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ABSTRACT 

A preliminary parametric performance assessment (PA) has been performed of potential waste disposal 
systems for alpha-contaminated mixed low-level waste (ALLW) currently stored at the Idaho National 
Engineering Laboratory. The radionuclide-confinement performance of treated ALLW in various final waste 
forms, in various disposal locations, and under various assumptions was evaluated. Compliance with 
performance objectives was assessed for the undisturbed waste scenario and for intrusion scenarios. Some 
combinations of final waste form, disposal site, and environmental transport assumptions lead to calculated 
doses that comply with the performance objectives, while others do not. The results will help determine the 
optimum degree of ALLW immobilization to satisfy the performance objectives while minimizing cost. 

INTRODUCTION AND BACKGROUND 
A preliminary parametric performance assessment (PA) has been performed by Smith et al. (1) of potential 

waste disposal systems for alpha-contaminated mixed low-level waste (ALLW) currently stored at the 
Transuranic Storage Area (TSA) of the Department of Energy's (DOE's) Idaho National Engineering 
Laboratory (INEL). The ALLW contains 10-100 nCi/g of transuranic (TRU) contamination and was generated 
primarily from 1970 through 1989. 

The containers of ALLW are stored together with the containers of TRU waste. The volume of ALLW is 
estimated to be 24,413 m 3, about 40% of the total waste stored at the TSA (ALLW plus TRU waste). The 
waste is awaiting retrieval from storage, segregation into TRU waste versus ALLW, treatment, and disposal. 

This PA was conducted for the Private Sector Participation Initiative (PSPI), which supports the DOE in 
evaluating possible private sector treatment of the ALLW. The PSPI is in its early stages. Several feasibility 
studies on private sector treatment have been completed, but a final waste form (FWF) and a disposal site have 
not yet been selected. 

The purpose of this study was to provide preliminary evaluations of the radionuclide-confinement 
performance of treated ALLW in various FWFs, in various disposal locations, and under various assumptions. 
The study examined the effects of several parameters on performance of the overall disposal system (consisting 
of the FWF, containers, engineered barriers, and the disposal site). The performance was evaluated in terms of 
projected receptor doses and the other performance objectives of DOE Order 5820.2A, Chapter HI. 

The principal emphasis was on the performance of potential FWFs for the ALLW. Three categories of 
FWF (cement, glass, and ceramic) were addressed by evaluating the performance of two limiting FWFs for 
each category. 

Performance at three disposal sites was evaluated to illustrate the effects of site characteristics on the 
performance of the total disposal system. Several other parameters were investigated, both singly and in some 
combinations, to determine the effects on the calculated receptor dose. Not every combination of parameters 
was evaluated, however. 

This study is a preliminary parametric PA. It is preliminary in that it is not the formal PA that will be 
prepared after a disposal site and the FWF(s) have been selected. It is parametric in that several parameters 
were varied to observe their effect, rather than examining in detail one FWF and one disposal site. At this 
early time in the PSPI, the evaluation of a wide range of options was needed to provide guidance on the 
selection of an FWF(s). 
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The study was performed in two phases. In the first phase, PA computer runs were performed using an 
initial set of assumptions and parameter values. In the second, the earlier results were evaluated, then 
additional runs were made using refined assumptions or expanded ranges for some parameter values. The 
complete set of earlier runs was not repeated using the revised assumptions or parameter values. 

This study has several potential uses: 

• It will help the PSPI determine the optimum degree of ALLW immobilization to satisfy the 
performance objectives of DOE Order 5820.2A, while minimizing cost 

• The results indicate the margin of compliance with the performance objectives and how the margin 
depends on various parameters 

• The study identified key parameters for which better data are needed. 

THE WASTE 

Most of the ALLW was generated at the Rocky Flats Plant; the remainder, at several other DOE facilities, 
including the INEL. The waste consists of a wide variety of solid materials (e.g., sludges, paper, metals) 
contaminated with small amounts of TRU radionuclides and other actinides. Some of the ALLW, particularly 
the small fraction that is remote handled (RH), also contains fission products and activated metals. 

Most of the ALLW is mixed waste; i.e., it contains chemically hazardous constituents per the Resource 
Conservation and Recovery Act (RCRA). Treatment will be required under RCRA's Land Disposal Restrictions. 

Shipping records for the waste are incomplete, particularly concerning radionuclide information. As a result 
of this situation and the uncertain split of the waste between ALLW and TRU waste, there is some uncertainty 
about the inventory of radionuclides in the ALLW. Based on a set of assumptions, a simplified, limiting 
inventory was developed for use in the PA. For the second phase, a refined inventory for part of the waste was 
used for some computer runs. 

Glass, cement, and ceramic were considered logical candidates for the FWF that will be chosen for the 
ALLW. To evaluate a wide range of potential variations within these three categories, two limiting FWFs were 
selected for evaluation from each category. Of each pair, one represents the more favorable characteristics in 
terms of contaminant immobilization; the other represents the less favorable characteristics. Table I lists the 
FWFs evaluated. 

DISPOSAL SITES 

The disposal location for the treated ALLW has not been designated. To illustrate the effects of disposal 
site characteristics on the performance of the disposal system, three arid Western sites were used. 
Characteristics that are representative of the following sites were chosen: the Subsurface Disposal Area at the 
INEL, Site 14 in the central part of the INEL, and the Radioactive Waste Management Site of the DOE's 
Nevada Test Site. The sites are referred to herein as Sites A, B, and C, respectively. 

Site A was studied because it is adjacent to the TSA. Site B was selected because its underlying 
sedimentary beds are among the thickest at the INEL. Site C was picked because it has virtually no 
groundwater flow. 

The study of a disposal site in this PA does not imply that the site will be the actual disposal location for the 
ALLW. 
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Table I. Final waste forms selected for parametric evaluation. 

Type of FWF More favorable FWF Less favorable FWF 

Cement FUETAP PCC 

Glass ASG BSG 

Ceramic IEB4 IEB 

and pressure (cement) Abbreviations: FUETAP - formed under elevated temperature 
PCC - Portland cement/concrete 
ASG - aluminosilicate glass 
BSG - borosilicate glass 
DEB - iron-enriched basalt 
IEB4 - enhanced iron-enriched basalt. 

IEB 

and pressure (cement) 

SCENARIOS, TRANSPORT PATHWAYS, AND EXPOSURE ROUTES 
To assess the performance of ALLW disposal systems, two scenarios were evaluated. The first is the 

undisturbed waste scenario. (See Fig. 1). After 100 yr of institutional control, members of the public were 
assumed to use a drinking water supply well located 100 m downgradient from die edge of the disposal unit. 
The full range of transport pathways was considered for this scenario. However, based on other studies, it was 
concluded that (a) groundwater transport with a full range of exposure routes and (b) atmospheric transport of 
radon with inhalation exposure would be the dominant contributors to dose. These pathways were evaluated 
(see Fig. 2). 

Intruders - * Disposal site Nonintruding 
members of the public 

Acute 
scenarios 

1 
Drilling Excavation 

Chronic 
scenario 

Atmospheric 
pathway 

Groundwater 
pathway 

Drilling 

1 

Direct 
Exposure Inhalation 

Excavation 

Direct exposure 

Drinking water Agriculture 

Agriculture 

Inhalation T940915 

Fig. 1. Scenarios evaluated. 
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Fig. 2. Transport pathways and exposure routes evaluated. 

The second scenario is the intrusion scenario, which is assumed to occur after the loss of institutional 
control. The scenario has three parts. (See Figs. 1 and 2.) In the intruder-drilling scenario, an intruder drills 
a well directly through the source zone (the waste disposal pit). The drilling crew suffers exposure to the 
radionuclides in the exhumed waste/soil mixture from external radiation and inhalation. la the intruder-
excavation scenario, waste/soil mixture is excavated during construction activities. Onsite workers are exposed 
by external radiation and inhalation. In the intruder-agriculture scenario, some of the waste/soil mixture is 
exhumed by the drilling or excavation activities just described. The mixture is spread over the ground surface, 
resulting in exposure by direct radiation and inhalation. In addition, radionuclides are taken up by crops and are 
ingested with foodstuffs of plant and animal origin. 

The treated waste was assumed to be buried in a large pit. The waste stack height was 22.7 ft (6.9 m), 
corresponding to eight 55-gal drums. The top of the uppermost drums was 5 ft or 9 ft below grade (two cases), 
with the void being backfilled with soil. An 11-ft-thick, multilayer cover was emplaced over the backfill. The 
cover was designed in accordance with Nuclear Regulatory Commission (NRQ and Environmental Protection 
Agency (EPA) guidelines to help ensure its integrity up to 500 yr. After that time, it was assumed not to be 
present. (The belowgrade backfill was assumed to be present for all times.) Thus, the total thickness of 
geologic material over the waste was 16 ft or 20 ft in the two cases studied. 

ANALYSIS OF PERFORMANCE 

Conceptual models were developed to describe the dominant physical and chemical processes assumed to 
occur in the various scenarios and transport pathways. 

The conceptual models were implemented by a suite of numerical models. For the intruder scenario, the 
Generation-II (GENII) package of computer codes was used. For the groundwater transport pathway in the 
undisturbed waste scenario, the Variably Saturated 2-Dimensional Flow and Transport code (VS2DT) was used 
to model the flow of water through the source zone. The Disposal Unit Source Term (DUST) code was used to 
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model the release of radionuclides and transport within the source zone. Flow and transport in the unsaturated 
zone (below the waste disposal pit) and in the saturated zone were evaluated using analytical solutions. Finally, 
exposure routes were evaluated using the Dose Integrated Over Ten Thousand Years (DITTY) code of the 
GENII package. For the radon transport, analytical solutions were used. 

The performance-related characteristics of the six FWFs, such as leach rates, were estimated using a 
combination of the limited existing laboratory data and theoretical calculations. Site characteristics were 
estimated using a combination of questionnaires completed by site representatives and data in published reports. 

RESULTS 

About 45 runs were made, using the numerical models, to evaluate performance in the undisturbed waste 
scenario and the intrusion scenarios. The matrix of runs is given in Table II. 

The results are also given in Table II and are compared against the performance objectives listed at the top 
of each column. (The additional performance objectives that are not listed in the table were met in all cases that 
were evaluated.) 

The rationale for each run is summarized in Table HI. 

CONCLUSIONS 

The key observations and conclusions from this preliminary parametric PA of the ALLW are presented 
below. The first group of observations and conclusions relate to the process followed in the study. 

The second group relates to the results obtained. The number of cases examined in the study was rather 
large—about 45, depending on how one counts—but was still limited. To broaden their usefulness, the 
following observations and conclusions were extrapolated somewhat to cover the results expected from cases 
that were not specifically evaluated but are believed to be predictable with a high degree of confidence based on 
the results of closely related cases. 

Process-Related 

• Completing the preliminary parametric PA at this early time in the PSPI resulted in compiling 
information, developing simplified models, and performing scoping analyses, all of which are expected 
to prove useful to the PSPI. 

• The lack of formal selection of a FWF was compensated for by evaluating die performance of limiting 
examples of each of the three principal categories of FWF. This approach illustrated the likely range 
of potential behavior of the FWF. 

• The lack of formal selection of a disposal site was compensated for by evaluating the performance at 
tiiree possible sites and varying several key site parameters. This approach illustrated the likely range 
of potential behavior of the disposal site. 

• As a check on the conservatism of the assumptions and parameter values used, they were compared 
against those in five related assessments. The comparison indicated that, on balance, the study was not 
on either extreme in terms of conservatism or nonconservatism, when the ranges of parameter values 
used here were considered. 
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Table II. Summary of the evaluations of FWFs at three arid sites. 

TRU 
concentration 

Run number FWF Site (nCi/g) 

1 PCC A 100 3.1 2,900,000 23 18 96 l,4O0b 46 NE 

2A PCC C 100 2.3 x 10"3 43,000,000 23 18 96 l,400 b 46 NE 

2B PCC C 100 4.7 x 10"4 44,000,000 23 18 96 1,400" 46 NE 

2C PCC C 100 1.9 x 10 6 57,000,000 23 18 96 l,400 b 46 NE 

3 IEB4 A 100 0.011 2,900,000 59 49 260 3,600b 120" 25 

4A IEB4 C 100 3.5 x 10"* 43,000,000 59 49 260 3,600" 120" 25 

4B IEB4 C 100 7.2 x 10 J 44,000,000 59 49 260 3,600" 120" 25 

4C IEB4 C 100 2.8 x 10"7 57,000,000 59 49 260 3,600b 120" 25 

5 IEB B 10 0.0015 7,000,000 45 39 22 310" 47 NE 

6 IEB B 100 0.015 7,000,000 49 42 c 220 3,100" 110" 22 

7 IEB B 1,000 0.15 7,000,000 84 72 2,200b 31,0O0b 690" NE 

8 IEB4 B 100 0.0024 7,000,000 59 49 260 3,600" 120" 25 

9 PCC B 100 0.78 7,000,000 23 18 96 l,400b 46 NE 

10 FUETAP B 100 0.52 7,000,000 23 18 96 1,400" 46 NE 

11 BSG B 100 0.080 7,000,000 23 18 96 1,400" 46 NE 

12 ASG B 100 0.015 7,000,000 46 36 190 2,700" 92 NE 

1K1 PCC A 100 12 950,000 23 18 96 1,400" 46 NE 

1K2 PCC A 100 28 b 290,000 23 18 96 1,400" 46 NE 

9K1 PCC B 100 7.4 2,300,000 23 18 96 1,400" 46 NE 

9K2 PCC B 100 24 700,000 23 18 96 1,400" 46 NE 

Undisturbed waste 
scenario-groundwater 

pathway 

Maximum 
dose Time of 

(mrem/yr) maximum 
limit = dose 

25 mrem/yr (yr) 

Intruder-
drilling Intruder-drilling 
scenario scenario 

• 16-ft soil cover 20-ft soil cover 
intrusion 
occurs at 

100 yr (mrem) 
limit = 

500 mrem* 

intrusion occurs 
at 100 yr 
(mrem) 
limit = 

500 mrem* 

Intruder-
excavation 
scenario 

16-ft soil cover 
intrusion 
occurs at 

500 yr (mrem) 
limit = 

500 mrem* 

Intruder-
agricultural 

scenario 
16-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 100 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 



Table II. (continued). 

Run number FWF Site 

TRU 
concentration 

(nCi/g) 

Undisturbed waste 
scenario-groundwater 

pathway 

Intruder-
drilling 
scenario 

16-ft soil cover 
intrusion 
occurs at 

100 yr (mrem) 
limit = 

500 mrem* 

Intruder-drilling 
scenario 

20-ft soil cover 
intrusion occurs 

at 100 yr 
(mrem) 
limit = 

500 mrem* 

Intruder-
excavation 
scenario 

16-ft soil cover 
intrusion 
occurs at 

500 yr (mrem) 
limit = 

500 mrem" 

Intruder-
agricultural 

scenario 
16-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 100 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* Run number FWF Site 

TRU 
concentration 

(nCi/g) 

Maximum 
dose 

(mrem/yr) 
limit = 

25 mrem/yr 

Time of 
maximum 

dose 
(yr) 

Intruder-
drilling 
scenario 

16-ft soil cover 
intrusion 
occurs at 

100 yr (mrem) 
limit = 

500 mrem* 

Intruder-drilling 
scenario 

20-ft soil cover 
intrusion occurs 

at 100 yr 
(mrem) 
limit = 

500 mrem* 

Intruder-
excavation 
scenario 

16-ft soil cover 
intrusion 
occurs at 

500 yr (mrem) 
limit = 

500 mrem" 

Intruder-
agricultural 

scenario 
16-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 100 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

Intruder-
agricultural 

scenario 
20-ft soil cover 
intrusion occurs 

at 500 yr 
(mrem/yr) 

limit = 
100 mrem/yr* 

6GC1 IEB B 100 0.052 7,000,000 49 42 220 3,100b 110b NE 

6GC2 IEB B 100 0.29 7,000,000 49 42 220 3,100b 110b NE 

6GC3 IEB B 100 0.65 7,000,000 49 42 220 3,100b 110b NE 

6GC4 IEB B 100 1.2 7,000,000 49 42 220 3,100b 110b NE 

6GC5 IEB B 100 1.2 7,000,000 49 42 220 3,100b 110b NE 

9C1 PCC B 100 1.1 7,000,000 23 18 96 l,400 b 46 NE 

9C2 PCC B 100 1.1 7,000,000 23 18 96 l,400 b 46 NE 

1IR1 PCC A 100 6.1 760,000 23 18 96 l,400 b 46 NE 

1IR2 PCC A 100 6.8 380,000 23 18 96 MOO6 46 NE 

9IR1 PCC B 100 4.4 1,700,000 23 18 96 1.4006 46 NE 

9IR2 PCC B 100 5.7 840,000 23 18 96 1,400" 46 NE 

1LDW PCC A 100 0.0012 3,400,000 23 18 96 l,400 b 46 NE 

1UTR NA A 100 3.6 2,900,000 12 9.6 58 820b 24 NE 

1NB PCC A 100 6.2 720,000 23 18 96 l,400 b 46 NE 

1IR2NB PCC A 100 6.9 95,000 23 18 96 l,400 b 46 NE 

1SZS PCC A 100 2.3E-01 2,900,000 23 18 96 l,400 b 46 NE 

9SZS PCC B 100 5.5E-02 7,000,000 23 18 96 l,400 b 46 NE 

1IR2NBSZS PCC A 100 2.6 95,000 23 18 96 l,400 b 46 NE 
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Table II. (continued). 

Undisturbed waste Intruder- Intruder- Intruder- Intruder- Intruder-
scenario-groundwater drilling Intruder-drilling excavation agricultural agricultural agricultural 

path w**v scenario scenario scenario scenario scenario scenario 
16-ft soil cover 20-ft soil cover 16-ft soil cover 16-ft soil cover 20-ft soil cover 20-ft soil cover 16-ft soil cover 20-ft soil cover 16-ft soil cover 16-ft soil cover 20-ft soil cover 20-ft soil cover 

Maximum intrusion intrusion occurs intrusion intrusion occurs intrusion occurs intrusion occurs 
dose Time of occurs at at 100 yr occurs at at 500 yr at 100 yr at 500 yr 

TRU (mrem/yr) maximum 100 yr (mrem) (mrem) 500 yr (mrem) (mrem/yr) (mrem/yr) (mrem/yr) 
concentration limit = dose limit = limit = limit = limit = limit = limit = 

Run number FWF Site (nCi/g) 25 mrem/yr (yr) 500 mrem' 500 mrem* 500 mrem* 100 mrem/yr* 100 mrem/yr* 100 mrem/yr* 

1IR2NBUTR NA A 100 7.8 95,000 12 9.6 58 820b 24 NE 

1UTRTORT NA A 100 3.7 2,900,000 12 9.6 58 820b 24 NE 

1UTRDIFF NA A 100 2.8 2,900,000 12 9.6 58 820b 24 NE 

1UTRSUR NA A 100 3.7 2,900,000 12 9.6 58 820b 24 NE 

6RId IEB NA 100 NE NE 6.2 NE 220 3,000b NE NE 
29,000b NE 210 3,100b NE NE 

43 NE 220 3,000b 97 e 22 f 

1UTH PCC A 100 3.1 2,900,000 NE NE NE NE NE NE 

3UTH IEB4 A 100 0.011 2,900,000 NE NE NE NE NE NE 

a. Source: DOE Order 5820.2A. 

100 0.011 2,900,000 NE NE NE NE NE NE 

b. Effective dose equivalent exceeds the limit set forth in DOE Order 5820.2A. 
c. Run 6ED, based on increased exposure time during drilling, produced a dose of 44 mrem. 
d. For the refined-inventory Run 6RI, the first set of intrusion doses in each column is for the CH waste only; the second set is for the RH waste only; the third set is for the 
combined CH waste and RH waste. 
e. With an IEB4 FWF, the result was 110 mrem/yr. 
f. With an IEB4 FWF, the result was 25 mrem/yr. 

NA = Not applicable. 

NE = Not evaluated. 



Table HI. Description of the PA runs evaluated in this study. 

Run number Description 
1 Least favorable FWF at the worst disposal site. 
2 Least favorable FWF at the best disposal site. (Runs 2A, 2B, and 2C reflect three 

different assumed groundwater velocities.) 
3 Most favorable FWF at the worst disposal site. 
4 Most favorable FWF at the best disposal site. (Runs 4A, 4B, and 4C reflect three 

different assumed groundwater velocities.) 
_ _ _ 

This set of runs evaluates die effect of TRU radionuclide concentration in the FWF on 
performance. 

7 _ 

9 
This set of runs evaluates die performance of different FWFs at a given disposal site 
(along with results of run 6). 

11 
12 

1K1 Same as Run 1, except that Ka values for the radionuclides are lowered by a factor of 3. 
1K2 Same as Run 1, except mat Kj values for the radionuclides are lowered by a factor of 10. 
9K1 Same as Run 9, except that K̂  values for the radionuclides are lowered by a factor of 3. 
9K2 Same as Run 9, except mat X^ values for the radionuclides are lowered by a factor of 10 
9C1 Same as Run 9, except that FWF diffusion pam length is decreased by a factor of 10. 
9C2 Same as Run 9, except that FWF diffusion path length is decreased by a factor of 100. 
6GC1 Same as Run 6, except that FWF surface area is increased by a factor of 10. 
6GC2 Same as Run 6, except that FWF surface area is increased by a factor of 100. 
6GC3 Same as Run 6, except that FWF surface area is increased by a factor of 1,000. 
6GC4 Same as Run 6, except that FWF surface area is increased by a factor of 10,000. 
6GC5 Same as Run 6, except that FWF dimensions are decreased by a factor of 100,000. 

1IR1 Same as Run 1, except that an infiltration rate of 5 cm/yr is used. 
1IR2 Same as Run 1, except that an infiltration rate of 10 cm/yr is used. 
9IR1 Same as Run 9, except that an infiltration rate of 5 cm/yr is used. 
9IR2 Same as Run 9, except that an infiltration rate of 10 cm/yr is used. 
1LDW Same as Run 1, except that the distant receptor well is 215 km downgradient from the 

disposal facility. 
1NB Same as Run 1, except mat no credit is taken for vadose zone basalt travel time. 
1IR2NB Same as Run 1IR2, except that no credit is taken for vadose zone basalt travel time. 

1UTR Same as Run 1, except that waste is untreated. 
1UTRTORT Same as Run 1UTR, except that a higher diffusion coefficient for sludge is used. 
1IR2NBUTR Same as Run HR2NB, except that the waste is untreated. 
1SZS Same as Run 1, except that no source-zone sorption is used. 
9SZS Same as Run 9, except that no source-zone sorption is used. 
1IR2NBSZS Same as Run 1IR2NB, except that no source-zone sorption is used. 

1UTH Same as Run 1, except that U-233 and Th-232 inventories are increased. 
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Table III. (continued). 
Run number Description 

3UTH Same as Run 3, except that U-233 and Th-232 inventories are increased. 

6ED Same as Run 6, except for longer exposure time (intruder-drilling scenario only). 

6RI Same as Run 6, except with refined inventory. 

1UTRDIFF Same as Run 1UTR, except that all radionuclides are assumed to be released by diffusion 
mechanism. 

1UTRSUR Same as Run 1UTR, except that all radionuclides are assumed to be released by surface 
washoff mechanism. 

Results-Related 

• Compliance with the performance objectives depends not only on the FWF and the disposal site, but 
also on the overall conservatism of the set of assumptions in the PA. 

• For the undisturbed waste scenario: 

The results depend particularly on the assumed values for the leach rate of the FWF, the 
infiltration rate, and the Kj values. 

The dominant radionuclide contributing to dose is the Am-241 decay chain. 

At Site C, any FWF would be expected to comply. 

At Site A or B, nearly all FWFs would be expected to comply under nearly all assumptions. 
Possible exceptions are the PCC and FUETAP FWFs or untreated waste under quite conservative 
assumptions (more conservative overall than those investigated herein). 

The performance of the untreated waste is nearly equal to that of PCC, suggesting that little 
benefit is expected in this scenario from cementing the waste. (It is noted, however, that 
conservative assumptions were used concerning the adsorption of radionuclides in cement.) 

Most of the cases at Site A were evaluated using a comparatively low infiltration rate and taking 
credit for travel time through the underlying fractured basalt. However, these nonconservatisms 
were slightly more than compensated for by the conservatism of not taking credit for adsorption 
of radionuclides in the source zone. 

• For the intrusion scenario: 

To the accuracy of these analyses, the intrusion scenario results are independent of the location of 
waste disposal. 

The results depend particularly on the depth of burial (belowgrade), cover longevity, and 
radionuclide concentration in the FWF. 

The dominant radionuclides contributing to dose are Cs-137 and Am-241 during the early period 
studied (e.g., 100 yr postclosure) and the Pu-239 and Am-241 decay chains for the later period 
(500 yr postclosure). 

For the intruder-drilling scenario, all FWFs and burial depths studied satisfy the performance 
objective. (The one exception was the highly unlikely refined-inventory case in which the 
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intruder drills into the RH waste, rather than into a homogeneous mixture of RH and contact-
handled (CH) waste.) 

For the intruder-excavation scenario, all FWFs and burial depths studied satisfy the performance 
objective. (The one exception was the case widi TRU waste, not ALLW). 

For the intruder-agricultural scenario, all FWFs fail to satisfy the performance objective for die 5-
ft burial depth (16-ft cover). If the burial depth is increased to 9 ft (20-ft cover), all FWFs pass 
except DEB and IEB4. If the refined inventory is used, IEB passes and the dose from IEB4 is 110 
mrem/yr, barely over the 100 mrem/yr limit of the performance objective. 

Under the assumptions used in this scenario, improved immobilization of the radionuclides into a 
more concentrated FWF degrades the intrusion performance by concentrating the source term. 
However, a more precise analysis of the inhalation exposure route would reflect the likely larger 
particle sizes of improved FWFs subjected to drilling or excavation, resulting in a lower 
calculated dose to intruders. 

FOLLOW-ON STUDIES 

In a third phase of me PA work, the preliminary parametric evaluations are being refined in several areas, 
some of which are described below. 

FWF performance for hypothetical disposal of the INEL ALLW at two additional DOE sites, the Hartford 
Site and the Savannah River Site, is being evaluated. The effect of engineered features on disposal system 
performance is being explored. The waste inventory of nonactinide radionuclides, which strongly affect the 
dose in the intruder-agricultural scenario, is being refined. The effect of retardation of radionuclides due to 
chemical reactions in me cement FWFs is being evaluated. Finally, the particle size distribution of the FWF 
residue after disruption due to drilling and excavation is being explored. 

As the project to provide treatment of the INEL ALLW moves forward, performance evaluations are 
expected to provide continuing support. 
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This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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