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Section 1 - Executive Summary

Study on the Available Volume and Curie Capacity of the
Texas Compact Waste Disposal Facility

The Texas Commission on Environmental Quality (TCEQ) is required to conduct a
study and provide a report every four years on the available volume and curie capacity
of the Texas Compact Waste Disposal Facility (CWF) for the disposal of party state
compact waste and nonparty state compact waste. TCEQ shall submit the final report
to the standing committees of the Senate and the House of Representatives with
jurisdiction over the disposal of low-level radioactive waste.

As codified in Texas Health and Safety Code, Chapter 401, Section 401.208, TCEQ is
required to consider and make recommendations on the following topicst:

1) The future volume and curie capacity needs of party state and nonparty state
generators and any additional reserved capacity needed.

2) The calculation of radioactive decay related to the CWF and radiation dose
assessments for members of the public and for workers at the facility based on
the curie capacity.

3) The necessity of containerization of the waste.

4) The effects of the projected volume of waste and its radioactivity on the health
and safety of the public.

5) The costs and benefits of volume reduction and stabilized waste forms.

In considering these topics, TCEQ focused primarily on projections for future volume
and curie capacity needs, and on some of the new developments affecting those needs
since 2020. The five topics mentioned above were previously discussed in the 2012,
2016, and 2020 Capacity Studies. These topics remain unchanged and are updated to
reflect any new information that has developed since the publication of the 2020
Capacity Study.

This report serves as an update to the 2020 Capacity Study and includes revised
Low-Level Radioactive Waste (LLRW) volume and curie estimates from the Texas
Compact facilities (references to Texas Compact comprise waste generated by both
Vermont and Texas facilities). Information contained in this report for volume and
curie estimates for nonparty utility generators is derived from effluent reports
required by the Nuclear Regulatory Commission (NRC) from each utility and from
actual disposals that have occurred at the CWF since 2012. This data has been
extrapolated over the assumed 35-year disposal site license period (15 years for initial

I Information collected for the initial capacity study in 2012 and in the subsequent 2016 and
2020 studies is used in this update based on its relevance and accuracy.
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license and two renewals of 10 years each) to provide annual estimates from nonparty
utility generators.

In 2009, the CWF was licensed for an initial 15-year period, until 2024, with the
possibility for one or more additional 10-year renewal periods. A renewal application
was submitted, dated August 25, 2023, and is under review. For purposes of the 2020
Capacity Study, the time period used was the initial 15-year period plus two renewal
periods, extending the license until 2044. This was consistent with the CWF operator’s
original license application. The originally licensed volume and radioactivity of the
facility were 2,310,000 cubic feet (ft*) and 3,890,000 curies, respectively.

In August 2014, TCEQ authorized an increase in volume capacity to 9,000,000 ft*. The
currently approved curie amount remains at 3,890,000 curies. However, the CWF
operator has been authorized to “decay correct” the radionuclide inventory annually,
allowing more overall curie disposal. Even though the CWF operator is authorized to
decay correct their inventory, the total curies of the disposed waste (at time of
manifest) is not allowed to exceed the currently authorized amount of 3,890,000 curies
at any time during operation or at closure. The CWF operator’s license allows for
requests for additional curie capacity as needed, up to a decay-corrected amount of
8,000,000 curies.

The radioactive material license issued by TCEQ allows the use of decayed radioactivity
to determine the remaining capacity in the CWF. The manifested activity is the
radioactivity of the waste when it was received by Waste Control Specialists, LLC (WCS)
for disposal. The decayed radioactivity is the radioactivity of the total waste currently
(decreased due to radioactive decay). The total Texas Compact waste disposed, as of
the end of November 2023, is a manifested radioactivity of 72,936 curies and decayed
radioactivity of 42,532 curies. For imported waste, the manifested radioactivity is
1,088,005 curies and the decayed radioactivity is 589,509 curies.

Volume and Curie Estimates

Volume and curie estimates from the Texas Compact nuclear utilities include both
as-generated operational waste and decommissioning waste. These estimates were
used to determine that approximately 685,664 ft*and 14,583 curies of as-generated
operational waste will be generated at Texas Compact nuclear power plants by 2044,
assuming that the four operating nuclear power plant units in the Texas Compact
continue operating through 2044. The Texas Compact nuclear utilities also provided
estimates that approximately 2,076,400 ft* and 553,381 curies of decommissioning
waste would be generated by Texas Compact nuclear utilities by 2044 if the power
plants were decommissioned.

The total as-generated volume in cubic feet and the radioactivity in curies estimated to
be generated in the Texas Compact by 2044 is less than the currently authorized
volume and curie limits of the LLRW disposal license. This is indicated by updated
information obtained from Texas Compact generators, along with four additional years
of disposal information since the 2020 report. The disposal needs of the Texas
Compact are presented in Table 1. The as-disposed volume is lower than the
as-generated volume since a portion of the as-generated waste is eligible for:
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e Disposal outside of the Texas Compact if an export petition for this waste is
approved by the Texas Low-Level Radioactive Waste Disposal Compact Commission

(TLLRWDCCQ).

e Disposal in a Resource Conservation Recovery Act (RCRA), Subtitle C hazardous
waste disposal unit if the waste meets specific criteria.
e Volume reduction before disposal (discussed in Section 2).

Table 1. Future Capacity Needs of the Texas Compact Generators through

the Year 2044

As-generated Volume | As-generated As-disposed Volume (ft®)
(fee) Radioactivity (Ci)
Utility 685,664 14,583 200,496
Operational
bality 2,076,400 553,381 878,871
Decommissioning
Non-utility 184,637 12,998 51,200
Total 2,946,701 580,962 1,130,566

Nuclear Utilities

Based on the utility operational and utility decommissioning estimates for the Texas
Compact Generators, the nuclear utilities generate about 94% of the Texas Compact
LLRW volume and approximately 98% of the Texas Compact LLRW radioactivity
(curies). The volume percentage of LLRW generated by nuclear utilities for nonparty
states is 95% and for radioactivity is 87%. The nonparty percentages do not include
decommissioning waste. This suggests that nuclear utilities in nonparty states will
likely make up a majority of the LLRW in the United States, as opposed to academic,
medical, or industrial sources.

As of the end of 2023, there were 77 nuclear power plant units operating and
generating operational LLRW in nonparty states without a disposal site within their
respective compacts. Table 2 shows the average annual generation rate of the primary
waste streams and the total annual volume estimated to be generated by these nuclear
utilities in nonparty states. The volumes presented in Table 2 are as-generated.

Due to the variability in volumes of the waste generated from year to year, the annual
generation rate was averaged for a 15-year period from 2008 through 2022 to estimate
current annual volume generation rates and volume projections through 2044. The
span used in the 2020 Capacity Report was from 2005 to 2018. The volumes
represented in Table 2 include all classes of LLRW and combine both types of reactors:
Pressurized Water Reactors (PWR) and Boiling Water Reactors (BWR).
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Table 2. U.S. Industry Average Annual Operational LLRW Generation Rates

for Nonparty Nuclear Utilities2

LLRW Type Annual Operational Annual Operational
Volumes (ft®) Curies

Spent Resins, Filter Sludges 106,386 18,930

Dry_Compressible Waste, Contaminated 1,431,764 6,976

Equipment

Irradiated Components 3,450 99,083

Large Components, Other 268,892 2,531

Total 1,810,491 127,519

Using these totals and assuming all nonparty utilities remain in operation through
2044, nonparty states’ nuclear utilities are estimated to produce roughly 38,000,000 ft*
of operational LLRW by 2044. This represents roughly 95% of all as-generated LLRW in
the U.S. between 2023 and 2044. This is a highly variable estimate and may be
considered conservative given the uncertainty in license renewals, a utility’s decision to
decommission sooner than expected, and new technologies contributing to volume
reduction.

Volume Reduction and Containerization

In 1981, the NRC identified volume reduction as a possible solution to the lack of
disposal options. Since then, generators have applied various volume reduction
techniques. In 2012, the NRC revised this position with its volume reduction policy
statement3. The effect of implementing volume reduction techniques on the LLRW
generated in the Texas Compact should increase the unused capacity of the CWF for
accepting nonparty waste.

Texas Senate Bill (SB) 347 amended Texas Health and Safety Code (TH&SC) Section
401.207 during the 83rd legislative session to require that eligible nonparty compact
waste be volume reduced by at least a factor of three. Volume reduction techniques
greatly increase the available capacity for nonparty waste thereby preserving capacity
for compact waste generators. Processing eligible waste typically involves volume
reduction techniques that can result in volume reduction between a 3-to-1 ratio and a
100-to-1 ratio, depending on the waste and technique used.

This study examines the necessity of containerization of LLRW. First, containerization
helps maintain the structural stability of the waste form leading to site stability.
TH&SC Section 401.218, relating to the disposal of certain waste, requires that Class B
and Class C waste be disposed within a reinforced concrete container that is within a
reinforced concrete barrier or within containment structures made of materials

2 Volume and Curie values are from the NRC Radioactive Effluent Reports for 2008-2022.
3 NRC, docket NRC-2011-0183, Low-Level Radioactive Waste Management and Volume
Reduction, Federal Register Vol. 77, No. 84, May 1, 2012.
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technologically equivalent or superior to reinforced concrete. The same requirement
applies to nonparty compact Class A waste imported for disposal. Second,
containerization shields workers from radiation during operations. Shielding allows
the CWF to accept higher activity LLRW while keeping the radiation dose incurred by
the workers as low as reasonably achievable (ALARA). Finally, containerization
prevents and limits the possible movement of radionuclides into the environment.

Performance Assessment

Federal and Texas regulations require a Performance Assessment (PA) to evaluate the
effects on human health and the environment in relation to volume and radioactivity
to be disposed of in the CWF. A PA is a quantitative analysis used for demonstrating

compliance with the following performance objectives:

Protection of the general population from radioactive releases.
Protection of individuals from inadvertent intrusion.
Protection of individuals during operations.

Stability of the disposal site after closure.

The evaluation of the long-term performance of the CWF included 110 radionuclides.
The PA evaluated short-term (i.e., 30 years) exposure for workers and long-term (i.e.,
1,000,000 years) exposure to the public. As part of the long-term evaluation, the
modeling accounted for decay of radionuclides over the 1,000,000-year period of
analysis. Note that the decay of radionuclides was not considered for the short-term
worker evaluation because waste containing radionuclides may be accepted for
disposal at any time during the operational period. The results from the PA long-term
analyses demonstrate that the dose from the waste inventory (with decay accounted
for) is well below regulatory limits.

Low Activity Waste

In certain cases, some portions of LLRW may fall into the category Low Activity Waste
(LAW) often referred to as Very Low-Level Waste (VLLW). In July 2013, TCEQ amended
the CWF operator’s license to authorize the disposal of certain low activity Class A
LLRW in WCS’s RCRA, Subtitle C (hazardous waste) disposal unit. The license
amendment allowed the CWF operator to receive Class A LLRW and to make the
determination if the waste would be eligible for disposal in the RCRA disposal unit
using a TCEQ approved, concentration-based dose limit of one millirem per year to a
member of the public up to 1,000 years after closure. This authorization allows a
percentage of eligible LAW destined for the CWF to be disposed in the RCRA disposal
unit, therefore preserving additional capacity in the CWF.
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Section 2 - Introduction

Background

The history of LLRW management in the United States (U.S.) is essential to
understanding the concepts associated with CWF capacity in Texas. Prior to 1954, the
U.S. Government controlled all atomic energy activities and facilities. However, the
Atomic Energy Act (AEA) of 1954 created a framework for civilian participation in the
atomic field and the industrial use of radioactive materials by private industry
(including medical and academic) to be regulated by the U.S. Atomic Energy
Commission (AEC). Under the AEA framework, many private entities began using
radioactive materials in industry, medicine, science, and research. Because of the now
widespread use of radioactive materials, the AEA also authorized the AEC to enter into
an agreement with any state or group of states to perform regulatory inspections or
other regulatory functions on a cooperative basis, as the Commission deemed
appropriate. The State of Texas entered into such an agreement with the NRC (AEC’s
successor in 1975) and became an Agreement State in 1963.

To address the issue of the disposal of LLRW, Congress passed the Low-Level
Radioactive Waste Policy Act (LLRWPA) (Public Law 96-573) (42 U.S.C. Sections 2021b-
2021j) of 1980, amended in 1985. This act created a regional approach to LLRW
disposal by providing that LLRW produced by activities not conducted by the
Department of Energy (DOE) would be managed on a state or regional level. It
encouraged the formation of regional compacts4 and in each compact one state would
be designated as the host state for siting and constructing a LLRW disposal facility.

History of LLRW Disposal in Texas

In 1981, the Texas Legislature created the Texas Low-Level Radioactive Waste Disposal
Authority (TLLRWDA) to site, develop, operate, close, and decommission a Texas LLRW
disposal facility. In 1993, Texas, Vermont, and Maine approved legislation for the
formation of the Texas Compact. By 1998, the TLLRWDA had chosen a site along with a
design for the facility to dispose of LLRW. The Texas Natural Resource Conservation
Commission was given the authority to review the application but denied the license to
the TLLRWDA in October 1998. By 2000, the TLLRWDA was abolished. In 2002, the
Maine Legislature passed emergency legislation to repeal the enactment of the Texas
Compact, due to the early closing and decommissioning of the state’s only nuclear
reactor, Maine Yankee. The Texas Compact is now comprised of Texas and Vermont.

In 2003, the Texas Legislature passed House Bill 1567, amending TH&SC to allow
privatization of the siting and operation of commercial LLRW disposal facilities for the
Texas Compact and for federal facility waste. The legislation allowed for the creation
of two privately run waste disposal facilities to be licensed by TCEQ. One facility, the
Federal Facility Waste Disposal Facility (FWF) disposes of federal facility waste, as
defined by the LLRWPA of 1980 and its 1985 amendments, subject to certain specified
conditions. The other adjacent facility, the CWF, disposes of commercial LLRW from

4 www.nrc.gov/waste/llw-disposal/licensing/compacts.html
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Texas Compact generators and nonparty compact generators. After five years of
technical review, TCEQ’s executive director offered a draft license, a draft
environmental analysis for public comment, and an opportunity for a public hearing.
On September 10, 2009, TCEQ’s executive director issued a LLRW disposal license to
WCS. The CWF was licensed in 2009 for 15 years until 2024; however, the total lifespan
of the facility is 35 years, the original 15-year term plus two 10-year renewal periods.
Construction of the CWF was completed in 2012 and TCEQ authorized the
commencement of disposal operations at the CWF on April 25, 2012, with the first
waste shipment being received on April 27, 2012.

SB 1504, TH&SC Chapter 401, Section 401.207, allows for the importation of nonparty
waste into the CWF. The TLLRWDCC was established primarily to oversee importation
and exportation of LLRW in and out of the Texas Compact. In 2015, the TLLRWDCC
promulgated revised rules in Title 31, Texas Administrative Code (TAC), Chapter 675,
regarding its authority over the importation and export of LLRW. In conjunction with
the TLLRWDCC, TCEQ reviews proposed import petitions and provides written
certification that imported LLRW is authorized for disposal under the disposal site
license. In 2013 during the 83rd regular session, the Texas Legislature passed SB 347
amending Section 401.207 which allowed the license holder of the CWF to dispose of
not more than the greater of:

1) 1,167,000 curies of nonparty compact waste; or

2) an amount of nonparty compact waste equal to 30% of the initial licensed capacity
of the facility; and

3) not more than 275,000 curies of nonparty compact waste in any fiscal year.

Additionally, SB 347 also amended Section 401.207 to require that the license holder of
the CWF not accept nonparty LLRW unless it has been volume-reduced by at least a
factor of three.

Definition and Classes of Low-Level Radioactive Waste
LLRW is defined by what it is and by what it is not in TH&SC, Section 401.004.
LLRW is radioactive material that is:

e discarded or unwanted and is not exempt by board rule adopted under TH&SC,
Section 401.106;

e waste as defined by Title 10, Code of Federal Regulations (10 CFR) Section 61.2;

e subject to concentration limits established under 10 CFR Section 61.55, or
compatible rules established by the Texas Department of State Health Services
(TDSHS) or TCEQ, as applicable; and

e subject to the disposal criteria established by 10 CFR, or established by TDSHS, or
TCEQ as applicable.
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LLRW is not:

high-level radioactive waste;

spent nuclear fuel,;

by-product material as defined by paragraph (20)(B) - (E) of 30 TAC Section 336.2;
naturally occurring radioactive material (NORM) waste; or

oil and gas NORM waste.

LLRW is classified for disposal according to waste classification tables set forth in 10
CFR 61.55. Regulatory classification of LLRW is comprised of Class A, Class B, Class C,
and Greater Than Class C (GTCC). Class A LLRW accounts for approximately 97%5 of
LLRW volume generated in the U.S. and contains the lowest levels of radioactivity.
Classes B and C make up the remaining 3% percent, with Class B comprising
approximately 1.6% percent and Class C comprising approximately 1.4% percent of the
LLRW volume. Conversely, Classes B and C contain the highest levels of radioactivity
making up roughly 77% of the total radioactivity for all classes. Subsequently, Class A
with the largest volume, accounts for 23% of the total radioactivity. Figure 1 illustrates
the comparison between class volumes of waste and total radioactivity per class. LLRW
that exceeds the radionuclide concentration limits specified for Class C waste is not
generally acceptable for near-surface disposal unless specific authorization is
obtained. Such waste, usually referred to as GTCC, is waste for which waste form and
disposal methods must be different and, in general, more stringent than those
required for Class C waste. GTCC makes up less than 1% of the volume but also has
higher concentrations of radioactivity. Currently, GTCC is not allowed for disposal in
the State of Texas and will not be evaluated in this report. All classes of LLRW may
contain either short-lived or long-lived radionuclides, or a combination of both.

5 These percentages are based on utility waste from the NRC Radioactive Effluent Reports from
2008-2022. Waste from utilities have a higher percentage of Class B/C waste than non-utilities.
However, since non-utility waste is only 5% of the activity of all of the LLRW generated, using
the data from utilities does not have a significant effect on the final average values of the
amount of Class A and Class B/C waste.
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Figure 1. Comparison of Waste Class Volumes to Waste Class Radioactivity

TCEQ has adopted LLRW classification requirements and radionuclide concentration
limits for each class similar to those used by the NRC. The NRC classification method
was based on analyses in which doses to an inadvertent intruder were used to develop
concentration limits for certain radionuclides. Hence, the waste classification scheme
using limiting concentrations provides safeguards to protect an inadvertent intruder.
TCEQ has adopted LLRW classification requirements that are equivalent to the NRC’s
with one exception: the NRC waste classification tables do not include radium-226
(**Ra). The Class C limit for ?°Ra in 30 TAC Section 336.362, Appendix E, is 100
nanocuries per gram (nCi/g). The purpose of inclusion of a **Ra concentration limit in
the TCEQ waste classification tables was to provide an additional layer of safety for
inadvertent intrusion and to meet performance objectives over the long-term.

The various classes of LLRW require increasing controls commensurate with their
increasing radioactivity as required by TCEQ statutes, rules, and the CWF license
conditions. Class A LLRW is only required to meet the minimal institutional control
requirements because it is of a lower concentration.

Class B LLRW has a higher concentration of key radionuclides than that of Class A
LLRW and its waste forms must meet more rigorous requirements to ensure stability
after disposal. The physical form and characteristics of Class B LLRW must meet both
the minimum and additional stability requirements in TCEQ statutes, rules, and the
CWF license conditions, intended to ensure that the waste does not degrade and affect
the overall stability of the site through slumping, collapse, or other failure of the
disposal unit, thereby leading to an increase in water infiltration. Further, Class B
waste must be placed in a reinforced concrete canister or an equivalent alternative for
disposal.

Class C LLRW has the highest concentration of key radionuclides acceptable for near-
surface disposal and its waste forms must meet more rigorous stability requirements
and require additional measures at the disposal facility, such as burial depth and
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engineered barriers, to protect against inadvertent intrusion. The physical form and
characteristics of Class C LLRW must meet both the minimum and additional stability
requirements in TCEQ statutes, rules, and the CWF license conditions. Like Class B
LLRW, Class C LLRW must be placed in a reinforced concrete canister or a
technologically equivalent alternative for disposal.

LLRW is generated from various economic sectors and activities that involve
radioactive materials in locations such as:

Nuclear power plants (not including spent fuel).

Hospitals.

Laboratories.

Industries that manufacture and use radioactive materials.
Institutions of higher learning.

State and local governments.

LLRW Volume and Radioactivity Projections

TCEQ conducted a study on the available volume and curie capacity of the CWF for the
disposal of party state compact waste and nonparty compact waste.® This study
considers and makes recommendations on:

e The future volume and curie capacity needs of party state and nonparty state
generators and any additional reserved capacity necessary to meet those needs.

e A calculation of radioactive decay related to the CWF and radiation dose
assessments based on the curie capacity.

e An investigation of the necessity of containerization of waste.

e The effects of the projected volume and radioactivity of the waste on the health
and safety of the public.

e The costs and benefits of volume reduction for LLRW and stabilized waste forms.

In addition to the statutory elements of the capacity study stated above, this report
also discusses other topics having a direct effect on capacity, such as volume reduction
and alternative disposal options for LAW or VLLW.

Volume and radioactivity projections for this report were based on relevant data from
the prior capacity studies and updated information provided by the compact utilities.
The nonparty utility updates were obtained from each individual utility’s annual
radioactive effluent reports which are required by the NRC and available on the NRC’s
website. These effluent reports span a fifteen-year period from 2008 to 2022.
Additional data was obtained from waste disposal at the CWF that has occurred
between 2012 and 2020. Additional data for non-utility generated waste was obtained
from LLRW compilation reports for specific states that account for about 20% of the
total U.S. population.

6 Party state compact waste is LLRW generated within the Texas Compact and nonparty
compact waste is LLRW imported into the Texas Compact from nonparty states by approval
from the TLLRWDCC.
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Four active nuclear utility units generate in excess of 90% of the Texas Compact LLRW
volume and more than 95% of the Texas Compact LLRW radioactive inventory as
compared to non-utility generators.
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Section 3 - Future Volume and Curie Capacity
Needs

Current Nuclear Utility Landscape

There are currently 94 operating power reactor units in the U.S. The 94 operating units
consist of 63 PWRs and 31 BWRs. There are thirteen operating units in states within
other compacts that have a disposal site available within their respective compacts.
There are four operating units within the Texas Compact that have the CWF for the
disposal of waste. The remaining 77 operating units have only two options for the
disposal of their operational waste: the CWF in Texas and the disposal site in Clive,
Utah.

As of the end of December 2023, and to provide perspective on future volume
considerations, 20 units are still operating on their original license and 74 units have
been granted license renewals. By 2044, all but 30 licenses for the currently licensed
units are set to expire. This includes both utilities in the Texas Compact and nonparty
state utilities. License renewals may or may not be granted based on further evaluation
by the NRC. Due to the uncertainty in whether license renewals will be granted, no
estimates for decommissioning wastes from nonparty utilities will be presented.

Currently, there are 24 units going through various phases of decommissioning. Eight
of the 24 units are in “Safe Storage.” This is a decommissioning method in which a unit
is placed and maintained in a condition that allows for the safe storage of radioactive
components from the plant and the subsequent decontamination to a level that
supports license termination. Of the 24 units, 16 are planning for license termination
prior to 2044.

On August 16, 2023, Governor Abbott instructed the Public Utility Commission of
Texas to establish a working group to study and plan for the use of advanced nuclear
reactors in Texas. The outcome of this effort may affect future LLRW disposal needs in
Texas.

Nuclear Utility Waste Types and Streams

Utility waste types can be divided into three general categories: dry waste, process
waste, and decommissioning waste. Dry and process waste are considered operational
waste, so the waste types analyzed in this report will be operational LLRW and
decommissioning LLRW. Waste types with similar characteristics generally can be
managed in a similar manner. For the purposes of this report, party and nonparty
utility operational waste information was categorized as:

Spent resins, filter sludges, evaporator bottoms, etc.

Dry compressible waste, contaminated equipment, etc.

Irradiated components, control rods, etc.

Other large reactor components and associated equipment.

Low activity exempt quantities of secondary resins, sludge, and oily sludge.
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It is expected that wastes assigned to these waste streams are likely to exhibit similar
physical and chemical characteristics regardless of who is generating them.

Operational Waste
The dry active waste category consists of four waste streams:

compactible trash
non-compactible trash
non-fuel reactor components
sealed sources

Process wastes (or wet wastes) are those generated from processes common to nuclear
utilities. Under both federal and TCEQ disposal regulations, and as required by the
CWEF license, any wastes from wet processes have to be treated to remove free liquids
before they can be accepted at the CWF for disposal. Examples of process or wet
wastes are:

various types of spent resins
various types of filter sludges
process filters

evaporator bottoms

absorbed liquids

Decommissioning Waste

Decommissioning waste is generated when facilities cease operations, decontaminate,
and dismantle structures and equipment. Decommissioning enables other beneficial
land uses once the site is released for unrestricted use. For example, when a nuclear
power facility permanently ceases operations, any waste that cannot be
decontaminated must be disposed of as decommissioning waste. This waste stream is
called Decontamination and Decommissioning Waste (D&D) and can consist of piping,
tanks, ancillary components, steam generators, reactor vessels, pumps, and valves.
This equipment can vary dramatically in size. For example, a typical BWR vessel is
cylindrical in shape and is approximately 73 feet in height and 22 feet in diameter.
Similarly, a typical reactor vessel for a PWR also is cylindrical in shape and is
approximately 41 feet in height and 15 feet in diameter. Decommissioning volumes
vary between a BWR and a PWR, with a BWR generating a larger volume of D&D due to
design and functionality differences as compared to a PWR.
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Non-Utility Waste Types and Streams

Non-utility LLRW makes up a small percentage of all LLRW generated. Non-utility LLRW
is generated from activities in the academic, industrial, government (excluding military
and DOE), and medical sectors. Non-utility waste streams are primarily composed of,
but not limited to, the following:

e Dry active waste (DAW)
o Compactible waste, e.g., personal protective clothing, paper, plastic, glass
o Non-compactible waste, e.g., concrete, soil, contaminated tools, organic

material

o Sealed sources

Biological waste

Absorbed liquids

Machine parts and equipment

Gauges

Medical items that have been in contact with radioactive material

Low Activity Waste

LAW or VLLW is a subset of LLRW that represents approximately 10% of all Class A
waste. LAW does not have a statutory or regulatory definition, but generally includes
wastes that contain some residual radioactivity, including naturally occurring
radionuclides, which can be safely disposed of in authorized hazardous or municipal
solid waste landfills. LAW possesses a small fraction of the hazard of waste at the
Class A limits in 10 CFR Part 61. The CWF licensee was granted authorization on
January 17, 2014, to exempt LAW specifically for disposal in their RCRA disposal unit.
The waste concentration limits for this exemption were determined by conducting a
radiological impact assessment (RIA) to demonstrate that a member of the public
would not be exposed to more than one millirem per year for 1,000 years after closure,
assuming the RCRA disposal unit was completely filled with waste at the concentration
value determined for each radionuclide. The RIA was incorporated into the licensee’s
PA model which is used to calculate the dose to members of the public after closure of
the CWF. The RIA sub-model was used for these calculations but modified to account
for the differences in the two disposal facilities. The concentration limits for LAW
disposed of in the RCRA facility are not allowed to exceed 10% of the Class A limit with
the exception of radium-226, which is set at 50% of the Class A limit. This option
provides a lower cost alternative to LLRW disposal. The volume and activity data of
LAW disposed by WCS at their RCRA facility cannot be used in this study since it
contains radioactive waste that is not eligible for disposal at the CWF.

Texas Compact Waste

Texas Compact Utility Operational Volume and Radioactivity
Estimates

To calculate the estimated party state volumes and activity of LLRW, information was

gathered from the prior capacity studies, updated volume and curie generation rates

were gathered from Texas Compact utilities, estimates of a national average value were
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gathered based on data from other states, and current disposal data was gathered
from disposals that have occurred at the CWF since 2012. Estimates through 2044, the
life span of the CWF, were based on updated annual generation rates and
decommissioning data from the Texas Compact utilities.

There are currently two operating Texas Compact utilities consisting of four PWR units
and one Texas Compact utility consisting of one BWR unit that is being
decommissioned. The non-operating unit has ceased generating operational waste and
is only generating decommissioning waste.

The licenses for one of the nuclear utilities (for two units) within the Texas Compact
are set to expire prior to 2044 but a renewal application was submitted to the NRC to
extend the license beyond 2044. The NRC plans to announce their decision on this
application in September 2024, in which case the new license expiration dates would
be 2060 and 2063. It is assumed that the license renewal application will be accepted
by the NRC and that each utility will operate until their renewed license expires and
then commence with decommissioning.

Table 3 provides the total operational as-generated volume in cubic feet and curies
estimated to be generated between 2024 and 2044 for both Texas Compact utilities.
The licenses for the operating units in the Texas Compact utility are set to expire in
2047, 2048, 2060, and 2063 (last two dates are pending license renewal in 2024). For
this study and preservation of capacity, it is anticipated that operational waste and
curies would be generated up to those dates and decommissioning would then begin.
Operational waste generated after 2044 is not included in the values of Table 3. The
Texas Compact utilities provided estimated total volume and activity values, which are
shown in Table 3. One of the utilities has an annual generation rate of 11,878 ft* and
334 curies. The other utility has an annual generation rate of 20,773 ft®* and 360 curies.
All operational volumes and curies represent combined waste classes A, B, and C.

Table 3. Texas Compact Utility Operational Volumes and Radioactivity
through 2044

Type Operational Volumes (ft?) Operational Curies
Utility One 249,438 7,014
Utility Two 436,226 7,569
Totals 685,664 14,583

All data presented in Table 3 represent as-generated volumes and not as-disposed
volumes. It is important to note that about 97% of all operational volumes presented in
Table 3 is comprised of Class A LLRW. The volume of Class A is approximately 664,614
ft’. The volume of Classes B and C combined is approximately 21,050 ft®. Several
factors, in terms of volume, may play a key role in greatly reducing operational
volumes. First, operational Class A LLRW from Texas Compact utilities may have other
disposal pathways besides the CWF. In some cases, Texas generators have sought
export authorization for disposal pathways outside of the Texas Compact. Second,
Class A LLRW is the most amenable for volume reduction and, in some cases,
treatments can achieve reductions as great as 100 to 1. Last, 10% of all Class A LLRW
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contains low enough radioactivity or concentrations that it can be considered LAW and
would be eligible for disposal at an RCRA disposal site.

As an example, and to provide context for as-disposed volumes, a waste generator may
apply some or all the previous volume reduction factors mentioned above. To illustrate
this point, assume a hypothetical case presented in Table 4 which uses information
from Table 3. Conservative assumptions include that 10% of the Class A LLRW is
shipped to a disposal site outside the Texas Compact, volume reduction achieves a 3:1
efficiency, and 10% of the generated waste is eligible for disposal in an RCRA disposal
unit. Prior capacity reports assumed that 50% of the Class A LLRW is shipped to a
disposal site outside the Texas Compact but it has been changed to 10% in this report
based on information presented in Table 12 that demonstrates a significant reduction
in compact waste shipped for disposal outside of the Compact in the last four years.
The result indicates nearly a 73% reduction from as-generated volumes of Class A
LLRW over the term of the CWF license. The percentage of LLRW that is Class A by
volume has changed from 96.9% to 89.5%. Class B and C waste stream reductions are
possible but limited based on the waste stream composition. Volume reduction will be
discussed further in Section 6. Because Class A waste has relatively lower levels of
radioactivity it was conservatively assumed that curie totals for as-generated and as-
disposed will remain the same.

Table 4. Hypothetical Case — As-Disposed Volumes of Texas Compact Utility
Operational Class A LLRW Through 2044

Factor Affecting Volumes | As-Generated Operational Remaining Volumes (ft°)
Volumes (ft‘)

Initial Volume of Class A 664,614 664,614

Low Activity Waste (10%) 664,614* 598,153

18(1)?1;2‘2? (Cl)g(f/os)lde Texas 598,153* 538,338

Volume Reduction (3:1) 538,338* 179,446

As-disposed Total 200,496+

* The as-generated operational volume of this row is the remaining volume of the prior row.
1 The As-disposed total is the sum of the reduced volume of Class A waste and the not reduced
volume of Class B/C waste.

Texas Compact Utility Decommissioning Volume and Curie Estimates

For the 2024 Capacity Study, updated decommissioning waste volume and curie
estimates were provided by all Texas Compact utility generators for the term of the
CWF license extending until 2044. The licenses for each of the four units that are
currently in operation are set to expire in 2060, 20637, 2047, and 2048. The possibility
exists that the utilities may decide to cease operations before their license expiration

7 The renewal applications for these two units are currently under review by the NRC with the
final decision expected in September 2024.
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dates. Due to the difficulties in predicting estimates because of these unknown factors,
it was presumed for this study that all four currently operating utilities will cease
operations and decommission prior to 2044. The one BWR in the Texas Compact has
ceased operations, and is currently being decommissioned, scheduled to be completed
by 2030. Most of the decommissioning waste from the BWR has already been disposed.

All four of the units in operation are PWRs. Typically, BWRs produce a larger volume of
LLRW upon decommissioning because steam is produced directly within the reactor
pressure vessel itself. The steam is then capable of spreading radioactive activation
and fission products throughout the system including piping, turbine housing, steam
condenser units, pumps, and anywhere else water can accumulate. Conversely, PWRs
typically produce less waste because of the separate steam generation loop; this allows
contaminated water within the core loop to remain separate from the overall system.

Two of the PWRs in the Texas Compact have a unique design which produces an
additional volume of decommissioning waste that some other power plants do not
have. The volume reported by this non-conventional utility is pre-volume reduction.
The reported estimated decommissioning volumes and curies through 2044 are
presented in Table 5.

Table 5. Texas Compact Utility As-Generated Decommissioning Volumes
and Radioactivity Estimates through 2044

Unit Decommissioning Volume (ft®) | Decommissioning Curies
Decommissioning

Utility 6,200 350
Utility One 782,289 263,673
Utility Two 1,287,911 289,358
Total 2,076,400 553,381

Based on historic decommissioning of nuclear power plants, it is important to note
that approximately 5% of all structures and equipment will be sufficiently
contaminated to require disposal as LLRW or LAW. This is dependent on the type of
reactor, the amount of secondary waste generated during decommissioning, and
efforts in decontamination and contamination control by each individual utility.
Radioactivity is normally higher in a limited number of components because radiation
interaction with certain metals makes them radioactive. It should also be noted that
past decommissioning efforts indicate that, in some cases, significantly large volumes
of decommissioning waste generated would be eligible for disposal as LAW in an
authorized RCRA disposal facility. Volume reduction techniques applied to
decommissioning waste are limited due to the composition and structure of the waste
forms. To illustrate potential as-disposed volumes of decommissioning waste through
2044 a hypothetical case is presented in Table 6. It was conservatively assumed that
10% of the Texas Compact utility decommissioning waste would be eligible for disposal
as LAW at an RCRA disposal site, 10% would be disposed of outside the Texas
Compact, and a volume reduction of 2:1 is achieved. Because Class A waste has
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relatively lower levels of radioactivity it was conservatively assumed that curie totals
for as-generated volume and as-disposed volume will remain the same.

Table 6. Hypothetical Case — As-Disposed Volumes of Texas Compact Utility
Decommissioning Class A LLRW Through 2044

Factor Affecting Volumes As-Generated Remaining

Decommissioning Volumes Volumes (ft®)
(fe})

Initial Volume of Class A 2,012,655 2,012,655

Low Activity Waste (10%) 2,012,655% 1,811,389

Dls(Posed Outside Texas Compact 1,811,389* 1,630,252

(10%)

Volume Reduction (2:1) 1,630,250% 815,125

As-disposed Total 878,871%

* The as-generated operational volume of this row is the remaining volume of the prior row.
1 The As-disposed total is the sum of the reduced volume of Class A waste and the not reduced
volume of Class B/C waste.

Texas Compact Non-Utility Volume and Radioactivity Estimates

LLRW from Texas Compact non-utility generators is primarily from the medical,
academic, and industrial economic sectors. Volume and curie data for non-utility
generators in Texas and Vermont is presumed to be unchanged from the 2012
Capacity Study. LLRW data from several states were used along with the data from the
2012 Capacity Study to calculate a national average estimate of the LLRW generated by
non-utility waste generators. Data was only used for states that obtained data directly
from the waste generators and included Massachusetts8, Michigan9, New York1°, Texas,
and Vermont!t. These five states have a total population equal to about 20% of the U.S.
population, and thus form a representative sample for the country in total. Population
values were obtained from the 2020 census. A per capita volume and activity value was
obtained that was then used to generate the nonparty non-utility values in this report.
The compact non-utility volume and activity calculated from these values are shown in
Table 7 and are higher than the values generated directly from the 2012 Capacity
Report. The values from the national average are used for party non-utility LLRW
values in this report since they are more conservative in determining the capacity
needs for compact waste in the CWF. The Class distribution of non-utility LLRW is
different than utility LLRW: Class A is 99.4% by volume and 85% by activity, Class B is
0.5% by volume and 12% by activity, and Class C is 0.1% by volume and 3% by activity.

8 Massachusetts Department of Public Health, Low Level Radioactive Waste Report, 2016 - 2017
9 Michigan Department of Environment, Great Lakes, and Energy, November 16, 2021, Report on
the Low-Level Radioactive Waste 2020 Survey 7
10 New York State Energy Research and Development Authority, July 2021, New York State Low-
Level Radioactive Waste Status Report for 2020
11 Both Vermont and Texas data are from the 2012 Capacity Report.
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The 2012 Capacity Report was used for determining the sector distribution of non-
utility LLRW in the Texas Compact in this report since this value is expected to be
specific for each state.

As illustrated in Figure 2, the Texas Compact non-utility operational waste comprises
approximately 21% of all volume generated within the Texas Compact while the
remaining 79% is operational utility volume. Similarly, the Texas Compact non-utility
curies amount to roughly 47% (42% from industry) of all curies generated within the
Texas Compact while utility curie amounts make up the other 53%. The non-utility
percentages are based on the national average value, which is higher than the
percentages would have been if based only on the 2012 Capacity Report. The data
gathered for non-utilities represents total as-generated volumes and curies by
summing an estimated annual generation rate from Texas Compact non-utility
generators through 2044. The totals are provided in Table 7.

Waste Volume by Sector

m academic 1.9%
= industry 3.6%

m medical 15.7%

utility 78.8%

Figure 2. Texas Compact LLRW Generated by Each Economic Sector

Table 7. Texas Compact Non-Utility As-Generated Volumes and
Radioactivity Estimates Through 2044

Sector Volume (ft?) Radioactivity (Ci)
Academic 16,619 78
Government 90 2
Industry 31,321 11,762
Medical 136,607 1,156
Total 184,637 12,998

The totals presented in Table 7 represent as-generated waste volumes. Using
conservative assumptions, a hypothetical case for volume reductions is presented in
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Table 8. The class variability for non-utility LLRW is used for these calculations with
99% being Class A and the remaining 1% being Class B and C. The hypothetical case
assumes that of the 99% of Class A, 10% will be eligible for disposal as LAW, 10% will
be disposed outside the Texas Compact, and an applied volume reduction technique
achieves a 3:1 reduction. Again, these volume reduction factors result in nearly a 73%
volume reduction of all Class A Texas Compact non-utility waste generated. Because
Class A waste has relatively lower levels of radioactivity, it was conservatively assumed
that curie totals for as-generated volume and as-disposed volume will remain the
same.

Table 8. Hypothetical Case - As-Disposed Volumes of Texas Compact
Non-Utility Class A LLRW through 2044

Factor Affecting Volumes As-Generated Volumes (ft®) Remaining
Volumes (ft})
Initial Volume of Class A 182,791 182,791
Low Activity Waste (10%) 182,791* 164,512
Disposed Outside Texas Compact 164,512% 148,060
(10%)
Volume Reduction (3:1) 148,060* 49,353
Remaining Volume Disposed 51,200+

* The as-generated volume of this row is the remaining volume of the prior row.
1 The remaining volume disposed is the sum of the reduced volume of Class A waste and the
not reduced volume of Class B/C waste.

Texas Compact Volume and Radioactivity Totals

The estimated LLRW volume and curie needs of Texas Compact generators through
2044 was obtained from the previous table values by simply summing utility
operational volumes, utility decommissioning volumes, and non-utility volumes. The
total as-generated and as-disposed volume and curie estimates are provided in Table 9.
The as-disposed estimate totals include volume-reduced Class A with Classes B and C
volumes added back into the totals. The Class B and C waste is not expected to be
volume-reduced. The results indicate that the Texas Compact volume and curie needs
are well below the current license limits of 9,000,000 ft3 and 3,890,000 curies.
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Table 9. Texas Compact Volume and Radioactivity Totals through 2044

As-Generated As-Generated | As-Disposed Volume
Volume (ft®) Radioactivity (Ci) (fe))
Utility 685,664 14,583 200,496
Operational
bdlity 2,076,400 553,381 878,871
Decommissioning
Non-utility 184,637 12,998 51,200
Totals 2,946,701 580,962 1,130,566

Disposed Volumes and Radioactivity at the Compact Waste
Disposal Facility

The CWF began accepting waste in April 2012. The data presented in Tables 10 and 11
represents the total and average disposed volume and curies from 2012 to the end of
2023, and by year starting with 2020. Data from 2012 to 2019 is available in the 2020
Capacity Report. The volume and activity are as reported on the waste manifests of
waste disposed at the CWF since the first waste shipment in April 2012 and are sorted
by whether they come from a Texas Compact generator or whether they are imported.
The values were obtained from a database maintained by WCS which contains disposal
data up to the end of 2023. This was compared with similar data obtained from the
monthly and quarterly receipt and disposal activities report, through the end of 2023,
that WCS is required to submit to TCEQ. This data is used in Tables 10 and 11 because
the monthly receipt and disposal activities report only contains total volume and
activity data and is not broken down by waste class.

Table 10. Texas Compact and Imported LLRW Volume Disposed at the CWF

Year Compact Volume (ft®) Import Volume (ft‘)
Class Class Class | Annual Class A | Class Class Annual
A B C Totals B C Totals
2020 9,298 637 392 10,327 22,756 | 1,791 1,195 25,742
2021 9,461 1,777 799 12,037 19,285 | 3,054 1,113 23,452
2022 10,914 | 1,221 908 13,043 20,306 | 3,219 1,795 25,320
2023 7,003 796 286 8,085 28,954 | 5,427 1,881 36,262
Totals* 64,233 | 11,135 | 4,498 | 79,866 151,195 | 57,785 | 28,022 | 237,102
Annual
Average* | 5,506 954 386 6,846 12,960 4,953 2,402 20,323

* Total and Annual Average are from April 2012 through the end of 2023.
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Table 11. Texas Compact and Imported Radioactivity Disposed at the CWF

Year Compact Activity (Ci) Import Activity (Ci)
Class | Class | Class | Annual | Class | Class B | Class C | Annual
A B C Totals A Totals
2020 497 520 930 1,947 727 2,709 18,925 | 22,361
2021 261 6,937 | 21,198 | 28,396 475 3,040 77,674 | 81,189
2022 171 912 8,236 | 9,319 847 4,122 102,486 | 107,455
2023 35 1,041 | 476 1,552 997 4,079 158,393 | 163,469
Totals* 2,312 | 13,176 | 57,767 | 73,255 7,493 | 102,298 | 978,458 | 1,088,249
Annual
Average* 198 1,129 4,951 6,279 642 8,768 83,868 93,278

* Total and Annual Average are from April 2012 through the end of 2023.

For disposals outside the Texas Compact, Energy Solutions operates a disposal facility
in Clive, Utah that is available for Class A LLRW disposal. Energy Solutions generates a
monthly report of all Texas Compact waste that is disposed of in this facility. This
report was used to generate Table 13 which shows the volume of all Texas Compact
waste disposed of at this facility. A significant decrease begins in 2020. The total
volume disposed from 2020 to 2023 is about one-twentieth the value of the waste
disposed from 2016 to 2019, the period covered by the last Capacity Report. The
timing of this reduction correlates with a reduction in the curie inventory charge from
$0.40 to $0.05 per millicurie in the LLRW disposal rate schedule in 30 TAC 336.1310
(effective August 6, 2020), which was requested by WCS to remain competitive with
industry alternatives. The estimated hypothetical volume of operational waste
disposed through 2044 outside the Texas Compact is 76,266 ft* while the actual
estimated volume disposed extrapolated for an additional 21 years to 2044 is 243,152
ft*if the totals from 2016-2019 are used and 13,486 ft® if the totals from 2019-2023
are used.
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Table 12. Texas Compact Waste Disposed Volume in Cubic Feet Disposed in
Utah

Year Total Volume (ft3)

2015 17,764
2016 14,147
2017 10,378
2018 9,057
2019 12,733
2020 2,351
2021 163
2022 12
2023 42
Total (2016-2019) 46,315
Total (2020-2023) 2,569

The volume and manifested radioactivity data from WCS’s monthly receipt and
disposal activities report was plotted monthly in Figures 3 and 4, respectively. The
figures illustrate that the waste disposed contains a waste stream in which the volume
or activity for some months deviate significantly from the average value. The twelve-
year span of data shown in the figures is sufficient to obtain a reasonably approximate
average LLRW disposal rate despite these large volume or large activity waste disposal
events (seen as spikes in Figures 3 and 4), which are usually waste generated from
decommissioning activities.
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Figure 3. Volume of Texas Compact and Nonparty Compact LLRW Disposed
at the CWF Between 2012 and 2019

Manifest Activity Disposed Between 2012 and
2023
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Figure 4. Manifested Radioactivity Disposed at the CWF Between 2012 and
2019

Figure 5 shows the percentages of Compact LLRW and imported LLRW for both volume
and radioactivity. About 75% of the total volume of LLRW disposed in the CWF to date
is nonparty compact volume while the remaining 25% is Texas Compact volume. Also,
94% of the total radioactivity (as manifested) disposed in the CWF is nonparty compact
curies while the remaining 6% is Texas Compact curies. The percentages do not change
significantly if the decayed activity is used instead of the manifested activity. Figure 5
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illustrates the volume and radioactivity comparison between Texas Compact and
nonparty compact LLRW disposed between 2012 and the end of 2023.

Texas Compact Volume vs Texas Compact Radioactivity vs
Imported Volume Imported Radioactivity

= Compact Import m Compact Import

Figure 5. Texas Compact Volume and Radioactivity Versus Nonparty
Compact Volume and Radioactivity Disposed at the CWF.

Texas Compact Waste Generated Versus Actual CWF
Disposals

Data from disposals at the CWF to the end of 2023 for Texas Compact LLRW was
compared to data obtained from the Texas Compact generators. Texas Compact
generator disposals in the CWF from 2019 through 2023 were used to obtain an
average volume and curie amount disposed annually. The last five years of the data
were used since the average operational waste stream for a nuclear power plant
follows a five-year cycle. The Texas annual generation volumes and radioactivities,
obtained from the utilities, was used to determine the as-generated volume and
activity values for Texas Compact waste. The 73% hypothetical volume reduction
determined in Tables 4 and 8 for Class A LLRW was used to determine the as-disposed
volume. The Texas Compact waste generation information includes utility and non-
utility as-disposed volumes and curies. Since Class A LLRW accounts for the majority
of volume, this category is tabulated separately. The comparison of average annual
volumes and curies is provided in Table 13.

November 2024 ® Page 25



Table 13. Average Annual Comparison of Disposals at the CWF Versus
Texas Compact Waste Generation Based on Data from 2019 to 2023

CWF Disposals Texas Compact Generation
fe/yr (%) Ci/yr (%) | ft3/yr as- feé/yr as- Ci/yr

generated disposed
Class A 9,184 (86%) | 229 (2.7%) | 40,375 11,675 2,232
All Classes 10,726 8,394 41,443 11,986 3,132

The data in Table 13 shows that the operational volume of LLRW generated annually
within the Texas Compact is greater than the annual volume disposed at the CWF. The
estimated as-disposed volume (calculated using a hypothetical scenario) is
approximately equal to the actual disposed volume for all classes. The percentage of
Class A for disposed waste is 86% (see Table 13) which is close to the 89.5% calculated
for the hypothetical case in Table 4 for as-disposed LLRW. The Texas Compact
generated volumes are future estimates, not actual values, and no volume reduction
was calculated for Class B and C LLRW. The curies disposed exceeds the estimated
curies generated by a factor of about two and a half for all LLRW classes due to (1)
Texas Compact generators storing Class B and C LLRW for several years between the
storage facility in Barnwell, South Carolina closing to Texas Compact generators in
2008 and the CWF opening in 2012 and (2) the difference of decommissioning waste
disposed in the last four years verses the much lower activity of decommissioning
waste estimated for the next four years. The estimated amount up to the year 2044 for
“utility in decommissioning” in Table 6 in the 2020 Capacity Report was 27,190 Ci
compared to the value of 350 Ci in Table 5 in this report.

Nonparty Waste

Nonparty Utility Volume and Radioactivity Estimates

Nonparty utilities with no compact disposal site only have two disposal options: either
the CWF or the facility in Clive, Utah. Nonparty utility volumes and curie data was
obtained from each utility’s annual radioactive effluent reports as required by the NRC
for years 2008 through 2022. Operational LLRW generated by utilities in nonparty
states is a large fraction of the total LLRW generated (95% for volume and 87% by
activity). Due to the uncertainty in whether license renewals will be granted by the
NRC, no estimates for decommissioning wastes from nonparty utilities will be
presented.

Each nonparty utility’s radioactive effluent report contains similar information on

operational waste generated. The volume and curie information provided in these

reports is as-generated and is represented in four major categories: 1) spent resins and

filter sludges; 2) dry compressible waste and contaminated equipment; 3) irradiated

components; and 4) large components and other. Various factors influence the

variability of data presented in the effluent reports. Notably, the closing of the
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Barnwell, South Carolina disposal site to non-Atlantic Compact states produced higher
than average volumes and curies disposed for many utilities just prior to 2008.
Another factor is that several of the utilities ceased operations between 2008 and 2022
resulting in less than 15 years of volume and curie data. However, given these
anomalies, 15 years of data provides a representative sample of volume and curie
totals with which to project through 2044. These anomalous events make it difficult to
set upper and lower bounds for volume and curie estimates in any given year. For
simplification purposes, an annual average for all waste streams over a 15-year period
was used to estimate potential LLRW volumes and curies generated through 2044. It is
important to note that totals for volumes and curies from nonparty utility operational
waste presented here anticipate that all the utilities will generate operational waste
through 2044. In reality, this will likely not be the case due to early closures or license
renewals that will not occur. Additionally, the estimated totals presented below may be
an overestimate of operational waste generated.

All estimates presented for nonparty utility volumes and curies represent all classes of
waste combined. The information provided in Table 14 represents the four major
categories of waste streams and an annual as-generated average for each based on data
from 2008 through 2022. The total represents an annual as-generated average for all
waste streams combined.

Table 14. Nonparty Utility As-Generated Annual Operational Volume and
Radioactivity

Waste Type Annual Operational Annual Operational Curies
Volumes (ft®)

Spent Resins, Filter 106,386 18,930

Sludges

Dry Compressible

Waste, Contaminated 1,431,764 6,976

Equipment

Irradiated Components 3,450 99,083

Large Components, 268,892 2531

Other

Total 1,810,491 127,519

The data presented in Table 14 indicates that a vast majority (nearly 80%) of the
volume is from dry compressible waste which is normally Class A, and the majority
(78%) of the radioactivity is from irradiated hardware which is normally Class B or C.

The annual operational volume in Table 14 for this report is higher than the
corresponding value of 1,674,447 ft® in the 2020 Capacity Report while the annual
operational activity value for this report is lower than the 271,683 curies of the 2020
Capacity Report. The 2020 report used the values for fourteen years (2005 to 2018)
whereas this report used the values for fifteen years (2008 to 2022). Figures 6 and 7
show the annual volume and activity of operational waste generated respectively for
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the years in this report of 2008 to 2022. These figures demonstrate a large variation in
values per year.

Volume of Operation Waste Generated Per Year
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000

1,500,000

Volume ( ft3)

1,000,000
500,000

0
2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
Year

Figure 6. Volume of Operational Waste Generated by Nonparty Utilities that
Dispose of Waste in the CWF

Activity of Operation Waste Generated Per Year

1,400,000
1,200,000
1,000,000
800,000
600,000

400,000

Activity (Curies)

200,000

0

2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
-200,000
Year

Figure 7. Radioactivity of Operational Waste Generated by Nonparty
Utilities that Dispose of Waste in the CWF

For purposes of meeting the volume reduction requirement discussed later in Section 6
of this report, only spent resins and dry compressible waste streams listed above are
eligible for volume reduction. The volume of dry compressible waste also includes
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contaminated equipment, which is not eligible for volume reduction. The NRC effluent
reports do not provide a breakdown of this category into dry compressible waste and
contaminated equipment, but the volume of contaminated equipment is expected to be
significantly lower compared to dry compressible waste. The hypothetical case
presented in Table 15 assumes a conservative volume reduction of 3:1 for dry
compressible waste and spent resins combined. To provide an as-disposed total annual
volume, the volumes of both irradiated components and large components were added
back to the volume-reduced total. The overall result is an approximate 40% reduction
in volume for as-disposed waste. It is important to note that the total volume
overestimates a potential as-disposed volume since greater volume reduction
efficiencies can be achieved for dry compressible waste.

Table 15. Hypothetical Case — Nonparty Utility As-Disposed Annual Volume
Estimate

Waste Type Annual Operational Annual Volume After
Volumes (ft°) Reduction (ft®)
Spent Resins, Filter Sludges 106,386 35,462
Dry Con_lpresmble Waste, 1,431,764 477,254
Contaminated Equipment
Irradiated Components 3,450 NA
Large Components, Other 268,892 NA
Remaining Volume for 785,057

Disposal12

Nonparty Non-Utility Volume and Radioactivity Estimates

The national average value for nonutility LLRW was used to calculate the nonparty non-
utility annual volume and curie estimate. The combined population of the states that
are not in the Northwest Compact, Rocky Mountain Compact, Atlantic Compact, or the
Texas Compact was used to determine these volume and curie estimates. The annual
as-generated volumes and curies are provided in Table 16.

LLRW from non-utility generators is primarily from four economic sectors: medical,
academic, industry, and government. The government sector includes federal
(excluding DOE), state, county, and municipal operated institutions. As illustrated in
Figure 8, nonparty non-utility operational waste comprises approximately 5% of all
nonparty volume generated while the remaining 95% is operational utility volume.
Similarly, the nonparty non-utility curies amount to roughly 13% of all curies while
utility curie amounts make up the other 87%.

12 Total includes as-generated operational volumes for irradiated components and large
components.
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Operational Volume by Sector

m Government < 0.1%

m Academic 0.4%
Industry 0.8%

= Medical 3.4%

= Utility

Figure 8. Nonparty Compact LLRW Generated by Each Economic Sector

Table 16. Nonparty Non-Utility Annual As-Generated Volumes and
Radioactivity Estimates

Sector Volume (ft?) Radioactivity (Ci)
Academic 7,875 115
Industry 14,842 17,313
Medical 64,733 1,702
Government 43 2
Total 87,493 19,132

The totals presented in Table 16 represent as-generated waste volumes. Using
conservative assumptions, a hypothetical case for volume reductions is presented in
Table 17. The waste class variability calculated for non-utility LLRW is applied to the
hypothetical case estimate with 99.4% being Class A and the remaining 0.6% being
Class B and C. The hypothetical case assumes that of the 99.4% of Class A, 10% will be
eligible for disposal as LAW, 50% will be disposed outside the Texas Compact, and an
applied volume reduction technique will achieve a 3:1 reduction. Again, these volume
reduction factors result in nearly an 85% volume reduction of all Class A nonparty non-
utility waste generated. Because Class A waste has relatively lower levels of
radioactivity, it was conservatively assumed that curie totals for as-generated volume
and as-disposed volume will remain the same.
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Table 17. Hypothetical Case - As-Disposed Annual Volumes of Nonparty

Non-Utility Class A LLRW

Factor Affecting Volumes As-Generated Volumes Remaining
(fve) Volumes (ft®)
Initial Volume of Class A 86,924 86,924
Low Activity Waste (10%) 86,924* 78,232
gig(zysed Outside Texas Compact 78,232+ 39.116
Volume Reduction (3:1) 39,116* 13,039
Remaining Volume Disposed 13,607%

* The as-generated volume of this row is the remaining volume of the prior row.
¥ The remaining volume disposed is the sum of the reduced volume of Class A waste and the

not reduced volume of Class B/C waste.

Nonparty Volume and Radioactivity Totals

The estimated annual LLRW volume and curies generated by nonparty generators was
obtained from the previous table values by simply summing the operational and non-
utility volumes and curies from utilities. The total as-generated and as-disposed
volume and curie estimates are provided in Table 18. The as-disposed estimate totals
include volume-reduced Class A with Classes B and C volumes added back into the
totals. The Class B and C waste is not expected to be volume-reduced. A comparison of
the values in Table 18 to the values of waste disposed in the CWF in Tables 10 and 11
(20,323 ft*/yr and 93,278 Ci/yr) show that the majority of the nonparty LLRW stream is
not disposed in the CWF. Nonparty waste generators do not have the same favorable
disposal cost fees that party generators do, so disposal of Class A waste at the facility
in Clive, Utah may be a cheaper option and the hypothetical estimate that 50% of Class
A waste is disposed in Utah may need to be increased. Additionally, utilities are

deciding to store Class B and C waste onsite instead of disposing it.

Table 18. Nonparty Volume and Radioactivity Annual Totals

As-Generated
Volume (ft?)

As-Generated
Radioactivity (Ci)

As-Disposed Volume
(fe)

Utility

, 1,810,491 127,519 785,057
Operational
Non-utility 87,493 19,132 13,607
Totals 1,897,984 146,651 798,665
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Section 4 - Technical Considerations and its Impact
on LLRW Disposal

Radioactive Decay Effects on Curie Capacity

Radioactive decay is a decrease in the amount of any radioactive material over time,
due to spontaneous emission from the atomic nuclei. As shown in Figure 9, the extent
to which the total amount of radioactivity of a given LLRW declines over time depends
upon the half-lives of the radionuclides contained in the waste. Typically, about 95% of
LLRW decays to insignificant levels in less than 500 years. Radioactive constituents
that could potentially be released from LLRW after disposal at a facility must not
produce doses exceeding the regulatory limit of 25 millirems per year. Therefore,
longer-lived radionuclides are required to be evaluated in a site-specific PA to
determine the maximum amount of radioactivity allowed to be received to keep the
peak dose below the regulatory limit.
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Figure 9. Decay of Initial Radioactivity of Common Radionuclides Over
Time by Half-Life

November 2024 ® Page 32



As previously mentioned, SB 347 provides for the license holder to dispose of not
more than the greater of:

e 1,167,000 curies of nonparty compact waste; or

e an amount of nonparty compact waste equal to 30% of the initial licensed capacity
of the facility; and

e not more than 275,000 curies of nonparty compact waste in any fiscal year.

The current CWF operator license allows a decay corrected maximum of 3,890,000
curies. The license also contains a condition that allows the TCEQ executive director to
authorize, through minor amendment to the license, an increase in the total decay
corrected radioactivity limit in the CWF site license within the following specifications:

e Upon disposal of 2,000,000 decay corrected curies, the Licensee may request an
increase in the total decay corrected radioactivity not to exceed 6,000,000 curies.

e Upon disposal of 4,000,000 decay corrected curies, the Licensee may request an
increase in the total decay corrected radioactivity not to exceed 8,000,000 curies.

In 2015, the CWF site operator provided a calculation methodology for determining
decay of the proposed radioactivity inventory on an annual basis extending to 2044.
For future projections, the site operator used historical disposal data from past
disposals at other LLRW disposal sites, specifically the disposal site in Barnwell, South
Carolina.

When evaluating potential doses to members of the public by conducting long-term
analyses, the radioactive inventory or source term is almost always decay corrected.
This is since a site-specific analysis or PA evaluates the effects of radioactivity over
periods of up to 1,000,000 years. There are a small number of radionuclides that have
half-lives approaching those timeframes. Decay of the source term results in much
lower to non-existent doses and decreases uncertainty in long-term analyses as it
relates to protection of human health and the environment. Evaluating long-term
performance of a disposal site will be discussed further in Section 5.

Necessity of Containerized Waste

Section 401.218 of the TH&SC requires containerization for Class B and C waste. This
containerization consists of disposal within a reinforced concrete container and within
a reinforced concrete barrier or within containment structures made of materials
technologically equivalent or superior to reinforced concrete. In addition, certain types
of Class A waste with high radiation levels must be disposed of in a similar manner as
Class B and C waste. The containerization used for the disposal of LLRW at the CWF is
a reinforced Modular Concrete Canister (MCC) as shown in Figure 10. The MCCs, as
initially designed, were approximately ten feet high, six feet wide, and one foot thick.
Variable heights for the MCCs (from 4 feet to 10 feet 4 inches) was authorized in 2022
to maximize the percentage of an MCC that is filled with waste because the waste
liners shipped to WCS do not have standard dimensions. The function of the MCC is
threefold. First, the canisters help maintain the structural stability of the site. Second,
the canisters shield workers from unnecessary radiation exposures during operations.
Finally, the canisters prevent the potential movement of radionuclides into the

November 2024 ®m Page 33



environment. The filling of void space within the MCCs with either grout or sand
provides additional shielding to workers and additional stability within the cell.

Figure 10. Cylindrical Modular Concrete Canister Used in the CWF (TCEQ,
2014)

Stability of the Modular Concrete Canisters

Long-term stability of a containment structure is essential to meeting various NRC and
Texas requirements for LLRW disposal. The Texas regulations in 30 TAC 336.733(b)
require the following special criteria:

“The special criteria specified in this subsection shall apply to the disposal of
wastes consisting of radionuclides with half-lives greater than 35 years and
wastes consisting of transuranic radionuclides which are acceptable for disposal
under this subchapter, that is, transuranic radionuclides in concentrations of less
than ten nanocuries per gram. All those wastes that are determined to be Class A
shall be placed in reinforced concrete canisters or equivalent containment
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structures to provide stability after disposal or shall meet the stability
requirements set forth in §336.362(b)(2) of this title. These special criteria are in
addition to the minimum requirements for Class A wastes set forth in
§336.362(b)(1) of this title. The executive director may consider a licensee's
request for an alternative from these special criteria on a case-by-case basis.”

Additional stability requirements in 30 TAC 336.362(b)(2) are:

“The following requirements are intended to provide stability of the waste.
Stability is intended to ensure that the waste does not degrade and affect overall
stability of the site through slumping, collapse, or other failure of the disposal
unit and thereby lead to water infiltration. Stability is also a factor in limiting
exposure to an inadvertent intruder since it provides a recognizable and non-
dispersible waste.

“Waste shall have structural stability. A structurally stable waste form will
generally maintain its physical dimensions and its form, under the expected
disposal conditions such as weight of overburden and compaction equipment,
the presence of moisture, and microbial activity and internal factors such as
radiation effects and chemical changes. Structural stability can be provided by
the waste form itself, processing the waste to a stable form, or placing the waste
in a disposal container or structure that provides stability after disposal.”

MCCs are designed to meet these requirements by providing individualized structural
stability and to contribute to maintaining the overall structural integrity of the waste
disposal unit. The canisters can either be cylindrical or rectangular in shape and are
designed to accommodate various load combinations, motion from seismic events, and
lateral movements. The MCCs also pass certification testing to ensure they meet all the
technical specifications for performance under the given conditions.

These canisters are designed in a manner that enables the placement of one stacked
directly on top of another. Thus, the bottom of one canister provides the top of the
canister beneath it. The canisters are designed with two options for incorporating
reinforcing steel with a tensile strength of 60,000 pounds per square inch, which will
enable the canisters to withstand the anticipated loads under tension. For compression
loading, the concrete mix’s design strength is 5,000 or 4,000 pounds per square inch
depending on which reinforcing steel option is used. Under this design, calculations
show that the canisters should be able to ensure the waste remains containerized for
at least 300 years and structural stability is maintained.

Modular Concrete Canister Role in Reducing Radiation
Worker Dose

Safety is an important legal and regulatory consideration in determining the necessity
of containment as it shields workers from unnecessary radiation exposures. An
essential component of a radiation safety program is shielding the radiation worker
from the radiation source to meet ALARA requirements. The MCCs provide shielding
from the contained LLRW and therefore greatly reduce worker doses. To demonstrate
the effect of shielding, a waste container with similar dimensions and material to a

November 2024 ®m Page 35



high integrity liner was modeled in MicroShield® v6.02—a comprehensive gamma ray
shielding and dose assessment computer program that is widely used for designing
shields, estimating source strength from radiation measurements, minimizing
exposure to people, and teaching shielding principles—in three configurations:
unshielded, ungrouted in an MCC, and grouted in an MCC.

The ungrouted MCC scenario model resulted in a decrease in dose by a factor of nearly
30 from the unshielded scenario. Additionally, the grouted MCC scenario model
resulted in a decrease in dose by a factor of nearly 4,650 compared to the unshielded
scenario. As evidenced by the MicroShield” simulation, the use of the MCC has a
dramatic effect on keeping radiation worker doses ALARA. It is important to note that
worker doses are usually kept well below regulatory limits by use of administrative
controls, procedures, and specialized equipment that allows remote handling of high
dose rate waste.

Modular Concrete Canister Role in Environmental
Protection and Water Infiltration

MCCs are also used to provide an extra layer of protection to prevent water from
encroaching into the contained waste. The low permeability concrete can decrease the
flow of water into and out of the MCCs. Because the speed of the flow of water is the
primary means of restricting the movement of radionuclides into the environment,
reducing water infiltration is advantageous. It is important to note that the low
permeability of concrete is not an ultimate barrier in preventing the mixing of water
and waste. Concrete containerization remains an important factor in the protection of
the environment from the potential release of radionuclides.
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Section 5 - Projecting Capacity and Its Effect on
Health and Public Safety

Public Health and Safety

In order to evaluate the effects of the estimated volume and radioactivity of the waste
disposed, TCEQ requires that a site-specific PA be conducted. A PA for a LLRW disposal
facility is a quantitative analysis used for demonstrating compliance with performance
objectives found in 10 CFR Part 61 and 30 TAC Chapter 336. This type of analysis
answers three basic questions: 1) What can happen? 2) How likely is it to happen? and
3) What is the result?

The State of Texas is required to maintain compatibility with certain federal NRC
regulations. The performance objectives in Texas regulations are identical to those
found in 10 CFR Part 61. The performance objectives include protection of the general
population from releases of radioactivity, protection of individuals from inadvertent
intrusion, protection of individuals during operations, and stability of the disposal site
after closure. Currently, the requirements found in 10 CFR Part 61 are being revised to
allow agreement states more flexibility in compatibility and to provide for site-specific
analyses in evaluating the long-term performance of a disposal site.

Demonstrating compliance with the performance objectives requires several different
types of analyses. A short-term analysis is used to evaluate the protection of
individuals during operations. A long-term analysis is required for evaluating the
effects of potential releases to human health and the environment. Finally, an analysis
is performed to evaluate long-term stability. These analyses ensure that the
appropriate measures are taken to account for the various effects associated with the
time-dependent nature of the waste and suitability of site characteristics.

In meeting the performance objectives, the following information is required:

Site characterization.

Development of conceptual model(s).

Defining scenarios and pathways.

Selection of appropriate mathematical model(s) and code(s).
Sensitivity and uncertainty analyses.

A detailed comprehensive radionuclide inventory.

The central attribute of conducting a PA is that it is an iterative approach, whereby the
aspects listed above are continuously refined as more information is gathered until a
level of certainty is reached for making defensible regulatory decisions. The process is
represented in Figure 11.
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Overview of Performance Assessment

What is Performance What is assessed?

Assessment? Collect
Data * What can happen?

. Sy;lennﬁc analysis of what could : ) * How likely is it?
happen at a site Site g : + What can result?

Characteristics

Performance
Assessment:
aleaming

Why use it? s How is it conducted?

+ Complex system i ; Collectdatg j
* Systematic way to evaluate data A : . i * Develop scentic models
* Internationally accepted approach | , evelop ' LD e i
A erical and i * Analyze results
uter Models |

Figure 11. Performance Assessment Process (NRC, 2011)

As part of demonstrating that performance objectives can be met, site-specific data on
the characteristics of the site and area are provided, and include ecology, geology,
seismology, soils, topography, surface hydrology, hydrogeology, air quality, natural
background radiation, meteorology, climatology, and demographics. The data used for
demonstrating compliance must be representative of current conditions and sufficient
for modeling future conditions. Environmental monitoring data is collected in all
environmental media (water, soil, air, and biota) and from characterization
investigations to establish baseline conditions. Monitoring data must be collected,
analyzed, and reported following the appropriate quality assurance, quality control
and chain of custody protocols for the given analytical method. In the absence of site-
specific data, literature values may be used if they can be demonstrated to be
conservative and representative of site conditions.

In evaluating long-term performance, the groundwater pathway scenarios are usually
given greater consideration due to the significance of this pathway as the main
contributor of dose to an individual. Figure 12 is a depiction of a conceptual site model
showing the various radionuclide transport pathways in the environment and potential
exposure pathways.
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Figure 12. A Schematic of the Various Pathways Analyzed in a Performance
Assessment (DOE, 1993)

In addition to meeting NRC compatibility requirements, the PA should be a useful tool
for both TCEQ and the TLLRWDCC to make determinations on how capacity may
impact the performance of the landfill, the need for expansion or limits on the type,
volume, and concentration of waste to be received, and other environmental impacts.

Site Characteristics and Its Relationship to Capacity

Changes to the information regarding the above site characteristics could impact
capacity by affecting either disposal cell expansion decisions, limitations on waste
types, concentrations, and volumes, or both. An assessment of site characteristics is
essential in evaluating radiation doses and the resulting health effects. Dose
calculations rely on site characteristics, such as meteorology, geology, hydrology data,
waste inventory information, and behavioral parameters. Engineered features and site
characteristics work in conjunction to ensure site suitability for the disposal activities.
It is within the specific site characteristics that the transport of radionuclides to the
general environment are evaluated. Transport mechanisms by air, water, and biotic
intrusion are considered in the PA as well as to evaluate the potential impacts from
nearby facilities. The PA was updated annually up to 2018. In October 2019, TCEQ
declared the PA complete which changed the frequency of its updates to every five
years. An updated PA was included in the license renewal, dated August 25, 2023,
which is currently under review by TCEQ.
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Waste Inventory

Keeping an accurate waste inventory, bearing in mind the role of decay which
decreases radioactivity, and continuing receipt of waste shipments, which increases
radioactivity, is vital in making capacity decisions. It is also a requirement in the
current site operator’s license. The radionuclide source term (inventory) is
characterized by the composition and magnitude of total radioactive waste received
over the facility life, including the chemical and physical properties of the radioactive
waste.

A typical LLRW inventory consists of approximately 110 radionuclides, all of which are
evaluated in the PA. As part of this evaluation, the modeling accounts for the decay of
radionuclides over a 1,000,000-year period of analysis. Of the 110 radionuclides,
roughly 80 (73%) will decay to insignificant levels after 500 years, the time at which
engineered barriers are expected to fail. The remaining 30 radionuclides (27%) are the
primary concern in evaluating the mid-to-long-term effects on public health and safety,
with particular attention to the more environmentally mobile radionuclides.

For this inventory, the decay of radionuclides was not considered for short term (i.e.
30 years or less) analyses when evaluating potential worker doses. This is because
radionuclides may be accepted for disposal at any time during the operational period.
The doses could be underestimated if a large shipment is disposed toward the end of
the operational life but was considered disposed during the beginning of the
operational life because too much decay would be calculated. Thus, the full inventory
amount, and not the decayed amount, was utilized for short term analyses. Worker
dose evaluations for external exposure and during accident scenarios were considered
short term analyses and resulted in no adverse health and safety effects. The current
projected inventory developed by the CWF site operator is based on actual waste
receipts at the CWF. The inventory used in the PA is based on receipts through the first
site license term ending in 2024. To ensure public health and safety through the full
license term, the current disposal site license requires the site operator to provide
periodic updates to the PA to reflect any changes in the current and proposed
inventory as well as refinements to existing data or assumptions used in the model.

The quantitative results from the CWF PA analyses indicate that the doses are below
regulatory limits for all of the evaluated scenarios and pathways. Based on the
predicted future LLRW inventory, the dose results from the PA are within acceptable
limits for the health and safety of the general population considering that the total
activity predicted to be generated in only the Texas Compact by 2044 is less than what
is currently licensed.
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Volume Reduction

Volume reduction has been a common practice in the nuclear industry for decades. It
has served as a mechanism for reducing disposal costs, for conserving limited storage
space when no disposal options existed, and for preserving disposal capacity for
operating LLRW disposal sites. Various techniques are used to achieve volume
reductions ranging anywhere from 2:1 up to 100:1 or greater in special cases. The
efficiencies vary by the reduction technique used and by the physical properties of the
waste itself. For example, dry compressible waste is much more amenable to greater
reductions than irradiated hardware.

National Policy on Volume Reduction

In 1981, and subsequently revised in 2012, the NRC published a policy statement
regarding the volume reduction of LLRW.13 The Policy Statement addressed:

e The need for a volume reduction policy.
e The need for waste generators to minimize the quantity of waste produced.

For 30 years, the policy statement has conveyed the NRC’s expectations that
generators of LLRW should reduce the volume of waste shipped for disposal at
licensed commercial waste disposal facilities. The NRC stated that such action would:

¢ Extend the operational lifetimes of existing commercial low-level disposal sites.

e Alleviate concern for adequate storage capacity if there are delays in establishing
additional regional sites.

e Reduce the number of waste shipments.

While policy statements from the NRC are not regulations, they have impacted
industry standards. This policy statement clarifies that there are a variety of options
for managing LLRW that are secure and protect public health and safety.

13 76 FR 50500 (August 15, 2011).
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Texas Volume Reduction Requirements

Senate Bill 347 amended TH&SC Section 401.207 during the 83rd legislative session to
require that eligible nonparty compact waste be volume reduced by at least a factor of
three. Implementation of SB 347 in 30 TAC Section 336.739 provided the following
requirements:

The CWF license holder “may accept nonparty compact waste for disposal at the
facility only if the waste has been volume-reduced, if eligible, by at least a factor of
three in a manner consistent with TH&SC, Chapter 401, Subchapter F.”

“Waste has been reduced by a factor of three if the final volume of waste disposed
is one-third (1/3) or less of the initial volume.

O

Initial volume of the waste is the volume of radioactive material generated prior
to receiving any processing or operational waste volume reducing methods.
Final volume of the waste is the volume after the waste has been processed,
whether by the generator (including any waste minimization as part of the
generator's process) or by a commercial waste processor and is in the final form
immediately prior to disposal. Waste packaging is not included in determining
the final volume.”

“Examples of volume reduction methods include:

O

reduction of the volume of ion exchange media loaded into individual
demineralizer vessels;

on-line lithiation strategies for reactor coolant purification demineralizers;
intermittent use of some demineralizers instead of continuous use (spent fuel
pool);

reduction by compaction of dry active waste or compactible waste;

removal of radioactive particulates from a liquid waste stream by the use of
methods such as filters, ion-exchange medium (such as resin), precipitation,
flocculation, or settlement (resultant liquid, if still radioactive, would not be
considered volume reduced);

incineration (any radioactive effluent captured in a device such as a baghouse or
charcoal filter would not be considered volume reduced);

concentration technologies such as evaporation, crystallization, drying, or
dewatering; or

repackaging or consolidation of waste in order to more efficiently minimize
volume required for disposal in compliance with the license.”

“Examples of what is not considered volume reduction include:

o]
o]

downblending;

separation of radioactive waste from non-radioactive waste, such as debris or
contaminated scrap metal; or

volume reduction based entirely on hypothetical calculations, rather than actual
records of historical waste generation.”

“Waste streams that are not eligible for volume reduction include:

o]
o]

irradiated hardware;
solid forms, such as non-compactible metals or monoliths;
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o large components;
o soils and demolition debris; or
o sealed sources.”

Volume Reduction Techniques

Much of the LLRW generated undergoes some form of processing before disposal.
Processing provides volume reduction and, in some cases, both reduction and a stable
waste form. Current volume reduction techniques vary widely from relatively simple
methods, such as sorting or segregation of waste classes, to more complex techniques,
such as steam reforming, requiring specialized equipment and process knowledge. As
a result, waste generation volumes differ from disposal volumes. Based on the
comparison of the reported as-generated volumes and the as-disposed volumes, it
appears that overall, there is a volume reduction of approximately 4:1. However, this
factor can vary greatly between different waste streams. In the 30 years since the 1981
NRC Policy Statement, volume reduction techniques have changed in several ways.
Additional details on each of these volume reduction techniques are discussed in the
following sections.

Sorting and Segregating

Sorting and segregating can produce significant cost savings for disposal. A majority
of all LLRW (97%) is usually in the form of DAW which can be easily separated into
categories of LAW and Class A (DAW is rarely Class B or Class C) either at the point of
generation or prior to packaging for disposal. In most cases, it is process knowledge or
an analysis of the waste for its radioactivity content that verifies whether the waste is
eligible for disposal as LAW in an RCRA disposal facility. Additionally, there are
various regulatory provisions which allow for certain wastes to be disposed via
sanitary sewer or held for decay in storage. These additional options can easily reduce
the volume of Class A LLRW by 50%. For the purposes of meeting the volume reduction
requirements in 30 TAC Chapter 336 for nonparty compact waste, separation of LLRW
from non-LLRW is not considered volume reduction.

Compaction

Compaction involves compressing waste to reduce its volume. Compaction is a
relatively inexpensive and widely available option, which is used by many LLRW
generators.4 Compactors can range from low-force compaction systems (~5 tons or
more) to presses with a compaction force over 1,000 tons, referred to as
supercompactors. Volume reduction factors are typically between 3:1 and 10:1,
depending on the physical properties of the waste material. Low-force compaction is
typically applied to the compression of waste to facilitate packaging for transport
either to a waste treatment facility, where further compaction might be carried out, or
to a facility for storage or disposal. In the case of supercompactors, in some
applications, waste is sorted into combustible and non-combustible materials.

14 Fentiman, A., Jorat, M., Meredith, J. of The Ohio State University, RER-40 How Is Low Level
Radioactive Waste Treated Prior to Disposal?
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Combustible waste is then incinerated while non-combustible waste is
supercompacted. In certain cases, incinerator ashes are also supercompacted to
achieve the maximum volume reduction. Low-force compaction utilizes a hydraulic or
pneumatic press to compress waste into a suitable container, such as a 200-liter drum.
In the case of a supercompactor, a large hydraulic press crushes the drum itself or
other receptacle containing various forms of solid LLRW. The drum or container is held
in a mold during the compaction stroke of the supercompactor, which minimizes the
outer dimensions of the drum or container. The compressed drum is then stripped
from the mold and the process is repeated. Two or more crushed drums, also referred
to as pellets, are then sealed inside of an over-pack container for interim storage, final
disposal, or both. A supercompaction system may be mobile or stationary, supplied as
a basic system, manually-controlled with a minimum of auxiliary equipment, or an
elaborated computer-controlled system which selects drums to be processed,
measures weight and radiation levels, compresses the drums, places the crushed
drums in over-pack containers, seals the over-packs, and records the drums and over-
packs content via a computerized storage system.

Every year, across the world, tens of thousands of drums are volume-reduced and
stored, with waste generally being reduced in volume by up to 5:1.15

Incineration

Incineration is a volume reduction option for combustible radioactive wastes.
Following the segregation of combustible waste from non-combustible constituents,
the waste is incinerated up to around 1,000 degrees Celsius in a specially engineered
kiln. A volume reduction factor of up to 100:1 can be achieved with incineration,
depending on the density of the waste.1® Any gases produced during incineration are
treated and filtered prior to emission into the atmosphere and must conform to
national emissions regulations. Following incineration, the resulting ash, which
contains the radionuclides, may require further conditioning, such as cementation or
bituminization, prior to disposal. Compaction technology may also be used to further
reduce the volume, if it is cost-effective.

Incineration technology is subject to public concern in many countries as residents
worry about what is being emitted into the atmosphere. However, modern incineration
systems are well-engineered, high-technology processes designed to burn waste
effectively and efficiently with minimal environmental emissions.7

15 World Nuclear Association, Treatment and Conditioning of Nuclear Wastes. World Nuclear
Association, July 2012, www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-
wastes/treatment-and-conditioning-of-nuclear-wastes.aspx
16World Nuclear Association, Treatment and Conditioning of Nuclear Wastes, July 2012,
www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-wastes/treatment-and-
conditioning-of-nuclear-wastes.aspx
17 World Nuclear Association, Treatment and Conditioning of Nuclear Wastes, July 2012,
www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-wastes/treatment-and-
conditioning-of-nuclear-wastes.aspx
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Vitrification

Vitrification is a process during which radioactive waste is blended within a
borosilicate material and heated, which makes glass "beads" or disks. Vitrification
alone does not provide the desired volume reduction results. Instead, vitrification is a
secondary treatment method for waste that has already been volume reduced by some
other method. The vitrification process has been used on high level waste and LLRW to
provide an extremely stable waste form. One advantage of vitrified waste is that the
radioactive material is bound in the glass matrix and is not easily released, even if the
waste comes in contact with water after it is placed in a disposal facility.:8

Steam Reforming

Steam reforming is a thermal treatment technology classified as “pyrolysis,” which
differs significantly from an open-flame incineration process. When used for the
reduction of nonmetal filter cartridges in a tank conversion reformer, this process is
referred to as “conversion reforming.” Steam reforming uses high temperatures to
release organic gases and water vapor from waste without combusting it. The resultant
waste residue appears as a dry granular media which can be disposed of in liners or in
high integrity containers. A benefit of this type of processing is that it greatly reduces
the water content of the wet waste, which, if not reduced, can lead to stability issues in
the future. The volume reduction efficiency of the as-generated waste is between 5:1
and 33:1.

Steam reforming uses a dry (high quality) steam to reform or reduce waste to small
gas-size particles which can then be burned in a special reactor that is void of oxygen.
It is a two-stage process in which hydrocarbons are vaporized from the waste in one
chamber and injected into a secondary reaction chamber with superheated steam.
Within the reaction chamber, organics are converted to CO2z, CO, and H2. The remaining
waste product consists primarily of metal oxides, salts, and other impurities removed
from the in-plant coolant and liquid waste systems for waste generators and
processors. Steam reforming is ideally suited for processing mixed wastes and wastes
exhibiting high activity levels, such as resin and nonmetal filter media. Steam
reforming can accept wastes up to (and, in special cases, exceeding) a dose rate of 100
roentgen per hour (1 sievert per hour).

Steam reforming is the preferred method for volume reduction for high activity wet
waste, which can be costly to ship unprocessed due to poor packing efficiencies and
void spaces. Another benefit of this type of processing is that it greatly reduces the
water content of any wet waste, which can lead to stability issues in the future. The
volume reduction efficiency of the as-generated waste is primarily dependent upon the
inorganic content of the waste, the higher the inorganic fraction, the greater the final
disposed waste volume and the lower the net volume reduction efficiency. For steam
reforming of resin, the volume reduction efficiency is directly proportional to the
amounts of activated corrosion and wear product deposited in the resin and the

18 Fentiman, A., Jorat, M., Meredith, J. of The Ohio State University, RER-40 How Is Low Level
Radioactive Waste Treated Prior to Disposal?
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percentage of inorganic media. Most spent resin contains anywhere from 3% to 20%
metal oxides, salts, and other impurities which originate in the nuclear plant liquid
process stream. Unlike resin, most filter cartridges are constructed using a
combination of organic and inorganic materials. For example, nonmetal filters
commonly employ some type of plastic as the construction media. Plastic is essentially
solidified oil (or more accurately, a polymerized hydrocarbon), so it results in a 100%
volume reduction efficiency. Conversely, some filters contain fiberglass, which is not
normally reduced by steam reforming. Construction materials which do not perform
well in the pyrolysis process will increase the volume of the product, thereby reducing
the net volume reduction efficiency. Thus, one challenge in determining the net
disposal volume reduction efficiency for the conversion reforming of filters is to
determine the additional contribution filter construction materials add to the reformed
end product. However, the potential remains that concentrating the waste will produce
a waste form which exceeds the acceptance criteria of disposal facilities due to certain
nuclide concentrations (i.e., could produce waste that is GTCC waste.) Typically, this
limitation is mitigated by blending high and low activity wastes from the same waste
classification prior to steam reforming to ensure a disposable end product.

Costs and Benefits of Volume Reduction

When deciding whether to use volume reduction techniques, a generator must consider
the cost per cubic foot for disposal at a selected disposal facility, the cost of
transportation, and the cost for the processing.

Volume reduction provides two benefits. First, it allows for more waste to be placed in
the disposal facility. Second, steam reforming of wet waste streams greatly reduces the
water content of the waste, which will improve the stability of the waste.

However, reducing waste volumes does have the potential to result in a change in
waste classification due to increasing or over-concentrating the radioactivity of the
waste. Further, blending waste to a lower classification cannot be used to prevent this
inadvertent over-concentrating because dilution is prohibited in TCEQ rules in 30 TAC
336.229.

Another consideration when deciding if to use volume reduction is commingling Texas
compact waste with nonparty compact waste. Commingling is defined as any process
that combines radioactive substances from two or more generators resulting from the
commercial processing of radioactive substances. Per 30 TAC 336.745, a licensee may
not dispose of LLRW that contains Texas Compact waste that has been commingled at
a commercial processing facility with waste from other sources unless the
commingling was incidental to the processing of the waste, processing has not altered
the waste class, and the waste processor followed TCEQ commingling guidelines.
Further, while some nonparty compact generators might find it not economically
feasible to volume reduce, recent revisions to TH&SC Chapter 401 and 30 TAC Chapter
336 require volume reduction of at least 3:1 for eligible imported LLRW destined for
disposal in the CWF.
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Section 6 - Conclusion

Based on updated information from Texas Compact generators and disposals at the
CWE, TCEQ has estimated that the LLRW generators in the Texas Compact are likely to
generate no more than 2,946,701 ft® as-generated LLRW and potentially 1,130,566 ft*
as-disposed LLRW with 580,962 curies of as-generated operational and
decommissioning waste by 2044. These estimates are less than the volume (9,000,000
ft*) and curies (3,890,000 Ci) currently allowed in the disposal site license, representing
for as-generated waste about 33% of the authorized volume and 15% of the authorized
radioactivity.

WCS is allowed to use decayed radioactivity to determine how much capacity is
remaining in the CWF. The manifested radioactivity is the radioactivity of the waste
when it is received by WCS for disposal. The decayed radioactivity is the current
radioactivity of the total disposed waste which is decreased to account for radioactive
decay. The total Texas Compact waste disposed, as of the end of September 2023, is a
manifested radioactivity of 72,561 curies and a decayed activity of 43,428 curies. For
imported waste, the manifested radioactivity is 1,016,646 curies and the decayed
radioactivity is 540,239 Curies.

The health and safety effects of the licensed volume and radioactivity were evaluated
and were found acceptable. Calculations of radioactive decay and radiation dose
assessments as part of the PA indicate that the estimated volume and radioactivity
throughout the license period provide reasonable assurance that doses to workers and
members of the public will continue to be below regulatory limits both in the short-
term and for a period of 1,000,000 years. As the volume and curie inventory evolves
over time, updates to the PA have been performed annually by the site operator up to
2018 to reflect that evolution. TCEQ declared the PA complete in October 2019 and
now only requires the PA to be updated every five years.

The containerization of waste is not only a regulatory requirement but a sound
scientific approach to providing assurance for long-term stability, protection from
inadvertent intrusion, protection for workers, and it serves as a barrier to radionuclide
migration. Containment structures must meet certain technical and engineering
specifications to be considered “certified” for their intended purpose. MCCs used in
the CWF meet the technical specifications for disposal of LLRW. In addition, the MCCs,
through seismic analysis, have been shown that they can withstand the stresses
associated with a seismic event.

An alternative to volume reduction of LLRW potentially destined for the CWF is to
segregate a subset of low-activity Class A waste and dispose of it as LAW. LAW is
determined using a performance-based concentration limit equal to one millirem. The
concentrations are developed by conducting an RIA. This could potentially provide an
alternative disposal option for the lower 10% of Class A waste which makes up
approximately 97% of the volume of all LLRW classes. The costs and benefits of volume
reduction will have different effects on different generators. Performing volume
reduction is consistent with the NRC’s policy statement. As this is only a policy
statement, generators are encouraged to make every effort at minimizing waste.
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However, Texas regulations require that eligible nonparty compact waste be volume-
reduced by, at least, a factor of three.

The choice to utilize volume reduction and other processing techniques is primarily
driven by economics. Prior to 2012, generators in compact states without a regional
disposal site had no choice but to store their waste or use techniques such as volume
reduction to preserve storage space. It is in the best interest of the State of Texas to
preserve as much capacity as possible in the CWF while not diminishing its economic
attractiveness as a disposal option.
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Glossary

Activated Hardware - Non-fuel reactor components that have been exposed to
neutron radiation and made radioactive. Synonymous with irradiated hardware.

As Low as Reasonably Achievable (ALARA) - Making a reasonable effort to keep
exposure to ionizing radiation as low as possibly achievable using techniques such as
decreasing exposure time, increasing distance from a source of radiation, and
providing shielding.

Bituminization - The process of mixing particles with asphalt (or bitumen) to reduce
the risk of inadvertently inhaling the particles.

Commingling - The act of mixing two or more sources of radioactive waste. In the
Texas Compact this applies specifically to compact waste and non-compact waste.

Containerization - The act of placing waste within a canister or a rectangular or
cylindrical reinforced concrete container.

Curie - A unit or measure of radioactivity from a certain element or radionuclide. (One
curie equals the amount of radioactivity from one gram of **°Ra. One curie equals 3.7 x
10" becquerel or undergoes 3.7 x 10'* disintegrations per second).

Decommissioning - The act of removing facilities from service if they were used to
store, process, dispose, or stage radioactive materials.

Decontamination - The act of removing radioactive contamination from equipment,
structures, or other materials that have been in contact with radionuclides.

Dose - A measure of the energy deposited in a medium by ionizing radiation,
measured per unit mass.

Downblending - The blending or mixing of LLRW that has higher concentrations of
radionuclides with LLRW that has lower concentrations of radionuclides to form a final
homogeneous mixture of a lower class of waste.

Flocculation - The process by which individual particles of clay aggregate into clot-like
masses or precipitate into small lumps. Flocculation occurs because of a chemical
reaction between the clay particles and another substance, usually saltwater.

Irradiate - The process of exposing materials to ionizing radiation. If the radiation is a
neutron beam, the resulting exposed material can become radioactive.

Irradiated Hardware - Non-fuel reactor components that have been exposed to
neutron radiation. Synonymous with “Activated Hardware.”

Lithiation - To combine or impregnate with lithium or a lithium compound.
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Low Activity Waste (LAW) - The lowest 10% of Class A waste, synonymous with “Very
Low-Level Waste.” Low activity waste may have alternative disposal options such as
disposal in an RCRA site.

Millirem - A unit of radiation dose equivalent to 0.001 Rem.

Performance Assessment (PA) - A quantitative analysis that addresses what can
happen, how likely it is to happen, what the resulting impacts are, and how these
impacts compare to regulatory standards as they relate to the disposal of LLRW.

Permeability - A hydrologic characteristic of soils or other porous materials. The
permeability is an indication of the ability of a liquid to move through the porous
material.

Pyrolysis - The decomposition of organic material in the presence of superheated
water or steam.

Radiological Impact Assessment - A quantitative evaluation of the impacts resulting
from the disposal of Low Activity Waste (LAW) in an RCRA disposal site.

Radionuclide - An element from the periodic table that is capable of spontaneously
emitting its constitutive particles and thereby changing into another element. Such an
element is termed radioactive, and the emitted particle is called radiation.

Rem - A unit of radiation dose.

Texas Compact - The name of the LLRW disposal compact that includes the states of
Texas and Vermont.

Transuranic - A term usually referring to radionuclides (or elements) with the number
of protons greater than that of uranium. These radionuclides are typically not found in
nature.

Volume Reduction - The process of reducing the volume of LLRW by methods such as
compaction, incineration, or pyrolysis.
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