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ABSTRACT 
This paper contains a discussion on the application of U.S. regulatory standards for transuranic waste disposed at 

the Nevada Test Site. Application of current compliance requirements and regulatory guidance defined for a generic 
disposal system, although satisfying the “letter of the law,” is shown to be incompatible with the “intent of the law” 
based on a thorough review of the preamble and background documents supporting the regulation. Specifically, the 
standards that apply to transuranic waste disposal were derived assuming deep geologic disposal and much larger and 
more hazardous waste forms: irradiated nuclear reactor fuel and high-level radioactive waste. Therefore, key 
assumptions that underpin the analyses used to justify the standards (e.g., the ground water pathway being considered 
the only major release mechanism) are inconsistent with the nature of the radionuclide inventory and the intermediate 
depth of waste emplacement in Greater Confinement Disposal boreholes at the Nevada Test Site. The authors 
recommend that site specific performance metrics be determined to foster an analysis which is transparent and consistent 
with U.S. Environmental Protection Agency intent in developing the standards for a generic disposal system. 

INTRODUCTION 
Transuranic (TRU) waste packages were emplaced at 

depths greater than 21 meters in four boreholes at the 
Nevada Test Site (NTS) from 1984 to 1986 and boreholes 
were back-filled with native soil. Because of the 
configuration and isotope content of these TRU wastes 
they are classified for national security purposes and do 
not qualify for disposal at the Waste Isolation Pilot Plant 
(WIPP) in Carlsbad, New Mexico, where U.S. defense 
TRU waste is currently slated to be disposed. 

The U.S. Department of Energy (DOE) is currently 
preparing a compliance assessment document for these 
Greater Confinement Disposal (GCD) boreholes using the 
U.S. Environmental Protection Agency (EPA) regulation 
Part 191 of Title 40 of the Code of Federal Regulations 
(40 CFR Part 191), Environmental Standards for the 
Management and Disposal of Spent Nuclear Fuel, High-
Level and Transuranic Radioactive Wastes (EPA, 
1985a). However, the standards are clearly based upon 
large amounts of irradiated nuclear reactor fuel and a deep 
geologic repository system. The GCD boreholes are too 
shallow to be considered a deep geologic repository1 and 
since the contents of the boreholes are neither spent 
nuclear fuel nor reprocessed irradiated fuel, and are in 
very small quantities, it would appear that the standards 
are inappropriate. However, the summary of 40 CFR Part 
                                                           
1 EPA (1985b) defines a mined geologic repository as 
being “constructed in suitable host media at depths greater 
than 300 meters by conventional mining techniques.” 

191 states that “the disposal standards apply to disposal 
by any method, except disposal directly into the oceans or 
ocean sediment.” 

This paper attempts to clarify the practical intent of 
the regulation and how best to ensure compliance with this 
intent when the containment requirements are not suitable 
to a particular disposal system. By practical intent, the 
authors mean the intent as it is amended or clarified 
through recorded decisions or comments made by the 
EPA in response to questions by third parties. In order to 
ascertain this practical intent, the authors have thoroughly 
reviewed the standard and the background documents 
associated with the regulation. 

The Requirements in 40 CFR Part 191 
The generally understood objective of 40 CFR Part 

191 is to define a generic standard by which any type of 
disposal system for radioactive waste (excluding low-level 
waste) can be evaluated and classified as satisfactory or 
not satisfactory regarding its ability to isolate the wastes 
and protect the environment. There are four sets of 
requirements in 40 CFR Part 191 (EPA, 1985a): 
Assurance Requirements, Ground Water Protection 
Requirements, Individual Protection Requirements, and 
Containment Requirements. However, only the 
containment requirements are affected by the 
inconsistency between the circumstances at the Nevada 
Test Site GCD boreholes and the underlying assumptions 
used to derive the EPA standards. 



Assurance Requirements 

The assurance requirements of 40 CFR Part 191 are 
generic and pose no special challenge under responsible 
waste management operations. Briefly stated, they 
require: (1) active institutional control as long as practical, 
(2) post-closure monitoring, (3) optimal permanent 
markers and records, (4) use of engineered and natural 
barriers, (5) avoidance of resource-rich areas, and (6) that 
the disposal system not preclude removal of waste. 

Ground Water Protection Requirements 

The ground water protection requirements of 40 CFR 
Part 191 require reasonable expectation that undisturbed 
performance of the disposal system for a compliance 
period of 1000 years will not cause EPA drinking water 
standards to be exceeded in water withdrawn from any 
portion of a special source of ground water. At the GCD 
facility, radionuclide migration to the ground water does 
not appear to pose any problems because of the very arid 
climate and long distance (approximately 200 meters) 
from the bottom of the boreholes to the ground water 
table. This view is validated by conservative vadose zone 
models (e.g., see Shott et al., 1997) that predict extremely 
long travel times to reach the ground water. 

Individual Protection Requirements 

The individual protection requirements of 40 CFR 
Part 191 require reasonable expectation that undisturbed 
performance of the disposal system for a compliance 
period of 1000 years will not cause any member of the 
public in the accessible environment to exceed 0.25 mSv 
to the whole body or 0.75 mSv to any critical organ. 

Containment Requirements 

The containment requirements of 40 CFR Part 191 
require reasonable expectation that cumulative releases of 
radionuclides to the accessible environment for 10,000 
years after disposal from all significant processes and 
events that may affect the disposal system remain below a 
prescribed amount. These release limits appear 
straightforward and the prescribed levels applicable to the 
TRU waste disposed in the GCD boreholes (as calculated 
by the authors) are provided in the next section. However, 
the intended level of protection provided by the release 
limits is not transparent and is the issue of the present 
paper. 

Application of 40 CFR Part 191 Containment 
Requirements 
Release Limit Table 

Table 1 lists the 15 radionuclides that are in the GCD 
TRU waste boreholes, their applicable characteristics, and 
their release limit as stipulated in 40 CFR Part 191 (EPA, 
1985a) containment requirements. 

TABLE 1. GCD TRU waste radionuclides and release 
limits regulated under 40 CFR Part 191 (EPA, 1985a). 

Radio-
nuclide 

Half-life 
(years) 

Decay 
Mode 

Release 
Limita (Ci) 

Am-241 432.7 Alpha 100 
Pu-239 24,100 Alpha  100 
U-238 4,470,000,000 Alpha  100 
Np-237 2,160,000 Alpha  100 
U-235 704,000,000 Alpha 100 
U-234 246,000 Alpha 100 
U-233 159,200 Alpha 100 
Th-232 1,400,000,000,000 Alpha  10 
Pa-231 32,800  Alpha 100 
Th-230 75,400 Alpha 10 
Th-229 7,300 Alpha 100 
Ac-227 21.774 Beta 1000 
Ra-226 1599 Alpha 100 
Pb-210 22.6 Beta 1000 
Cs-137 30.07 Beta 1000 

a Release limit from 40 CFR Part 191 Appendix A: 
(1) per 1000 metric tons of heavy metal from spent nuclear fuel; or, 
(2) per each 100,000,000 Ci of high-level waste gamma or beta-

emitting radionuclides with half-lives greater than 20 years but 
less than 100 years; or, 

(3) per each 1,000,000 Ci of other high-level waste radionuclides (i.e., 
gamma or beta-emitters with half-lives greater than 100 years or 
any alpha-emitters with half-lives greater than 20 years); or, 

(4) an amount of TRU wastes containing 1,000,000 Ci of alpha-
emitting transuranic radionuclides with half-lives greater than 20 
years. 

Inventory of GCD TRU Waste Boreholes 

Based on GCD reports by Chu and Bernard (1991) 
and Steinborn and Brush (1998), the inventory assumed in 
the GCD (which they decay-corrected to late 1991) is 
listed in Table 2. The maximum total activity (both beta 
and alpha-emitters) is 1400 Ci. Tables 3 and 4 break this 
down into the alpha-emitting and beta-emitting categories 
in order to apply the release limit criteria from 40 CFR 
Part 191 as summarized in the footnote of Table 1. Since 
the release limits are applied to the cumulative release 
quantity projected over 10,000 years, it is instructive to 
know the cumulative activity for each radionuclide during 
the compliance period. 

TABLE 2. 1991 inventory of TRU waste packages in 
GCD boreholes (all values are in units of Ci) 

Borehole Radio-
nuclide 1 2 3 4 

Total 

3H    13 13 
137Csa  1000   1000 
232Th    0.02 0.02 
235U 0.039 -

0.067 
0.0022 -
0.047 

0.0028-0.022 0.00065 0.045-
0.14 

238U 0.14 -0.24 0.00091- 
0.023 

0.0021-
0.0037 

0.43 0.57 -
0.70 

239Pu 56 –126 2.7 78 – 88 138 275 -355 
241Am 0.96 –34 0.68 10 3.4 15 - 48 
Total 57 –160 1000 88 – 98 155 1300-

1400 
a 137 Cs may be shown not to be part of the inventory in TRU waste 
packages. This issue is currently being investigated. 



TABLE 3. Cumulative activity of long-lived alpha-
emitters to 10,000 years in the future  

(all values are in units of Ci) 

Radio-
nuclide 

Activity in year 
1991 

Cumulative Activity 
in 10,000 years 

Release Limit 

241Am 15 – 48 15 – 48 0.04 
239Pu 275 – 355 275 – 355 0.04 
238U 0.57 - 0.70 0.57 - 0.70 0.04 
237Np 0 0.0031 - 0.0097 0.04 
235U 0.045 - 0.14 0.048 - 0.14 0.04 
234U 0 0.016 - 0.020 0.04 
233U 0 0.00013 - 0.00040 0.04 
232Th 0.020 0.020 0.004 
231Pa 0 0.0098 - 0.029 0.04 
230Th 0 0.00073 - 0.00090 0.004 
229Th 0 0.000056 - 0.00017 0.04 
226Ra 0 0.0010 - 0.0013 0.04 
Total 290 – 404 290 – 404  

TABLE 4.Cumulative activity of long-lived beta-emitters 
to 10,000 years in the future (all values are in units of Ci) 

Radio-nuclide Activity in 
year 1991 

Cumulative Activity 
in 10,000 years 

Release 
Limit 

227Ac 0 1.4 - 4.3 0.4 
221Pb 0 0.041 - 0.050 0.4 
137Cs 1000 1000 0.4 
Total 1000 1000  

Figure 1 illustrates the decay and build-up of 
radionuclides in the GCD TRU waste boreholes over the 
next 10,000 years. Summing the total number of nuclei for 
each radioisotope indicates that a maximum total 
cumulative activity of: 400 Ci of alpha-emitters with half-
lives greater than 20 years, 0 Ci of beta-emitters with half-
lives greater than 100 years, and 1000 Ci of beta-emitters 
with half-lives greater than 20 years but less than 100 
years, will accrue over the 10,000-year compliance 

period. The regulation explains how to scale up when a 
repository contains a larger inventory than provided in the 
footnotes, but no mention is made on how to scale down 
to a small fraction of the rated inventory. Assuming that it 
is allowable to scale down proportionately the release 
limits, the resulting ratio of 400 Ci of alpha-emitters 
versus 1,000,000 Ci of alpha-emitters is used to adapt the 
release limits to the GCD inventory of each radionuclide 
as shown in the last column of Tables 3 and 4. 

The requirement states that the cumulative releases of 
radionuclides to the accessible environment for 10,000 
years after disposal from all significant processes and 
events that may affect the disposal system shall: (1) have a 
likelihood of less than one chance in 10 of exceeding the 
release limits; and (2) have a likelihood of less than one 
chance in 1,000 of exceeding ten times the release limits. 

Inconsistencies Between the Circumstances at 
the Nevada Test Site GCD Boreholes and the 
Underlying Assumptions to the EPA 
Standards 
 Mined Geologic Repository Versus Greater Confinement 
Disposal Depth 

The supporting technical information (EPA, 1985b) 
defines a mined geologic repository as being constructed 
in suitable host media at depths greater than 300 meters. 
Also indicative of the expected depth of isolation were the 
examples of natural disruptive events anticipated by EPA. 
They consider fault movement and breccia pipe formation 
(in soluble media such as salts) rather than shallow 
excavation for the placement of a basement or sump tank. 
The EPA (1985a) guidance for implementation assumes 
that only the consequences of inadvertent intrusion by 
 

FIGURE 1. Radionuclide inventory in GCD TRU waste boreholes during the next 10,000 years 



exploratory drilling need to be considered in a performance 
assessment because of the isolation from the surface 
provided by deep geologic disposal. Furthermore, EPA 
(1985a) assumes that the consequences of such inadvertent 
drilling will not be more severe than providing a pathway 
for the release of ground water to the surface. This is clear 
direction by EPA (1985a) to disregard the direct release of 
radionuclides from the perforated waste site to the 
accessible environment by inadvertent intrusion. 

Repository Inventory Versus GCD Borehole Inventory 

The assumed contents of the mined geologic disposal 
system addressed by EPA (1985a) is referred to as “a very 
large amount of radioactivity in a small area.” The 
analysis in Section 1.2 provides definite amounts to what 
the authors call a small amount versus a large amount. 

A small amount is defined here as the less than 6 kg 
(400 Ci) of transuranic isotopes in the GCD boreholes 
(see Table 2). A large amount is defined as the 1,000,000 
Ci of TRU waste used as the basis for Table 1. In 
particular, the authors question whether it is prudent to 
take a ratio of 400 Ci to 1,000,000 Ci to scale the release 
limits for the GCD, or is this technique over-prescriptive 
to the protection of the accessible environment and 
population as intended by the EPA. 

General Assumptions Used to Develop Standard Versus 
Site-Specific Information 

The guidance for implementation (Appendix B of 40 
CFR Part 191 (EPA, 1985a)) states “that several sections 
apply only to disposal in mined geologic repositories and 
would be inappropriate for other types of disposal 
systems.” The EPA (1985a) allows for alternative 
provisions for the case that information indicates the need 
to modify the standard. This procedure requires the 
concurrence of the EPA Administrator and a period of 
public comment on the cost, risk, and benefit of the 
disposal system and the reasons why compliance with the 
existing provisions appear inappropriate. Since the 
Greater Confinement Disposal boreholes already exist, are 
filled, and closed, it may be a moot point to solicit public 
comment on the concept. However, public comment on 
the proposed method of compliance to adapted 
environmental protection standards may be warranted. 

The GCD boreholes are situated in an operating 
radioactive waste management site (RWMS) at the 
Nevada Test Site. Therefore, there are many applicable 
studies that characterize the site and provide an enormous 
amount of information regarding vadose zone transport, 
monitoring, prediction and consequences of unlikely 
events, and probabilities of future land use to name a few. 

ANALYSIS OF INTENT 
The EPA (1985a) rule 40 CFR Part 191 provides 

standards for the storage and disposal of spent nuclear 
fuel, high-level and transuranic radioactive wastes, 

regardless of disposal method.2 The stated intent of the 
regulation is to limit the risks that future populations may 
face from the possible release of radioactive material from 
a disposal system. 

Methodology of the Regulation 
The regulation follows an easily understood 

methodology. First, an estimate was made of the amount 
of spent fuel that would be disposed of in a high-level 
waste disposal site (roughly 100,000 metric tons). Next, 
the population risk from radiation exposure was estimated 
for an unmined uranium ore deposit of a size needed to 
produce this quantity of reactor fuel (roughly 620,000 
metric tons of U3O8). Then a study was completed of the 
presumed disposal method (geologic repository) to 
determine what the risks to the public would be for unit 
amount releases of individual radionuclides. Finally, a 
performance criteria was established in the form of release 
limits on the repositories to maintain the future risks 
below the risk from the equivalent uranium ore deposit. 

Acceptable Risk 
The question of what constitutes an acceptable level 

of risk from a waste disposal site is addressed immediately 
in the preamble to 40 CFR Part 191 (EPA, 1985a). The 
primary intent of this regulation is to ensure small risks to 
future members of society. These risks are to be estimated 
using a population dose model and not estimates of 
individual exposure. The threshold of 1,000 premature 
cancer deaths over the first 10,000 years after disposal is 
the numeric limit placed on the population risk based on a 
similar risk from an equivalent amount of unmined 
uranium needed to produce the amount of spent fuel 
expected in a repository. Although the EPA discusses 
population doses from naturally occurring radiation 
sources in the preamble to 40 CFR Part 191 (EPA, 1985a) 
as part of a discussion on intergenerational equity, the 
discussion is merely a comparison which shows that in 
general the risks from other natural radiation sources are 
higher than those allowed in the standard, but in no way 
are risks from these sources used as a further justification 
for the risk level chosen in the standard. 

Presumed Performance Capabilities of a Repository 

Subpart B of 40 CFR Part 191 (EPA, 1985a) presents 
the containment requirements that must be met in order to 
                                                           

2 Disposal into the oceans or ocean sediments is not 
covered by the standard, but these practices are prohibited 
by U.S. law (EPA 1985a). The standard is also not 
applicable to a geologic repository at Yucca Mountain in 
Nevada. In 1992, the U.S. Congress directed EPA to issue 
final public health and safety standards for Yucca 
Mountain that are based upon and consistent with the 
National Academy of Sciences findings and 
recommendations (P.L. 102-486, 1992). 



show compliance with the intent of the standard in regard 
to disposal of radioactive waste. Specifically, Subpart B 
contains a table that lists the numeric limits on the 
allowable releases of radionuclides for a given amount of 
waste. These limits were derived by performing an 
analysis on a model geologic repository to determine the 
speed with which radionuclides were released into the 
accessible environment beyond the repository. 

The EPA has indicated that the requirement for a 
disposal system is that it provide protection which is 
commensurate with a repository. It makes sense to 
interpret this statement to mean that a disposal system 
would be considered adequate if an analysis of the system 
showed that it was capable of meeting the societal 
objective. The societal objective in this case would be less 
than a 10 percent chance of radioactive releases that result 
in more than 1,000 premature cancer deaths and less than 
a 0.1 percent chance of more than 10,000 cancer deaths 
for 100,000 metric tons of heavy metal disposed (or 
equivalent waste unit). Even though this interpretation is 
clearly outside the specific criteria that EPA devised, it is 
also clear that such an interpretation is consistent with the 
comments that EPA has made in response to questions 
concerning their calculations and intent in devising the 
standard. 

Methods for Meeting Practical Intent 
The practical intent is to meet the societal objective 

of isolating the waste such that any releases result in an 
acceptable risk defined above. The performance 
assessment for an alternative disposal system must 
evaluate the exposure pathways that will result in future 
populations being exposed to radiation originating from 
the disposal system. The pathways which were used in 
determining the original containment requirements of 40 
CFR Part 191 were specific to geologic repositories with 
large amounts of waste, whereas the pathways for a 
different disposal system must be specific to the system 
and waste inventory under study. Only by performing an 
analysis of the specific exposure pathways for a 
population dose can a disposal system be compared 
directly with the performance of a repository for isolating 
similar waste. 

If it is found that an alternative disposal system does 
provide a degree of isolation which results in compliance 
with the practical intent of 40 CFR Part 191, there are 
three routes which may be pursued to obtain the legal 
sanction required to show compliance with the stated 
intent of the standard. The first is to specifically request 
that a substitute provision for Subpart B be enacted by the 
EPA Administrator. This requires a lengthy public 
comment period and will probably not result in a cost 
effective resolution to the dilemma. The second and third 
avenues are centered on the definition of transuranic waste 
used in the regulation (EPA, 1985a): 

“‘Transuranic radioactive waste,’ as used in this Part, 
means waste containing more than 100 nanocuries of 

alpha-emitting transuranic isotopes, with half-lives greater 
than twenty years, per gram of waste, except for: (1) High-
level radioactive wastes; (2) wastes that the Department 
[of Energy] has determined, with the concurrence of the 
Administrator, do not need the degree of isolation 
required by this Part; or (3) wastes that the [Nuclear 
Regulatory] Commission has approved for disposal on a 
case-by-case basis in accordance with 10 CFR Part 61.” 

This definition explicitly allows for subjective 
professional judgment to be applied by the DOE, EPA 
Administrator, and the U.S. Nuclear Regulatory 
Commission (NRC), in dealing with special case wastes. 
This judgment may be invoked without the necessity of a 
public comment period, but will still be in compliance 
with the procedures spelled out by the standard. For cases 
of waste which are disposed in near-surface disposal 
facilities, it may be advantageous to petition the NRC for 
a special case exemption to the low level waste standard, 
10 CFR Part 61 (NRC, 1998) to allow disposal of greater 
than Class C or transuranic waste in near surface disposal 
facilities that show excellent isolation capability. 

DISCUSSION OF INCONSISTENCIES 
BETWEEN THE CIRCUMSTANCES AT 
THE NEVADA TEST SITE GCD 
BOREHOLES AND THE UNDERLYING 
ASSUMPTIONS TO THE EPA 
STANDARDS 

The EPA promulgated 40 CFR Part 191 (EPA, 
1985a) to fulfill the mission of setting generic standards 
by which the performance of disposal facilities for spent 
nuclear fuel, high-level and transuranic radioactive wastes 
could be judged. The assumption made at the time of the 
rule-making was that any such disposal facility would be a 
deep geologic repository. In essence, the major mission of 
40 CFR Part 191 has been captured in other EPA and 
NRC regulations that specifically apply to the Waste 
Isolation Pilot Plant and the proposed Yucca Mountain 
facilities. However, because of one overarching statement 
in the summary of the rule, 40 CFR Part 191 still applies 
as a general regulation to all land burial sites that are not 
covered by these more specific regulations, regardless of 
their setting. 

The release limits set forth in 40 CFR Part 191 were 
derived using studies which simulate the performance of a 
deep geologic repository situated in close proximity to 
moving groundwater.3 In the case of the GCD, which is a 
relatively shallow facility located in a desert environment, 
this initial scenario is clearly inappropriate. The end result 

                                                           
3 The amendments to the rule, enacted in EPA (1993), 

did not change this approach, but the supporting 
documentation considered only a deep geologic repository 
with a TRU source term instead of a spent fuel source 
term. 



is a set of release limits that have little or no meaning 
when applied to the TRU waste in the GCD. 

Mined Geologic Repository Versus Greater 
Confinement Disposal Depth 

It is not scientifically valid to apply standards that 
have been developed for a deep geologic repository with 
large amounts of waste to a disposal system which differs 
markedly. One reason is that the assumptions and 
exposure pathways used in the risk assessments for 
geologic repositories do not apply universally to all 
disposal methods. 

At the GCD facility in the Nevada Test Site, there is 
strong evidence based on site-specific performance 
assessments (e.g., Shott et al., 1997) that there is a 
negligible chance for radionuclides to migrate to the 
ground water, in fact, a more probable pathway to the 
accessible environment determined by a recent GCD 
performance assessment (SNL, 1999) is via bioturbation, 
i.e., animal disturbance and root uptake. The probable 
human exposure pathway would therefore include external 
irradiation, dermal contact, and inhalation, as well as 
ingestion. Thus, for disposal systems which differ 
markedly from a repository, compliance with the 
containment requirements does not lead directly to a 
scientifically valid conclusion that the disposal system is 
also in compliance with the intent of the regulation 
because the most significant exposure pathways were 
neglected in the development of the standard. 

The exclusion of drill cuttings in the EPA (1985a) 
guidance exemplifies this point. The EPA analyzed a 
punctured disposal system and the immediate and long-
term releases of water via the pathway opened by the 
exploratory drilling activity. For this scenario, the EPA 
concluded that the release and consequences from the drill 
cuttings were minor in comparison to other potential 
pathways and releases, namely the ground water exposure 
pathway. Because of the assumed large inventory of waste 
and the assumed close proximity of the ground water, this 
conclusion was well founded in general as it relates to a 
deep geologic repository. 

However, in the case of the NTS GCD Boreholes 1 
through 4, there is no credible groundwater exposure 
pathway to a population even after a waste borehole has 
been punctured. Therefore, the consequence of placing 
drill cuttings on the surface is not minor in comparison. 
Even when ignoring the dose to the intruder, the 
placement of drill cuttings on the surface may be the only 
credible release mechanism by which a significant amount 
of the inventory can reach the accessible environment, and 
thus a hypothetical population. The logical course of 
action is to recognize that the EPA (1985a) guidance is 
not applicable because it is based on inconsistent 
assumptions, and include the drill cuttings as part of a 
release scenario. 

Repository Inventory Versus GCD Borehole 
Inventory 

The EPA background documents indicate that 40 
CFR Part 191 is based on an assumed inventory of 
roughly 100,000 metric tons of spent nuclear fuel (SNF) 
and that the standard is based on the estimated 620,000 
metric tons of U3O8 ore that would be required to produce 
the fuel. The numerical standard (provided in Section 1.2) 
is based on 1000 metric ton units of SNF or 1,000,000 Ci 
amounts of long-lived radionuclides. Guidance is 
provided in 40 CFR Part 191 when the amount of waste 
exceeds the 1000 metric ton or 1,000,000 bases, but 
guidance is not provided when the amount is lower. In 
Section 1.2.2, the authors provide their estimate of the 
GCD inventory based on GCD inventory documents and 
show the amount of applicable TRU waste isotopes to be 
400 Ci which corresponds to a mass of 6 kg (or 0.006 
metric tons). There is clearly 4 to 5 orders of magnitude 
difference between the inventory at the NTS GCD facility 
and the assumed inventory in the development of the 
standard. 

The disparity in inventories may be a significant issue 
with regards to the intended human protection of the 
standard. The logical conclusion is to develop a set of 
standards that indicate a transparent level of 
environmental and public protection. 

RECOMMENDATIONS 

Use a Standard that Provides a Transparent 
Level of Protection 

Since it has been argued above that the Containment 
Requirements of 40 CFR Part 191 are inappropriate for 
the NTS GCD Boreholes 1 through 4, the intent of public 
protection should be considered at a more general level. 

Clearly the TRU wastes do not fall under the purview 
of the U.S. Nuclear Regulatory Commission regulations 
10 CFR Part 61. However, the intent of these regulations 
is to protect the public from unacceptable exposure to 
radionuclides. This includes protection for the intruder 
under Part 61.42. It is conceivable (but outside the scope 
of the present paper to indicate) that neither the intruder 
nor the public is susceptible to significant risk from 
drilling into the GCD Boreholes 1 through 4. Therefore, it 
could be argued that even though the GCD boreholes may 
not satisfy the “letter of the law” for low-level disposal 
according to 10 CFR Part 61, or the assumptions of the 
rule in 40 CFR Part 191, this disposal system does assure 
protection of the public, and therefore meets the intent of 
the rules. This fact should be grounds for an exception to 
the rules of 40 CFR Part 191. 

Use Site-Specific Information 
The Nevada Test Site and in particular the NTS 

operating radioactive waste management sites have been 



extensively studied and characterized. Standards for 
protection of the environment and public should be 
developed utilizing the full knowledge of the GCD facility 
and surrounding media. Because the facility has already 
been established, it should be abundantly clear to the 
regulatory oversight group which contaminants and 
exposure pathways are most significant and should be 
used to develop their standards for protection. In addition, 
guidance on compliance to these standards should also use 
the full knowledge of the facility and site. For example, 
Black et al., (1998) are currently completing an expert 
elicitation document for inadvertent intrusion to NTS 
RWMSs. The expert elicitation was a credible and 
diligent project that supports the Performance Assessment 
and Composite Analysis for the Area 5 Radioactive Waste 
Management Site (the site in which the GCD boreholes 
are located) as well as for the RWMS in Area 3. The 
elicitation followed NRC guidelines and established 
practices (Kotra et al., 1996, and Meyer and Booker, 
1990). This project provides site specific data for scenario 
development and should be used to augment (and possibly 
supersede) the guidance in Appendix B of 40 CFR Part 
191. Two specific examples are discussed in the following 
subsections. 

 Waste Recognition 

40 CFR Part 191 (EPA, 1985a) assumes an intruder 
will recognize the wastes and vacate the area upon 
discovery and allows the implementing agency to assume 
that passive institutional controls or the intruder’s own 
exploratory procedures are adequate for the intruder to 
soon detect, or be warned of, the incompatibility of the 
area with their activities. However, the expert elicitation 
for the NTS RWMSs disagrees with this conclusion. The 
EPA most likely made the assumption that the intruder 
would encounter a waste package or an engineered barrier 
(an engineered barrier is required under 40 CFR Part 
191.14) and recognize it as being a human-made item, 
thus realizing the possible nature of the material buried in 
the location. Currently, there are no barriers or long-
lasting waste packages in the GCD boreholes. Also, in the 
expert elicitation (Black et al., 1998) the Subject Matter 
Experts (SMEs) agreed that the well driller would either 
not recognize the waste as such, or would be indifferent to 
its presence. Furthermore, the SMEs did not consider the 
intruder’s own exploratory procedures to be an adequate 
deterrent to the completion of drilling to groundwater. 
Therefore, in this case, site-specific information disagrees 
directly with assumptions made in the development of 40 
CFR Part 191 obviously due to the difference in the 
assumed disposal systems. 

Borehole Limits 

EPA (1985a) specifically assumed the limit of 3 
boreholes/km2to apply to exploratory drilling into a 
geologic repository – a very deep disposal system. It is 
possible to infer that EPA assumed many more boreholes 

may be drilled, but only 3 boreholes/km2will be drilled 
deep enough to penetrate the waste. Such an assumption 
would not be applicable for the NTS GCD facility 
because of the relatively shallow burial depth of the GCD 
boreholes. However, since specific scenario development 
for a performance assessment is encouraged by the DOE 
and NRC, use of the expert elicitation (Black et al., 1998) 
is an appropriate means of (1) concluding that drilling is 
the most credible intrusion method, and (2) estimating the 
probability of drilling into a waste cell over the 
compliance period of 10,000 years. Although direct 
comparison of the expert elicitation draft results (average 
of 16 boreholes/km2) to the EPA limits (3 boreholes/km2) 
seems to be consistent, the number 16 is defensible for 
this case, while the number 3 is not. 

CONCLUSIONS 
By adhering to the release limits in 40 CFR Part 191, 

DOE is abiding by the “letter of the law.” However, in this 
case, simply adhering to the rule does not constitute 
significant scientific finding that the intent of the 
regulations is being fulfilled. Instead, a more appropriate 
technical analysis should be performed which accounts for 
the specific characteristics of the GCD facility. 

The intent of the containment requirements is to 
protect a future population from a low but widespread 
dose from radionuclides which are released from the 
disposal site. EPA assumed that any radionuclide 
migration away from an undisturbed site and into the 
accessible environment would occur via a ground 
water pathway, which would then cause a widespread 
population exposure. The containment requirements 
were derived to assure that this initial release into the 
ground water is below a certain limit. Since the 
assumptions which designate this pathway as the most 
limiting case for study are not valid for the GCD 
boreholes at the NTS, a different population exposure 
pathway should be analyzed. This pathway most likely 
will be tied directly to the deposition of drill cuttings 
on the surface as well as the migration of radionuclides 
in the vadose zone to the accessible environment. 
Furthermore, because the exposure pathways are 
altogether different, the release limits from Table 1 are 
not directly applicable. Separate release limits should 
be calculated based on a new population exposure 
scenario that is consistent with the intent of EPA 
(1985a) in protecting public health and the 
environment and these metrics should be scrutinized 
against the DOE (1990) and the NRC (1996) standards 
for radiation protection. 
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