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1 INTRODUCTION

By letter dated February 5, 2026, the U.S. Department of Energy (DOE) requested that the U.S. 
Nuclear Regulatory Commission (NRC) conduct a consultative review of the Draft Waste 
Incidental to Reprocessing (WIR) Evaluation for the 200 West Area Tank Treatment (WATT) 
Mission (DOE, 2026). The DOE requested that NRC conduct the review in accordance with the 
Interagency Agreement (IA) (89304021SEM000008) between the DOE and the NRC.

The WATT Mission includes retrieving approximately 144,800 cubic meters (38.3 million 
gallons) of waste from tanks in the Hanford 200 West Area (West Area tanks) (RPP-RPT-
65091, Rev. 1 Table 7-1). After waste retrieval, the DOE will pretreat the liquid waste to reduce 
its radioactivity, send the waste to be solidified as grout, and send the solidified waste for offsite 
disposal in a commercial low-level radioactive waste (LLW) disposal facility. The DOE is in the 
process of designing the facilities it will use to pretreat the liquid waste, which the DOE refers to 
as the West Area Risk Management (WARM) project. The DOE plans to locate the WARM 
pretreatment facilities near the SY Tank Farm.

The DOE Draft WIR Evaluation assessed whether the West Area tanks waste treated with the 
WARM process, solidified, and disposed of in an offsite commercial LLW facility can be 
classified as WIR and managed as LLW. The Draft WIR Evaluation does not address the extent 
of waste removal from the West Area tanks or characteristics of the waste that remains in the 
West Area tanks after bulk waste retrieval.

1.1 Regulatory Framework

Waste incidental to reprocessing is waste that would otherwise be high-level waste (HLW) 
because of its origin (e.g., reprocessing spent nuclear fuel) but can be managed asl LLW 
because of the lower level of risk it poses to human health and the environment. The process for 
deciding whether reprocessing waste is WIR is called a “waste determination.” If it can be 
demonstrated that the waste poses a sufficiently small risk to human health and the environment 
and does not need to be disposed of as HLW, DOE may determine through the technical 
analyses documented in a waste determination that waste is incidental (i.e., WIR) or non-HLW.

The NRC staff provided a history of the WIR regulatory framework in NUREG-1854, “NRC Staff 
Guidance for Activities Related to U.S. Department of Energy Waste Determinations” (NRC, 
2007). That history covers the first acknowledgement of the WIR concept in 1969 by the Atomic 
Energy Commission (AEC), NRC's predecessor agency, subsequent petitions for rulemaking, 
and relevant legislation. Aspects of that history that are not directly relevant to the WATT 
Mission are not discussed further in this report.  

In July 1999, DOE issued DOE Order 435.1, “Radioactive Waste Management,” and the 
associated Manual, DOE Manual 435.1-1, “Radioactive Waste Management Manual,” both of 
which were subsequently revised (DOE, 2021a; DOE, 2021b). DOE Manual 435.1-1 requires all 
radioactive waste subject to the Order to be managed as either LLW, transuranic (TRU) waste, 
or HLW. DOE Manual 435.1-1 also states that waste resulting from reprocessing spent nuclear 
fuel determined to be WIR is not HLW and shall be managed under DOE’s regulatory authority 
as LLW. DOE Manual 435.1-1 discusses DOE's incidental waste evaluation process and the 
three criteria for determining whether waste is WIR (see Section 1.2). Those criteria are similar 
to criterial the NRC published in the Federal Register (FR) in 1993 (NRC, 1993).
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For the Hanford Site, the NRC conducts technical reviews for WIR management and disposal at 
the DOE’s request through an Interagency Agreement (IA). DOE and NRC have had a series of 
IAs in which DOE requested that the NRC provide technical advice and consultation regarding 
DOE WIR determinations for disposal of waste onsite at the Hanford Site, as well as other tasks 
such as closure of the HLW storage tanks in Waste Management Area C. 

The NRC staff performs this consultive role by conducting an independent technical review so 
that the NRC can reach its own conclusions as to whether DOE’s proposed waste management 
approach satisfies the DOE Order 435.1 criteria. The NRC staff’s guidance for the consultation 
activities is documented in NUREG-1854, “NRC Staff Guidance for Activities Related to U.S. 
Department of Energy Waste Determinations,” (NRC, 2007). At the conclusion of the NRC staff’s 
review of each WIR determination, the NRC provides DOE with a Technical Evaluation Report 
(TER) documenting its findings. NRC has no regulatory oversight over DOE’s WIR evaluations 
at the Hanford Site.

1.2 NRC Review Approach

The WIR determination process used by DOE is based on the criteria that are provided in DOE 
Order 435.1 and the related DOE Manual 435.1-1. The DOE uses the process to determine if 
reprocessing waste is WIR (i.e., not HLW) and can be managed as either LLW or TRU waste. 
Section II.B.(2)(a) of DOE Manual 435.1-1 indicates that wastes can be managed as LLW if the 
wastes:

(A) Have been processed, or will be processed, to remove key radionuclides to the 
maximum extent that is technically and economically practical.

(B) Will be managed to meet safety requirements comparable to the performance 
objectives set out in 10 CFR 61, Subpart C, Performance Objectives; and

(C) Are to be managed, pursuant to DOE authority under the Atomic Energy Act of 
1954, as amended, and in accordance with the provisions of Chapter IV of [DOE 
Manual 435.1-M], provided the waste will be incorporated in a solid physical form 
at a concentration that does not exceed the applicable concentration limits for 
Class C low-level waste as set out in 10 CFR 61.55, “Waste Classification.”

The NRC staff conducted a risk-informed review of DOE’s Draft WIR Evaluation by evaluating 
the DOE demonstration that the waste treatment and disposal actions for the WATT Mission 
waste will meet these criteria, and documented the results in this TER. A risk-informed 
evaluation means that the review effort for each topic is commensurate with the risk significance 
of that topic. The documentation of the NRC staff review includes a summary of the NRC staff’s 
review for each technical topic and the NRC staff determinations about whether the disposal 
action will meet the WIR applicable criterion. The NRC staff’s recommendations are also 
provided for DOE’s consideration.

1.3 Scope of the TER

The DOE Draft WIR Evaluation addresses approximately 144,800 cubic meters (38.3 million 
gallons) of waste from the S, SX, SY, and U Tank Farms that will be retrieved, treated, solidified, 
and disposed. The NRC review addressed whether those processes will meet the three WIR criteria 
in DOE Manual 453.1-M (see Section 1.2). 
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To evaluate removal of key radionuclides to the maximum extent technically and economically 
practical (Criterion A), the NRC considered removal of key radionuclides from the retrieved waste, 
and did not address the extent of waste removal from the West Area tanks. 

To evaluate whether the WATT Mission would meet the LLW performance objectives of 10 CFR 
Part 61 (Criterion B), the NRC review addressed the DOE processes for protecting individuals 
during operations and the DOE bases for concluding that disposed waste would meet performance 
objectives for post-disposal safety (i.e., protection of offsite individuals from releases of radiation, 
protection of individuals from inadvertent intrusion, and disposal site stability). Because the DOE 
plans to send the solidified WATT Mission waste to an offsite commercial disposal facility, the NRC 
evaluation of whether the waste would meet those performance objectives was limited to an 
evaluation of whether the waste could meet the disposal facility waste acceptance criteria (WAC) 
and disposal facility licensed capacities. Because the relevant commercial disposal facilities are 
regulated by Agreement States, any evaluation of those WAC or license limits is within the authority 
of the appropriate State regulator and is beyond the scope of this TER. 

Finally, to evaluate whether the waste would be disposed in a solid form not exceeding the 10 CFR 
61.55 Class C limits (Criterion C), the NRC evaluated the DOE plans for waste solidification and 
projected radionuclide concentrations in the solidified waste. 

Hanford tank waste generally has three physical phases: supernate, saltcake (with interstitial 
liquid), and sludge. Supernate is liquid in the uppermost part of the tanks. Saltcake is 
crystallized solid waste that forms from evaporation of the liquid waste and has a composition 
similar to supernate. Liquid waste that fills voids in the saltcake, which is very similar to 
supernate, is referred to as interstitial liquid. Sludge forms at the bottom of the tanks from the 
precipitation of less soluble elements. In general, long-lived actinides tend to precipitate in the 
sludge, while more soluble radionuclides remain in the saltcake and supernate. 

The affected waste in the WATT Mission Draft WIR Evaluation includes supernate, dissolved 
saltcake, and interstitial liquid. In the Draft WIR Evaluation, the DOE used the term “supernate” to 
include all three of those forms (i.e., tank supernate, dissolved saltcake, and interstitial liquid). In 
this TER the NRC staff used the term “supernate” in the same way for consistency with the DOE 
Draft WIR Evaluation, except where a distinction between supernate and dissolved saltcake is 
needed and explicitly noted. The WATT Mission will not remove sludge from the West Area tanks. 

1.4 Process Overview

The WATT Mission includes the following main steps: 

• Retrieval by pumping liquid waste, including dissolved saltcake, out of the waste tanks 
• Settling of suspended solids from liquid waste for a minimum of 90 days
• Decanting the liquid waste into the feed qualification tank to separate liquid from the 

settled solids
• Filtration to further remove particle-associated radionuclides
• Removal of Cs-137, and potentially some Sr-90, by ion exchange
• Solidification by mixing liquid waste with dry grout components
• Disposal at an offsite commercial LLW disposal facility. 

During the waste retrieval step, the DOE plans to retrieve waste from the West Area tanks by 
pumping liquid waste from the single-shell tanks (SST) in the S, SX, and U tank farms to the double-
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shell tanks (DST) in the SY tank farm. Although the Draft WIR determination does not state how 
much waste the DOE plans to retrieve from the tanks as part of the WATT Mission, a supporting 
reference provides estimates of the volume of waste that will be retrieved from each tank (RPP-
RPT-65091, Rev. 1 Table 7-1). Based on the estimates in that reference, the DOE plans to 
retrieve approximately 144,800 cubic meters (38.3 million gallons) of waste from the West Area 
tanks. For clarity on the volume of waste any related WIR Determination applies to, the NRC 
staff has the following recommendation:

Recommendation: The DOE should provide a bounding estimate of the volume of 
waste to be included in a WIR determination for the WATT Mission in the Final WIR 
Evaluation. 

The Draft WIR Evaluation states that references to supernate in the document include dissolved 
saltcake but does not provide an estimate or qualitative description of how much of the saltcake the 
DOE plans to dissolve and treat with the WARM process. However, a comparison of Table 2-1 in 
the Draft WIR Evaluation, which shows the inventories of key radionuclides in the supernate, 
saltcake, and sludge, with Table 4-4 in the Draft WIR evaluation, which provides projected 
inventories of key radionuclides in the WARM process feed, shows that the DOE plans to dissolve 
and remove essentially all of the saltcake in the West Area tanks. For example, Table 2-1 of the 
Draft WIR Evaluation shows that approximately 89% (133 Ci) of the carbon-14 (C-14) in the West 
Area tanks is in the saltcake with another 1.8% (2.7 Ci) in supernate. In comparison, Table 4-4 of 
the Draft WIR Evaluation indicates that 93% (140 Ci) of the West Area tank inventory of C-14 is 
projected to be present in the feed to the WARM process, which suggests nearly complete 
dissolution of the saltcake, as well as partial removal of C-14 from the sludge, during the bulk 
retrieval process. 

The Draft WIR Evaluation does not describe the process DOE plans to use to dissolve the saltcake. 
However, it does describe past bulk waste retrieval practices at Hanford in which “low-velocity raw 
water” was added to the waste tanks to dissolve saltcake until it was no longer effective in dissolving 
solids. After waste retrieval from the single-shell tanks (SST) in the S, SX, and U tank farms, DOE 
will transfer waste to double-shell tanks (DST) in the SY tank farm. In the DST, solids will be allowed 
to settle, and the liquid will be decanted. Many of the long-lived radionuclides (e.g., isotopes of 
plutonium and americium) will settle with the solids, while more soluble long-lived radionuclides 
(e.g., technetium-99 (Tc-99), and iodine-129 (I-129)) will remain in the liquid waste. Some of the 
short-lived radionuclides, cesium-137 (Cs-137) and strontium-90 (Sr-90), which together account for 
most of the radioactivity in the waste, will also remain in the liquid.

Decanted liquid waste from the settling tanks will be pumped to the WARM processing modules. 
The first step in the WARM process will be to filter the liquid waste to remove additional suspended 
solids. The second step will be to treat the filtered liquid waste with an ion exchange resin to remove 
over 99.9% of the Cs-137. In the base-case description of the Draft WIR Evaluation, the DOE 
assumed that no other radionuclides would be removed by the filtration and ion exchange steps. 
However, the DOE expects that filtration will remove some of the actinides (e.g., plutonium, 
americium, neptunium, curium, and some strontium) from the decanted waste because they are 
relatively insoluble. In addition, as described in Appendix D of the Draft WIR Evaluation, previous 
DOE experience with the Test Bed Initiative (TBI) suggests that ion exchange will remove some of 
the Sr-90 (see Section 5). 

After treatment with the WARM process, the liquid waste will be solidified at one of five facilities. 
Four of those facilities are offsite commercial facilities, and one is an onsite processing facility that 
would be permitted by the State of Washington (NRC, 2026). No matter which solidification process 
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the DOE chooses, the waste will be solidified by mixing with dry grout ingredients, which will 
increase its volume by a factor of approximately 1.5. Therefore, after solidification, the volume of 
waste will increase to 217,200 cubic meters (57.4 million gallons). 

Finally, after solidification, the waste will be shipped to an offsite commercial LLW disposal facility for 
disposal. Because of hazardous constituents in the waste, the DOE indicated the waste will be 
disposed of as mixed LLW (MLLW). The Draft WIR Evaluation does not address the specific 
constituents that necessitate its disposal as MLLW. However, the Draft WIR Evaluation does 
indicate that disposal will comply with applicable Resource Conservation and Recovery Act of 
1976 (RCRA) treatment standards to enable the waste to meet requirements for land disposal of 
hazardous waste.

2 REVIEW CONTEXT

The review context typically includes a description of the disposal site (e.g., site location, natural 
environment, geology, and hydrogeology), a description of the disposal facility, present and 
future land use of the site, and an overview of the proposed wastes for disposal. In the Draft 
WIR Evaluation, the DOE indicated it plans to dispose of the pretreated and solidified waste 
either at the EnergySolutions disposal facility in Clive, Utah or at the Waste Control Specialists 
(WCS) disposal facility in Andrews, Texas. The disposal will comply with EnergySolutions’ and 
WCS’s waste acceptance criteria (WAC), as applicable. 

Because Utah and Texas are Agreement States, which reviewed and approved the respective 
disposal facility WAC, the NRC staff review did not review performance assessments or other 
technical bases for the disposal facility WAC for either the EnergySolutions or WCS disposal 
facilities. Instead, the NRC staff reviewed the concentrations, volumes, and activity of waste the 
DOE expects to result from the WATT Mission and the DOE bases for meeting the WIR Criteria 
and the WAC for the selected disposal facilities. A description of the proposed wastes for 
disposal is included in Section 3. A brief description of how disposal will meet the LLW disposal 
performance objectives is included in Section 4. A description of the plans for waste 
solidification, projected radionuclide concentrations in the waste, and waste classification is 
provided in Section 5.

3 CRITERION A – KEY RADIONUCLIDES REMOVED

The first part of Criterion A requires identification of the “key” radionuclides present in the waste 
that must be processed or removed to achieve protection of public health and safety. After key 
radionuclides are identified, then a demonstration that they have been removed to the maximum 
extent technically and economically practical must be provided to determine that the wastes 
may be managed as LLW.

3.1 Key Radionuclides

The criterion associated with key radionuclide removal in DOE Manual 435.1-1 states that 
wastes:

Have been processed, or will be processed, to remove key radionuclides to the 
maximum extent that is technically and economically practical.

The identification of key radionuclides is needed to establish which radionuclides must be 
processed or removed to achieve protection of public health and safety.
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3.1.1 DOE Identification of Key Radionuclides

In Section 4.2.1 of the Draft WIR Evaluation, the DOE stated that the identification of key 
radionuclides was based on consideration of the following three categories of radionuclides:

• Radionuclides that appear in the NRC LLW classification Tables 1 and 2 of 10 CFR 
61.55.

• Radionuclides that are important to meeting the performance objectives in 10 CFR 
61, Subpart C, the comparable provisions in the Utah Administrative Code and the 
Texas Administrative Code, and the waste acceptance criteria for the WCS Federal 
Waste Facility (FWF) or the EnergySolutions facility.

• Radionuclides present in West Area tank waste.

The DOE began with the radionuclides in the first two categories, and then removed 
radionuclides that would either not be present in Hanford tank waste or would be present at 
such trace quantities that they would not pose risks to individuals during operations or after 
disposal. The list of key radionuclides for the WATT Mission is provided in Table 1. The DOE 
also considered berkelium-247, calcium-41, chlorine-36, rhodium-187, plutonium (Pu)-236, Pu-
243, Pu-244, thorium (Th)-230, iron-55, cadmium-109, cobalt-57, tellurium-123m, chromium-
51, tin-113, strontium-85, yittrium-88, sodium-22, manganese-54, lead-210, and barium-133, 
which are represented in the EnergySolutions WAC, but determined those radionuclides are 
not present in sufficient concentration in the West Area tanks to be key radionuclides.
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Table 1. Key Radionuclides Identified by DOE
Radionuclide 10 CFR 61.55  

Long Lived 
Radionuclides 

10 CFR 61.55  
Short-Lived 

Radionuclides 

Radionuclides in 
the WCS FWF  

Generator 
Handbook 

Radionuclides in 
EnergySolutions 

Bulk Waste 
Disposal and 

Treatment 
Facilities WAC 

3H  X X X
14C X  X X
59Ni X   X
60Co  X X X
63Ni  X X X
90Sr  X X X
99Tc X  X X
129I X  X X

137Cs  X X X
152Eu   X
155Eu   X
229Th   X
232U   X
233U   X
234U   X
235U   X
238U   X

237Np X  X X
238Pu X  X X
239Pu X  X X
240Pu X  X X
241Pu X  X X
242Pu X  X X
241Am X  X X
243Am X  X X
242Cm X  X X
243Cm X  X X
244Cm X  X X

3.1.2 NRC Evaluation of Identification of Key Radionuclides

The NRC staff determined that the DOE definition of key radionuclides was consistent with the 
NRC staff’s interpretation of key radionuclides. The DOE considered key radionuclides to be 
those that could contribute significantly to radiological dose to workers, the public, and the 
environment by considering radionuclides considered potentially risk-significant by regulatory 
agencies. Specifically, the DOE considered radionuclides in the 10 CFR 61.55, “Waste 
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classification,” Tables 1 and 2 and the WAC for the EnergySolutions and WCS disposal 
facilities. After issuing the Draft WIR Evaluation, the DOE added nine radionuclides (i.e., 
isotopes of europium, thorium, and uranium shown in Table 1) to align with the updated 
EnergySolutions license and WAC (NRC, 2026). 

The NRC staff evaluated DOE’s approach to identifying key radionuclides and concluded that 
the approach is acceptable for two reasons. First, the list of key radionuclides includes Cs-137, 
which (with its progeny Ba-137m) is the greatest contributor to the radioactivity in the waste 
and therefore important to worker dose. Second, the DOE considered all radionuclides that the 
applicable Agreement State regulators for the potential disposal sites have determined to be 
potentially risk-significant for individuals after waste disposal, in conjunction with the 
radionuclides actually present in more than trace quantities in the West Area tank waste. 
However, the DOE did not present any demonstration that the waste did not include 
radionuclides that could be risk-significant but had not been anticipated as a significant 
radionuclide in LLW by Agreement State regulators. For example, the NRC 10 CFR 61.55 
limits do not include tin-126 because, when the limits were developed, the NRC did not expect 
there to be significant quantities of tin-126 in commercial LLW. However, tin-126 is present in 
the Hanford tank waste with inventories similar to the key radionuclides the DOE selected for 
the WATT Mission (RPP-RPT-48774). Therefore, NRC staff has the following recommendation 
related to Criterion A:  

Recommendation: The DOE should consider whether there are radionuclides in the 
West Area tank waste that may be present in significantly greater concentrations than in 
commercial LLW. The DOE should consider if those radionuclides could pose a hazard to 
members of the general public near the selected LLW disposal site, or an individual who 
inadvertently intrudes into the waste. The DOE should include any such radionuclides in 
its list of key radionuclides for the WATT Mission. 

3.2 Removal to the Maximum Extent Practical

DOE Manual 431.1-M requires that, after key radionuclides are identified, a demonstration that 
they have been removed to the maximum extent technically and economically practical must be 
provided. The DOE plans to remove key radionuclides from the retrieved waste through a series 
of steps, including settling, decanting, filtration, and ion exchange, as described in Section 1.4.

3.2.1 DOE Analyses of Removal to the Maximum Extent Practical

The DOE evaluation of the removal of key radionuclides to the maximum extent practical 
included a description of the technologies and processes the DOE plans to use to remove 
radionuclides from the liquid waste, their expected effectiveness, and the practicality of further 
radionuclide removal. 

Based on the Best-Basis Inventory (BBI) baseline from 2023 and subsequent processing history, 
the DOE determined radionuclide inventories in the three physical phases of waste in the West 
Area tanks: supernate, saltcake (with interstitial liquid), and sludge. Radionuclide partitioning 
between those phases is shown in Table 2, which provides the West Area tank inventories for 
the key radionuclides identified in the Draft WIR Evaluation. Although the Draft WIR evaluation 
only addressed the original set of 19 key radionuclides, the table demonstrates that, in general, 
long-lived actinides (e.g., americium, plutonium, neptunium) and strontium tend to partition into 
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sludge whereas more soluble elements with long lived isotopes (e.g., iodine-129 and 
technetium-99) are primarily present in the saltcake. Although some long lived radionuclides are 
present in the saltcake and supernate, the DOE determined that limiting the WATT Mission 
waste to supernate, dissolved saltcake, and interstitial liquid will limit the amount of long-lived 
radionuclides in the WATT Mission waste because the sludge has a disproportionate inventory of 
long-lived radionuclides. 

Table 2 also includes the projected radionuclide inventories in the liquid waste feed to the 
WARM process (DOE, 2026 Table 4-4). Those values reflect the DOE’s projection of the 
radionuclide inventories in waste that has undergone saltcake dissolution, waste retrieval, 
pumping to the settling tank, and separation of liquid waste from settled radionuclides by 
decanting. As shown in Table 2, the relationship between the radionuclide inventory in WARM 
waste feed and the inventory in the supernate and saltcake (i.e., the two phases targeted for 
removal by the WATT Mission) varies by radionuclide. For example, for cobalt-60 (Co-60), the 
DOE anticipates 55 Ci in the supernate and saltcake, but only 2.88 Ci in the liquid waste feed. 
For other radionuclides, such as iodine-129 (I-129), the table shows that the DOE projects a 
larger inventory in the WARM feed (i.e., 5.12 Ci) than there is in the supernate and saltcake 
(i.e., 0.142 Ci in the supernate and 4.47 Ci in the dissolved saltcake, summing to 4.59 Ci), which 
implies that the DOE projects some I-129 will be removed from the sludge. 

In general, Table 2 shows a general trend that more soluble radionuclides (e.g., I-129, Tc-99, 
H-3) have a closer match between the projected radionuclide inventories in the WARM process 
feed and the inventories in the supernate and saltcake than the less soluble radionuclides have 
(e.g., Co-60, plutonium isotopes). That trend implies that the DOE accounted for the projected 
amount of radionuclide settling when developing the projected WARM process feed inventories. 
However, without information on the projected amount of radionuclide removal by settling, the 
NRC staff could not verify that step of the WARM feed inventory projection. 
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Table 2. Best-Basis Inventory Key Radionuclide Estimates in the West Area Tanks and projected 
WARM feed inventories (Adapted from Tables 2-1 and 4-4 from DOE, 2026) 

Key 
Radionuclidea

West Area 
Tank

Supernate 
(Ci)

West Area 
Tank

Saltcake
(Ci)

West Area 
Tank 

Sludge
(Ci)

Total West 
Area Tank 
Inventory

(Ci)

WARM 
Process 

Feed 
Inventory 

(Ci)
H-3 2.81E+00 2.34E+02 1.82E+02 4.19E+02 2.21E+02

C-14 2.67E+00 1.33E+02 1.41E+01 1.50E+02 1.40E+02
Co-60 4.67E-01 5.50E+01 1.45E+01 7.00E+01 2.89E+00
Ni-63 1.64E+01 1.15E+04 6.12E+03 1.76E+04 1.08E+03
Sr-90 7.91E+02 9.56E+05 9.59E+06 1.05E+07 1.12E+05
Tc-99 1.40E+02 4.62E+03 5.56E+02 5.32E+03 5.40E+03
I-129 1.42E-01 4.47E+00 4.65E-01 5.08E+00 5.12E+00

Cs-137 1.29E+05 3.21E+06 8.73E+05 4.21E+06 3.16E+06
Np-237 2.62E-02 2.70E+01 3.51E+00 3.05E+01 5.25E+00
Pu-238 3.30E-02 8.16E+01 3.63E+02 4.45E+02 3.97E+00
Pu-239 4.93E-01 2.32E+03 9.33E+03 1.17E+04 1.62E+02
Pu-240 1.02E-01 4.97E+02 1.96E+03 2.46E+03 3.33E+01
Am-241 2.73E+00 5.45E+03 1.28E+04 1.83E+04 2.54E+02
Pu-241 2.48E-01 1.44E+03 5.79E+03 7.23E+03 4.85E+01
Cm-242 8.24E-03 7.64E+00 8.01E+00 1.57E+01 3.87E+00
Pu-242 2.58E-04 2.97E-02 1.94E-01 2.24E-01 1.85E-03
Am-243 1.62E-03 3.26E+00 4.91E+00 8.17E+00 1.57E-01
Cm-243 2.47E-04 1.94E-01 1.31E+00 1.50E+00 1.67E-01
Cm-244 4.56E-03 3.63E+00 2.25E+01 2.61E+01 2.65E+00

Total 1.30E+05 4.19E+06 1.05E+07 1.48E+07 3.28E+06
a The DOE did not provide inventory estimates for key radionuclides added after the Draft WIR 
Evaluation was issued.

To further limit the contribution of long-lived insoluble radionuclides to the WARM feed, the 
decanting step separates the liquid waste from settled suspended solids. The DOE plans to 
decant approximately 144,800 cubic meters (38.3 million gallons) of liquid tank waste by 
pumping it to a waste qualification tank. After decanting, the waste will be filtered to remove any 
remaining solids as part of the WARM pretreatment process. After filtration, most of the 
remaining radionuclides present in the waste will be soluble (e.g., Cs-137, Tc-99, I-129, H-3, 
C-14, and Sr-90). 

Following filtration, the waste will be processed through crystalline silicotitanate (CST) ion 
exchange (IX) media within WARM process modules to remove Cs-137 (and daughter Ba-
137m). The CST IX is designed to ensure removal of at least 99 percent of the Cs-137 (and 
daughter Ba-137m) (SESC-EN-RPT-005, SESC-E-RPT-006, and ORNL/TM-2001/129) and a 
significant fraction of the Sr-90 (and daughter Y-90), neptunium, and plutonium, if present in 
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soluble form (Pacific Northwest National Laboratory (PNNL)-28783). However, in the estimated 
feed inventory and the waste classification calculations described in Section 5 of this report, the 
DOE assumed that no radionuclides would be removed by filtration and only Cs-137 would be 
removed by ion exchange. 

Based on data from the BBI, the DOE estimated the inventory of key radionuclides present in 
the West Area tanks. In Table 4-4 of the Draft WIR Evaluation, the DOE provided an estimate of 
the total inventory of the original 19 key radionuclides before and after WARM treatment. In 
Table 4-5 of the Draft WIR Evaluation, the DOE provided the same information for each West 
Area tank. In those tables, the DOE estimated that the CST ion exchange would remove at least 
99% of the cesium-137 and its barium-137m progeny (Cs-137/Ba-137) (i.e., from 3,160,000 Ci 
in the WARM process feed reduced to 2,760 Ci in the processed waste). In those tables, the 
DOE chose not to credit removal of insoluble radionuclide by filtration or removal of 
radionuclides other than Cs-137 by ion exchange. However, because Cs-137 dominates the 
activity from the WATT Mission waste, Table 4-5 shows that the WARM process will remove 
more than 90% of the key radionuclide activity from each West Area tank through Cs-137 
removal alone. 

Considering all the West Area tanks in total, the DOE projected the WARM process would 
remove 96% of the radioactivity from all key radionuclides from the waste retrieved from the 
West Area tanks solely through ion exchange removal of Cs-137/Ba-137m. The DOE projected 
the actual extent of key radionuclide removal would exceed 96% because additional removal 
would occur through filtration of insoluble radionuclides and removal of other soluble 
radionuclides through ion exchange (e.g., Sr-90/Y-90 and isotopes of neptunium and 
plutonium). Accordingly, the DOE determined that the combination of settling, filtration, 
decanting, and ion exchange provided significant removal of key radionuclides and that further 
removal was not technological practical.  Following pretreatment, the DOE will characterize the 
waste to verify that the waste meets all applicable requirements for shipment to and receipt by 
the selected waste solidification facility.

The DOE did not use a quantitative cost-benefit analysis to assess the economic practicality of 
additional radionuclide removal from the WATT Mission waste. Instead, the DOE used a 
qualitative evaluation of the costs and benefits of additional radionuclide removal. The DOE 
considered the following qualitative costs: 

• Financial costs of additional radionuclide removal.
• Increase in amounts of spent resin requiring disposition.
• Potential increase in dose to radiological workers during pretreatment.
• The potential need to construct new DSTs to replace those SSTs that may leak due to 

mission delays and continued storage.
• Risk missing Consent Decree milestones for single-shell tank retrieval.
• Delay associated with future tank leaks due to aging tanks, with a note that DOE 

recognizes tank leaks could extend tank waste treatment efforts by 25 years and cost 
an additional $91 billion.

Regarding benefits, the DOE stated that the radionuclides present in the solidified waste will be 
present in trace quantities which individually, or in combination, would not contribute 
significantly to dose to individuals during operations or after disposal. Accordingly, DOE 
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concluded that a reduction of an already insignificant quantity of radionuclides would not 
outweigh the costs, which include financial costs, increase in amounts of additional waste to be 
disposed of, potential increase in dose to workers, and schedule delays.

3.2.2 NRC Evaluation of Removal to the Maximum Extent Practical

The NRC staff evaluated the DOE demonstration that wastes will be processed to remove key 
radionuclides to the maximum extent that is technically and economically practical by evaluating 

the technologies and processes the DOE plans to use to remove key radionuclides from the 
waste and the relative costs and benefits of further radionuclide removal.

The WATT Mission first limits the long-lived activity in the retrieved waste by focusing on 
removing saltcake and supernate, avoiding contributions from long-lived insoluble radionuclides 
in the tank sludge. As described in Section 3.2.1, the projected inventories of some 
radionuclides in the WARM feed exceeded the Best Basis Inventories of those radionuclides in 
the supernate and saltcake, which implies some radionuclides in the WARM feed will be 
contributed from the sludge (e.g., Tc-99, I-129) (see Table 2). If a significant fraction of a soluble 
radionuclide, such as I-129, is being contributed from the sludge, that implies that the saltcake 
dissolution process involves close physical contact with the sludge, which could lead to sludge 
entrainment. Because the amount of sludge entrained in the liquid waste will influence the 
radionuclide composition of the WATT Mission waste, the NRC staff has the following 
recommendation:

Recommendation: The DOE should document how it plans to limit sludge entrainment 
during saltcake dissolution and removal in the Final WIR Evaluation.

The DOE will then use settling, decanting, filtration, and ion exchange to remove key 
radionuclides from the retrieved waste. Radionuclides present in the resulting liquid will primarily 
be those radionuclides that are partially or completely soluble, including Cs-137/Ba-137m, Tc-
99, I-129, H-3, C-14, Sr-90/Y-90. The NRC staff evaluated the process descriptions provided by 
the DOE and determined that the settling, separation, and filtration processes will remove most 
of the insoluble radionuclides. 

The DOE then plans to use ion-exchange columns to remove most of the Cs-137, as well as a 
significant fraction of the soluble Sr-90/Y-90 and soluble fractions of neptunium and plutonium. In 
a consultation call (NRC, 2026), the DOE stated that the WATT Mission will include multiple ion 
exchange columns and an interim storage pad due to lessons learned on loading efficiency and 
the need for longer run times. 

As discussed in Section 3.2.1, in the Draft WIR Evaluation the DOE projected it would remove  
96% of the radioactivity of key radionuclides from the waste through Cs-137/Ba-137 removal by 
ion exchange. The DOE did not provide a revised estimate of that removal after amending its list 
of key radionuclides; however, the NRC staff does not expect that the expansion of the list of key 
radionuclides would significantly change the percent of the key radionuclides removed by 
removing Cs-137/Ba-137 because the DOE indicated those radionuclides dominate the 
radioactivity in the West Area tank waste. Therefore, based on the high degree of radionuclide 
achieved by removing Cs-137/Ba-137 from the waste by ion exchange, with additional 
radionuclide removal through decanting, filtration, and ion exchange removal of additional 
radionuclides, the NRC staff determined that DOE will take effective steps to remove both soluble 
and insoluble radionuclides and additional radionuclide removal is not technologically practical. 
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The Draft WIR Evaluation did not address any processes to remove soluble radionuclides other than 
Cs-137 and Sr-90. For example, Tc-99 and I-129 are likely to remain in the liquid waste after 
saltcake dissolution. Because those radionuclides are typically mobile in groundwater and have long 
half-lives (i.e., 211,100 years for Tc-99 and approximately 16 million years for I-129), they are often 
found to be risk-significant in performance assessment of near-surface LLW disposal. Therefore, the 
NRC staff has the following recommendation related to the technological practicality aspect of 
Criterion A:

Recommendation: As new technologies for radioactive waste treatment emerge, the DOE 
should evaluate the technical and economic practicality of removing long-lived, soluble 
radionuclides from the WATT waste.

The NRC staff determined that a further radionuclide removal is not economically practical 
because additional radionuclide removal is not expected to significantly reduce hazards 
associated with the waste and would not outweigh the associated costs, which include financial 
costs, additional waste for disposal, potential increases in dose to workers, and schedule 
delays. 

In the Draft WIR Evaluation, the DOE indicated that there is variability in liquid waste 
composition between the tanks. Because variations in tank chemistry, suspended solids 
concentrations, can affect radionuclide solubility, radionuclide concentrations, and solids content, 
and may also impact filtration performance when handling large volumes of waste, the NRC 
staff has the following recommendations related to radionuclide removal: 

Recommendation: The DOE should consider whether variations in liquid waste chemistry 
in different tanks will affect the ion exchange performance and verify that the ion exchange 
media remains effective and achieves the projected Cs-137 removal for all tanks. 

3.3 NRC Conclusions for Criterion A

The NRC staff determined that DOE properly identified key radionuclides and demonstrated the 
removal of key radionuclides to the maximum extent technically and economically practical and 
therefore meets Criterion A of DOE Manual 435.1-1.

4 CRITERION B – MEETING SAFETY REQUIREMENTS COMPARABLE TO THE 10 CFR 
PART 61 PERFORMANCE OBJECTIVES

4.1 DOE Analysis that Disposal Will Meet the 10 CFR Part 61 Performance Objectives

This section summarizes how the DOE demonstrated that the WATT Mission waste will meet  
safety requirements comparable to 10 CFR Part 61, Subpart C, “Performance Objectives,” as 
required by Criterion B of DOE Manual 435.1-1. To demonstrate that disposal of the WATT 
Mission waste will meet safety requirements comparable to the 10 CFR Part 61, Subpart C, 
DOE discussed the following points:

• The DOE requirements in 10 CFR Part 835, “Occupational Radiation Protection,” 
and DOE Order 458.1, “Radiation Protection of the Public and the Environment,” will 
apply to the pretreatment, transfer, and packaging operations at the Hanford Site for 
the WATT Mission.
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• The EnergySolutions and WCS WAC address operations and regulatory 
parameters, pre-shipment requirements, documentation, and transportation.

• The WARM process modules and associated piping, as well as the Pretreated 
Waste Storage Tank, which receives pretreated waste from the WARM modules, 
will be designed with shielding to meet radiation dose limits for workers.

• Transfer of waste between the SY Tank Farm and the WARM process module will 
take place through buried pipe-in-pipe transfer lines to limit doses to individuals 
during operations.

• The disposal of treated and solidified supernate from the WATT Mission will be in 
accordance with both EnergySolutions’ and WCS’ waste acceptance criteria, as 
applicable.

• The waste acceptance criteria for EnergySolutions and WCS are required to the 
comply with the regulations for the State the Utah and State of Texas, respectively.

• The requirements and performance objectives set forth in the Utah Administrative 
Code §§R313-25-19 through R313-25-23 and the Texas Administrative Code Rules 
§§336.723-727 parallel the 10 CFR Part 61 performance objectives.

Accordingly, the DOE concluded that disposal of treated and solidified supernate from the 
WATT Mission will provide reasonable assurance that safety requirements comparable to the 
performance objectives of 10 CFR Part 61 will be met.

4.2 NRC Evaluation of Whether Disposal Will Meet the 10 CFR Part 61 Performance 
Objectives

As Utah and Texas are Agreement States, NRC staff’s review of this WATT Mission did not 
include reviewing the PAs and disposal facilities for EnergySolutions or WCS. Instead, the 
NRC staff reviewed whether the volume, activity, and concentration of waste associated with 
this Draft WIR Evaluation would meet the licensed limits for the WCS and EnergySolutions 
disposal facilities. 

In the Draft WIR Evaluation, the DOE states that the WATT Mission waste would only be 
shipped offsite to a commercial facility if it can be accommodated by the facility’s licensed 
capacity. However, because of the large volume, unusual chemical characteristics, and large 
inventory of long-lived, environmental mobile radionuclides in the waste (e.g., 5,380 Ci of 
technetium-99) (Draft WIR Evaluation Table 4-4), it is possible that the waste may perform 
differently than the waste streams anticipated when the disposal site capacity limits were 
originally established. For example, differences in liquid waste chemistries in different tanks 
could affect long-term grout stability, which could affect the ability of the wasteform to retain 
mobile radionuclides. Similarly, the Draft WIR Evaluation noted that some of the West Area 
Tanks include complexants in the waste, which could increase the solubility and mobility of 
radionuclides that are not typically mobile in the environment. Radionuclide retention in the 
solidified WATT waste could have a significant impact on long-term disposal facility 
performance. Therefore, NRC staff has the following recommendation associated with 
Criterion B:
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Recommendation: The DOE should consider additional risk information (e.g., assumed 
performance of the solidified wasteform to limit radionuclide release over long times) to 
determine whether there is reasonable assurance that the WATT mission waste will not 
cause offsite doses in excess of 0.25 mSv/yr (25 mrem/yr). 

In the Draft WIR Evaluation, the DOE indicated that the volumes and activities of waste sent to 
EnergySolutions or WCS would remain within the volume and activity capacity limits 
established in the applicable Agreement State licenses for those facilities. Based on the DOE’s 
analysis of the supernate waste, bench-scale testing results, and the results of the TBI mission, 
the NRC staff determined that the WATT Mission waste could meet the radioactivity 
requirements of the WCS and EnergySolutions WAC if settling and decanting and WARM 
treatment perform as described in the Draft WIR Evaluation. 

As discussed in the Draft WIR Evaluation, the requirements and performance objectives in 
Utah Administrative Code §§R313-25-19 through R313-25-23 and Texas Administrative Code 
Rules §§336.723–727 parallel the performance objectives in 10 CFR Part 61. Therefore, based 
on the applicable Agreement State enforcement of those regulations, the NRC staff has 
reasonable assurance that the disposal of WATT Mission waste will meet safety requirements 
comparable to the 10 CFR Part 61 performance objectives. DOE’s compliance with the waste 
acceptance criteria (WAC) for the applicable disposal facility or facilities will ensure that the 
corresponding Agreement State disposal regulations are met. Furthermore, DOE’s compliance 
with DOE requirements in 10 CFR Part 835, “Occupational Radiation Protection,” and DOE 
Order 458.1, “Radiation Protection of the Public and the Environment,” provides reasonable 
assurance that safety requirements comparable to the 10 CFR Part 61 performance objective 
for protection of individuals during operations will be met. Finally, the Agreement State 
licensing of the WCS and EnergySolutions disposal facilities provides reasonable assurance 
that disposal will meet requirements comparable to the 10 CFR Part 61 performance objective 
for site stability. Therefore, based on those reasons to conclude there is reasonable assurance 
that disposal of the WATT mission waste will meet safety requirements comparable to each of 
the performance objectives of 10 CFR Part 61, the NRC staff concluded disposal of the WATT 
Mission waste meets Criterion B of DOE Manual 435.1-1.

5 CRITERION C – ASSESSMENT OF SOLIDIFICATION, RADIONUCLIDE 
CONCENTRATIONS, AND CLASSIFICATION

5.1 DOE Assessment of Solidification, Radionuclide Concentrations, and Waste 
Classification

This section summarizes the NRC staff’s review of the information DOE submitted to address 
Criterion C of DOE Manual 435.1-1, which requires that the WATT waste will be incorporated in 
a solid physical form at a concentration that does not exceed the applicable concentration limits 
for Class C LLW as set out in 10 CFR 61.55.

In the Draft WIR Evaluation for WATT, DOE discussed that, after pretreatment in the WARM 
facility, the pretreated liquid waste would be shipped to a solidification facility in Department of 
Transportation (DOT) compliant tanker trucks or DOT-compliant portable tanks. At the 
solidification facility, the liquid waste would be put into solid physical form by incorporating the 
waste into a grout matrix. The Draft WIR Evaluation stated that there are five potential options the 
DOE could used to solidify the waste:



- 19 -

• Perma-Fix Northwest (PFNW) in Richland, Washington
• EnergySolutions near Clive, Utah
• Waste Control Specialists (WCS) near Andrews, Texas
• An onsite facility at the Hanford Site
• An offsite commercial facility in Richland, Washington

The Draft WIR Evaluation explains that DOE Order 435.1 gives Agreement State requirements 
precedence for licensed facilities if those requirements duplicate or conflict with any 
requirements in the DOE Order. On that basis, the DOE stated that the solidification facility is 
responsible for ensuring the waste meets the solidification requirements of the disposal facility’s 
WAC. As explained in the Draft WIR Determination, if the DOE sends waste to an offsite 
commercial solidification facility, the DOE will rely on the commercial solidification facility to 
meet the solidification aspect of the disposal facility WAC. Furthermore, in a consultation call 
(NRC, 2026), the DOE clarified that if the waste is solidified on the Hanford site, the 
solidification vendor would also be treated as a commercial solidification facility and would 
assume responsibility for meeting the solidification aspect of the disposal facility WAC. The 
disposal facilities’ compliance with the disposal WAC are, in turn, regulated by the applicable 
Agreement State (i.e., the State of Texas for the WCS disposal facility and the State of Utah for 
the EnergySolutions disposal facility). 

The DOE provided analysis for the solidified waste to demonstrate that it will meet the 
concentration limits for Class C LLW, as set out in 10 CFR 61.55, §§336.362 of the Texas 
Administrative Code, and §§R313-15-1009 of the Utah Administrative Code. For the mixture of 
radionuclides in the WATT Mission, DOE applied the sum of fractions for the pretreated and 
solidified waste. In Table 4-6 of the Draft WIR Evaluation, DOE showed that the sum of 
fractions for the radionuclides in pretreated and solidified waste from each tank will not exceed 
1 for the Class C limits in 10 CFR 61.55 Table 1 or 2. On that basis, the DOE determined that 
the waste would meet Criterion C of DOE Manual 435.1-1 by being incorporated in a solid 
physical form that meets the 10 CFR 61.55 Class C limit.  The DOE indicated that the 
calculation was conservative (i.e., overestimated radionuclide concentrations in the waste) 
because the calculations did not take credit for any radionuclide removal by filtration or any 
removal of Sr-90 by ion exchange. 

In a consultation call (NRC, 2026), the DOE stated that it is developing sampling and analysis 
plans for waste qualification. The DOE described a “Sample and Send” approach, in which DOE 
would sample pretreated liquid waste in the waste qualification tank (i.e., waste that has 
undergone cesium removal by ion exchange and removal of insoluble components by filtration) 
before the waste is sent to a facility for further treatment, if needed, and for solidification. The 
DOE explained that under the “Sample and Send” approach, if the waste meets the disposal 
facility’s WAC (excepting solidification) after pretreatment, then the DOE would determine that 
no additional treatment is needed to remove radiological or hazardous constituents, although 
the waste would still require solidification. The DOE indicated that, if the waste is sent to an 
onsite solidification facility, sampling of the treated, solidified waste, if any, would be dictated by 
the treatment facility’s Treatment, Storage, and Disposal permit from the Washington State 
Department of Ecology once that permit is granted. The DOE also indicated its intent to pursue 
approval of a Resource Conservation and Recovery Act variance to eliminate post-grouting 
confirmation sampling.
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Because the DOE also is considering sending some of the solidified WATT waste to the 
EnergySolutions facility near Clive, Utah, which only accepts Class A waste, the DOE also 
evaluated if pretreated and solidified waste from any of the tanks would meet Class A limits. 
The DOE determined that for most tanks, the main contributor to the Class A sum of fractions in 
pretreated waste was Sr-90. Based on DOE experience with the Test Bed Initiative 
Demonstration, the DOE determined that the WARM process can remove Sr-90, with varying 
effectiveness depending on tank waste chemistry.
 
Appendix D of the Draft WIR Evaluation compares projected radionuclide concentrations in 
pretreated waste to the 10 CFR 61.55 Class A limits based on the assumption that the ion 
exchange step will remove 96.8% of the soluble Sr-90. Because the extent of Sr-90 removal 
that will be achieved is uncertain, the DOE presented the calculation in Appendix D as a 
sensitivity analysis to demonstrate how much of the WATT waste could be decontaminated to 
meet Class A limits at that assumed level of Sr-90 removal. In that calculation, the DOE did not 
credit any removal of solid Sr-90 by filtration, although the DOE indicated that it did expect that 
some removal by filtration would occur. In the Draft WIR Determination, the DOE did not state 
what fraction of Sr-90 it assumed to be soluble in the decanted liquid waste from each tank. 
However, a comparison of the Sr-90 inventories in pretreated liquid waste without Sr-90 
removal (Table RPP-RPT-65190 Table 7-4) and pretreated liquid waste assuming 96.8% 
removal of soluble Sr-90 (Draft WIR Determination Table D-3) shows that the DOE assumed 
nearly all the Sr-90 would be removed; of the 44 tanks listed, 40 had greater than 99% Sr-90 
removal assumed, and the remaining four had greater than 96% removal assumed. Because 
the sensitivity analysis assumed no removal of solid Sr-90, those results demonstrate that the 
sensitivity analysis implicitly assumed that nearly all of the Sr-90 in the decanted liquid waste 
was soluble. 

Table D-3 and D-4 of the Draft WIR Evaluation compare the sum of fractions for each tank to 
Class A limits for long-lived and short-lived radionuclides, respectively. Based on the assumed 
Sr-90 removal, the DOE determined that waste from between 15 and 19 tanks could potentially 
meet the Class A limits1. Of the tanks that were not projected to meet the Class A limits, all had 
a sum of fractions greater than one for short-lived radionuclides (Draft WIR Evaluation, Table 
D-4) and none had a sum of fractions greater than 1 for long-lived radionuclides (Table D-3).

5.2 NRC Evaluation of Solidification, Radionuclide Concentrations, and Waste 
Classification

The NRC staff reviewed the information DOE provided. Regarding the WIR Criterion C 
requirement that waste be made into a solid physical form, the NRC determined that the DOE 
will rely on the chosen solidification facility to meet the commercial disposal facility WAC and 
thereby meet the solidification requirement of Criterion C. The NRC staff verified that both the 
State of Texas and the State of Utah require liquid radioactive waste to be solidified prior to 
disposal. 

For classification of the WATT Mission waste, NRC staff determined that DOE used the correct 
method for waste classification under 10 CFR 61.55 for waste containing a mixture of short- and 
long-lived radionuclides. Based on the sums of fractions presented by DOE in Draft WIR 
Evaluation Tables 6-3 and 6-4, the NRC staff determined that the WATT Mission waste will 

1 The text in Appendix D of the Draft WIR Evaluation indicates waste from 15 tanks could meet the Class 
A limit, whereas Table D-3 and D-4, considered together, indicate waste from 19 tanks could meet the 
Class A limit.
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meet the Class C concentration limits for LLW if Cs-137 removal by ion exchange meets the 
99.9% removal fraction the DOE assumed in its analysis. Furthermore, disposal WAC at both 
the WCS and EnergySolutions disposal facilities require waste to meet the Class C limits (or 
lower Class A limits for the EnergySolutions disposal facility). Disposal facility compliance with 
those WAC is regulated by the applicable Agreement State (i.e., the State of Texas for the WCS 
facility and the State of Utah for the EnergySolutions facility), which provides additional 
assurance that the WATT Mission waste will meet the Class C limits (or lower).  

In the Draft WIR Evaluation and supporting inventory document (RPP-RPT-65190), the DOE did 
not provide projected radionuclide concentrations that would allow the NRC staff to verify the 
sums of fractions the DOE provided in the Draft WIR Evaluation. However, the projected 
pretreated waste radionuclide inventories and projected retrieved waste volumes in Tables 7-4 
and 7-1, respectively, allowed the NRC staff to calculate projected radionuclide concentrations 
in the pretreated liquid waste for each tank. Based on those concentrations, and accounting for 
an expected volume increase of a factor of 1.5 due to solidification, the NRC staff verified that 
the projected solidified waste would meet the Class C limits. However, the Class C sum of 
fractions calculated by NRC staff for approximately half of the tanks did not match the sum of 
fractions reported in the Draft WIR Evaluation. Of the half that did not match, most of the sums 
of fractions in the Draft WIR Evaluation overestimated the sum of fractions the NRC staff 
calculated by approximately 20% (i.e., a conservative difference).  The sum of fractions for two 
tanks (SX-113 and SX-115) reported in the Draft WIR Evaluation underestimated the sum of 
fractions calculated by NRC staff by 24% and 57%, respectively, but the calculated values also 
remained under the Class C limit. 

Because of the variations in chemistry in the West Area tanks, including the presence of 
chelating agents in some tanks, there is uncertainty in the performance of the ion exchange 
resins to remove Cs-137 and to meet the Class C limit. Furthermore, in Section 1.6.1 of the 
Draft WIR Evaluation, the DOE stated that it uses the term “waste qualification” to include both 
sampling and process knowledge to demonstrate that waste meets the WAC for the receiving 
onsite or offsite solidification facility(ies) and offsite disposal facility(ies). Because of the 
uncertainty in the performance of the ion exchange process over the range of waste chemistries 
in the West Area tanks, the NRC staff has the following recommendation associated with 
Criterion C:

Recommendation: The DOE should sample pretreated waste from each tank to 
determine the effectiveness of the WARM process (i.e., settling, filtration, and ion 
exchange) to reduce radionuclide concentrations before relying on WARM process 
knowledge as a basis for demonstrating that solidified WATT Mission waste will meet 
Class C limits.

Meeting Class A radionuclide concentration limits is not a requirement of DOE Order 435.1 to 
demonstrate waste is WIR. However, meeting the Class A concentration limits is a WAC 
requirement for waste disposal for the EnergySolutions facility near Clive, Utah. The analysis 
the DOE provided in Appendix D of the Draft WIR Evaluation assumed that nearly all of the 
Sr-90 in the decanted liquid waste would be removed by ion exchange. However, in Section 
4.3.1.4 of the Draft WIR Evaluation, the DOE indicated that Sr-90 is “primarily insoluble” and 
that that the soluble fraction is driven by higher complexant concentrations in some waste 
tanks. Because complexants can compete with ion exchange resins for metals in solution, the 
ability of the WARM process to reduce Sr-90 concentrations is uncertain. Therefore, if the 
DOE chooses to send waste to the EnergySolutions disposal facility, the NRC staff has the 
following recommendation: 
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Recommendation: DOE should sample pretreated waste from each tank to 
determine the effectiveness of the WARM process (i.e., settling, filtration, and ion 
exchange) to reduce radionuclide concentrations sufficiently to meet Class A 
radionuclide limits before relying on WARM process knowledge as a basis for 
demonstrating compliance with the disposal facility WAC for the EnergySolutions 
facility near Clive, Utah.

Based on the State of Texas and State of Utah requirements that the waste be solidified, the 
NRC concluded that the waste would meet the solidification requirement of Criterion C. Based 
on DOE’s projected Cs-137 removal and the Agreement States’ requirements that waste meet 
the Class C limit, the NRC staff determined that WATT Mission waste will meet the waste 
classification aspect of Criterion C.  Therefore, the NRC staff concluded that the WATT Mission 
waste will meet Criterion C of DOE Manual 435.1-1 by being disposed of in a solid physical form 
that meets the 10 CFR 61.55 Class C limit.

6 CONCLUSIONS

The NRC staff completed a risk-informed review of the Draft WIR Evaluation for the WATT 
Mission. For the WATT Mission, NRC staff concludes:

• The DOE demonstrated that the waste has been processed or will be processed to 
remove key radionuclides to the maximum extent that is technically and economically 
practical (Criterion A).

• The DOE demonstrated that the waste will be managed to meet safety 
requirements comparable to the performance objectives set out in 10 CFR Part 61, 
Subpart C (Criterion B).

• The DOE demonstrated that the waste will be managed pursuant to DOE's authority 
under the Atomic Energy Act of 1954, as amended, and in accordance with the 
provisions of Chapter IV of the DOE Radioactive Waste Management Manual. The 
waste will be incorporated in a solid physical form at a concentration that does not 
exceed the applicable concentration limits for Class C LLW as set out in 10 CFR 
61.55 (Criterion C).

The NRC staff has the following recommendations associated with Criteria A, B, and C:

• The DOE should provide a bounding estimate of the volume of waste to be included in a 
WIR determination for the WATT Mission in the Final WIR Evaluation.

• The DOE should consider whether there are radionuclides in the West Area tank waste 
that may be present in significantly greater concentrations than in commercial LLW. The 
DOE should consider if those radionuclides could pose a hazard to members of the 
general public near the selected LLW disposal site, or an individual who inadvertently 
intrudes into the waste. The DOE should include any such radionuclides in its list of key 
radionuclides for the WATT Mission.

• The DOE should document how it plans to limit sludge entrainment during saltcake 
dissolution and removal in the Final WIR Evaluation.
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• As new technologies for radioactive waste treatment emerge, the DOE should evaluate the 
technical and economic practicality of removing long-lived, soluble radionuclides from the 
WATT waste.

• The DOE should consider whether variations in liquid waste chemistry in different tanks 
will affect the ion exchange performance and verify that the ion exchange media 
remains effective and achieves the projected Cs-137 removal for all tanks. 

• The DOE should consider additional risk information (e.g., assumed performance of the 
solidified wasteform to limit radionuclide release over long times) to determine whether 
there is reasonable assurance that the WATT mission waste will not cause offsite doses 
in excess of 0.25 mSv/yr (25 mrem/yr). 

• The DOE should sample pretreated waste from each tank to determine the effectiveness 
of the WARM process (i.e., settling, filtration, and ion exchange) to reduce radionuclide 
concentrations before relying on WARM process knowledge as a basis for 
demonstrating that solidified WATT Mission waste will meet Class C limits.

• The DOE should sample pretreated waste from each tank to determine the effectiveness 
of the WARM process (i.e., settling, filtration, and ion exchange) to reduce radionuclide 
concentrations sufficiently to meet Class A radionuclide limits before relying on WARM 
process knowledge as a basis for demonstrating compliance with the disposal facility 
WAC for the EnergySolutions facility near Clive, Utah.
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