waste Characterization and Staging capability (TWCS) in 
conjunction with a preconditioning capability that controls the particle size of the waste feed 
through chemical or mechanical size reduction [17]. 

Decisions regarding the configuration of the final flowsheet will be made using alternatives 
analysis to select among and further define the options discussed in the Hanford Tank Waste 
Retrieval, Treatment, and Disposition Framework. 

Removal of Complexed Strontium and TRU from Supernate 
Tanks 241-AN-1022 and AN-107 contain high concentrations of organic complexants which act 
as chelates to form highly soluble complexes with radioactive strontium (Sr-90) and TRU 
isotopes.  These highly soluble complexes cause the supernate concentrations of Sr-90 and 
TRU in AN-102 and AN-107 to be much higher than in other Hanford tank waste, where most of 
the Sr-90 and TRU is found in the sludge (solid) fraction.  In order to meet Nuclear Regulatory 
Commission requirements, TRU must be removed from the supernate of tanks containing 
complex concentrate waste to the maximum extent that is technically and economically 
practical [18].  The same agreement also requires that waste be immobilized in a form that 
meets Class C guidelines [19], which provides limits of 100 ηCi/g for TRU and 7,000 Ci/m3 for 
Sr-90.  Contractual requirements provide the same limit for TRU, but have a much more 
stringent limit of 20 Ci/m3 for the average Sr-90 concentration in the immobilized LAW 
(ILAW) [20].  Reaching these concentrations means that 83.3% of Sr-90 and no TRU must be 
removed from the AN-102 supernate and 84.9% of Sr-90 and 76.9% of TRU must be removed 
from AN-107 supernate before being converted to ILAW [21], assuming a maximum sodium 
oxide loading of 20 wt% and an average bulk density of ILAW glass of 2.58 kg/L [22]. 

A precipitation process has been developed to pretreat the complexed waste by adding 
strontium nitrate and sodium permanganate to the AN-102 and AN-107 waste [23].  Non-
radioactive strontium, in the form of strontium nitrate, is added to dilute the concentration of 
Sr-90 retained in the complexes.  This addition also assures a supersaturated solution of 
strontium which causes strontium to readily precipitate, most likely as strontium carbonate.  The 
chemical reactions describing the isotopic dilution and Sr-90 removal [24] are shown below: 

𝑆𝑟(𝑁𝑂3)2 + �𝑆𝑟-90� ∙ 𝐶ℎ𝑒𝑙𝑎𝑛𝑡 + 𝑁𝑎2𝐶𝑂3 ↔ 𝑆𝑟 ∙ 𝐶ℎ𝑒𝑙𝑎𝑛𝑡 + �𝑆𝑟-90�𝐶𝑂3 + 2𝑁𝑎𝑁𝑂3   (Eq. 1) 

𝑆𝑟(𝑁𝑂3)2 + 𝑁𝑎2𝐶𝑂3 ↔ 𝑆𝑟𝐶𝑂3 + 2𝑁𝑎𝑁𝑂3 (Eq. 2) 

2 Hereinafter, the “241-” prefix in the official tank names for the SSTs and DSTs will be omitted for 
readability purposes. 
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Sodium permanganate is added in order to oxidize the organic chelates, which releases the 
complexed metal ions into solution.  Manganese dioxide, a reaction product from the 
permanganate, then co-precipitates with the TRU ions. 

Originally this precipitation process was designed to be used within the ultrafiltration feed 
vessels in the WTP.  Performing the process in WTP, however, was found to introduce a delay 
in HLW glass production because the ultrafiltration vessels could not be used for both the 
precipitation process and the caustic leaching of HLW sludge at the same time [25].  When 
other options were explored, it was estimated that it would cost a total of $2.6 million to perform 
the process in tank farms, while the operating costs incurred while not processing HLW in WTP 
is estimated at $1.2 million per day [26]. 

The current planning assumptions perform the precipitation process in tank farms [27], although 
they continue to require a target sodium molarity of 5.5 M to meet WTP requirements.  The 
current molarity of tanks AN-102 and AN-107 are 9.98 M and 9.25 M, respectively [28].  The 
total volume of water needed to dilute the supernate in AN-102 and AN-107 was calculated to 
be 4.81 ML (1.27 Mgal) [29].  This means that the precipitation process will be carried out in an 
available DST, known as the strike tank, as follows [30]: a 190 kL (50 kgal) test batch of waste 
is transferred out of AN-102 into the strike DST where the waste is diluted and the precipitation 
process is performed.  After confirming that the test was successful, the remainder of the 
supernate in AN-102 and AN-107 are then transferred in four separate batches to be treated in 
the strike tank (see Fig. 3 for a simplified representation of the process).  The existing 
precipitate in AN-102 and AN-107, and the newly formed precipitate in the strike tank will 
eventually be blended with other solids prior to treatment at the WTP. 

 

Fig. 3.  Simplified Flowsheet for Tanks AN-102 and AN-107 Treatment. 

Several opportunities for improvement of the process exist as it is currently modeled.  The most 
notable is the legacy of the target 5.5 M sodium molarity assumption.  If the precipitation 
process could be completed with the undiluted waste in the current tanks, it has the potential to 
benefit the mission on several levels.  The excess water needed to dilute the supernate in 
AN-102 and AN-107 increases the volume of waste that needs to be either processed in WTP 
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Transfer
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Water, Sr(NO3)2, NaMnO4

Additions

6 



WM2014 Conference, March 2 – 6, 2014, Phoenix, Arizona, USA 

 

or run through the evaporator from about 6.8 ML (1.8 Mgal) to 11.5 ML (3 Mgal).  Significant 
savings of DST space may also be achieved because the process could provide more flexibility 
in DST space management.  The complex concentrate waste in AN-102 and AN-107 is currently 
segregated [31] until the treatment process is complete in order to prevent further formation of 
complex concentrates.  Once the precipitation process has occurred, both tanks could 
potentially be used to make transfers to other tanks or to receive waste.  The strike tank would 
also not be needed and therefore would be available for other purposes. 

A development test plan outlining the issues that still need to be resolved prior to full-scale 
implementation of the precipitation process, along with a phased approach, was prepared to 
address those issues.  According to the test plan, the most significant issues identified are: 
demonstrating that the precipitation process will work with undiluted waste; determining whether 
a settling period will be sufficient to separate the precipitate; and, determining the optimum 
mixing method.  The experimental testing that will address these and other issues was divided 
into four different phases, the first of which is nearing completion [32].  The results of these 
experiments will be included in future flowsheets which will more thoroughly model the 
chemistry of the precipitation process.  Future flowsheets will also update DST assumptions and 
the chemical inventory, as well as conduct sensitivity analyses related to mixing treated and 
non-treated waste types. 

Reduction of Fissile to Total Uranium Ratio in Sludge 
The WTP requires the ratio of fissile uranium to total uranium in delivered tank waste feed be 
less than the criticality safety limit (CSL) of 8.4 g/kg [33] [34].  Sludge from tank C-104 (retrieved 
into AN-101) contains a high fissile uranium to total uranium ratio, 8.59 g/kg [35] that must be 
blended [36] in order to meet the WAC established by WTP.  Other tanks contain wastes that 
exceed the WTP’s CSL, but have a relatively small total uranium inventory: AW-103 at 
8.47 g/kg, AW-104 at 8.52 g/kg, AW-105 at 8.58 g/kg, and AZ-101 at 8.70 g/kg [37] [38].  
Because of this, incidental blending that occurs during the waste transfers used to prepare the 
waste for delivery is expected to reduce the ratio of fissile uranium to total uranium to below the 
CSL.  The use of incidental versus intentional blending for this purpose may be revisited as the 
mission evolves.  However, the total uranium inventory in C-104 waste is two to three orders-of-
magnitude greater than the uranium inventories in the AW-103, AW-104, AW-105, and AZ-101 
wastes.  The sludge volume of C-104 waste is also greater than the other wastes.  This requires 
the use of an intentional blending scheme to meet the CSL. 

The C-104 waste (currently stored in AN-101) will be blended with portions of sludge retrieved 
from other C-farm tanks to reduce the fissile uranium to total uranium ratio in the waste [39].  
The resulting ratio of fissile uranium to total uranium is dependent upon the tanks used for the 
blend stock.  Different combinations of available blend stock have been investigated for 
blending the C-104 waste resulting in varying ratios of fissile uranium to total uranium.  Waste 
from C-104 blended with C-111, C-101, and C-112 results in two tanks of blended waste with 
UF/U of 7.66 g/kg and 7.11 g/kg, as shown in Fig. 4 below [40].  Using blend stock of C-102 and 
C-112 results in UF/U of 7.47 g/kg and 8.42 g/kg; using blend stock of C-101/C-102 and C-112 
results in UF/U of 7.47 g/kg and 8.07 g/kg. 

As the figure shows, after retrieval of tanks C-104, C-112, C-101, C-111, and C-102, tank 
AN-101 will contain over 510 cm (200 in.) of settled sludge; which, if uniformly blended, would 
meet the WTP CSL limits.  However, the maximum solids layer thickness that can be effectively 
mobilized and well-mixed in a DST is about 178 cm (70 in.) [41].  A new blending strategy was 
developed to use two DSTs in order to overcome assumed mixer pump limitations.  In this 
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strategy the DSTs function as HLW staging tanks for mixing and blending tank C-104 waste.  To 
execute the C-104 blending strategy, the waste layer above 391 cm (154 in.) is first discarded 
(transferred to a separate staging tank).  The first blend transfer removes 127 cm (50 in.) of 
blend stock into an unnamed3 DST (shown as DSTA) and consists of C-111, C-101, and C-112 
waste.  The next blend transfer removes half of the C-104 waste (114 cm or 45 in.) into another 
unnamed DST (shown as DSTB).  The third and fourth blend transfer move equal portions of the 
blend stock from DSTA and into DSTB and AN-101, respectively.  If necessary, a series of waste 
transfers between DSTA and DSTB can be used to equalize the fissile uranium to total uranium 
ratios. 

 

Fig. 4.  Blending to Reduce Fissile to Total Uranium Ratio. 

Effective blending of C-104 sludge is achieved when the resulting ratio for fissile uranium to total 
uranium is below the CSL of 8.4 g/kg reducing the number of samples required to demonstrate 
that the feed meets the WTP WAC.  As the ratio of fissile uranium to total uranium nears the 
CSL, the number of samples required to certify a feed to WTP increases exponentially [42].  As 

3 The specific DSTs used for DSTA and DSTB will be selected from the slurry handling DSTs that are 
available for use when the blends are planned to be executed. 
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an example,4 blended waste with fissile uranium to total uranium ratio of 7.4 g/kg requires 
approximately 10 samples; the number of required samples increases to 60 for blended waste 
with fissile uranium to total uranium ratio of 8.4 g/kg [43, 44]. 

Reduction of Zirconium Concentration in Sludge 
During the Cold War Hanford used the PUREX process, among others, to process nuclear 
material.  The first step of the process was to remove the Zircaloy-2 cladding by boiling the 
reactor fuel in an ammonium fluoride-ammonium nitrate solution.  The de-cladding solution was 
then separated from the fuel, diluted with water, and cooled [45].  The pH of the liquid was 
controlled with the addition of NaOH and delivered to a DST in tank farms as Neutralized 
Cladding Removal Waste (NCRW).  After 1982 all of the NCRW was delivered to tanks AW-103 
and AW-105 [46].  Because of the high concentration of Zr, the waste in these tanks will 
produce relatively large quantities of glass with low waste oxide loading (WOL).  In general, 
blending can be an effective mitigation strategy for waste that has high concentration of 
problematic constituents and a blending strategy was selected for the NCRW in AW-103 and 
AW-105. 

When HLW is vitrified in the melter, separate solid phases can form in the melt.  The solids can 
precipitate in the melter or in the melter pour-spout riser.  If enough solids accumulate, melter 
operations can be hindered or halted.  In melts with high Zr concentrations, one of the 
problematic primary phases that can form is zircon (ZrSiO4).  High-level waste glass formulation 
models used at Hanford are intended to prevent the formation of zircon crystals by either limiting 
the concentration of specific waste components in the HLW glass [47] or by using a property 
correlation to directly prevent the formation of zircon [48] [49].  In applicable glass formulation 
models, waste with higher concentrations of Zr requires glass formulations with lower WOL in 
order to prevent zircon formation. 

Globally, the concentration of Zr in tank waste is not problematic since the average Zr 
concentration in the HLW glass projected to be produced during the waste treatment mission is 
~1.5 wt% (on an oxide basis) [50].  However, ~65% [51] of the total Zr inventory is located in 
AW-103 and AW-105.  If the waste from these two tanks is processed as is, they would produce 
HLW glass with ~18% WOL, which is significantly lower the mission average of 33 – 35% WOL. 

The basic strategy to reduce the peak Zr concentration is to consolidate slurry from AW-103 and 
AW-105 and to blend small amounts (metered blending) into other DSTs containing HLW slurry.  
The initial step in the high-Zr blending strategy is to transfer supernatant from AW-103 to 
AW-105.  Solids in AW-105 would then be mobilized with mixer pumps and the slurry pumped 
back to AW-103 leaving a heel containing about 33% of the original Zr inventory in AW-105.  
Tank AW-105 could then be released from the blending process and operate as a normal DST 
with the Zr concentration in its heel being further reduced through downstream blending.  Tank 
AW-103 would then meter out 1/8th of its slurry inventory at a time to other DSTs containing 
HLW slurry, as they become available.  Slurry would be transferred from AW-103 so that each 

4 This estimate is for illustrative purposes only and assumes a confidence level of 95%, power of 95%, 
analytical relative standard deviation of 10.8%, and sampling relative standard deviation of 4%. 
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metered batch is blended with a different slurry batch.  Tank AW-103 could meter out seven 
such batches and then be released from the blend process.  The final 1/8th of the high-Zr waste 
would be blended when AW-103 is refilled with HLW slurry. 

As noted in the previous section, AW-103 and AW-105 both have waste that exceeds or nearly 
exceeds the high-fissile U to total U ratio specified in the WAC.  The blending strategy 
discussed here was not formulated to address the high-fissile U levels in AW-103 or AW-105.  
When selecting blending stock for the high-Zr waste, it may be beneficial to be more selective 
and to intentionally choose waste that reduces the ratio of fissile uranium to total uranium. 

Reduction of Hydrogen Generation Rate in Tank Waste 
The WAC for the WTP limits the HGR in supernate feed delivered to the WTP to less than  
1.0 E-07 𝑚𝑜𝑙 𝐻2

𝑚3∗𝑠
  @ 48.9 ⁰C (120 ⁰F) and the slurry feed delivered to WTP to less than 

5.8 E-07 𝑚𝑜𝑙 𝐻2
𝑚3∗𝑠

  @ 65.6 ⁰C (150 ⁰F) [52].  Both supernate and slurry generate hydrogen gas via 
a variety of mechanisms which can cause the Lower Flammability Limit (LFL) in the vapor space 
of the WTP vessel to be exceeded.  Prior to delivery to the WTP, tank farm waste with a high 
HGR will be blended with waste with a lower HGR so the WAC limit is not exceeded. 

The production of hydrogen gas is a complex chemical process.  At Hanford the generation of 
hydrogen gas is thought to primarily be the result of radiolysis of water, oxidation reactions of 
organic compounds (thermolysis), and the corrosion of carbon steel tank liners [53].  The 
radiolysis of water in Hanford waste by alpha, beta, and gamma radiation results in production 
of ions (H+, HO2

-, e-) and free radicals (H•, •OH) that react and form hydrogen gas [54].  In 
addition, radiolysis products can encourage the oxidative decomposition of organic compounds 
which results in further production of hydrogen gas.  In the absence of alpha, beta, or gamma 
emitters, aluminum hydroxide can act, above 90⁰C [55], as a catalyst for organic decomposition.  
Carbon steel tanks in tank farms can produce hydrogen gas [56], but the amount produced is 
usually small compared to the amount generated by radiolysis and thermolysis [57].  The 
processing vessels in the WTP are stainless steel and will not produce hydrogen. 

Anions such as nitrate, nitrite, phosphate, and hydroxide can react with radiolysis intermediaries 
and reduce the rate of hydrogen generation.  Hanford waste has high liquid concentrations of 
nitrate, nitrite, and hydroxide so these waste components tend to have the largest inhibitory 
effect on hydrogen generation. 

From the preceding discussion we can determine the attributes of tank farm waste that are likely 
to indicate high HGRs.  Wastes that have high levels of radioactivity, high water content, higher 
concentrations of organics, and high quantities of aluminum, and tanks that have low nitrate and 
nitrite concentrations are more likely to have a high HGR.  The two dominant characteristics of a 
high-HGR tank are high radioactivity and high total organic carbon (TOC) concentrations [58]. 

The waste currently stored in AZ-101 is predicted to have an HGR of 6.2 E-07 𝑚𝑜𝑙 𝐻2
𝑚3∗𝑠

  @ 65.6 ⁰C 

[59], which exceeds the WAC limit of 5.8 E-07 𝑚𝑜𝑙 𝐻2
𝑚3∗𝑠

  @ 65.6 ⁰C.  Waste from AZ-101 has 
relatively low amounts of TOC but it has, by far, the largest combined quantity of the two main 
radiation sources in tank farm waste, Cs-137 and Sr-90.  Tank AZ-101 contains ~13% of the 
total Cs-137 inventory (AN-104 is the tank with next largest Cs-137 inventory at ~4%) and ~10% 
of the total Sr-90 inventory (AY-102 has the next largest inventory at ~9%).  Cs-137 is very 
soluble and so it has a larger impact on hydrogen generation than Sr-90. 

10 



WM2014 Conference, March 2 – 6, 2014, Phoenix, Arizona, USA 

 

The current strategy is to reduce the HGR in AZ-101 by transferring slurry into AZ-101 from 
AW-103 and AN-106 and supernatant from AP-103.  Prior to receiving slurry from AW-103 and 
AN-106, AZ-101 has an initial slurry volume of 196 m3 (52 kgal) [60].  After accepting waste 
from AW-103 and AN-106, AZ-101 contains 515 m3 (136 kgal) of slurry [61].  Although the 
quantity of radioactive component has not decreased in the resulting slurry blend, the radiolysis 
contribution to hydrogen generation inversely scales [62] to the mass of solids so the increasing 
solids mass decreases the HGR.  After blending, the AZ-101 waste is projected to have an HGR 
of 5.35 E-07 H2/hr/L.  This is 25.5% of the WAC limit [63]. 

The high Cs-137 and Sr-90 waste in AZ-101 is the only waste that is intentionally blended in 
order to reduce HGR.  Tanks AN-107 and AN-102 have the two highest quantities of TOC in the 
tank farms (~12 and 8% of the total inventory, respectively) [64] and when the waste from those 
two tanks is delivered to the WTP it can exceed or be very close to the WAC HGR limit 
depending on the effectiveness of any incidental blending [65] [66].  After the Sr/TRU 
precipitation process is complete the supernatant from AN-102 and AN-107 should be 
intentionally blended so that they do not exceed the HGR WAC limit. 

Handling of Sludge with Undesirable Physical Properties 
The particle size, particle density, rheology, and erosivity of the slurry to be delivered to the 
WTP Pretreatment Facility are important components of the facility’s design basis.  The mixing 
systems at the WTP Pretreatment Facility use fluidic components physically located in process 
vessels which are not accessible for maintenance (i.e., in a “black cell”).  Fig. 5 shows the 
operating principles of one type of fluidic component, known as a pulse jet mixer [67].  These 
mixing components are relied upon to provide sufficient mixing in the vessel in order to avoid 
conditions resulting in the capture and subsequent release of hydrogen, the potential 
accumulation and concentration of fissile material, and for process control.  Inadequate mixing 
may allow those conditions to occur and can interfere with the operation of the fluidic equipment 
resulting in an “overblow” (sudden release of pressurized air from the mixing orifices of the 
fluidic components) which, if there are a significant number of overblows, could impact the 
“black cell” vessels’ ability to meet a 40-year design life.  Particle size and density have a direct 
impact on the design of the transfer system which results in flow requirements necessary to 
avoid line blockage or plugging.  In addition, erosion of the mixing equipment has the potential 
to undermine the equipment’s performance thus resulting in potentially unsafe conditions or 
reduced operating life, as well as, cause premature failure of the “black cell” vessels and piping.  
These situations are exacerbated by the relative lack of characterization data for the physical 
properties of the solid portion of the tank waste.  This makes it difficult to determine the quantity 
of sludge with undesirable physical properties, and therefore, difficult to determine how best to 
handle this sludge. 
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Fig. 5.  Operating Principles of a Pulse Jet Mixer. 

The WTP Basis of Design [68] adopts the tank farm estimates for the particle size, particle 
density, and slurry viscosity [69] that were used in the Waste Feed Delivery Transfer System 
Analysis as the basis for the particle size and density used for the WTP design.  For particle 
size distribution, the “95% UL” is used (UL is defined as the upper limit to a one-sided 95% 
confidence limit on the mean).  This distribution is repeated below (note that the percentile is the 
percent undersized by volume and the sizes are in μm). 

TABLE 1.  Particle Size Distribution. 

Percentile 1% 5% 25% 50% 75% 95% 99% 

Size (μm) 1.0 1.6 5.0 11 58 210 310 

For additional conservatism, the WTP mixing systems further assume that the maximum particle 
size is 700 μm. 

For particle density, the WTP design basis for the bulk solids density to be used for pumping 
and line sizing is 2.18 g/mL and for mixing is 2.9 g/mL.  The 2.18 g/mL value is the effective 
density of the solids (includes agglomeration) and the 2.9 g/mL value is a conservative, dry-
particle value [70]. 

The WAC for the WTP is summarized in the ICD-19 - Interface Control Document [71].  The 
WAC is primarily developed to ensure that the WTP protects the co-located worker, the public, 
and the environment, as well as to avoid plugging waste transfer lines and process upsets or 
operational issues in the WTP treatment processes.  Table 7 of ICD-19 includes WAC 
parameters that relate to slurry rheology and erosivity.  For slurry rheology, the delivered feed is 
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to be Newtonian (measured yield stress < 1.0 Pa) with a viscosity of < 10 cP.  For erosivity, the 
delivered solids are to have a median particle size ≤ 11 μm (the 50% from the 95% UL 
distribution) and an average particle hardness ≤ 4.4 mohs. 

More recent reports discussing the tank waste have raised concerns that the WTP design basis 
does not bound the entirety of the tank waste [72, 73].  In summary, the planned configuration 
of the waste transfer system in the tank farms could transfer particles up to 9,525 μm, including 
the potential for particles > 1,000 μm with densities > 7 g/mL [74].  In addition, particles in 
excess of 700 μm are expected to be present in the tank farm waste [75].  However, the primary 
particle sizes are expected to be < 200 μm (excluding soluble salt species - Table 3.14) 
meaning that the larger particles would be expected to be agglomerates or salt species.  PNNL-
20646 further demonstrates that a significant portion of the staged slurry from the tank farms 
would be expected to exceed the rheological limits in ICD-19 [76].  The referenced reports do 
not specifically address erosivity, but ICD-19 does state that the current parameters identified 
for erosion are not expected to be measured and are expected to be replaced. 

In the current process approach, the tank farms (DST / waste feed delivery systems) do not 
have the capability to control the above physical properties of the sludge which are of a concern 
to the WTP.  The expectation is that the potential future approach will use the TWCS capability 
to limit the maximum particle size in the delivered HLW feed.  However, for particle size, the 
value for the maximum particle will need to be jointly agreed upon between the Tank Operations 
Contractor, the WTP Contractor, and the DOE.  For rheology, the Tank Operations Contractor 
and the WTP Contractor need to evaluate the limits for rheology and determine if the current 
ICD-19 values can be altered.  Further discussion is required to develop a path forward for 
particle density and erosivity since these parameters cannot be controlled directly. 

Handling of Sludge with Large, Dense, Plutonium Particles 
A recent review of plutonium oxide receipts into the tank farms found that three facilities5 sent 
large, dense, particulate plutonium-bearing material to the tank farms in the form of calcined 
plutonium dioxide and plutonium metal fines.  These large, dense, particulate plutonium-bearing 
materials comprise about 30 kg of the approximately 900 kg of plutonium (all forms) present in 
the tank waste.  Particle sizes range from 10–100 microns and densities range from 8–11 g/cc 
with approximately 2.5 kg potentially present as 19 g/cc metal.  The material is currently located 
in 16 tanks – eight with minimal quantities – and eight with significant quantities that could 
challenge the criticality safety evaluation for the WTP.  The eight tanks with significant quantities 
are AN-101, C-102, SY-102, S-108, TX-105, TX-109, TX-118, and 244-TX6; hereinafter referred 
to as the “PuO2” tanks Fig. 6. [77] 

5 The three Hanford Site facilities that were found to have discharged large, dense, particulate plutonium-
bearing materials were the Plutonium Finishing Plant (PFP), the Plutonium Uranium Extraction (PUREX) 
Plant, and the Reduction-Oxidation (REDOX) Plant. 
6 Tank 244-TX is not planned for treatment at the WTP as it is being managed under a separate 
contractor for the DOE, Richland Operations. 
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More generally, the criticality safety evaluations for the tank farms [78] and the WTP [79] 
assume that the plutonium in the tank waste is in a finely divided form, intermixed with neutron 
absorbers in such a manner that evaluated activities do not separate the absorbers from the 
plutonium.  For example, the criticality safety evaluation for the tank farms concludes that a 
criticality accident in the stored tank waste in the tank farms has been shown to be “an 
incredible event due to the form (alkaline chemistry) or distribution (association with neutron 
absorbers) of the fissile material in the tank waste” for evaluated activities.  Therefore, the 
presence of the large, dense, particulate plutonium-bearing material challenges those 
assumptions. 

The tank farm criticality safety evaluation and associated criticality prevention specifications [80] 
have evaluated and allow specific waste-disturbing activities such as receipt and transfer of tank 
waste; water or caustic solution flushing of transfer lines; addition of certain neutron 
poisons/absorbers; operation of airlift circulators; dissolution of saltcake via water or caustic 
solution addition; retrieval of sludge using sluicing, vacuum/fluidic retrieval, or the mobile 
retrieval system; and operation of the 242-A Evaporator.  Excluded activities include “dissolution 
of solid waste via chemical means (other than saltcake dissolution using water or caustic 
solution) or waste feed delivery to the Waste Treatment Plant” [81]; activities needed to support 
waste feed delivery, such as operation of the cross-site slurry transfer system and operation of 
submerged mixer-pump, have not been evaluated. 

Additionally, the criticality prevention specifications for the tank farm facilities [82] prohibit 
sludge-disturbing activities in the eight PuO2 tanks until a criticality safety evaluation has been 
completed “demonstrating that criticality remains beyond extremely unlikely.”  Although, the 
retrieval of waste from C-farm tanks into tank AN-101 via sluicing, water dissolution, or caustic 
cleaning has been evaluated and are authorized. 
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Fig. 6.  Location of the Eight PuO2 Tanks. 

Revisions to both the tank farm and WTP criticality safety evaluations will be needed to support 
the safe and efficient operation of the tank waste treatment complex, i.e., in order to safely and 
efficiently retrieve, prepare, deliver, and treat the tank waste.  Demonstrating criticality safety 
may require a better understanding of waste physical properties and chemical composition or of 
phenomena that may separate absorbers from plutonium (such as differential settling in the 
DSTs and WTP vessels, or placer segregation driven by the hydrodynamic action of submerged 
mixer pump jets in the tank farms or pulsed jet mixer jets in certain WTP vessels operation). 

Features of potential solutions to handling the PuO2 tank waste may include removal of undue 
conservatism in calculations (if any); addition of poisons in the tank farms or the WTP; control 
and detection of particle size or related parameters using the TWCS capability; temporary 
segregation (isolation) of PuO2 waste from other tank waste; and directly feeding the HLW 
Vitrification Facility, bypassing the WTP Pretreatment Facility.  The solution for handling the 
PuO2 tank waste may have features in common with the solution for handling of sludge with 
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undesirable physical properties.  Potential solutions should consider the location of the PuO2 
tanks (Fig. 6) and potential impacts on waste segregation and blending requirements; the timing 
and sequencing of SST retrievals; the timing of tank and farm closure activities; and the ability 
to transfer slurry from the West Area to the East Area tank farms. 

CONCLUSIONS 
Waste feed delivery plans will continue to evolve as waste feed delivery and WTP issues and 
uncertainties are addressed by the One System Integrated Project Team [83], and in response 
to changes in the overall RPP mission.  The strategic framework documented in the Hanford 
Tank Waste Retrieval, Treatment, and Disposition Framework will help guide the resolution of 
technically challenging waste in the context of a time-phased approach for facility startup.  The 
expertise of selected National Laboratories are being leveraged to help mitigate these 
challenges, and will be used to help address future challenges as they are identified. 
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