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Abstract 
A team of analysts designed and conducted a scoping evaluation to estimate the technical capabilities of 
fifteen Department of Energy sites for disposal of the hazardous metals in mixed low-level waste (i.e., 
waste that contains both low-level radioactive materials and hazardous constituents). Eight hazardous 
metals were evaluated: arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver. The 
analysis considered transport only through the groundwater pathway. The results are reported as site­
specific estimates of "maximum concentrations of each hazardous metal in treated mixed low-level 
waste" that do not exceed the performance measures established for the analysis. Also reported are site­
specific estimates of travel times of each hazardous metal to the point of compliance. 



Members of the DOE FFCAct Disposal Workgroup 

Joel Case- Chairman 
Maurice Ades 
Larry Bustard 
Bill Gilbert 
Carol Irvine 
Jeff Kerridge 
Martin Letourneau 
Lance Mezga 
Colleen O'Laughlin 
Jim Orban 
Roger Piscitella 
Tim Sloan 
Joanne Steingard 
Linda Suttora 
Joe Waring 

11 

DOE/Idaho 
Westinghouse Savannah River Company 
Sandia National Laboratories 
DOE/Oak Ridge 
DOE/Oakland 
DOE/Rocky Flats 
DOE/EM-35 
Lockheed Martin Energy Systems/Oak Ridge 

DOE/Nevada 
DOE/ Albuquerque 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
BDM Federal 
DOE/EM-431 
DOE/Richland 



Contents 

EXECUTIVE SUMMARY .......................................................................................................... vii 

1. INTRODUCTION ...................................................................................................... 1-1 
1.1 PURPOSE OF REPORT ................................................................................................................................. 1-1 
1.2 SUMMARY OF PLANS FOR TREATMENT OF DOE MLLW .................................................................. 1-2 
1.3 SELECTION OF SITES FOREVALUATION .............................................................................................. I-3 
1.4 LIMITATIONS OF THE ANALYSIS ............................................................................................................ 1-4 

2. ASSUMPTIONS AND APPROACH USED IN THE SCOPING EVALUATION ......... 2-1 
2.1 PERFORMANCE MEASURES ..................................................................................................................... 2-1 

2.1.1 Performance Boundary ............................................................................................................................ 2-2 
2.1.2 Concentrations of Hazardous Constituents in Groundwater .................................................................... 2-2 
2.1.3 Time Period of the Analysis .................................................................................................................... 2-3 

2.2 SOURCE TERM ............................................................................................................................................. 2-3 
2.2.1 Waste Form ............................................................................................................................................. 2-3 
2.2.2 Disposal-Facility Design ......................................................................................................................... 2-4 

2.3 WATERPATHWAYTRANSPORT ............................................................................................................. 2-7 
2.3.1 Source CRF ............................................................................................................................................. 2-9 
2.3.2 Water Pathway Transport CRF ............................................................................................................. 2-11 
2.3.3 Solubilities ofHazardous Metals ........................................................................................................... 2-13 
2.3.4 Estimation of Travel Time ..................................................................................................................... 2-14 

3. EFFECTS OF CONCEPTUAL MODEL ASSUMPTIONS AND PARAMETER 
SENSITIVITY ................................................................................................................ 3-1 

3.1 MAJOR ASSUMPTIONS USED IN CONCEPTUAL MODELS ................................................................. 3-1 
3.1.1 Applicable Regulations ........................................................................................................................... 3-1 
3.1.2 Waste Form and Performance ................................................................................................................. 3-1 
3.1.3 Type ofDisposal Facility ........................................................................................................................ 3-1 
3 .1.4 Performance of Engineered Barriers ....................................................................................................... 3-2 
3.1.5 Solubility Constraints .............................................................................................................................. 3-2 
3.1.6 Transport Retardation Model and Sorption Effects ................................................................................. 3-3 
3.1.7 Continuous Source .................................................................................................................................. 3-4 
3.1.8 Treatment of Fracture Flow ..................................................................................................................... 3-5 
3.1.9 Regional Recharge .................................................................................................................................. 3-5 

3.2 PARAMETER SENSITIVITY ....................................................................................................................... 3-5 

4. RESULTS AND CONCLUSIONS ............................................................................. 4-1 
4.1 SUMMARY OF NATURAL SITE CHARACTERISTICS ............................................................................ 4-1 
4.2 SUMMARY OF RESULTS ............................................................................................................................ 4-5 

4.2.1 Performance of Sites ............................................................................................................................... 4-5 
4.2.2 Fate of Hazardous Metals ........................................................................................................................ 4-7 

4.3 CONCLUSIONS ............................................................................................................................................. 4-8 

5. REFERENCES ......................................................................................................... S-1 

Appendix A: Hazardous Constituents in Treated Mixed Low-Level Waste ............................. A-1 
Appendix B: Site Evaluations ..................................................................................................... B-1 

lll 



Figures 

Figure 1-1. Sites considered in the scoping evaluation for disposal ofhazardous metals 
in treated MLL W ................................................................................................................................... 1-4 

Figure 2-1. Schematic representation of a generic trench ......................................................................................... 2-5 

Figure 2-2. Assumed performance of engineered barriers ........................................................................................ 2-6 

Figure 2-3. Generic conceptual model for the water pathway ................................................................................. 2-11 

Figure 4-I. Selected characteristics ofthe 15 sites ................................................................................................... 4-3 

Figure 4-2. Conservative estimates of vertical and lateral components of water travel 
times (y) based on this scoping evaluation of hazardous metals ............................................................ 4-4 

IV 



Tables 

Table I. Sites Considered in the Scoping Evaluation for Disposal of Hazardous Metals 
in Treated MLLW ...................................................................................................................................... vii 

Table 1-1. Proposed Treatment Options for MLLW ................................................................................................ 1-3 
Table 2-1. Maximum Concentrations of Hazardous Metals in Groundwater Used as 

Performance Measures ............................................................................................................................. 2-3 
Table 2-2. Summary of Grout and Facility Parameters That Affect the Source Term CRF (CRFsource) .............. 2-10 
Table 2-3. Values for K~ for Hazardous Metals in Grout Used in the Scoping Evaluation 

and Resulting Concentration Reduction Factors for the Source (CRFsource) ....................................... 2-11 
Table 2-4. Solubility Values for Possible Hazardous Metal Compounds in a MLLW 

Disposal Facility and for the Associated Metals .................................................................................... 2-14 
Table 2-5. Generic Soil Kd Values Used in the Scoping Analysis .......................................................................... 2-16 
Table 3-1. Comparison of Maximum Soil Concentrations Used in the Scoping Evaluation with Maximum Sorption 

Capacities Reported in the Literature for RCRA Hazardous Metals ........................................................ 3-3 
Table 4-1. Summary ofMaximum Hazardous Metals Concentrations in Treated MLLW ....................................... 4-6 

v 



ANLE 
CRF 
DAF 
DOE 
DWG 
EPA 
FEMP 
FFCAct 
INEL 
LANL 
LDR 
LLNL 
LLW 
MLLW 
NTS 
ORR 
PATT 
PGDP 
PORTS 
RCRA 
RFETS 
SNL 
SRS 
STP 
WVDP 

Vl 

Nomenclature 

Argonne National Laboratory-East 
concentration reduction factor 
dilution attenuation factor 
U.S. Department of Energy 
Disposal Workgroup 
U.S. Environmental Protection Agency 
Fernald Environmental Management Project 
Federal Facility Compliance Act 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
land disposal restrictions 
Lawrence Livermore National Laboratory 
low-level waste 
mixed low-level waste 
Nevada Test Site 
Oak Ridge Reservation 
Performance Assessment Task Team 
Paducah Gaseous Diffusion Plant 
Portsmouth Gaseous Diffusion Plant 
Resource Conservation and Recovery Act 
Rocky Flats Environmental Technology Site 
Sandia National Laboratories 
Savannah River Site 
site treatment plan 
West Valley Demonstration Project 



EXECUTIVE SUMMARY 

The Federal Facility Compliance Act of 1992 requires the U.S. Department of Energy 
(DOE) to work with its regulators and with members of the public to establish plans for the 
treatment ofDOE's mixed low-level waste (MLLW). The act does not specifically address 
disposal oftreated MLLW. However, both DOE and the states that host DOE facilities recognize 
that disposal is an integral part of treatment issues and maintain an open dialogue on issues 
pertaining to the disposal of treated MLL W. 

A performance evaluation was completed in early 1996 that quantified and compared the 
potential technical capabilities of 15 DOE sites for disposal ofthe radionuclides in treated 
MLLW. During discussions about the focus ofthe performance evaluation, the affected states 
requested additional analyses, similar to the water pathway analysis conducted in the 
performance evaluation of radionuclides, that would address disposal of the hazardous 
component of (i.e., the hazardous metals in) treated MLL W. 

The purpose of this report is to provide consistent scoping-level analyses of the 
performance of a hypothetical MLL W disposal facility at fifteen DOE sites (Table 1) for selected 
hazardous metals expected to be in treated DOE MLLW. The primary results ofthe analyses are 
site-specific estimates of "maximum concentrations of hazardous metals in treated MLL W" that 
do not exceed the performance measures established for this analysis. As was the case with the 
performance evaluation for radionuclides in treated MLL W, this scoping evaluation only 
considered the technical capabilities of the sites for waste disposal: No ethical, social, or policy 
considerations relevant to siting MLL W disposal facilities are discussed in this report. 

Table 1. Sites Considered in the Scoping Evaluation for Disposal of Hazardous Metals in 
Treated MLL W 

Lawrence Livermore National Laboratory (LLNL), California 

Rocky Flats Environmental Technology Site (RFETS), Colorado 

Idaho National Engineering Laboratory (INEL), Idaho 

Argonne National Laboratory -East (ANLE), Illinois 

Paducah Gaseous Diffusion Plant (PGDP), Kentucky 

Nevada Test Site (NTS), Nevada 

Los Alamos National Laboratory (LANL), New Mexico 

Sandia National Laboratories (SNL), New Mexico 

West Valley Demonstration Project (WVDP), New York 

Fernald Environmental Management Project (FEMP), Ohio 

Portsmouth Gaseous Diffusion Plant (PORTS), Ohio 

Savannah River Site (SRS), South Carolina 

Oak Ridge Reservation (ORR), Tennessee 

Pantex Plant (Pantex), Texas 

Hanford Site (Hanford), Washington 
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Current federal regulations for disposal of hazardous waste do not require the specific 
types of analyses described in this report. As indicated by the Resource Conservation and 
Recovery Act (RCRA), protection of the environment is implicitly assumed to be attained 
through a combination of prescriptive standards for treatment of hazardous waste and design of 
disposal facilities to contain this waste. States that have been delegated the authority to enforce 
the hazardous waste regulations under RCRA may, at their discretion, enact requirements that 
exceed those described in the federal regulations. However, the experience of the DOE sites that 
have permits for hazardous waste disposal facilities indicates that no additional long-term 
performance requirements for these types of facilities have been imposed by the states. 

Eight hazardous metals were evaluated: arsenic, barium, cadmium, chromium, lead, 
mercury, selenium, and silver. Only hazardous metals were evaluated for three reasons: the 
amounts and concentrations of hazardous organic constituents in treated MLL W are expected to 
be small; many of the hazardous organic constituents are expected to be destroyed during 
treatment; and site-specific data related to transport of hazardous organic constituents through the 
environment are not readily available. 

Several generic assumptions were made that allowed consistent analysis across the fifteen 
sites: 

• The point of compliance (performance boundary) was 100m from the edge ofthe 
disposal facility. 

• The performance measures were the maximum concentrations of hazardous metals for 
groundwater protection identified in Table 1 of 40 CFR 264.94. 

• No specific time period of analysis was used. Instead, the estimated travel times to the 
performance boundary of the maximum concentrations of the hazardous metals in 
groundwater are reported. 

• The treated MLL W was stabilized with grout. 
• The disposal facility design used in the analysis was a trench that complied with RCRA 

regulations. 
• Engineered barriers remained intact for 100 years after closure of the disposal facility. 

A generic conceptual model was used to describe transport in the water pathway. Values 
provided by each site were used for the hydrogeologic parameters, and the model was modified 
as necessary to reflect site-specific conditions. 

The results of the scoping evaluation are reported as maximum concentrations of 
hazardous metals in treated MLLW in a disposal facility. The solubilities ofthe evaluated metals 
were used as potential limits on the maximum concentrations of hazardous metals in the leachate 
exiting the disposal facility and thus on the maximum concentrations of hazardous metals in 
treated MLL W: if the calculated maximum concentration of a hazardous metal in the leachate 
(i.e., in the solution containing hazardous metals dissolved in water) exiting the disposal facility 

was greater than the solubility of the metal, then the maximum concentration of that metal in 
disposed waste at that site was considered to have "no limit." 
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Also reported as results of the scoping evaluation are estimates of travel times of 
hazardous metals to the performance boundary. These estimates were influenced by metal/soil 
distribution coefficients (i.e., by Kd values). Travel times were calculated as the sum of the 
retarded contaminant travel times in the vadose (unsaturated) and saturated zones. While site­
specific analyses such as performance assessments for radioactive waste disposal attempt to be 
conservative representations of actual site behavior, the model used in this scoping evaluation 
likely provided even more conservative results (i.e., lower maximum concentrations of hazardous 
metals allowed in treated MLL W and shorter travel times to the performance boundary) because 
of the simple transport assumptions that were used. 

To facilitate observations about the results of the scoping evaluation, the fifteen sites 
considered in this scoping evaluation were classified as "arid" or "humid" based on their 
climatological characteristics. The sites classified as arid are LLNL, Hanford, NTS, INEL, 
RFETS, SNL, LANL, and Pantex. The sites classified as humid are ANLE, PGDP, 
FEMP,PORTS, ORR, SRS, and WVDP. Based on the results of this scoping evaluation, the 
following general conclusions can be made about disposal of hazardous metals in treated 
MLLW: 

• All fifteen DOE sites considered in this analysis have the technical capability for disposal 
of some hazardous metals in treated MLL W. However, the technical capabilities for 
disposal of hazardous metals differ somewhat among the sites. Some sites have an 
estimated maximum concentration of a particular hazardous metal that is one to two 
orders of magnitude greater than that of another site. 

• In general, travel times of the hazardous metals to the performance boundary were greater 
than 10,000 years at the arid sites and between 1 000 and 10,000 years at the humid sites. 

• Of the eight hazardous metals considered in the analysis, barium and lead tended to be 
relatively immobile at both the arid and humid sites; selenium tended to be the most 
mobile. 

• The modeling in this analysis is believed to be conservative (i.e., provide lower maximum 
concentrations of hazardous metals allowed in treated MLL W and shorter travel times to 
the performance boundary) compared to more rigorous analyses. Therefore, in cases 
where maximum concentrations of hazardous metals in treated MLL W are high or 
unlimited, a more rigorous analysis would be of little additional benefit, provided 
performance measures similar to those assumed in this analysis were applied to future 
disposal facilities. Conversely, in cases where the maximum concentrations of hazardous 
metals in treated MLL W are relatively low (e.g., at ORR), more refined analyses that 
account for additional site-specific factors for transport of hazardous metals in water 
could result in higher maximum concentrations. Additionally, as site characterization 
continues and more information becomes available, exposure pathways other than those 
evaluated here may be identified that could also change the maximum concentrations of 
hazardous metals in treated MLL W. 

ix 



Intentionally left blank 

X 



1. INTRODUCTION 

The Federal Facility Compliance Act (FFCAct) of 1992 (FFCAct, 1992) requires the U.S. 
Department of Energy (DOE) to work with its regulators and with members of the public to 
establish plans for the treatment of DOE's mixed low-level waste (MLLW). Along with other 
radioactive and hazardous waste, wastes that are now considered MLL W have been generated for 
more than 50 years through DOE activities related to the production of materials for nuclear 
weapons and research with nuclear materials; however, the regulatory recognition of MLL W 
originated in the Resource Conservation and Recovery Act (RCRA) of 1976 (RCRA, 1976). 
Although the FFCAct does not specifically address disposal of treated MLLW, both DOE and the 
states that host DOE facilities (the States) recognize that disposal issues are an integral part of 
treatment discussions. 

The DOE established the FFCAct Disposal Workgroup (DWG) in June 1993 to work 
with the States in defining and developing a process for evaluating disposal options for treated 
MLL W. The focus of the DWG process and of discussions on disposal with the States has been 
to identify, from among the sites currently storing or expected to generate MLL W, those that are 
suitable for further evaluation in terms of their disposal capabilities. 

A three-volume report prepared by the DWG describes a performance evaluation that 
quantified and compared the potential technical capabilities of 15 DOE sites for disposal of 
stabilized residuals resulting from the treatment of MLL W (DOE, 1996). That report discusses 
the methodology, describes the evaluated sites, and provides estimates of permissible 
concentrations of radionuclides in treated MLL W for disposal at each site. During discussions 
about the focus of the performance evaluation, the States requested additional analyses, similar to 
the water pathway analysis conducted in the performance evaluation for radionuclides, that 
would address disposal of the hazardous component of MLL W. This report encompasses the 
analysis of some ofthe hazardous metals expected to be present in treated MLLW. 

1.1 PURPOSE OF REPORT 

The purpose of this report is to provide consistent scoping-level analyses of the 
performance of hypothetical DOE disposal facilities for selected hazardous metals expected to 
be in DOE MLL W after it is treated. The primary results of the analyses are site-specific 
estimates of "maximum concentrations of each evaluated hazardous metal in treated MLL W" 
that do not exceed the performance measures established for the analysis. These estimates are 
based on assumptions about the concentration attenuation provided by the waste form, disposal 
facility, and water pathway. 

An analysis of the hazardous organic constituents in treated MLL W was not performed 
because ( 1) the amounts and concentrations of these constituents in treated MLL W are expected 
to be small, (2) future treatment processes may destroy or remove most of the hazardous organic 
constituents from MLL W, and (3) site-specific data related to transport of hazardous organic 
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constituents are not readily available. A summary of the types ofhazardous constituents that may 

be expected to be present in treated MLL W is provided in Appendix A. 

The technical analyses described in this report were based on assumptions pertaining to 

(1) performance measures, (2) long-term performance of the waste form and hypothetical 

disposal facility, and (3) transport of the hazardous constituents through the water pathway. The 

assumptions made about each of these components of the analysis are presented in Chapter 2. 

No ethical, social, or policy considerations relevant to siting MLL W disposal facilities are 

discussed in this report. 

Current federal regulations for disposal of hazardous waste do not specifically require the 

types of analyses described in this report. Protection of the environment is implicitly assumed to 

be attained through a combination of prescriptive standards for treatment of hazardous waste and 

design of disposal facilities to contain this waste. States that have been delegated the authority to 

enforce the hazardous waste regulations under RCRA may, at their discretion, enact requirements 

that exceed those described in the federal regulations. However, the experiences of the DOE 

sites permitting hazardous waste disposal facilities have not revealed that long-term performance 

calculations such as those contained in this report have been required. At sites where disposal of 

treated MLL W is planned, the specific requirements of state and federal regulations are expected 

to be addressed through site-specific performance assessments and other analyses required to 

demonstrate compliance with applicable regulations. 

1.2 SUMMARY OF PLANS FOR TREATMENT OF DOE MLLW 

The DOE currently generates, stores, or expects to generate (over the next five years) 

about 130,000 m3 ofMLLW at 39 sites in 19 states (Waters et al., 1997) as identified in DOE's 

database for its 1995 Mixed Waste Inventory Report. Because MLL W has a hazardous 

component, it must be treated to comply with the land disposal restrictions ofRCRA. However, 

there is either insufficient capacity to treat all the waste or a lack of available technologies to 

treat all the waste within the one-year storage time allowed by RCRA 3004(j). The FFCAct 

requites the Secretary of Energy to develop and submit site treatment plans (STPs) for the 

development of capacity for treating mixed waste for each facility where the DOE stores or 

generates this waste. These plans identify how the DOE will provide necessary treatment 

capacity for mixed waste, including schedules for bringing new treatment facilities into 

operation. In collaboration with the States and the National Governors' Association, the DOE 

has developed the required treatment plans at 35 DOE sites. Most of these STPs have since 

resulted in consent or compliance orders with the appropriate state or federal regulating body. 

A summary of the proposed treatment options for MLL W and the associated volume of 

waste to be treated by each treatment type is provided in Table 1-1. All treatment methods will 

result in solid waste forms for disposal. 
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Table 1-1. Proposed Treatment Options for MLLW (Waters et al., 1996, Table 1-2) 

WASTE TYPE VOLUME OF WASTE (m3)a %OF TOTAL VOLUME 
Alkali Metals Treatment 690 0. 

Amalgamation 20 <0.1 

Deactivation 810 0.4 

Inorganic Debris Treatment 8,600 4.3 

Mercury Separation 1,170 0.6 

Neutralization/Non-Aqueous 10 <0.1 

None/Meets LOR 31,660 15.7 

Organic Destruction 24,280 12.1 

Pre- or Post-Treatment 26,620 13.2 

Soil Washing 6,590 3.3 

Stabilization 57,270 28.5 

To Be Determined 29,250 14.5 

Wastewater Treatment 4,430 2.2 

Waste Isolation Pilot Plant 9,830 4.9 

TOTAL 201,230 100.0 b 
a Includes both waste w1th and Without Identified treatment options and waste stream volumes proposed for treatment by 

multiple systems (i.e., treatment train volumes). Consideration of multiple treatment systems causes total volume shown 
in Table 1-1 to be greater than the actual total volume. 

b Does not add to 100.0% because of rounding 

1.3 SELECTION OF SITES FOR EVALUATION 

The sites selected for evaluation in this analysis are the same as those sites evaluated in 
the performance evaluation for radionuclides (Figure 1-1 ). These sites were selected from an 
initial universe of 49 DOE sites that either currently stored or were expected to generate MLL W 
over the next five years: The 49 sites were screened to 26 sites by (1) grouping sites in 
geographic proximity and (2) evaluating the sites using three criteria with regulatory or 
operational bases. The 26 remaining sites were further screened to 15 sites after evaluating 
factors related to technical, potential receptor, and practical considerations that would make 
hosting a MLL W disposal facility at a particular site extremely difficult. The DOE and States 
reached agreement on the list of 15 sites to consider for further evaluation at a joint meeting in 
July 1994. Additional detail on these screening analyses is provided in Chapter 2 ofWaters et al. 
(1996). 

Information compiled since 1993 indicates that the DOE currently generates, stores, or expects to generate (over the next five 
years) MLLW at 39 sites. 
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Livermore 
National Lab 

Site 300 
(LLNL) 

Hanford 

Laboratory 
(LANL) 

Argonne 
National 
Lab-East 
(ANLE) 

Gaseous 
Diffusion 

Plant 
(PGDP) 

Figure 1-1. Sites considered in the scoping evaluation for disposal of hazardous metals in treated 

MLLW. 

1.4 LIMITATIONS OF THE ANALYSIS 

The determination of the maximum concentrations of hazardous metals in MLL W is a 

scoping-level analysis that considered only water pathway transport. The concentration limits 

were determined by using a set of modeling assumptions that included sufficient detail to capture 

major site-specific characteristics but were general enough for consistent application at all sites. 

As site characterization continues and more information becomes available, exposure pathways 

other than water might be identified that could also change the maximum concentrations of 

hazardous metals in treated MLL W. 

In addition, there are no federally regulated compliance measures for hazardous metals. 

The DOE Performance Assessment Task Team (PATT) recommended some guidelines related to 

conducting performance assessments that were used to determine performance measures for this 

analysis. The U.S. Environmental Protection Agency (EPA) regional administrator will specify 

the concentration limits in groundwater for hazardous constituents identified when permitting a 

hazardous waste disposal facility. 

Neither the existing levels of contamination that may exist at the 15 sites nor the effects 

of overlapping plumes from nearby disposal facilities or accidental releases were considered in 

this scoping analysis. 
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2. ASSUMPTIONS AND APPROACH USED IN THE 
SCOPING EVALUATION 

The analysis described in this report was a scoping evaluation for estimating the technical 
capabilities of 15 DOE sites for disposal ofhazardous metals in treated MLLW. The principal 
goal of the scoping evaluation was to estimate, for stabilized residuals resulting from the 
treatment of MLL W, the maximum concentrations of hazardous metals in treated MLL W for 
disposal at each site that do not exceed the selected performance measures at the performance 
boundary. These maximum concentrations of hazardous metals were based solely on 
performance of the disposal facility and surrounding hydrogeological environment and did not 
take into account any operational waste acceptance criteria that might have been developed for a 
particular site. 

The elements of the assumptions and approach used in the scoping evaluation are 
described in this chapter. Many of these assumptions are similar to those used in the 
performance evaluation for radionuclides in treated MLL W (Waters et al., 1996). Three major 
components constitute the assumptions and approach ofthe scoping evaluation: (1) performance 
measures; (2) source term; and (3) transport of contaminants through the water pathway. These 
components are discussed in Sections 2.1 through 2.3. 

2.1 PERFORMANCE MEASURES 

The selection of measures for analyzing the performance of disposal facilities containing 
hazardous metals is hampered by the lack of both regulatory drivers and precedent. The 
hazardous metals evaluated in this analysis were assumed to be contained in treated MLL W, and 
the performance objectives in DOE Order 5820.2A (DOE, 1988) for evaluating performance of 
disposal facilities containing low-level radioactive waste were first considered as the basis for the 
performance measures. Two of the four objectives are applicable to the performance of disposal 
facilities containing hazardous metals as well as to those containing radioactive constituents. 
They are: (1) "protect public health and safety in accordance with standards specified in 
applicable Environmental Health orders and other DOE orders," and (2) "protect ground water 
resources, consistent with Federal, State, and local requirements." The other two objectives are 
applicable only to radioactive constituents. 

Because the DOE order is silent or not specific on many other issues related to 
performance of radioactive waste disposal facilities, the DOE formed the P A TT to recommend 
specific guidelines related to conducting performance assessments. The P A TT, which is 
comprised of DOE contractor specialists in performance assessment, has issued several 
recommendations for implementing DOE Order 5820.2A (Wood et al., 1994a). Some ofthese 
recommendations are applicable to this performance analysis of disposal facilities for treated 
MLL W containing hazardous metals. 

Guidelines related to three additional performance measures are necessary for this 
analysis: the location of a point of compliance (performance boundary), the maximum 
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concentrations of hazardous metals for protection of groundwater at or beyond the performance 

boundary, and the time period of the analysis. 

2.1.1 Performance Boundary 

According to the regulations enforcing RCRA, the point of compliance for measuring 

concentrations of hazardous contaminants in groundwater released from a hazardous waste 

disposal facility is determined by the regional administrator (40 CFR Part 264.95) and may be 

site specific. Based on a recommendation of the PATT, the performance boundary (i.e., the point 

of compliance) was assumed to be located at 1 00 m from the edge of the disposal facility. The 

100-m performance boundary was used in this analysis as the location for applying the 

performance measures for the maximum concentrations of hazardous metals in groundwater from 

which the maximum concentrations of hazardous metals in treated MLL W were estimated. The 

100-m performance boundary has been used in the performance evaluation for radionuclides in 

MLLW (Waters et al., 1996) and in site-specific performance assessments for disposal of low­

level waste. 

2.1.2 Concentrations of Hazardous Constituents in Groundwater 

To protect groundwater resources, performance assessments for low-level radioactive 

waste are based on a specified performance objective, often interpreted as a limit on effective 

dose equivalent of 4 rnrem (0.04 mSv) per year in the drinking water pathway for all 

radionuclides. Because a performance assessment for hazardous waste disposal facilities is 

currently not required, specific performance objectives do not exist. However, in a permit for a 

hazardous waste disposal facility, the EPA regional administrator will specify the concentration 

limits in groundwater for hazardous constituents identified in the permit. 

In the scoping evaluation described in this report, the maximum concentrations of metals 

for groundwater protection identified in Table 1 of 40 CFR Part 264.94 (Table 2-1) were used as 

performance measures. The metal concentrations listed in this table are the same as those listed 

in 40 CFR Part 265 Appendix III as the "EPA interim primary drinking water standards." These 

8 hazardous metals were chosen because they were expected to be present in treated MLL W, had 

an identified performance measure, and represented a range of the transport characteristics for all 

the hazardous metals expected to be present in DOE MLL W. For these reasons, the 8 hazardous 

metals listed in Table 2-1 were considered representative of other hazardous metals expected to 

be in treated MLL W. 

Hazardous organic constituents of MLL W were not analyzed, although according to 

current plans for waste treatment some of these constituents are expected to be present in treated 

MLL W (see Appendix A). The amounts and concentrations of hazardous organic constituents in 

treated MLL W are expected to be small, although this assumption cannot be specifically 

supported due to insufficient data. Also, data for site-specific hydrologic and transport-related 

parameters required for the analysis of hazardous organic constituents were not readily available. 

Because an evaluation of the long-term performance of disposal facilities for hazardous waste is 

not currently required, this situation is expected to continue. Additionally, future revisions to site 

treatment plans may provide for treatment that will either remove or destroy the hazardous 

organic constituents that will remain after treatment using current plans. 
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Table 2-1. Maximum Concentrations of Hazardous Metals in Groundwater Used as Performance 
Measures (based on 40 CFR Part 264.94) 

Maximum 
Constituent Concentration 

(mg/L) 

Arsenic (As) 0.05 
Barium {Ba) 1.0 
Cadmium (Cd) 0.01 
Chromium {Cr) 0.05 
Lead {Pb) 0.05 
Mercury {Hg) 0.002 
Selenium 1Se) 0.01 
Silver {Ag) 0.05 

2.1.3 Time Period of the Analysis 

An additional recommendation of the P ATT regarding disposal of low-level radioactive 
waste was the consideration of 10,000 years after disposal as the time period of analysis. For 
radionuclides whose peak release occurs at the performance boundary beyond I 0,000 years after 
disposal, the P A TT recommended that the analysis be extended to the time of peak release. This 
analysis would be more a mathematical exercise than a compliance prediction because major 
climatic, geologic, and anthropological changes may occur at later times (Wood et al., 1994a, p. 
35). Although this recommendation was incorporated into the performance evaluation for 
radionuclides in MLL W (DOE, 1996), it was not incorporated into this scoping evaluation of 
hazardous metals. 

The RCRA regulations do not specifically require a long-term performance assessment of 
disposal facilities for hazardous waste (the required post-closure monitoring period is 30 y). 
Thus, a performance objective for the time period of the analysis has never been defined. Also, 
because hazardous metals do not decay with time, a time-associated performance measure does 
not hold the same value as it does for radionuclides. In this scoping evaluation, no specific time 
period of analysis was used. Instead, the estimated travel time of the maximum concentration of 
the hazardous metals to the performance boundary is reported. 

2.2 SOURCE TERM 

Two subcomponents are important in determining the release of contaminants from the 
source in the disposal facility: physical and chemical characteristics of the waste form and 
design of the disposal facility. These two subcomponents are described below. 

2.2.1 Waste Form 

Although almost any combination of waste matrix and contaminant can be found within 
the DOE waste inventory, some combinations are more common. The major categories of waste 
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matrices that are known or are expected to contain hazardous metals are aqueous solutions and 

inorganic solids (i.e., mainly sludges, filter cakes, and residuals) (DOE, 1993). These waste 

streams form a significant portion ofthe DOE MLLW inventory. Hazardous metals also occur in 

cemented solids (including liquids and sludges that have been solidified/stabilized with Portland 

cement but do not meet land disposal restrictions [LDR] treatment standards), soils, debris, 

organic solutions/sludges, and other MLL W types found in the DOE system. 

The STPs developed for each DOE site specify the preferred treatment for each mixed 

waste stream. Because final waste forms are not indicated in many site treatment plans, 

assumptions were made in the scoping evaluation about the waste form. In these analyses, the 

waste form was assumed to be grouted treatment residuals. Grout, consisting primarily of 

hydrated Portland cement and fly ash, is often used to stabilize waste containing hazardous 

metals or to stabilize residuals resulting from thermal treatment. Grout is considered the primary 

waste-form stabilizer in three low-level waste performance assessments: Oak Ridge Solid Waste 

Storage Area 6 (SWSA 6) (ORNL, 1994); Hanford tanks (Kincaid et al., 1993); and Savannah 

River Z-Area (MMES et al., 1992). Although other waste forms may be proposed in the site 

treatment plans, grouted treatment residuals are common. Additional information and 

assumptions used to evaluate the behavior of a grouted waste form are presented in Section 2.3.1. 

To date, two types of MLL W streams containing hazardous metals-lead solids and 

elemental mercury-have technology-based LDR standards as specified in the RCRA regulations 

( 40 CFR Part 268.40). All MLL W containing bulk lead must be macroencapsulated. Because 

elemental mercury is easily volatilized, it cannot be immobilized by the same technologies as 

other hazardous metals and must be removed and treated separately. In order to meet RCRA 

regulations, radioactively contaminated elemental mercury must be amalgamated (made into a 

stable solid form) prior to disposal. For this reason, DOE has subdivided metal-bearing waste 

into two groups based on the presence or absence of mercury (DOE, 1993). 

The results of the analyses in this report are not applicable to bulk lead and elemental 

mercury because of the specific treatment technologies that are required by RCRA for these 

wastes. However, the results in this report are applicable to waste that contains trace amounts of 

lead and mercury and that is stabilized in grout. 

2.2.2 Disposal-Facility Design 

A generic facility design was used in the scoping evaluation that allowed common 

assumptions for consistent comparison of the disposal capabilities of the 15 sites. A RCRA­

compliant trench (Figure 2-1) was the disposal facility used in this analysis, although actual 

facility designs for disposal ofMLLW may be different. The RCRA-compliant trench was 

chosen because it represents a disposal facility with minimal engineered barriers. 
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Figure 2-1. Schematic representation of a generic trench. 

At sites in the humid region of the country, disposal facilities for low-level waste 
generally contain more engineered features (e.g., tumulus facilities are used at ORR and vault 
facilities are used at SRS). While the additional engineered features of these facilities minimize 
infiltration of water and prevent mobilization of wastes due to contact with water, the duration of 
the performance of these features is not known, and assumptions must be made in the 
performance assessments for these facilities. An assumption commonly made is that, regardless 
of the assumed duration of performance, the facility performance eventually is similar to that of 
the surrounding geologic environment. Therefore, because all facility types (e.g., trench, 
tumulus, and vault) are assumed to eventually perform similarly after failure, one disposal design 
was used to represent all facilities for contaminants such as hazardous metals that do not degrade 
or decay. 

At a few sites (i.e., PGDP, PORTS, WVDP, and ORR), the standard trench design may 
not be the most feasible because of the shallow depth to groundwater; these exceptions are noted 
in the individual site-evaluation sections in Appendix B. For most of these sites, the disposal 
facility was assumed to have the characteristics of a RCRA-compliant trench but was located 
nearer to or on the ground surface to provide some distance between the bottom of the disposal 
facility and the groundwater. 
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At all sites, the trench facility was assumed to be square with a plan area of 2500 m2
, 

although trench facilities are generally more rectangular than square. Because the length of the 
disposal facility parallel to the flow of groundwater is usually the most important dimension for 
evaluating protection of groundwater, the orientation of a rectangular disposal facility must be 
specified to determine the expected performance of the facility. Using a square-shaped facility 
does not require orienting the trench with respect to the direction of groundwater flow; the square 
shape tends to provide "average" results for rectangular facilities of unknown orientation. A 
facility of 2500 m2 was chosen because it was the largest area that could to be located on all of 
the 15 sites being evaluated. Grouted waste packages were assumed to be placed directly into the 
trench and then backfilled with natural soils. The waste was assumed to account for 2/3 of the 
volume of the disposal facility, with the remaining 1/3 of the disposal facility assumed to be non­
waste packaging and backfill. No credit was taken for any non-waste packaging or backfill. 

Compliance with RCRA was assumed by designing engineered barriers for the disposal 
facility in the manner prescribed in the regulations (40 CFR Part 264, Subpart N, and 40 CFR 
Part 265, Subpart N). The major RCRA requirements for disposal facility design are a cover 
system with low hydraulic conductivity and a leachate collection system and liner. The behavior 
ofthese engineered components was assumed to be the same for all15 sites, regardless of site­
specific climate and other mechanisms that may promote or slow their degradation. 

The liner and leachate collection system were assumed to function as designed for 
30 years, the required minimum period of active monitoring (1 0 CFR Part 264.117). For the first 
30 years following closure, the leachate collection system was assumed to collect all leachate 
from the facility so that no releases from the site occurred during that time (Figure 2-2). 

2-6 

Annual 
Rate of 
Water 

Flowing 
through 
Facility, 
q,(cm/y) 

3 

0 

0 30 

Natural Recharge through Local Solis (Site-Specffic) 

100 

Saturated Hydraulic 
Conductivity of RCRA Cover 
(assume the lesser of either 
10·7 cm/s and unit hydraulic 
gradient or natural recharge 

through local soils) 

Time (y) 

Figure 2-2. Assumed performance of engineered barriers. 



The liner and leachate collection system were assumed to fail abruptly at 30 years after 
closure. At that time, releases of hazardous metals from the facility were possible by movement 
of water through the RCRA cover into the facility. The rate of water movement through the 
cover into the facility was calculated based on the lesser of either a unit hydraulic gradient and a 
saturated hydraulic conductivity of 1 x 1 0"7 crn!s (0.03 rnly) (as required by RCRA for the cover 
system in 40 CFR Parts 264.301 and 264.31 0), or the site-specific value for natural recharge 
through local soils. 

Active institutional controls were assumed to last for 1 00 years, a standard period of time 
used in performance assessments for the duration of such controls (ORNL, 1994; Kincaid et al., 
1993; MMES et al., 1992). After this time the facility cover was assumed to receive no 
maintenance, so the rate of water movement through the disposal facility became the same as the 
average annual recharge through local soils. In other words, after 100 years, the RCRA cover 
system and the liner were assumed to have degraded in such a way that they were 
indistinguishable from the local soils. 

The location of the hypothetical disposal facility was based on input from site technical 
personnel. For sites with MLL W disposal plans, the planned location of the facility was used in 
the scoping evaluation. For sites with no existing low-level waste (LL W) or planned MLL W 
disposal facilities, considerations such as current operations, hydrogeology, and future land use 
were used in designating a location for a hypothetical disposal facility. Larger sites with 
relatively uniform hydrogeologic conditions had many possible site locations. For these sites, an 
approximate location was chosen for the disposal facility. 

2.3 WATER PATHWAY TRANSPORT 

The transport component of the scoping evaluation addressed the migration and 
attenuation of hazardous metals through the water pathway from the time they were released 
from the disposal facility until they reached the performance boundary. The maximum allowable 
concentration in water at the performance boundary was defined for each evaluated hazardous 
metal (shown in Table 2-1 ). Using these concentrations as performance measures, maximum 
concentrations of hazardous metals in treated MLL W in the disposal facility were estimated by 
accounting for attenuation at each site due to release from the waste form and transport through 
the water pathway to the performance boundary. 

Concentration reduction factors (CRFs) were used to represent the attenuation that 
occurred between the waste in the disposal facility and the performance boundary. The CRF 
approach was used so that intermediate results could be displayed in a transparent manner that 
allowed comparison of the effects of the disposal facility and the site on overall performance. 
This approach also allowed comparison of results from different sites. Two CRFs were used in 
analyzing the transport of hazardous metals--one for the source and the other for water pathway 
transport. The CRF for the source accounted for the attenuation between the waste and the 
leachate exiting the bottom of the disposal facility. Dilution of leachate with groundwater was 
the only CRF mechanism used in the water pathway transport of contaminants. 
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The scoping evaluation for each site began with a generic conceptual model that was 
modified based on site-specific environmental characteristics. Results are reported as maximum 
concentrations of hazardous metals in treated MLL W in the disposal facility and estimated travel 
times of the hazardous metals in the water pathway to the performance boundary. The maximum 
concentrations in treated MLL W in the disposal facility based on transport through the water 
pathway were calculated using 

where 

1 
Cwaste = CWater X CRFsource X CRFWater X -. 

Pb 

C waste is the maximum concentration of a hazardous metal in treated MLL W in the 
disposal facility corresponding to its maximum concentration in water at the 
performance boundary (mg/kg); 

(2-1) 

C Water is the maximum allowable concentration in water at the performance boundary for 
a specific hazardous metal (mg!L); 

CRFsource is the concentration reduction factor for the source (dimensionless); 
CRF Water is the concentration reduction factor for water pathway transport 

(dimensionless); and 
Ph* is the bulk density of the grouted waste (2.4 glcm\ 

The maximum allowable concentration of the hazardous metal in water at the performance 
boundary, Cwater. is different for each hazardous metal and is shown in the Table 2-1. The 
CRFsource accounts for the attenuation between the waste and the leachate exiting the bottom of 
the disposal facility. Estimates of CRFsource values are the same for all 15 sites, and the method 
for estimating CRFsource is described in Section 2.3.1. The CRF Water accounts for the attenuation 
between the leachate exiting the disposal facility and the resulting concentration in water at the 
performance boundary. This term is analogous to the EPA's dilution attenuation factor (DAF) 
used in the soil screening rules. The method for estimating CRF water is described in Section 
2.3.2. The values for CRFwater are site-specific and are reported in the site-evaluation sections of 
Appendix B. 

Estimates of the travel times of the hazardous metals to the performance boundary (t) 
were calculated as the sum of the retarded contaminant travel times in the vadose (unsaturated) 
and saturated zones by 

where 

( = (cv +fc., (2-2) 

tcv is the retarded travel time of the contaminant from the disposal facility to the aquifer 
(y); and 

fcs is the retarded travel time of the contaminant through the saturated zone (y). 

The method for estimating contaminant travel time is described in Section 2.3.4. 
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2.3.1 Source CRF 

where 

For a stabilized waste form, the source CRF, CRFsource• was defined as 

CRFSource =Cw / C L (2-3) 

C w is the concentration in the grouted waste form for each hazardous metal averaged over 
the entire volume of waste in the disposal facility {mg/L), and 

Cr is the corresponding concentration in the leachate for each hazardous metal as it exits 
the bottom of the disposal facility (mg/L). 

The partitioning of hazardous metals between the solid phase (i.e., hazardous metals 
sorbed onto the grout) and the liquid phase (i.e., hazardous metals dissolved in the pore water) 
was assumed to be determined by equilibrium sorption. This assumption is consistent with 
analyses in the three LL W performance assessments that have evaluated grouted waste forms 
(ORNL, 1994; MMES et al., 1994; Kincaid et al., 1993). Based on this assumption, the 
hazardous metal concentration in the leachate due to desorption in infiltrating water can be 
described by (ORNL, 1994) 

where 
S0 is the volumetric water content ofthe grouted waste form (excluding water of 

hydration) (mL/mL); 

(2-4) 

K~ is the distribution coefficient (i.e., solid/liquid partition coefficient) of the hazardous 

metal in the grout (mL/g); 
p0 is the dry bulk density of the grouted waste form (excluding water ofhydration) 

(g/cm\ and 
fm is the mixing fraction, defined as the ratio of the volume of waste disposed of in a unit 

volume of the facility. 

Combining Equations 2-3 and 2-4 derives a relationship for CRFsource in terms of the properties 
of the stabilized waste (S0 , Po. andfm) and the grout distribution coefficient (K~ ): 

(2-5) 

Because the values for p0 , S0 , and fm are specific to the waste form (i.e., grout) and to the 
design of the disposal facility (i.e., trench) rather than to the site, the values used for these 
parameters in the scoping evaluation were the same for all 15 sites. These three parameters are 
described in Table 2-2. 
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Table 2-2. Summary of Grout and Facility Parameters That Affect the Source Term CRF 
(CRFsource) (based on Waters et al., 1996, Table 5-2) 

Parameter Value Comments 

Grout Dry Bulk 1.8 g/cm3 The dry bulk density of grout is defined as the oven-dried 
Density (PG) mass per unit volume of grout. Value is based on Oak 

Ridge SWSA 6 performance assessment (ORNL 1994). 

Grout Volumetric 0.3 The volumetric water content of the grout is defined as the 
Water Content (9G) volume of water per unit volume of grout. The grout is 

assumed to be saturated, which reflects the hygroscopic: 
nature of cementitious grouts. Under saturated conditions 
the water content and the porosity are the same. 

Mixing Fraction (fmJ 2/3 This factor is the fraction of waste volume in the disposal 
facility (see Section 2.2.2). 

Limited information exists on appropriate values for distribution coefficients in grout, in 
part because of the wide variety of methods used to measure waste leachability from different 
waste forms. Because of this variability, conservative KJ values (i.e., low KJ values that yield 
relatively high hazardous metal concentrations in the leachate) were used in the scoping 
evaluation. These values are based largely on the analysis in the Oak Ridge SWSA 6 
performance assessment for low-level radioactive waste (ORNL, 1994). The grouted waste form 
considered in the formulation of KJ values in the Oak Ridge performance assessment was based 
on mixing dry waste with pumpable grout. Conversely, KJ values in the Hanford tanks 
performance assessment (Kincaid et al., 1993) and the Savannah River vaults performance 
assessment (MMES et al., 1994) were based on grout formulations in which radionuclides in 
water are mixed into the grout material. Much higher KJ values were used in the Savannah 
River and Hanford performance assessments than for Oak Ridge. The lower values used in the 
Oak Ridge performance assessment are more conservative in that they result in smaller values for 
CRFsource; thus, these values were used as the primary basis for the values for barium, cadmium, 
lead, and selenium in the scoping evaluation (Table 2-3). 

The KJ values for arsenic and chromium were based on empirical metal-sediment 
partitioning relationships that were pH dependent with an assumed pH of 12.5 (Loux et al., 
1990). The KJ value for mercury was based on geochemical modeling for the following 
conditions: high pH of solution, low pH in iron oxides, and matrix of natural organic content 
(EPA, 1992). The value for silver was based on the sorption database developed from European 
experience for the cementitious near-field of a low/intermediate-level waste repository (Bradbury 
and Sarott, 1995). Because of the high degree of associated uncertainty, the KJ values in the 
table are the result of rounding to the nearest order of magnitude. The resulting calculated values 
for CRFsource are also shown in Table 2-3. 
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Table 2-3. Values for K~ for Hazardous Metals in Grout Used in the Scoping Evaluation and 

Resulting Concentration Reduction Factors for the Source (CRFsource) (from ORNL, 
1994 unless otherwise noted) 

Hazardous Metal 

Arsenic (As) 

Barium (Ba) 

Cadmium (Cd) 

Chromium (Cr) 

Lead (Pb) 

Mercury (Hg) 

Selenium (Se) 

Silver (Ag) 
a Loux et al., 1990 
b EPA, 1992 
c Bradbury and Sarott, 1995 

2.3.2 Water Pathway Transport CRF 

K5; (mUg) CRFsource 

10a 27 

10 27 
100 270 

10a 27 

100 270 
10b 27 

1 3.2 
1c 3.2 

A generic conceptual model was used in the scoping evaluation to describe the water 
pathway (Figure 2-3). For each site, site-specific geometry and water flow paths based on 
information provided by site technical staff were incorporated into a simple transport analysis. 

Ground Surface 
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I 
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1' ~,1 I I I I I 
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V I 1/ 

I 

1 
1 1 1 ~ Leachate mixed with 
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: / / : ~ Groundwater 

// // //// ////////////////////////// 

Figure 2-3. Generic conceptual model for the water pathway. 
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A number of assumptions related to flow and transport were made in the generic model. 

The most important of these are 

• Steady-state flow in the vadose (unsaturated) and saturated zones. 

• Continuous source release from the disposal facility with step increases at the times of 

failure of the engineered barriers (see Section 2.2.2). 

• One-dimensional flow and transport in the vadose zone with no lateral spreading from 

diffusion or hydrodynamic dispersion. As a result of this assumption, the CRF for 

transport through the vadose zone is unity. 

• Elimination of fractured sections from the analysis by reducing the vadose zone thickness 

when the relevant geologic formations in the vadose zone at a site were known to contain 

fractures. This procedure simplified the transport calculations and resulted in shorter 

estimates of travel time. 
• Combination of fractured porosity and matrix porosity into an effective porosity when the 

relevant geologic formations in the saturated zone were known to contain fractures. 

• One-dimensional flow and transport in the saturated zone with no diffusion or 

hydrodynamic dispersion in the longitudinal or transverse directions. 

• Complete mixing across an appropriate depth representing dilution in the saturated zone. 

• Sorption of dissolved hazardous metals on the porous media in both the vadose and 

saturated zones, resulting in retarded travel times of hazardous metals. 

The assumption of a continuous release of hazardous metals from the disposal facility 

was used for two reasons. First, the hazardous metal inventory in the disposal facility is 

unknown, so the duration of release is also unknown; assuming a continuous-release source was 

conservative. Second, the assumption allowed the effects of longitudinal dispersion and 

diffusion on peak concentration in the vadose and saturated zones to be disregarded. The use of 

this assumption is discussed in more detail in Section 3.1.7. 

The volumetric flow through the facility of water that generates leachate (Q1 ) was based 

on the assumed performance and size of the facility. It is defined as 

(2-6) 

where 
q1 is the rate of water moving through the facility (m/y); and 

A is the facility plan area (m2
) with length, ah and width, a 2 (m). 

As shown in Figure 2-2, q1 is controlled b,Y the minimum of either the properties of the 

RCRA cover (the RCRA-regulated value of 10- cm/s) or natural recharge from 30 to 100 years. 

When all engineered barriers have failed at 1 00 years, q1 is assumed to be equal to the natural 

recharge through local soils, i. 

No lateral spreading was assumed, so the leachate flux through the vadose zone is 

confined to the soil column directly below the plan area of the facility. 
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As contaminated water enters the aquifer, the contaminant was assumed to mix with 
uncontaminated groundwater, forming a plume with a shape controlled by aquifer and 
contaminant properties. Complete mixing within the aquifer was assumed to occur directly 
below the facility. 

The dilution of contaminants by mixing with uncontaminated groundwater was the only 
attenuation effect in the water pathway, and the CRF is determined by 

(2-7) . 

where Qgw is the volumetric groundwater flow (m3/y), defined as 

(2-8) 

where 
qgw is the groundwater Darcy velocity (i.e., the volume discharge per unit bulk area) (m/y); 
dm is the contaminant mixing depth in the groundwater (m); and 
a2 is the width of the facility (m). 

The contaminant mixing depth in the groundwater, dm, was estimated according to aquifer 
properties. Thin aquifers were assumed to be completely mixed across their entire depth. For 
thicker aquifers, the mixing depth was estimated by the plume thickness due to vertical 
dispersion at 100 m from the facility. A one-dimensional flow, three-dimensional transport code 
(Chu et al., 1991) was used, with compiled estimates for dispersivity values (EPRI, 1985) based 
on the type of geologic formation in the saturated zone. 

2.3.3 Solubilities of Hazardous Metals 

A characteristic feature of most trace metals in aquatic environments is the tendency to 
form hydrolyzed and complexed species by combining with inorganic and organic complexes. 
The percent total concentration existing as hydrolyzed species increases with increasing pH of 
the water. Therefore, hydroxide (and/or carbonate) phases can be important solubility­
controlling solids in neutral and alkaline geochemical environments. Solubility limits for trace 
metals under field conditions are affected by many factors related to the particular 
hydrogeological environment (e.g., pH and Eh of the solution, presence of complexing ligands, 
ion composition of groundwater, and chemical speciation of waste leachate). 

Little information is available about the reactions of inorganic compounds in disposal 
facilities. Most discussions of solubilities generally consider compounds in terms of 
reducing/oxidizing conditions and pH. Although the formation of some chemical compounds in 
a disposal facility containing grouted MLLW may be predicted (e.g., FeAs04, CdC03, and 
Cr(OH)3 [Rai and Zachara, 1984, Table S-2]), many of these compounds are relatively insoluble. 
The solubility values used for the hazardous metals in the scoping evaluation, therefore, were 
based on the reactions ofthe metals dissolved in groundwater (Fetter, 1993, Chapter 6). These 
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solubility values tended to be more conservative (i.e., greater) than those for compounds that 
have been predicted to be formed in disposal facilities. The compounds, their solubilities, and 
the solubilities of the associated metals are listed in Table 2-4. The metal solubilities were used 
in the scoping evaluation to determine whether inventory limits were appropriate for a particular 
hazardous metal: if the calculated maximum concentration of a hazardous metal in the leachate 
exiting the disposal facility at a site was greater than the solubility of the metal compound, the 
metal concentration was assumed to be solubility limited, and the maximum concentration of the 
metal in treated MLL W was considered to have "no limit." 

Table 2-4. Solubility Values for Possible Hazardous Metal Compounds in a MLL W Disposal 
Facility and for the Associated Metals 

Hazardous Metal Compound 

Chemical 
Formula8 

Arsenic (As) As2S3 

Barium (Ba) BaSo4 

Cadmium (Cd) CdS 

Chromium (Cr) CrS04 · 7H20 

Lead (Pb) PbC03 

Mercury (Hg) HgS 

Selenium (Se) Se02 

Silver (Ag) AgCI 

a Based on Fetter (1993, Chapter 6) 

b Values from CRC (1985) 

Solubilityb 
(mg/L) 

0.5 

3 

1 

1E+05 

1 

0.1 

4E+06 

0.9 

Solubility 

of Metal 
(mg/L) 

0.3 

1.8 

0.8 

2.1E+04 

0.8 

0.009 

2.8E+06 

0.7 

2.3.4 Estimation of Travel Time 

where 

2-14 

The water travel time in the vadose (unsaturated) zone was estimated by 

(2-9) 

fwv is the water travel time in the vadose zone for steady-state, one-dimensional flow under 
unit gradient conditions (y): 

I is the distance between the disposal facility and the groundwater (m); and 
8w is the volumetric moisture content in the vadose zone (mL/cm

3
). 

Retarded travel time for a hazardous metal in the vadose zone was estimated by 



(2-10) 

where 
tcv is the contaminant travel time from the disposal facility to the aquifer (y); 

Kd is the distribution coefficient (i.e., solid/liquid partition coefficient) of the hazardous 
metal in the vadose (unsaturated) zone (mL/g); and 

Pb is the dry bulk density of the soil in the vadose zone (g/cm\ 

The water travel time in the saturated zone was estimated by 

(2-11) 

where 
fws is the water travel time in the saturated zone for steady-state, one-dimensional flow 

under unit gradient conditions (y); 
I 00 is the distance in the aquifer between the edge of the disposal facility and the 

performance boundary (m); and 
n is the porosity of the saturated zone. 

Retarded contaminant travel time in the saturated zone (tcs) was defined as 

(2-12) 

The environmental chemistry of hazardous metals is relatively complex, and attempting 
to predict the transport behavior of trace metals within groundwater systems is difficult (Freeze 
and Cherry, 1979). For simplified analyses, the transport parameter of greatest importance for 
hazardous metals is the metal-soil distribution coefficient (Kd). 

Whenever site-specific sorption parameters were available, these were used in the 
calculations of contaminant transport. The main sources for these data were site-specific 
radiological performance assessments and transport studies. If site-specific sorption data are 
available, they are presented in Appendix B in the site evaluation. However, for a number of 
sites, sorption data that are site-specific were not available. 

A generic list of Kd values for hazardous metals was compiled for use in the scoping 
evaluation for those sites that had incomplete or no sorption data (Table 2-5). The general 
approach adopted in this study of selecting generic Kd values for hazardous metals is similar to 
one frequently used in performance assessments of radioactive-waste repositories: in the absence 
of reliable site-specific data, conservative estimates for sorption parameters were determined. 
Thus, in situations where no direct data existed, sorption data for materials that are known to be 
weaker adsorbents (e.g., sand and granite) than other geological materials were used. Also 
shown in Table 2-5 is general information about the chemical classification of each of the 
hazardous metals and their relative mobility. 
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Table 2-5. Generic Soil Kd Values Used in the Scoping Analysis 

Hazardous Kd Chemical Relative Kd Reference 
Metal (mUg) Classification Mobility a 

Arsenic (As) 6 Anionic Hiah Baes and Sharp, 1983 

Barium (Ba) 500 Cationic Low Ashton and Sumerlina, 1988 

Cadmium (Cd) 80 Cationic Medium Sheooard and Thibault, 1990 

Chromium (Cr) 70 Redox-sensitive Medium Sheooard and Thibault, 1990 

Lead (Pb) 270 Cationic Low Sheppard and Thibault, 1990 

Mercury (Hg) 100 Cationic Medium Estimate using data from Rai 
and Zachara, 1984 

Selenium (Se) 8 Redox-sensitive Hiah Vanderaraaf and Ticknor, 1994 

Silver (Ag) 90 Cationic Medium Sheooard and Thibault, 1990 

a Metals with a Kd < 50 mUg are considered to have high mobility; those with a Kd of 50 to 100 mUg are considered to have 
medium mobility; and those with a Kd > 100 are considered to have low mobility. 
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3. EFFECTS OF CONCEPTUAL MODEL ASSUMPTIONS AND 
PARAMETER SENSITIVITY 

An examination of the major assumptions for the conceptual model used in the scoping 
evaluation for hazardous metals is summarized in this chapter. In addition, the results of the 
parameter sensitivity analysis conducted for the performance evaluation for radionuclides in 
treated MLL W (Waters et al., 1996, Sections 6.1 and 6.2) that are applicable to the scoping 
evaluation of hazardous metals are discussed here. 

3.1 MAJOR ASSUMPTIONS USED IN CONCEPTUAL MODELS 

The evaluation of hazardous metals was developed as a scoping tool. As such, many 
simplifying assumptions were used to develop the conceptual model for contaminant transport 
through the water pathway. Most of these simplifying assumptions tended to provide 
conservatism. For purposes of this discussion, conservative means that the maximum 
concentrations of hazardous metals in treated MLL W for disposal calculated by the method 
described in this report are likely to be lower than if a more detailed analysis were done. 

3.1.1 Applicable Regulations 

The performance measures are the maximum concentrations of hazardous metals 
permissible for groundwater protection that are identified in Table 1 of 40 CFR Part 264.94. 
However, in permits for hazardous waste disposal facilities, the EPA regional administrator may 
specify different concentration limits in groundwater for hazardous constituents identified in the 
permits. Should regulatory limits be set in the future that are different from the performance 
measures in this scoping evaluation, the results of the evaluation could be modified simply by 
multiplying the affected waste concentration by the ratio of the new and old concentrations and 
comparing the result to the solubility limit. The method used in the scoping evaluation has 
sufficient flexibility to accommodate such changes. 

3.1.2 Waste Form and Performance 

The choice of waste form significantly affects estimates of the maximum concentrations 
of hazardous metals in the waste. A grouted waste form was used in this analysis because it is 
expected to be a common waste form for treated MLL W disposal. However, from a performance 
perspective, the main effect of a more stable waste form (e.g., one resulting from vitrification) 
would be to increase the maximum concentrations of hazardous metals in the waste because the 
hazardous metals would be released more slowly. The framework of the modeling was designed 
to allow direct substitution of other waste form performance models. 

3.1.3 Type of Disposal Facility 

The type of disposal facility chosen for the scoping evaluation for hazardous metals was a 
trench design. This design is considered by many sites when planning a disposal facility. 
However, at some sites in the humid region of the country, more engineered disposal facilities 
are used; the tumulus design is used at ORR (ORNL, 1994) and the vault design is used at SRS 
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(MMES et al., 1994 ). These facilities are designed to minimize the contact of infiltrating water 
with the waste and may result in higher maximum concentrations of hazardous metals in waste. 

Some sites lack a sufficiently thick vadose (unsaturated) zone to accommodate a trench 
design like that used in the scoping evaluation (e.g., ORR, PGDP, and PORTS). Although in the 
scoping evaluation the generic trench design was incorporated by allowing a portion to be above 
ground as a mounded trench, other facility designs could be used (e.g., the vault design 
considered at SRS, the tumulus design considered at ORR, or the generic tumulus design used in 
the performance evaluation of radionuclides in MLL W [DOE, 1996]). Using a facility design 
that is sited on the land surface would increase travel times to the performance boundary because 
of longer travel times through the vadose zone. Depending on the specifications for the 
engineered barriers, travel times could also be nominally increased by additional detention time 
ofhazardous metals in the disposal facility (see Section 3.1.4). 

3.1.4 Performance of Engineered Barriers 

The design of the disposal facility in the scoping evaluation for hazardous metals 
included engineered barriers. A RCRA-specified, low-permeability cover and leachate collection 
system were assumed to preclude releases from the disposal site for the first 30 years following 
closure. The collection system was assumed to fail abruptly at 30 years after closure, at which 
time releases of hazardous metals were assumed possible for the following 70 years by 
infiltration through the RCRA cover into the facility. Infiltration through the RCRA cover was 
assumed to be the lesser of 1 x 1 0"7 cm/s (0.03 m/y) or the annual recharge through local soils. 
At 1 00 years after closure, infiltration through the trench facility was assumed to be the annual 
recharge through local soils. The 30 years of detention in the facility and 100 years of reduced 
infiltration into the facility may be an effective means for containment of short-lived 
radionuclides while they decay to insignificant levels. However, because hazardous metals do 
not decay as their radioactive counterparts do, this 1 00-y period only delays their maximum 
release rate and has essentially no effect on the resulting concentrations. 

3.1.5 Solubility Constraints 

Because the highest aqueous concentrations of hazardous metals estimated in the scoping 
evaluation are in the leachate exiting the disposal facility, the calculated concentrations of 
hazardous metals in the leachate for each site were compared to the solubilities of the associated 
metals. The leachate concentration was determined by dividing the maximum waste 
concentration of hazardous metals by the CRFsource and multiplying by the bulk density. 

The use of solubility limits is complicated by many factors, including the assumed 
chemical speciation of the element; interactions of multiple elements; and the conditions of pH 
and redox potential (Eh) in the aqueous environment, which changes from a grouted waste form 
with a high pH to a more pH-neutral groundwater. Depending on the assumed speciation, wide 
ranges of solubilities are possible for many hazardous metals. The exact chemical speciation of 
the hazardous metal is generally not known after disposal and therefore must be assumed. The 
uncertainty in solubilities that are based on assumed chemical forms of the hazardous metals can 
be very large. The compounds that were assumed to be present in the disposal facility in the 
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scoping evaluation are, in most cases, those that are expected to be formed in the presence of 
naturally infiltrating water of typical composition (Fetter, 1993, Chapter 6). These compounds 
and the solubilities of the associated hazardous metals are listed in Table 2-4. 

Selection of solubility values is hampered by the lack of knowledge of environmental 
conditions, particularly pH and Eh, especially considering the large changes in conditions 
between a grouted waste and natural waters at a site. Solubility is a function of these parameters, 
and the lack of knowledge of long-term, site-specific conditions makes selection of solubilities 
for hazardous metals difficult. 

3.1.6 Transport Retardation Model and Sorption Effects 

The transport retardation model used in the scoping evaluation is based on the linear 
isotherm sorption model. In this model, contaminant sorption by the soil matrix is described by 
one parameter, the distribution coefficient, over the whole range of contaminant concentrations 
of interest. The drawback of this model is that it assumes that the sorption capacity of the 
sorbent is infinite, which is not correct. However, when considering trace concentrations of 
sorbing species in radiological performance assessments, this assumption is justified because 
sorption is linear at low concentrations of sorbing species (Vandergraafand Ticknor, 1994). 

In the scoping evaluation for hazardous metals, literature data (Rai and Zachara, 1984) for 
maximum soil sorption capacities (i.e., Langmuir maximum adsorption constants) for hazardous 
metals were compiled and compared to the maximum soil concentrations (i.e., the characteristic 
matrix soil loadings assumed in linear sorption) (Table 3-1 ). As shown in Table 3-1, in all cases 
these characteristic adsorbed concentrations are several orders of magnitude lower than the 
corresponding Langmuir maximum adsorption constants. Thus, using the linear sorption model 
in the scoping evaluation for hazardous metals is justified. 

Table 3-1. Comparison ofMaximum Soil Concentrations Used in the Scoping Evaluation with 
Maximum Sorption Capacities Reported in the Literature for RCRA Hazardous 
Metals 

RCRA Atomic Generic Kd Maximum Soil 
Hazardous Weight (mUg) Concentration a 

Metal (g/mol) (J.Lmollg) 

Arsenic (As) 74.92 6 0.004 
Barium (Ba) 137.34 500 3.6 
Cadmium (Cd) 112.4 80 0.007 
Chromium (Cr) 52 70 0.07 
Lead (Pb) 207.12 270 0.065 
Mercury (Hg) 200.59 100 0.001 
Selenium (Se) 78.96 8 0.005 
a Soil concentration in equilibrium with solution concentration 
b Compiled from Rai and Zachara (1984) 

Langmuir Maximum 
Adsorption Constant b 

(J.Lmollg) 

3.3-4.4 

2050 

0.1 -460 

0.3-2700 

8-7000 

1.6-237 

2-240 
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Sorption was treated as a linear and reversible equilibrium process in the scoping 

evaluation, which resulted in retardation of the hazardous metals but no concentration attenuation 

because of the assumption of a continuous source. Other approaches have been used in LL W 

performance assessments that include processes that cause concentration attenuation during 

transport (e.g., partially irreversible sorption). Calculations for the LL W performance assessment 

at Oak Ridge were based on an vadose (unsaturated) zone sorption model that provided 

concentration attenuation proportional to the assumed partition coefficient and duration of 

release (ORNL, 1994). Calculations for the Hanford performance assessment of the 200 West 

Area (Wood et al., 1994b) were based on a sorption model that provided concentration 

attenuation proportional to the retardation factor, with larger values for the retardation factor 

resulting in increased concentration attenuation. The sorption model used in this scoping 

evaluation provided more conservative results than these two models by as much as two orders of 

magnitude (see Waters and Gruebel, 1996, Section A.4). 

A wide variety of sorption models have been developed. However, most ofthese models 

require a considerable amount of knowledge of the nature of the sorbent, sorbate, and the 

solution chemistry, which is beyond the scope of this evaluation. This scoping evaluation 

incorporated a simple and widely used approach consisting of a linear model utilizing a 

distribution coefficient (Kd)· As discussed by Galya (1987), when chemical dispersive effects are 

considered for a finite-duration source, sorption accentuates the dispersive concentration 

attenuation by slowing contaminant movement and providing more time for the dispersive effects 

to occur. 

3.1.7 Continuous Source 

Although in reality the duration of the source release will be limited by the hazardous 

metals inventory, a continuous source of hazardous metals from the disposal facility was 

assumed in the scoping evaluation because site-specific waste inventories were not known. With 

a continuous release source, the concentration at the base of the vadose zone eventually equals 

the leachate concentration, and the concentration in groundwater at the performance boundary 

eventually equals the concentration beyond the leachate-groundwater mixing zone. Also because 

of the continuous source, mechanical dispersion in the longitudinal direction affects the shape of 

the contaminant front but provides no attenuation of the concentration peak. Mechanical 

dispersion in the lateral transverse direction is a much weaker (10 to 100 times smaller) effect 

than dispersion in the longitudinal direction except under low-flow conditions (Freeze and 

Cherry, 1979, p. 396). While lateral transverse dispersion provides some attenuation of the 

centerline concentration peak, the effect is minor. That the effect is minor is particularly true for 

the calculations in this report because the distance to the compliance boundary of 100 m is small 

in comparison to the size of the disposal facility (50 m by 50 min cross section). Transverse 

lateral dispersion would have negligible effect on centerline concentrations at the 100-m 

performance boundary. 

The continuous source assumption can also affect attenuation in the subsurface. 

Calculations for the LLW performance assessment at Oak Ridge (ORNL, 1994) were based on 

the assumption that sorption effects in the vadose zone attenuated the dissolved radionuclide 
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concentrations in the subsurface. This attenuation effect is related to the duration of the source 
from the facility, with shorter source durations providing larger attenuation effects (Waters et al., 1996, Section A.3). The effect is more pronounced for hazardous metals with higher Kd values. 

3.1.8 Treatment of Fracture Flow 

Fractured geologic media is known to be present at a few of the sites analyzed in the scoping evaluation. When fractured media were known to be present in the vadose (unsaturated) zone, flow through these media was assumed to be complete and instantaneous. This approach is consistent with that used in the INEL performance assessment for LLW (Maheras et al., 1994). In general, due to capillary effects, only the smaller pores within the rock matrix contain water while the fractures contain air, with the result that fractures can be an effective barrier to flow and transport. Therefore, eliminating sections of the vadose zone from the conceptual model due to the presence of fractures may be extremely conservative because fractures tend not to transmit water except during extreme events such as flooding. 

When fractured media were present in the saturated zone, flow through these media was assumed to be accounted for by pore velocity and contaminant travel times that were based on effective porosity and hydraulic conductivity. This approach is a common way of treating 
regional groundwater flow through fractured media because aquifer properties derived from field data typically result in these "effective" properties, based on averages over large portions of the aquifer. The physics and chemistry of flow and transport in fractured media are complex, and these simplifying assumptions provide a conservative approach to modeling their behavior. 

3.1.9 Regional Recharge 

In the scoping evaluation, the concentration in the saturated zone resulting from dilution of leachate with groundwater was assumed to be constant during transport to the 100-m 
performance boundary. Additional concentration dilution in the ORR performance assessment from the mixing of infiltrating water from regional recharge with the contaminated groundwater provided an additional concentration attenuation factor of about three (Waters and Gruebel, 
1996, Section A.3). While this effect is quite small, dilution at ORR because of regional 
recharge provided more attenuation than dilution of leachate with groundwater. Sites with high recharge rates relative to groundwater flow and low CRF water values would benefit most from inclusion of dilution from regional recharge. 

3.2 PARAMETER SENSITIVITY 

In the performance evaluation for radionuclides in MLL W, the water pathway estimates ofthe permissible concentrations ofradionuclides in the waste were shown to be relatively 
insensitive to variations in all but five parameters (grout distribution coefficient, KC:; natural 
recharge rate, i; groundwater Darcy velocity; qgw; plan area of the disposal facility, A; and soil distribution coefficients, Kd) (Waters et al., 1996, Section 6.2). Differences in the values for the other parameters when varied to their practical maximums and minimums changed the estimates 
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of the permissible concentrations of radionuclides in the waste by less than an order of 

magnitude. 

Only three of these five parameters (i, qgw, and A) were important in the scoping 

evaluation for hazardous metals. Because generic values were used, variations in the grout 

distribution coefficient affect all sites in the same manner. Variations in soil Kd values were not 

important in this analysis but were important in the performance evaluation for radionuclides 

because radionuclides decay and the time period for consideration was 10,000 y. 

The three parameters identified as important in the scoping evaluation for hazardous 

metals are used in the calculation of CRF water· Based on Equation 2-7 for CRF watm Equations 2-

6 and 2-8 can be combined as 

q d a 
CRF: = gw m 

2 + 1 
Water A q, 

(3-1) 

where q1 = i when all engineered barriers have failed. The exact effects on CRF Water due to 

changes in the three parameters are site specific because the values for the parameters are site 

specific. 

Changes in CRF water are inversely proportional to changes in i (i.e., increasing the 

recharge rate decreases dilution in groundwater). Because natural recharge is difficult to 

measure, it is potentially important with regard to sensitivity; however, estimating values for this 

parameter with a high degree of confidence was difficult for most sites considered in the scoping 

evaluation. 

For the groundwater Darcy velocity, qgw, changes in CRF Water are generally proportional 

to changes in qgw (i.e., increasing the groundwater velocity increases dilution). 

Because the size of the disposal facility depends on the amount of waste to be disposed of 

at a site, the actual size of a facility may be much different than that assumed here. The disposal 

facility plan area, A, and facility width, a2, are generic parameters, and the same values were used 

in the scoping evaluation for all of the sites (2500 m2 and 50 m, respectively). By assuming that 

the shape of the facility is square, changes in maximum concentrations of hazardous metals in 

treated MLL W are generally proportional to the inverse square root of the change in the area, A. 

Doubling the size of the disposal facility causes a reduction in the maximum concentration of a 

hazardous metal that is slightly smaller than the square root of the change in A. 
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4. RESULTS AND CONCLUSIONS 

For the 8 hazardous metals considered in the scoping evaluation, site-by-site estimates of 
the maximum concentrations of the hazardous metals in treated MLL W that would not exceed 
their maximum allowable concentrations in groundwater are presented in Appendix B. These 
estimates were based on the methodology presented in Chapter 2. A summary of the conceptual 
model assumptions used in the analyses and parameter sensitivity analyses is presented in 
Chapter 3. Summarized in this chapter are the results of the analyses performed for all of the 
sites. The chapter also contains the conclusions that were reached on the basis of these results. 

The scoping evaluation is focused on the disposal of hazardous metals in the physical and 
chemical forms expected to be present in treated and stabilized DOE MLLW. Many important 
issues related to treated MLL W disposal have not been considered in this analysis, including 
social, ethical, and policy factors, MLL W treatment performance and costs, and transportation 
risks and costs. These issues may be addressed in later phases of the planning process for 
MLL W disposal. The disposal performance of the radionuclides that will also be present in 
treated MLL'W was previously addressed (DOE, 1996). 

The evaluation represents a first-order scoping study only. The results are limited in 
applicability, having been developed for the sole purpose of comparing the various DOE sites on 
the basis of estimated limits of hazardous metal concentrations in treated MLL W that can be 
placed in a hypothetical disposal facility. The methodology provides a simple and conservative 
analysis that can be applied in a consistent manner to all of the sites. 

The water pathway analysis was based on site-specific modification of a generic 
conceptual model for flow and transport of water containing hazardous metals and used a 
framework that provides consistency of analysis for all of the sites. The attenuation in the 
concentrations between the disposed waste and the performance boundary was represented by the 
source concentration reduction factor, CRFsource, and the concentration reduction factor for the 
water pathway, CRF water· The CRFsource represented the concentration attenuation between the 
disposed waste and the leachate exiting the disposal facility and was modeled as a process that 
incorporates desorption and infiltration. The CRF Water represented the attenuation in 
concentrations of the hazardous metals between the leachate emerging from the waste and that in 
the groundwater reaching the 100-m performance boundary. It was modeled as a dilution of 
leachate in the groundwater flowing beneath the disposal facility. 

4.1 SUMMARY OF NATURAL SITE CHARACTERISTICS 

The scoping evaluation showed that the estimates of maximum concentrations of 
hazardous metals in treated MLL W were highly dependent on the subsurface geology and the 
natural characteristics of the site. Of these, the natural recharge rate is directly affected, and the 
depth to groundwater is affected to some extent, by the climate of the region in which the 
disposal facility is located. For this reason, the 15 sites were divided into arid and humid groups, 
with the former including LLNL, Hanford, NTS, INEL, RFETS, SNL, LANL, and Pantex and the 
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latter including ANLE, PGDP, FEMP, PORTS, ORR, SRS, and WVDP. Several important 
characteristics of the sites are shown in Figures 4-1 and 4-2. 

For three of the sites, the subsurface geology was a special consideration in determining 
flow and transport through the vadose (unsaturated) zone. For LANL, ORR, and WVDP, 
portions of the geologic media in the vadose zone were not considered for various reasons. The 
maximum hazardous metals concentrations at these sites reflect the reduced total thickness of the 
vadose zone used in the scoping evaluation. 

The natural recharge rate is used to estimate the amount of water passing through the 
disposal facility after the cover has failed. The recharge rate is also used to estimate the leachate 
velocity through the vadose zone. With the exception ofNTS, estimated recharge rates range 
from less than 0.01 m/y at Pantex to 0.40 m/y at SRS. A recharge rate of zero is reported for 
NTS because hydrological investigation documents for the LL W facility at that site indicate that 
no net recharge occurs under current conditions. In general, the natural recharge rate for each site 
is determined by many factors including precipitation, evapotranspiration, surface topography 
and runoff, and the hydraulic conductivity of the subsurface geology. For example, ORR, which 
has the highest precipitation rate of all sites, has less than half the natural recharge of SRS due to 
the low hydraulic conductivity of the underlying formations and a hilly terrain that promotes 
surface and shallow subsurface runoff. As illustrated in Figure 4-1(a), with the exception of 
WVDP, which overlies a formation with very low hydraulic conductivity, the eastern sites have 
higher natural recharge rates than the western sites. 

The depth to groundwater (Figure 4-1 [b]) controls the time required for water and 
hazardous metals to reach the groundwater. At the 15 sites, this depth, commonly referred to as 
the "vadose (unsaturated)" or "vadose zone," ranges from 1m at WVDP to 360m (including the 
fractured zone) at LANL. With the exception of RFETS, the western sites generally have much 
thicker vadose zones than the eastern sites. The thickness of the vadose zones at LANL and 
ORR were assumed to be equal to the non-fractured portion only. The vadose zone at WVDP 
was not pertinent to the scoping evaluation; based on site practice, the disposal facility was 
located below the vadose zone. 

The vertical and lateral components of water travel times are illustrated in Figure 4-2. In 
most instances, the vertical component of travel time is associated with travel time through the 
vadose zone. For PGDP and WVDP, however, at least some of the vertical travel is through the 
saturated zone before reaching the zone of lateral transport. For sites with relatively thick vadose 
zones (Figure 4-1 [b]) (i.e., LLNL, Hanford, NTS, INEL, SNL, LANL, Pantex, and ANLE), the 
estimated vertical component of travel time through the vadose zone is 9 to 600 times larger than 
that for lateral travel. The SNL ratio of 9 is due to the low hydraulic gradient in the regional 
aquifer; this low gradient results in low groundwater velocities and thus, low dilution of leachate. 
The remaining sites have much thinner vadose zones, and the vertical and lateral components of 
travel times are on the same order of magnitude. The larger time for lateral travel in the saturated 
zone at WVDP is due to the low hydraulic conductivity of one formation and the low hydraulic 
gradient in the aquifer. 
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1.5 m of unsaturated zone to 14 m of vertical transport through saturated media. 

f Unsaturated zone thickness used in the seeping evaluation is 0 m, which is the result of eliminating 2 m of 
fractured saprolite from the conceptual model. 

g Thickness of unsaturated zone is 1 m; based on site practice, trench is located 4 m below unsaturated/saturated 
zone interface and below near-surface zone of lateral transport. 
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Figure 4-1. Selected characteristics of the 15 sites (references for the natural recharge and depth 
to groundwater for each site are provided in Appendix B). 

4-3 



10000.-----------------------------------------------------------------~ 

1000 

I!! 
:3 100 
> 

10 

Arid :Humid 

...J 'E en ...J en ...J ...J 

~ . w a. a. en 0:: 
z .E 1- w 1- z z . ...J 0 :::! 1- 0:: 
...J z ~ w en :5 z C!l w 0:: 0 ...J c u... 11:1 . <( 

11:1 a. a. u... 0 
J: 0:: a. 

a b c 
C Vertical component of water travel time (y) 
II Horizontal component of water travel time in saturated zone to 100-m performance boundary (y) 

en a. 
0:: 0 
en > 

5.: 
d 

a Hydrological investigation documents for the site indicate no net downward migration of water to the saturated zone. 
b Includes travel time through unsaturated zone and vertical component of travel time through saturated media to zone of 

horizontal transport. 
c Leachate flux exits disposal facility directly into the zone of horizontal transport. 
d The majority of recharge flows laterally in the weathered till-only 0.01 m/y contributes to the leachate entering 

the groundwater system. 

Figure 4-2. Conservative estimates of vertical and lateral components of water travel times (y) 
based on this scoping evaluation of hazardous metals (see Appendix B). 
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These site characteristics are generally similar among the humid sites (high natural 
recharge and thin vadose zones) and the arid sites (low natural recharge and thick vadose zones), 
although there are some exceptions. For example, the vadose zone is relatively thin at RFETS 
although it is otherwise consistent with an arid site, and the recharge rate at WVDP is relatively 
low for a humid site. Based on these considerations, concentration limits for disposal of 
hazardous metals in humid regions will generally be more restrictive than those in arid regions. 

The presence of certain natural characteristics at disposal sites can improve their 
performance relative to retarding the migration of hazardous metals. For example, if a disposal 
facility is underlain with a clay-rich formation having a large sorption capacity, the movement of 
hazardous metals may be significantly retarded even though water travel times may be short. For 
this reason, it is important to consider site-specific factors in conducting performance analyses. 
Such factors were considered to the extent possible in conducting the scoping evaluation while, 
at the same time, maintaining a consistent framework throughout the analyses. 

4.2 SUMMARY OF RESULTS 

A site-by-site summary of the maximum concentrations and travel times for each of the 8 
hazardous metals is shown in Table 4-1. These values are from the summary tables for the site 
evaluations described in Appendix B. The observations based on the analyses contained in this 
report can be grouped into two categories: (1) performance of sites (Section 4.2.1) and (2) fate of 
hazardous metals (Section 4.2.2). 

Some hazardous metals listed in Table 4-1 have no limit (NL) on their maximum 
concentration. Hazardous metals concentrations in treated MLL W were considered unlimited if 
their calculated leachate concentrations were greater than the solubilities of the associated metals. 
In addition, the hazardous metals concentrations for NTS were considered unlimited because 
research conducteri ~t th .. c::ite indicates that no n~"'t rj0•·;-ward migration occurs at this site. The 
cells for which hazardous metals concentrations are considered unlimited are shaded gray in 
Table 4-1. 

4.2.1 Performance of Sites 

• Most of the arid sites had 5 or more maximum concentrations of hazardous metals in waste 
that were unlimited, due primarily to greater dilution (a combination of low recharge rates 
and moderate to rapid groundwater Darcy velocities). The exceptions are SNL, which had 3 
unlimited concentrations, and RFETS, which had one unlimited concentration. At SNL and 
RFETS, the groundwater Darcy velocities are relatively slow (0.5 m/y and 0.59 m/y, 
respectively, as compared to LANL with 23 m/y), effectively resulting in less dilution. 

4-5 



Table 4-1. Summary ofMaximum Hazardous Metals Concentrations in Treated MLLW 

'a 
'1: 
41( 

'a e 
:::s ::c 

Max1mum lOoncentratlon m neatea MLLVV (mgfK91 

Arsemc Bar1um caam1um 1 cnrom1um Lea a Mercury :se1emum 

Site 

LLNL NL + NL + NL + 50 • NL + 

Hanford NL +·· NL •' so• 30 • NL + 

Nrs• - - - - ·~.· -
INEL Nt•'· NL+ NL + 100 • NL + 

RFETS 2. NL + 4. 2 • 20 • 

SNL NL + NL + 10 • 5 • 50 • 

LANL NL + NL + NL + 100 • NL + 

Pantex NL+ NL + .NL + 100 • NL+ 

ANLE 3. NL + 5 • 3. 30 • 

PGDP NL •.: ·NL + 40. 20 • NL + 

FEMP NL • NL + 10. 7. 70 • 

PORTS 3 • NL + 5• 3. 30. 

ORR 1 • NL + 2. 1 • 10 • 

SRS 3 • NL • 6 • 3. 30. 

WVDP 1 • 20 • 2 • 1 • 9 • 

• Contamrnant travel trme to the performance boundary less than 1 000 y 

• Contaminant travel time to the performance boundary 1000-10,000 y 

• Contaminant travel time to the performance boundary greater than 10,000 y 
8 

Water pathway was not evaluated for this site 

NL + 

NL + 

-
NL + 

0.1 • 

NL + 

NL + 

NL + 

NL' + 

NL+ 

NL • 

NL • 

0.05. 

NL • 

0.04. 

NL means "no limit": the maximum leachate concentration is greater than the solubility of the metal 

1 • 

0.6. 

-
2. 

0.05. 

0.1 • 

3 • 

3. 

0.1 • 

0.5. 

0.2. 

0.1 • 

0.03. 

0.1 • 

0.02. 

:suver 

NL + 

NL + 

-
NL + 

0.2. 

0.6. 

NL + 

NL + 

0.3. 

NL + 

0.8. 

0.3. 

0.1 • 

0.3. 

0.1 • 

Most of the humid sites had 3 or fewer maximum waste concentrations that were unlimited, 

due primarily to less dilution (a combination of high recharge rates and moderate to slow 

groundwater Darcy velocities). The exception is PGDP, which had 5 unlimited 

concentrations. At PGDP, the recharge rate is relatively low for a humid site (0.12 m/y) and 

the groundwater Darcy velocity is relatively fast (25 m/y). 

• At the arid sites, travel times to the performance boundary for hazardous metals that were not 

solubility limited tended to be greater than 10,000 y. This trend is the result of relatively 

thick vadose (unsaturated) zones and low natural recharge. At RFETS, both arsenic and 

selenium have travel times between 1000 and 10,000 years, and at INEL, selenium has a 

travel time between 1000 and 10,000 years. These two sites have thinner vadose zones than 

the other arid sites. 
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At the humid sites, travel times to the performance boundary for hazardous metals that were 

not solubility limited tended to be greater than 1000 y but less than 10,000 y. This trend 

shows that even with relatively thin vadose zones and higher recharge rates, sorption provides 



for relatively long travel times. However, for arsenic and selenium, travel times were 
estimated to be less than 1000 years for several sites, reflecting the relative mobility of these 
metals in the environment. Travel times to the performance boundary for 6 of the 8 
hazardous metals at WVDP are greater than 10,000 years due to long travel times in the 
saturated zone. 

4.2.2 Fate of Hazardous Metals 

• Maximum concentrations in treated MLL W for two hazardous metals, barium and mercury, 
are unlimited at almost all of the sites. Maximum concentrations for barium are unlimited at 
all but one site because the performance measure in groundwater for the metal is large (1 
mg!L), allowing maximum leachate concentrations to be greater than the solubility of the 
metal. Barium is not solubility limited at WVDP because the CRF water value for the metal is 
small. Because mercury has a very low solubility (0.009 mg!L), maximum concentrations of 
mercury in treated MLL W at most of the sites are unlimited. The exceptions are RFETS, 
ORR, and WVDP, which have the smallest CRF water values among the sites. 

• Maximum concentrations in treated MLL W for chromium and selenium are limited at all 
sites except NTS. The solubilities of these two metals are very large (21 ,000 and 2.8 million 
mg!L, respectively). In the scoping analysis, calculated leachate concentrations ranged from 
0.08 to 11 mg!L for chromium and from 0.02 to 2.2 mg!L for selenium. These ranges are 
well below the solubilities of the two metals. 

• At almost all of the sites, travel times to the performance boundary for barium and lead were 
greater than 10,000 y. Travel times to the performance boundary for barium, with a relatively 
high environmental Kd value of 500 mL/g or greater for most of the sites, was greater than 
1 0,000 years at all but two sites. At SRS, the travel time to the performance boundary for 
barium was less than 1000 y and at Hanford the travel time was between 1000 and 10,000 y, 
primarily because their site-specified environmental Kd values (5 mL!g and 1 mg!L, 
respectively) were considerably smaller than those used at most of the sites. Travel times to 
the performance boundary for lead, also with a relatively high environmental Kd value 
(greater than 250 mL/g at most of the evaluated sites), was greater than 10,000 years at all but 
two sites. At SRS and PORTS, travel time to the performance boundary for lead was 
between 1000 and 10,000 years. At SRS, this longer travel time was again due to a smaller, 
site-specified Kdvalue for lead (100 mL/g). At PORTS, the shorter travel time was due 
primarily to the short distance (1 m) from the bottom of the trench to groundwater. 

• At all but four of the sites, the travel time to the performance boundary for selenium, which 
has a low environmental Kd value of 8 mL/g or less at the evaluated sites, was less than 
1 0,000 years. The travel time to the performance boundary for selenium was greater than 
10,000 years at four arid sites: LLNL, SNL, LANL, and Pantex. These four sites have the 
longest distances to groundwater of the sites included in the evaluation. 
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4.3 CONCLUSIONS 

• All 15 DOE sites considered in this analysis have the technical capability for disposal of 

some hazardous metals in treated MLLW. This conclusion is based on the maximum 

concentrations of hazardous metals in treated MLL W that were estimated for the trench 

disposal facility. However, the technical capabilities for disposal of hazardous metals in 

treated mixed waste differ somewhat among the sites. For some hazardous metals, the 

range of the maximum concentrations among the sites spans two orders of magnitude. 

• In general, travel times of the hazardous metals to the performance boundary were greater 

than 10,000 years at the arid sites and between 1000 and 10,000 years at the humid sites. 

• Of the 8 hazardous metals evaluated in the analysis, barium and lead tended to be relatively 

immobile at both the arid and humid sites, while selenium tended to be the most mobile. 

• The modeling in this analysis is believed to be conservative (i.e., provide lower maximum 

concentrations of hazardous metals allowed in treated MLL W and shorter travel times to the 

performance boundary) compared to more rigorous analyses. Therefore, in cases where 

maximum concentrations of hazardous metals in treated MLL W are high or unlimited, a 

more rigorous analysis would be of little additional benefit, provided performance measures 

similar to those assumed in this analysis were applied to future disposal facilities. 

However, in cases where maximum concentrations of hazardous metals in treated MLL W 

are relatively low (e.g., at ORR), more refined analyses that account for additional site­

specific factors for transport of hazardous metals in water could result in higher maximum 

concentrations. Additionally, as site characterization continues and more information 

becomes available, exposure pathways other than those evaluated here might be identified 

that could also change the maximum concentrations of hazardous metals in treated MLL W. 

The scoping evaluation was demonstrated as a useful tool that provides a readily available 

and simplified approach for representing important transport mechanisms. The 

methodology of the evaluation can also be used to identify the need for more detailed site­

specific analyses that may be required to refine estimates of maximum concentrations of 

hazardous metals in treated MLL W. 

The purpose of the analyses described in this report was to provide a scoping-level 

evaluation of the technical performance of a hypothetical disposal facility located at selected DOE 

sites with respect to the hazardous constituents in treated MLL W. Federal regulations for disposal 

of hazardous waste currently do not specifically require these types of analyses. Protection of the 

environment is implicitly assumed to be attained through a combination of prescriptive standards 

for treatment of hazardous wastes and design of disposal facilities to contain these wastes. States 

that have been delegated the authority to enforce the hazardous waste regulations under RCRA 

may, at their discretion, enact requirements that exceed those described in the federal regulations. 

At sites where disposal of MLL W is planned, application of the specific requirements of state and 

federal regulations will be addressed through site-specific performance assessments and other 

analyses required to demonstrate compliance with applicable regulations. 
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A. 
Hazardous Constituents in Treated Mixed Low-Level Waste 

Because they cannot be broken down to a more fundamental level, hazardous metals are 
expected to be present in treated mixed low-level waste (MLL W) regardless of the method of 
treatment, while the presence of hazardous organic constituents will depend on the method of 
treatment. Some treatment processes either destroy or remove essentially all hazardous organic 
constituents while other treatment processes (e.g., direct stabilization) do not. 

A database created by merging U.S. Department of Energy's (DOE's) Mixed Waste 
Inventory Report (MWIR) database and the Site Treatment Plan (STP) database was used to 
assess the hazardous constituents expected to be in treated MLL W. This new database contains 
all MLL W streams and their volumes, hazardous constituents, characterization data, and 
associated site-specific plans for treatment. The procedure used to query the database, which is 
presented in greater detail below, is summarized here. 

• The waste streams were sorted based on presence or absence of hazardous organic 
constituents, and the volumes of waste associated with these two categories were 
identified. In addition, some waste streams had either no associated treatment process or 
unidentified hazardous constituents. These waste streams were a small volume 
percentage of the total waste streams and were eliminated from further consideration. 

• The waste streams that contain hazardous organic constituents were further sorted based 
on waste type and whether the treatment process was expected to destroy or remove all 
appreciable hazardous organics. 

• The specific hazardous constituents associated with each of these different categories of 
waste were identified. 

Sorting on the Presence of Hazardous Organic Constituents 

The waste streams were sorted using a portion of the contaminant parameter category 
(CPC) field in the database. The CPC includes information related to the regulatory 
classification of the waste, the presence of hazardous organics and metals, and the presence of 
ignitable, corrosive, or reactive components (Kirkpatrick, 1995). The portion of the CPC 
indicating the presence of hazardous organics (code 011) was the sort value. The results are 
shown in Table A-1. 

Approximately 60% by volume of the current inventory and 70% by volume of the 
projected inventory contain hazardous organic wastes. Approximately 5% by volume of current 
inventory and 14% by volume of the projected inventory had components that were not 
identifiable. 
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Table A-1. Volumes ofMLLW Streams 

Category Current Inventory (m3
) Projected Inventory (m3

) 

Hazardous Organics Present 63,238 18,148 

Hazardous Organics Not Present 42,210 4,516 

Not Identifiable 4,978 3,644 

Totals 110,426 26,308 

The U.S. Environmental Protection Agency (EPA) hazardous waste codes (Kirkpatrick, 

1995) were used to associate the specific hazardous constituents to the waste streams. Some 

waste streams in the database could not be evaluated because they had no associated Resource 

Conservation and Recovery Act (RCRA) codes. Other waste streams could not be evaluated 

because they used state codes in lieu of RCRA codes and the hazardous constituents associated 

with these state codes were not readily available. Lastly, some waste streams did not have 

treatment processes associated with them and could not be evaluated. These waste streams are 

the "Not Identifiable" category of Table A-1 and are summarized in Table A-2. The volume 

totals are equal to the values in Table A-1 for "Not Identifiable" waste. These wastes represent 

only about 6% of the entire MLL W current and projected inventory and were not considered 

further. 

Table A-2. Volumes of MLL W Streams for Which Treatment Processes Have Not Been 

Identified or for Which Only State Codes Are Available 

Process Flow to Be Determined Current Inventory (m3
) Projected Inventory (m3

) 

Debris 3385 442 

Encapsulation 0 1065 

Inorganic Homogeneous Solids and Soils 689 2008 

Unique 895 128 

Wastes with State Codes 9 1 

Total 4978 3644 

Sorting on Treatments that Destroy or Remove the Hazardous Organics 

Some of the waste streams that contain hazardous organics will be treated by processes 

that are expected either to destroy or remove essentially all of the hazardous organic constituents. 

All treatment processes other than direct stabilization and mercury amalgamation were 

considered either to destroy or remove the hazardous organics. The waste volumes associated 

with these treatment processes are given in Table A-3. 
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Table A-3. Process Flows for Which Hazardous Organics·Are Assumed To Be Destroyed or 
Removed 

Waste Type, Process Flow Current Projected 
Inventory 

(m3) 
Inventory 

(m3) 

Combustible Organics, Non-Thermal 247 1362 
Combustible Organics, Thermal 2311 1185 
Compressed gases/aerosols, Thermal oxidation 8 0 
Debris, Non-Thermal 1273 1002 
Debris, Thermal 20,321 5356 
Debris, Thermal Desorption 64 16 
Inorganic Homogeneous Solids and Soils, Extraction/Oxidation 184 158 
Inorganic Homogeneous Solids and Soils, Thermal 3801 55 
Inorganic Homogeneous Solids and Soils, Thermal Desorption 5085 498 
Lab Packs, Chemical Oxidation 9 7 
Lab Packs, Thermal Oxidation 219 191 
Wastewater, Non-Thermal 751 1034 
Wastewater, Thermal Treatment 597 366 
Total 34,870 11,230 

Direct stabilization and mercury amalgamation are not expected to destroy or remove the 
hazardous organics. The waste volumes associated with these treatment processes are given in 
Table A-4. 

Table A-4. Process Flows for Which Hazardous Organics Are Assumed Not To Be Destroyed or 
Removed 

Waste Type, Process Flow Current Projected 
Inventory 

(m3) 
Inventory 

(m3) 

Debris, Stabilization 812 2757 
Elemental mercury, Amalgamation 1 0 
Inorganic Homogeneous Solids and Soils, Stabilization 27,520 4146 
Lab Packs, Stabilization 28 14 
Lead, cadmium, beryllium, and other hazardous metals 7 2 

Total 28,368 6,919 

Over 97% by volume of the current inventory of waste streams that contain hazardous 
organic constituents that will not be destroyed or removed by treatment are in the "Inorganic 
Homogeneous Solids and Soils" category. Of these, approximately 75% by volume are inorganic 
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homogeneous solids and approximately 25% by volume are soil, gravel, or debris (Table A-5), 

for which organics are typically present in trace quantities. 

Table A-5. Volumes of Waste Classified as Inorganic Homogeneous Solids and Soils for Which 
Hazardous Organics Are Assumed Not To Be Destroyed or Removed 

Residual Waste Stream Current Projected 
Inventory 

(m3) 
Inventory 

1m3) 

Organic Liquids 10 2 

Inorganic Homogeneous Solids 20,710 3,724 

Organic Homogeneous Solids 2 0 

Soil/Gravel 6461 66 

Soil 54 200 

Soil/Debris 122 153 

Unknown/Other Soil/Gravel 155 0 

Inorganic Debris 6 0 

Total 27,520 4,145 

Identify Specific Hazardous Constituents 

The hazardous constituents that are expected to be in treated MLL W are those that are 

present in MLL W and are not removed or destroyed by treatment. For the hazardous waste 

streams that do not contain hazardous organics and those containing hazardous organics that are 

not removed or destroyed by treatment, all the hazardous constituents associated with these 

wastes were identified. For the waste streams that contain hazardous organics that are assumed 

to be destroyed or removed by treatment, the hazardous metals associated with the waste streams 

were identified. All the hazardous constituents expected to remain in treated MLL W are shown 

in Table A-6. Due to limitations in the database, the volumes of waste associated with these 

hazardous waste constituents cannot be estimated. 
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Table A-6. Constituents Expected to be Present in Disposed DOE MLLW (Part 1 of2) 

EPA present in Chemical Name 

Code A B c 
0004 • • • Arsenic 
0005 • • • Barium 
0006 • • • Cadmium 
0007 • • • Chromium 
0008 • • • Lead 
0009 • • • Mercury 
0010 • • • Selenium 
0011 • • • Silver 
0012 • Endrin 
0015 • Toxaphene 
0016 • 2,4-0 
0018 • Benzene 
0019 • Carbon tetrachloride 
0020 • Chlordane 
0021 • Chlorobenzene 
0022 • Chloroform 
0023 • o-cresol 
0024 • m-cresol 
0025 • p-cresol 
0026 • Cresol 
0027 • 1 A-dichlorobenzene 
0028 • 1,2-dichloroethane 
0029 • 1,1-dichloroethylene 
0030 • 2,4-dinitrotoluene 
0031 • Heptachlor 
0032 • Hexachlorobenzene 
0033 • Hexachlorobutadiene 
0034 • Hexachloroethane 
0035 • Metyl ethyl ketone 
0036 • Nitrobenzene 
0037 • Pentachlorophenol 
0038 • Pyridine 
0039 • Tetrachloroethylene 
0040 • Trichloroethylene 
0041 • 2,4, 5-trichlorophenol 
0042 • 2,4, 6-trichlorophenol 
0043 • Vinyl chloride 
F001 • 1,1,1-trichloroethane; 

Tetrachloroethylene; 
Carbon tetrachloride; 
Trichloroethylene; 
Methylene chloride 

A - Waste Streams with No Hazardous Organic Constituents 

B - Waste Streams with Hazardous Organic Constituents that 
Have Been Removed or Destroyed by Treatment 

C - Waste Streams with Hazardous Organic Constituents that 
Have Not Been Removed or Destroyed by Treatment 

EPA present in Chemical Name 
Code A B c 
F002 • 1,1,2-trichloro-

1,2,2-trifluoroethane; 
Methylene chloride; 
1,1,1-trichloroethane; 
Trichloroethylene; 
Chlorobenzene; 
Ortho-dichlorobenzene; 

Trichlorofluoromethane; 
1,1,2-trichloroethane; 
Tetrachloroethylene 

F003 • Ethyl ether; Ethyl benzene; 
n-butyl alcohol; 
Cyclohexanone; Methanol; 
Methyl isobutyl ketone; Ethyl 
acetate; Acetone; Xylene 

F004 • Cresol; Cresylic acid; 
Nitrobenzene 

F005 • Pyridine; Toluene; 
2-nitropropane; Benzene; 
Methyl ethyl ketone; Carbon 
disulfide; lsobutanol; 
2-ethoxyethanol 

F006 • • Cadmium, chromium, lead, 
nickel, silver; Plating waste-
if cyanides used in process 

F007 • • • Cadmium, chromium, lead, 
nickel, silver; Plating waste 

F008 • • • Cadmium, chromium, lead, 
nickel, silver; Plating waste 

F009 • • Cadmium, chromium, lead, 
nickel, silver; Plating waste 

F010 • Cyanide (salts) 
F011 • • Cadmium, chromium, lead, 

nickel, silver 
F039 • • Multiple organic com-

pounds, including tetra-, 
penta-, and 
hexachlorodibenzo-dioxins; 
tetra-, penta-, and 
hexachlorodibenzo-furans 
(leachate from hazardous 
waste disposal);antimony, 
arsenic, barium, beryllium, 
cadmium, chromium, 
copper, lead, mercury, 
nickel, selenium, silver, 
thallium, vanadium, and zinc 
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T bl a 6 c e A- . onstltuents E xpecte d b p to e rese 

EPA present in Chemical Name 

Code A B c 
P010 • • Arsenic acid 
P011 • • • Arsenic pentoxide 
P012 • • • Arsenic trioxide 
P015 • • • Beryllium dust 
P022 • Carbon disulfide 
P023 • Chloroacetaldehyde 
P029 • Copper cyanide 
P030 • Cyanides (soluble salts, 

complexes) 
P051 • Endrin 
P063 • Hydrogen cyanide 
P073 • • Nickel carbonyl 
P074 • • Nickel cyanide 
P087 • • • Osmium tetroxide 
P092 • • Phenyl mercury acetate 
P098 • Potassium cyanide 
P104 • • • Silver cyanide 
P106 • Sodium cyanide 
P108 • Strychnine and salts 
P113 • • • Thallic oxide 
P119 • • • Ammonia vanadate 
P120 • • • Vanadium petoxide 
P121 • Zinc cyanide 
P122 • Zinc phosphide 
P123 • Toxaphene 
U001 • Acetaldehyde 
U002 • Acetone 
U003 • Acetonitrile 
U011 • Amitrole 
U018 • Benz(a)anthracene 
U019 • Benzene 
U025 • bis(2-chloroethyl) ether 
U026 • Chlornaphazin 
U031 • n-butyl alcohol 
U032 • • • Calcium chromate 
U036 • Chlordane (alpha & gamma) 
U037 • Chlorobenzene 
U041 • 1-chloro-2,3-epoxypropane 
U043 • Vinyl chloride 
U044 • Chloroform 
uoso • Chrysene 
U052 • Cresol (cresylic acid) 
U056 • Cyclohexane 
U069 • Di-n-butyl phthalate 
U070 • a-dichlorobenzene 
U075 • Dichlorodifluoromethane 
U077 • 1 ,2-dichloroethane 
U078 • 1 , 1-dichloroethylene 
U079 • 1 ,2-dichloroethylene 
U080 • Methylene chloride 
U103 • Dimethyl sulfate 
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nt i n· n 1spose d DOE MLLW (P 2 f2) art 0 

EPA present in Chemical Name 

Code A B c 
U107 • Di-n-octyl phthalate 
U108 • 1 ,4-dioxane 
U112 • Ethyl acetate 
U117 • Ethyl ether 
U121 • Trichloromonofluoromethane 
U123 • Formic acid 
U127 • Hexachlorobenzene 
U131 • Hexachloroethane 
U134 • Hydrofluoric acid 
U135 • Hydrogen sulfide 
U136 • • Cacodylic acid 
U144 • • • Lead acetate 
U145 • • Lead phosphate 
U146 • • Lead subacetate 
U151 • • Mercury 
U154 • Methanol 
U157 • 3-methylchloanthrene 
U159 • Methyl ethyl ketone 
U160 • Methyl ethyl ketone peroxide 
U161 • Methyl isobutyl ketone 
U166 • 1 ,4-naphthoquinone 
U170 • 4-nitrophenol 
U188 • Phenol 
U196 • Pyridine 
U201 • Resorcinol 
U204 • • • Selenium dioxide 
U210 • Tetrachlorethylene 
U211 • Carbon tetrachloride 
U213 • Tetrahydrofuran 
U214 • • Thallium (I) acetate 
U215 • • • Thallium (I) carbonate 
U216 • • • Thallium (I) chloride 
U217 • • • Thallium (I) nitrate 
U219 • Thiourea 
U220 • Toluene 
U226 • 1 , 1, 1-trichloroethane 
U228 • Trichloroethylene 
U234 • sym-trinitrobenzene 
U236 • Trypan blue 
U237 • Uracil mustard 
U239 • Xylenes 
U240 • 2,4-dichlorophenoxyacetic 

acid 
U328 • Benzenamine, 2-methyl 
U359 • 2-ethoxyethanol 

A - Waste Streams with No Hazardous Organic Constituents 

B - Waste Streams with Hazardous Organic Constituents that 
Have Been Removed or Destroyed by Treatment 

C - Waste Streams with Hazardous Organic Constituents that 
Have Not Been Removed or Destroyed by Treatment 
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Nomenclature 

Argonne National Laboratory-East 
Comprehensive Environmental Response, Compensation, and Liability Act 
concentration reduction factor 
U.S. Department of Energy 
U.S. Environmental Protection Agency 
Fernald Environmental Management Project 
Great Miami Aquifer 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
Lawrence Livermore National Laboratory 
low-level waste 
mixed low-level waste 
mixed waste disposal facility 
Nevada Test Site 
Oak Ridge Reservation 
Paducah Gaseous Diffusion Plant 
Portsmouth Gaseous Diffusion Plant 
Regional Gravel Aquifer 
Resource Conservation and Recovery Act 
Rocky Flats Environmental Technology Site 
Risk Reduction Rules 
Sandia National Laboratories 
Savannah River Site 
Unsaturated Great Miami Aquifer 
West Valley Demonstration Project 



B. 
SITE EVALUATIONS 

The results of the scoping evaluation for hazardous metals for each of 15 DOE sites are 
reported in this appendix. Also provided in this appendix are brief descriptions of the 
conceptual models considered in the evaluation of each site as well as the site-specific data used 
in the calculations. Much of this information is derived from the performance evaluation for 
radionuclides in treated MLLW (Waters and Gruebel, 1996). Parameter values that are the same 
for all sites are listed in Chapter 2. The effects on the results of both the major assumptions 
used in the conceptual model and the assumed values for parameters used in the scoping 
evaluation are summarized in Chapter 3. An overall discussion of the results for all 15 sites is 
presented in Chapter 4. 

8.1 California: LAWRENCE LIVERMORE NATIONAL LABORATORY 
SITE 300 (LLNL) 

Lawrence Livermore National Laboratory (LLNL) Site 300 is located approximately 
24 km (15 mi) southeast of Livermore, California, in the sparsely populated hills of the Diablo 
Range. Land use surrounding Site 300 is predominantly agricultural. The Carnegie State 
Vehicular Recreation Area is located south of the site. South and east of the site, a corridor 
along Corral Hollow Road is designated as an ecological preserve. The nearest urban area is the 
city of Tracy (population 42,000), approximately 12 km (8 mi) northeast of Site 300. 

At the time of the evaluation, site personnel had no plans for on-site disposal of treated 
MLL W. Site technical personnel proposed two sites as potential locations for the hypothetical 
disposal facility in the scoping evaluation. Of the two, the selected location within Site 300 was 
the 829 Site (Figure B-1 ), primarily because greater amounts of site characterization data were 
available. This location is near some bum pits for high explosives but is otherwise 
undeveloped. 

8.1.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model for the water pathway at LLNL Site 300 is illustrated in 
Figure B-2. The site is located on a hilltop at an elevation of approximately 365 m (1200 ft) 
above mean sea level. The regional water table is located in the Neroly formation at an 
elevation of approximately 207m (680ft) above mean sea level. Groundwater investigations 
identified the presence of perched groundwater in a monitoring well near the site, with water 
located at an elevation of 300 m (976 ft) above mean sea level. This perched water zone 
appears to be the result of human activities at the surface. Because of the transient nature of the 
perched water zone, the regional aquifer in the Neroly formation was used to establish the 
maximum hazardous metals concentrations for the water pathway. The site-specific data used in 
this scoping evaluation are listed in Table B-1. 
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Figure B-1. Site map for Lawrence Livermore National Laboratory Site 300. 
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Figure B-2. Conceptual model for the water pathway at LLNL. 

Table B-1. Site-Specific Parameters and Values Used in the Scoping Evaluation for the 
Water Pathway at LLNL (generic values are listed in Chapter 2) 

Parameter Value Data Comments . 
Type 

UNSATURATED ZONE 

Natural recharge through local soils, i 0.025 m/y A Raber and Carpenter, 1983 
Annual rate of water flowing through 0.025 m/y A Natural recharge is less than that assumed 
intact disposal facility, qr for the performance of the engineered barriers 

Moisture content, 9N 0.17 A Madrid, 1992 

Bulk density, Pb 2.0 g/cm3 c Dry bulk density of quartz at 25% porosity 

Distribution coefficients for geologic Various Default values; see Table 2-5 
media, Kd 

Thickness between trench and 153.2 m A Monitoring wells W-829-06 and W-829-08; 
saturated zone, fv Table 13-17 in Webster-Scholten, 1994 

SATURATED ZONE 

Porosity, n 0.25 c Ferry, 1994 

Bulk density, Pb 2.0 g/cm3 c Dry bulk density of quartz at 25% porosity 

Distribution coefficients for geologic Various Default values; see Table 2-5 
media, Kd 

Mixing depth, dm 11m Calculated by Sandia National Laboratories 
using PAGAN (Chu et al., 1991) 

Darcy velocity, qgw 9.9 m/y B Based on hydraulic gradient of 0.017 
(Carpenter, 1994) [based on dip of formation]) 
and hydraulic conductivity of 1.85 x 1 o-3 cm/s 
(Webster-Scholten, 1994; Carpenter, 1994) 

• A=s1te measurement; B=result of s1te numencal analys1s; C-hterature value selected by s1te techmcal staff 
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Although engineered barriers were assumed to remain intact for 100 y (30 y of detention 
plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately 
after disposal was assumed to be the average recharge through local soils, 0.025 m/y, because it 
is less than the assumed rate ofwflter moving through the facility's intact RCRA cap (0.03 m/y 
[see Section 2.2.2]). Engineered barriers were assumed to fail instantaneously at 100 y, and the 
rate of water flowing through the facility after that time was assumed to remain the same as the 
average recharge through local soils, 0.025 m/y. 

As leachate entered the satunited zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth was an estimated value of plume thickness due to vertical dispersion 
at the 100-m performance boundary (see Section 2.3.2). 

8.1.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-2. The table shov'~ a maximum concentration in tr~::ated MLLW (Cwa .. ,.) and travel time 
to the performance boundary for each hazardous metal as well as the values used in calculating 
these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility 
and the performance boundary was represented by the product of the source concentration 
reduction factors (CRFs) for the source (CRFsource) and for environmental transport (CRFwater). 
For the 8 hazardous metals listed in Table B-2, this value ranged from about 280 to 24,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For LLNL, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal _:'"...,~li~.)) was estimated at about 11 UV y. Of that time, travel time in 
the saturated zone was about 2.5 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at LLNL of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 6 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C waste· 

• Of the two hazardous metals that are not solubility limited, selenium has the smallest 
value for Cwaste (1 mg/kg) and chromium the largest (50 mg/kg). 

• For selenium and chromium, the two metals that are not solubility limited, calculated 
travel times to the performance boundary are 99,000 y and 860,000 y, respectively. 
Travel time through the unsaturated zone accounts for almost all of the total subsurface 
travel time. 
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Table B-2. Results of Calculations for the Water Pathway at LLNL 

-- -----

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsource CRFwater CL Solubilitya 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 88 4.4E+OO 

Barium (Ba) 1 27 88 8.8E+01 

Cadmium (Cd) 0.01 270 88 8.8E-01 

Chromium (Cr) 0.05 27 88 4.4E+OO 

Lead (Pb) 0.05 270 88 4.4E+OO 

Mercury (Hg) 0.002 27 88 1.8E-01 

Selenium (Se) 0.01 3.2 88 8.8E-01 

Silver (Ag) 0.05 3.2 88 4.4E+OO 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

(mg/L) 

3.0E-01 

1.8E+OO 

8.0E-01 

2.1E+04 

8.0E-01 

9.0E-03 

2.8E+06 

7.0E-01 

Maximum 
Concentration Travel Time to 

in Treated 
MLLW, 

Performance Boundary 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

NL 7.4E+04 1.2E+02 7.5E+04 

NL 6.1E+06 1.0E+04 6.1E+06 

NL 9.8E+05 1.6E+03 9.8E+05 

5E+01 8.6E+05 1.4E+03 8.6E+05 

NL 3.3E+06 5.5E+03 3.3E+06 

NL 1.2E+06 2.0E+03 1.2E+06 

1E+OO 9.9E+04 1.6E+02 9.9E+04 

NL 1.1 E+06 1.8E+03 1.1E+06 



8.2 Colorado: ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
(RFETS) 

The Rocky Flats Environmental Technology Site (RFETS) is a DOE facility located near 

Denver, Colorado. The area adjacent to RFETS includes a mixture of agricultural activities, 
open space, light industry, and low-density residential housing. The site is approximately 16 mi 

(26 km) northwest of downtown Denver and 9 to 12 miles from the communities of Boulder, 
Golden, and Arvada. 

At the time of the evaluation, personnel at RFETS were in the preliminary stages of 
evaluating a site for a mixed waste disposal facility. The site is expected to be located near the 

new solid waste landfill near the northwestern edge of the plant boundary (Figure B-3); this 
location is used in this scoping evaluation for hazardous metals. 

8.2.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model for the water pathway at RFETS is illustrated in Figure B-4. The 

depth to the water table at RFETS is highly variable. It generally becomes shallower from west 

to east as the alluvial material thins and the confining claystones approach the surface. Because 

of the limited extent of saturated material in the Rocky Flats Alluvium and its very slow rate of 

recharge, this formation is not properly referred to as an aquifer because it is not capable of 
yielding significant and usable quantities of groundwater. It is referred to in RFETS reports as 

the water bearing zone located in the upper hydrostratigraphic unit rather than as the water table 

aquifer. However, discharge from the Rocky Flats Alluvium recharges hillside colluvium and 

subsequently valley-fill colluvium, causing the upper hydrostratigraphic unit to be subject to 

groundwater monitoring under RCRA and Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). Because groundwater in the upper 

hydrostratigraphic unit is naturally occurring, and to maintain consistency with current 

regulatory programs, the Rocky Flats Alluvium is considered to be the water bearing unit in the 

analysis. The site-specific data used in this scoping evaluation are listed in Table B-3. 

Because engineered barriers were assumed to remain intact for 100 y (30 y of detention 

plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately 

after disposal was assumed to be 0.03 m/y, which is less than the average recharge through local 

soils (see Section 2.2.2). Engineered barriers were assumed to fail instantaneously at 100 y, so 

that the rate of water flowing through the facility after that time was assumed to be the average 

recharge through local soils, 0.05 m/y. 

As leachate entered the saturated zone, it was assumed to mix with clean groundwater, 

forming a plume with a shape controlled by aquifer and contaminant properties. Complete 

mixing within the aquifer was assumed to occur directly below the facility. The contaminant 

mixing depth was an estimated value of plume thickness due to vertical dispersion at the 100-m 

performance boundary (see Section 2.3.2). 
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Site map for Rocky Flats Environmental Technology Site (EG&G Rocky Flats, Inc., 1993, Figure 2.3.3-2). 



0.05 m/y Not to Scale 

t t • 
Rocky Flats 

Trench 
8.8m 

Alluvium 100-m 
12.8 m Performance 

I \7 Bourdary 

~ ~ - I 
Upper I I 

I 
I Hydrostratigraphic 11.6 m -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· ... 
I 

Unit I 

Figure B-4. Conceptual model for the water pathway at RFETS. 

Table B-3. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at RFETS (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 

Natural recharge through local soils, i 0.05 m/y B EG&G, 1993 

Moisture content, Bw 0.12 B ASI, 1993 

Bulk density, Pb 1.34 g/cm3 c Fedors & Warner, 1993 

Distribution coefficients for geologic Various Default values; see Table 2-5 
media, Kd 
Thickness between trench and 4m A EG&G, 1995 
saturated zone, fv 

SATURATED ZONE 
Porosity, n 0.1 c Hurr, 1976 

Bulk density, Pb 1.34 g/cm3 c Fedors & Warner, 1993 

Distribution coefficients for geologic Various Default values; see Table 2-5 

media, Kd 
Mixing depth, dm 11.6 m Calculated by Sandia National 

Laboratories using PAGAN (Chu et 
al., 1991) 

Darcy velocity, Qaw 0.59 m/y B Calculated from data in EG&G, 1995 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 
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8.2.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-4. The table shows a maximum concentration in treated MLLW (Cwaste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility 
and the performance boundary was represented by the product of the CRFsource and the CRF Water· 
For the 8 hazardous metals listed in Table B-4, this value ranged from about 12 to 1000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For RFETS, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 48 y. Of that time, travel time in the 
saturated zone was about 17 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at RFETS of hazardous metals contained in treated MLL W: 

• The calculated maximum leachate concentration for one of the 8 hazardous metals is 
greater than the solubility of the associated metal. This metal, barium, is considered to 
have an unlimited value for Cwaste· 

• Values for C waste for 7 hazardous metals that are not solubility limited range over 3 
orders of magnitude. The smallest values for Cwaste are for selenium and mercury, and 
the largest is for lead. 

• Among the 7 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 2000 y to 89,000 y. The shortest travel time is 
for arsenic, and the longest is for lead. Travel time through the unsaturated zone 
accounts for about one-third of the total subsurface travel time. 
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Maximum 
Allowable 

Concentration Maximum 

in Leachate 

Hazardous Groundwater, Concentration, 

Metal Cwater CRFsource CRFwater CL 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 3.7 1.9E-01 

Barium (Ba) 1 27 3.7 3.7E+OO 

Cadmium (Cd) 0.01 270 3.7 3.7E-02 

Chromium (Cr) 0.05 27 3.7 1.9E-01 

Lead (Pb) 0.05 270 3.7 1.9E-01 

Mercury (Hg) 0.002 27 3.7 7.5E-03 

Selenium (Se) 0.01 3.2 3.7 3.7E-02 

Silver (Ag) 0.05 3.2 3.7 1.9E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Solubilitya Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/L) (mg/kg) (y) (y) (y) 

3.0E-01 2E+OO 6.2E+02 1.4E+03 2.0E+03 

1.8E+OO NL 5.1E+04 1.1E+05 1.6E+05 

S.OE-01 4E+OO 8.2E+03 1.8E+04 2.6E+04 

2.1E+04 2E+OO 7.1E+03 1.6E+04 2.3E+04 

S.OE-01 2E+01 2.8E+04 6.1E+04 8.9E+04 

9.0E-03 9E-02 1.0E+04 2.3E+04 3.3E+04 

2.8E+06 5E-02 8.2E+02 1.8E+03 2.7E+03 

7.0E-01 2E-01 9.2E+03 2.0E+04 3.0E+04 



8.3 Idaho: IDAHO NATIONAL ENGINEERING LABORATORY (INEL) 

The Idaho National Engineering Laboratory (INEL) is located along the northwestern 
edge of the Eastern Snake River Plain in southeastern Idaho, near the city ofldaho Falls. The 
INEL site lies at the base of three mountain ranges-the Lost River range, the Lemhi range, and 
the Bitterroot-Centennial range-and covers 2315 km2 (895 mi2

) of semiarid shrub steppe. 
Most of the land at INEL withdrawn from public domain for use by DOE is undeveloped. The 
INEL site is located within Resource Areas administered by the Bureau of Land Management. 
The largest town near the INEL boundary is Arco with a population of 1100 residents, located 
11 km (7 mi) to the west. 

At the time of the evaluation, personnel at INEL had no specific plans for on-site 
disposal of treated MLL W. Available land for additional expansion of activities at the 
Radioactive Waste Management Complex is limited. However, site technical staffhad begun to 
identify possible suitable locations for disposal of treated MLL W. The hypothetical disposal 
facility evaluated in this scoping evaluation is located in the north-central portion of INEL in the 
general vicinity of and just south of the Test Area North (Figure B-5). 

8.3.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model for the water pathway at INEL is illustrated in Figure B-6. An 
unsaturated zone thickness of 50 m (160 ft) was assumed. The unsaturated zone was modeled 
as a single unit of sedimentary deposits, uninterrupted by basalt interbeds or other significant 
features. The entire Eastern Snake River Plain is underlain by the Snake River Plain Aquifer. 
The aquifer is thick with rapid water flow rates-average horizontal pore water velocities are 
estimated at several hundred meters per year. Because of this rate of groundwater flow, the 
unsaturated zone provides primary attenuation of contaminant releases to the subsurface. A 
12-m mixing depth was assumed for the aquifer, based upon the average screen depth for 
drinking water wells drilled into the aquifer. The site-specific data used in the scoping 
evaluation are listed in Table B-5. 

Because engineered barriers were assumed to remain intact for 100 y (30 y of detention 
plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately 
after disposal was assumed to be 0.03 rn!y, which is less than the average recharge through local 
soils (see Section 2.2.2). Engineered barriers were assumed to fail instantaneously at 100 y, so 
that the rate of water flowing through the facility after that time was assumed to be the average 
recharge through local soils, 0.07 rn!y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contan1inant mixing depth of 12m was an estimated value based on the well screen depth used 
in INEL's performance assessment (see Section 2.3.2). 
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Figure B-6. Conceptual model for the water pathway at INEL. 

Table B-5. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at INEL (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 

Natural recharge through local soils, i 0.07 m/y A Rood et al., 1994 

Moisture content, Ow 0.17 A Rood et al., 1994 

Bulk density, Pb 1.5 g/cm3 A Rood et al., 1994 

Distribution coefficients for geologic media, Kd 

..................... ~~! .. ~9.! .. ~~ .... ~.~! .. ~.~.· .. ~~ .................................. Various Default values; see Table 2-5 ......................... .................... ·····································-···················································· 
Ba .. ~g .. ~~g""" A .. ~~).~!.~.~.~! .. ?.~: ..... ~.~.~~ ............................................... ····································································································· ···················· 
Pb 100 mUg A Case et al., 1990 

Thickness between trench and saturated 41.2 m A Cumulative unsaturated sediment thick-
zone, lv ness is 50 m (Taylor, 1994) and trench 

facility bottom is 9 m below ground 
surface IE TED ZONE 

Porosity, n 0.1 A Rood et al., 1994 

Bulk density, Pb 1.9 g/cm3 A Rood et al., 1994 

Distribution coefficients for geologic media, Kd 

..................... ~~! .. ~9.! .. ~.~! .. ~~! .. ~.~! .. ~~ .................................. Various Default values; see Table 2-5 
························· . ................... .......................................................................................... 

Ba .. ~g .. ~~g""" A ... ~~).~!.~.~.~! .. ?.~:.· ... ~.~.~~ ............................................... ····································································································· .................... 
Pb 10 mUg A Case et al., 1990 

Mixing depth, dm 12m B Well screen depth used in INEL's per-
formance assessment; it is less than the 
predicted mixing depth and is therefore 
conservative. (Rood et al., 1994) 

Darcy velocity, qgw 56 m/y A Rood et al., 1994 

* A=site measurement; B=result of s1te numencal analys1s; C=hterature value selected by the s1te 
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8.3.2 Results of the Seeping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-6. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility 
and the performance boundary was represented by the product of the CRFsaurce and the CRF Water· 
For the 8 hazardous metals listed in Table B-6, the total CRF ranged from about 600 to 51,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For INEL, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 120 y. Of that time, travel time in 
the saturated zone was less than one year. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at INEL ofhazardous metals contained in treated MLLW: 

• Calculated maximum leachate concentrations for 6 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C waste· 

• Of the two hazardous metals that are not solubility limited, selenium has the smallest 
value for Cwaste (3 mg/kg) and chromium the largest (100 mg/kg). 

• For selenium and chromium, the two metals that are not solubility limited, calculated 
travel times to the performance boundary are 7200 y and 62,000 y, respectively. Travel 
time through the unsaturated zone accounts for almost all of the total subsurface travel 
time. 
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Table B-6. Results of Calculations for the Water Pathway at INEL 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsource CRFwater CL Solubility a 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

Arsenic (As) 0.05 27 190 9.7E+OO 3.0E-01 

Barium (Ba) 1 27 190 1.9E+02 1.8E+OO 

Cadmium (Cd) 0.01 270 190 1.9E+OO B.OE-01 

Chromium (Cr) 0.05 27 190 9.7E+OO 2.1E+04 

Lead (Pb) 0.05 270 190 9.7E+OO B.OE-01 

Mercury (Hg) 0.002 27 190 3.9E-01 9.0E-03 

Selenium (Se) 0.01 3.2 190 1.9E+OO 2.8E+06 

Silver (Ag) 0.05 3.2 190 9.7E+OO 7.0E-01 
a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 
b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration 

in Treated 
MLLW, 

Cwaste 
b 

(mg/kg) 

NL 

NL 

NL 

1E+02 

NL 

NL 

3E+OO 

NL 

Travel Time to 
Performance Boundary 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(Y) (y) (y) 

5.4E+03 2.1 E+01 5.4E+03 

5.3E+04 2.0E+02 5.3E+04 

7.0E+04 2.7E+02 7.1E+04 

6.2E+04 2.4E+02 6.2E+04 

8.8E+04 3.4E+01 8.8E+04 

8.8E+04 3.4E+02 8.8E+04 

7.1E+03 2.7E+01 7.2E+03 

7.9E+04 3.1E+02 7.9E+04 



8.4 Illinois: ARGONNE NATIONAL LABORATORY-EAST (ANLE) 

Argonne National Laboratory-East (ANLE) is located in DuPage County, Illinois, 

approximately 35 km (22 mi) southwest of downtown Chicago and 40 km (25 mi) west ofLake 

Michigan. The site is north of the Des Plaines River Valley, south oflnterstate Highway 55, and 

west of Illinois Highway 83. Major features ofthe region include both the Des Plaines River 

channel, which contains the river and the Chicago Sanitary and Ship Canal, and Lake Michigan. 

At the time of the evaluation, site personnel were not planning for on-site disposal of 

treated MLL W. Technical staff at ANLE indicated that a possible location to be considered in 

the scoping evaluation would be in the western or northwestern portion of the site near the 

800 Area (Figure B-7). Selection of this location for the hypothetical disposal facility did not 

take into account any possible future use of the area based on facility planning. 

8.4.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model for the water pathway at ANLE is illustrated in Figure B-8. The 

conceptual model incorporated vertical movement of hazardous metals through the unsaturated 

zone (glacial till) to the saturated zone (fractured dolomite aquifer) and subsequent lateral 

transport 1 00 m through the saturated zone to the performance boundary. 

The unsaturated zone, consisting of surficial deposits and the Wadsworth Till and 

Lemont Drift, was simplified to one unit. The surficial deposits are relatively thin and variable 

and do not contribute significantly to the transport model. The glacial till is highly variable in 

composition, potentially consisting of zones ranging from clayey silt to sand and gravel. Sand 

lenses in the Wadsworth Till and Lemont Drift were not considered as potential aquifers 

because data indicated extreme seasonal fluctuations, questionable lateral flow, and probable 

absence in the 800 Area. In the model, the saturated zone in the upper fractured dolomite of the 

Silurian-age aquifer was assumed to be the shallowest viable source of drinking water. The site­

specific data used in this scoping evaluation are listed in Table B-7. 

The disposal facility design used in this scoping evaluation was a trench. However, 

facilities having additional engineered features are used at some sites in the humid region of the 

country for disposal oflow-level waste. For example, a tumulus design is used at ORR (ORNL, 

1994), and a vault design is used at SRS (MMES et al., 1994). These types of facilities are 

designed to minimize the contact of infiltrating water with the waste and may result in higher 

maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 

remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). 

Vertical flow through the facility immediately after disposal was assumed to be 0.03 m/y, which 

is less than the average recharge through local soils (see Section 2.2.2). Engineered barriers 

were assumed to fail instantaneously at 100 y, so that the rate of water flowing through the 

facility after that time was assumed to be the average recharge through local soils, 0.102 m/y. 
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Figure B-8. Conceptual model for the water pathway at ANLE. 

Table B-7. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at ANLE (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 
Natural recharge through local soils, i 0.102 m/y A Knowles et al., 1963, p. 21 

Moisture content, Ow 0.16 c Calculated based on a seepage velocity 
of 0.1 in./day and coefficient of 
permeability of 0.01 gal/day per tt2 

(Knowles et al., 1963, p. 20) 

Bulk density, Pb 1.8 g/cm3 A Unpublished analytical results from 
317/319 Area and 800 Area Landfill 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Thickness between trench and saturated 29.2 m A Estimate based on well log depths to 
zone, lv bedrock (ANLE, 1993, Table 2.3); also 

unpublished preliminary mapping of 
thickness of glacial till (isopach) 

SATURATED ZONE 
Porosity, n 0.03 c Krynine and Judd, 1957, p. 49 

Bulk density, Pb 2.7 g/cm3 c Krynine and Judd, 1957, p. 49 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Mixing depth, dm 3m A Well logs indicating fracturing in upper 
10-12 ft (3-3.5 m) (G&M, 1995); fractured 
flow zone (Golchert, 1994, p. 29) 

Darcy velocity, qgw 6 m/y B Product of hydraulic conductivity and 
hydraulic gradient 

• A=s1te measurement; B=result of s1te numencal analysis; C=hterature value selected by the s1te 
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As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth of 3 m was an estimated value based on the assumption that complete 
mixing occurs across the aquifer's entire depth (see Section 2.3.2). 

8.4.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-8. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility 
and the performance boundary was represented by the product of the CRFsource and the CRF Water· 
For the 8 hazardous metals listed in Table B-8, the total CRF ranged from about 14 to 1200. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For ANLE, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 110 y. Of that time, travel time in 
the saturated zone was less than one year. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at ANLE of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 2 of the 8 hazardous metals (barium 
and mercury) are greater than the solubilities of the metals. These metals are considered 
to have unlimited values for C waste· 

• Values for Cwaste for the 6 hazardous metals that are not solubility limited range over 3 
orders of magnitude. The smallest value for C waste is for selenium, and the largest is for 
lead. 

• Among the 6 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 3400 y to 150,000 y. The shortest travel time is 
for arsenic and the longest is for lead. Travel time through the unsaturated zone 
accounts for almost all of the total subsurface travel time. 
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Table B-8. Results of Calculations for the Water Pathway at ANLE 

----~~ 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsource CRFwater CL 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 4.5 2.3E-01 

Barium (Ba) 1 27 4.5 4.5E+OO 

Cadmium (Cd) 0.01 270 4.5 4.5E-02 

Chromium (Cr) 0.05 27 4.5 2.3E-01 

Lead (Pb) 0.05 270 4.5 2.3E-01 

Mercury (Hg) 0.002 27 4.5 9.1 E-03 

Selenium (Se) 0.01 3.2 4.5 4.5E-02 

Silver (Ag) 0.05 3.2 4.5 2.3E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration 

in Treated 
MLLW, 

Solubilitya Cwaste 
b 

(mg/L) (mg/kg) 

3.0E-01 3E+OO 

1.8E+OO NL 

8.0E-01 5E+OO 

2.1E+04 3E+OO 

8.0E-01 3E+01 

9.0E-03 NL 

2.8E+06 6E-02 

7.0E-01 3E-01 

Travel Time to 
Performance Boundary 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(y) (y) (y) 

3.1E+03 2.7E+02 3.4E+03 

2.6E+05 2.3E+04 2.8E+05 

4.1E+04 3.6E+03 4.5E+04 

3.6E+04 3.2E+03 3.9E+04 

1.4E+05 1.2E+04 1.5E+05 i 

5.1E+04 4.5E+03 5.6E+041 

4.1E+03 3.6E+02 4.5E+03 

4.6E+04 4.1E+03 5.0E+04 



8.5 Kentucky: PADUCAH GASEOUS DIFFUSION PLANT (PGDP) 

The Paducah Gaseous Diffusion Plant (PGDP) is located in the western portion of the 
Ohio River drainage basin, in extreme western Kentucky. The plant resides within a 304-ha 
(750-ac) fenced area on a 1386-ha (3423-ac) federal reservation, about 14 krn (9 mi) west of the 
city of Paducah, Kentucky, and 5 krn (3 mi) south of the Ohio River. The plant is adjacent to the 
West Kentucky Wildlife Management Area on the west and south, and adjacent to the Tennessee 
Valley Authority Shawnee Plant on the north. The nominal elevation in the main plant area is 
116m (380ft) above the mean sea level, 22m (73ft) above the average pool level of the Ohio 
River near PGDP. 

At the time of the scoping evaluation, personnel at the PGDP had no plans for on-site 
disposal of treated MLL W. Technical staff identified three primary areas as possible treated 
MLL W disposal sites (Figure B-9). All of these locations are immediately west of the fenced 
area. The site labeled "nw" on Figure B-9 was chosen for the evaluation because it would 
provide the greatest depth to groundwater. 

8.5.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model for the water pathway at PGDP is illustrated in Figure B-1 0. The 
groundwater at the evaluated site moves downward through the unsaturated zone and the semi­
confining upper continental deposits to the Regional Gravel Aquifer (RGA) and is transported in 
the RGA northward to the performance boundary. Because the unsaturated zone is thin (1.5 m), 
the disposal facility is designed as a mounded trench so that there is at least 1 m of unsaturated 
zone below the trench. To simplify the analysis, the thickness of the semi-confining layer (14m) 
was added to the thickness of the unsaturated zone below the trench (1 m) to make a zone of 
vertical transport that is 15 m thick. These two zones were assigned the same hydrogeological 
properties. The saturated zone consists of the RGA alone as a zone of horizontal transport. The 
site-specific data used in the scoping evaluation are listed in Table B-9. 

The disposal facility design used in this scoping evaluation was a trench. However, 
facilities having additional engineered features are used at some sites in the humid region of the 
country for disposal of low-level waste. For example, a tumulus design is used at ORR (ORNL, 
1994), and a vault design is used at SRS (MMES et al., 1994). These types offacilities are 
designed to minimize the contact of infiltrating water with the waste and may result in higher 
maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 
remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). Vertical 
flow through the facility immediately after disposal was assumed to be 0.03 m/y, which is less 
than the average recharge through local soils (see Section 2.2.2). Engineered barriers were 
assumed to fail instantaneously at 100 y, so that the rate of water flowing through the facility 
after that time was assumed to be the average recharge through local soils, 0.12 rnly. 
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Figure B-10. Conceptual model for the water pathway at PGDP. 

Table B-9. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at PGDP (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 
Natural recharge through local soils, i 0.12 m/y A GeoTrans, Inc. (1990) 

Moisture content, Bw 0.2 A Shaia (1995) 

Bulk density, Pb 1.7 g/cm3 A Shaia (1995) 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Thickness between trench and semi-confining 1m A Cumulative unsaturated sediment 
layer thickness is 1.5 m (Davis, 1995a); trench 

is 9 m in depth, with 8.5 m above ground 

SEMI-CONFINING LAYER 
Natural recharge through local soils, i 0.12 m/y A GeoTrans, Inc. (1990) 

Moisture content, Bw 0.2 A Shaia (1995) 

Bulk density, Pb 1.7 g/cm3 A Shaia (1995) 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Thickness 14m A Davis (1995a) 

SATURATED ZONE 
Porosity, n 0.25 A Davis, 1995b 

Bulk density, Pb 2.0 g/cm3 A Shaia, 1995 

Distribution coefficients for geologic media, Kd Various See Table 2-5 

Mixing depth, dm 9m c Davis, 1995b 

Darcy velocity, qgw 25 m/y c Davis, 1995b 

• A=site measurement; B=result of s1te numencal analys1s; C=hterature value selected by the s1te 
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As leachate enters the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth was an estimated value based on assuming that complete mixing 
occurs across the aquifer's entire depth (see Section 2.3.2). 

8.5.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-1 0. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product ofthe CRFsaurce and the CRFwater· For 
the 8 hazardous metals listed in Table B-10, the total CRF ranged from about 120 to 11,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For PGDP, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 27 y. Of that time, travel time in the 
saturated zone was about one year. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at PGDP of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 5 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C Waste· 

• Of the 3 hazardous metals that are not solubility limited, selenium has the smallest value 
for Cwaste (0.5 mg/kg) and cadmium the largest (40 mg/kg). 

• For selenium, chromium, and cadmium, the 3 metals that are not solubility limited, 
calculated travel times to the performance boundary are 1800 y, 15,000 y, and 18,000 y, 
respectively. Travel time through the unsaturated zone and semi-confining layer (i.e., 
vertical transport) accounts for almost all of the total subsurface travel time. 
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Table B-10. Results of Calculations for the Water Pathway at PGDP 

--------------------------------- ~-~ 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsource CRFwater CL Solubilitya 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 39 1.9E+OO 

Barium (Ba) 1 27 39 3.9E+01 

Cadmium (Cd) 0.01 270 39 3.9E-01 

Chromium (Cr) 0.05 27 39 1.9E+OO 

Lead (Pb) 0.05 270 39 1.9E+OO 

Mercury (Hg) 0.002 27 39 7.7E-02 

Selenium (Se) 0.01 3.2 39 3.9E-01 

Silver (Ag) 0.05 3.2 39 1.9E+OO 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

(mg/L) 

3.0E-01 

1.8E+OO 

B.OE-01 

2.1E+04 

B.OE-01 

9.0E-03 

2.8E+06 

7.0E-01 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 
(mg/kg) (y) (y) (y) 

NL 1.3E+03 4.9E+01 1.3E+03 

NL 1.1E+05 4.0E+03 1.1E+05 

4E+01 1.7E+04 6.4E+02 1.8E+04 

2E+01 1.5E+04 5.6E+02 1.5E+04 

NL 5.7E+04 2.2E+03 6.0E+04 

NL 2.1E+04 8.0E+02 2.2E+04 

5E-01 1.7E+03 6.5E+01 1.8E+03 

NL 1.9E+04 7.2E+02 2.0E+04 



8.6 Nevada: NEVADA TEST SITE (NTS) 

The Nevada Test Site (NTS) is located in southern Nevada, approximately 105 km 
(65 mi) northwest of Las Vegas. The site is a DOE facility occupying 3,500 km2 (1,350 mi2

) of 
federally owned land in Nye County. The site is bordered to the west, north, and east by the U.S. 
Air Force Nellis Base Range, another government-owned, restricted-access area. To the south, 
the NTS is bordered by land under the control of the U.S. Bureau of Land Management. 

For most of the sites, a generic conceptual model was used to describe the water pathway. 
However, data from NTS indicate that recharge to groundwater due to infiltration is probably not 
occurring in the unsaturated zone at the potential site for MLLW disposal (Conrad, 1993; Detty 
et al., 1993; REECo, 1993; REECo, 1994). Therefore, the water pathway was not considered a 
mechanism for transport of hazardous metals at NTS and was not analyzed in the scoping 
evaluation. The maximum concentrations ofhazardous metals in treated MLLW and travel times 
through the water pathway are considered in the evaluation to be unlimited for NTS. 
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8.7 New Mexico: LOS ALAMOS NATIONAL LABORATORY (LANL) 

Los Alamos National Laboratory (LANL) is located in Los Alamos County in north­
central New Mexico, approximately 97 km (60 mi) north-northeast of Albuquerque and 40 km 
(25 mi) northwest of Santa Fe. The site occupies an area of 112 km2 (43 mi2

) located directly 
south of the city of Los Alamos. Most laboratory and community developments are confined to 
mesa tops. The surrounding area is largely undeveloped. 

At the time of the evaluation, personnel at LANL were planning for on-site disposal of 
treated MLL W. Site technical staff at LANL have proposed constructing a mixed waste disposal 
facility at Technical Area 67 on Pajarito Mesa (Figure B-11) for disposal oftreated MLLW from 
environmental restoration activities. Technical Area 67 is located directly west of existing 
disposal facilities at Technical Area 54 and is bounded on the north by Pajarito Canyon and on 
the south by Three Mile Canyon. 

8.7.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for LANL is illustrated in 
Figure B-12. The following assumptions were made in determining the geometry and behavior 
of the LANL flow and transport system: 

• The complex stratigraphy was simplified into two units (the Bandelier Tuff and the Puye 
Formation) based upon similar hydrologic characteristics. Average unit thicknesses were 
used to approximate the assumed hydrogeologic profile. 

• The Bandelier Tuff consists of alternating welded (highly fractured) and non-welded (less 
fractured) units. Liquid-phase fracture flow was assumed to occur in the upper fractured 
tuff unit (uppermost unit of the Bandelier Tuff), thus creating a "fast-path." Based on this 
assumption, this unit was considered to have negligible travel time and its 27-m thickness 
was not included in the assumed hydrologic stratigraphy. 

• Groundwater flow was assumed to occur in the uppermost portion of the aquifer, the 
Puye Formation. 

The site-specific data used in the scoping evaluation are listed in Table B-11. 

Although engineered barriers were assumed to remain intact for I 00 y (30 y of detention 
plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately after 
disposal was assumed to be the average recharge through local soils, 0.02 rnly, because it is less 
than the assumed rate of water moving through the facility's intact RCRA cap (0.03 rnly [see 
Section 2.2.2]). Engineered barriers were assumed to fail instantaneously at 100 y, and the rate 
of water flowing through the facility after that time was assumed to remain the same as the 
average recharge through local soils, 0.02 rnly. 
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Figure B-12. Conceptual model for the water pathway at LANL. 
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Table B-11. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at LANL (generic values are listed in Chapter 2) (Part 1 of 2) 

Parameter Value 

UNSATURATED ZONE (BANDELIER TUFF) 

Natural recharge through local soils, i 0.02 m/y 

Rate of water flowing through intact disposal 0.02 m/y 
facility, q1 

Moisture content, Bw 0.05 

Bulk density, Pb 1.22 g/cm3 

Distribution coefficients for geologic media, Kd 

............ ~:~: .. ~9.! .. ~~.· .. ~9.! .. ~~ .................................................... Various 
····························· 

Ba ..... ~.?.~.!!!~~ ..... ····································································································· 
Pb ...... ~~ .. !!.!Y~ ...... ····································································································· 
Se 2mUg 

Thickness between trench and Puye 146m 
Conglomerate 

SATURATED ZONE (PUYE CONGLOMERATE) 

Natural recharge through local soils, i 

Moisture content, Bw 

Bulk density, Pb 

Distribution coefficients for geologic media, Kd 

Thickness 
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0.02 m/y 

0.05 

1.86 g/cm3 

Various 

178m 

Data Comments 
Type* 

B Natural recharge rate not known. Value 
based on 1) precipitation, runoff, 
evapotranspiration data, 2) unsaturated 
hydraulic conductivity of the Bandelier 
Tuff estimated from core data, and 3) 
DBS&A TA-67 performance 
assessment modeling results 

B Natural recharge is less than that 
assumed for the performance of the 
engineered barriers. 

A Based on neutron logging results in 
Bandelier Tuff from TA-54 (LANL, 1992) 
and TA-16 (Nyhan et al., 1989) 

A Rogers and Gallaher (1994, Table 22), 
mean from 141 core samples 

Default values; see Table 2-5 .................... ······················································································· 
A ..~?.!~~~.~~~.· .. ~.~~~ ................................................... .................... 
A Brookins, 1984 .................... ······················································································· 
A Brookins, 1984 

A Thickness from land surface to top of 
Puye Formation = 155 m (average 
thicknesses estimated from 
stratigraphic column presented by 
Broxton, Reneau, and Vaniman [1994], 
with uppermost unit of Bandelier Tuff 
removed due to "fast travel paths" 
through fractures) 

B Natural recharge rate not known. Value 
based on 1) precipitation, runoff, 
evapotranspiration data, 2) unsaturated 
hydraulic conductivity of the Bandelier 
Tuff estimated from core data, and 3) 
DBS&A T A-67 performance 
assessment modeling results 

A No data available; assumed to remain 
constant from overlying Bandelier Tuff 

A CRC, 1987, Table 6-42; literature value 
for a mixed-grained sand, dense 

Default values; see Table 2-5 

A Depth-to-water-table estimate reported 
by Broxton, Reneau, and Vaniman 
[1994] minus 155 m [the assumed 
Bandelier Tuff thickness] 



Table B-11. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at LANL (generic values are listed in Chapter 2) (Part 2 of 2) 

Parameter Value Data Comments 
Type* 

SATURATED ZONE (PUYE CONGLOMERATE) 

Porosity, n 0.30 A Freeze and Cherry (1979, Table 2.4, p.37). 
Within range of porosities reported for a sand and 
a conglomerate. 

Bulk density, Pb 1.86 g/cm3 A CRC, 1987, Table 6-42; literature value for a 
mixed-grained sand, dense 

Distribution coefficients for Various Default values; see Table 2-5 
geologic media, Kd 

Mixing depth, dm 9m B Depth of mixing predicted by PAGAN code (Chu 
et al., 1991) at a 100-m boundary at steady state. 

Darcy velocity, Qgw 23 m/y A Based on seepage velocity value of 76 m/y 
(Purtymun, 1984, p.18). 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth of 9 m was an estimated value of plume thickness due to vertical 
dispersion at the 100-m performance boundary (see Section 2.3.2). 

8.7.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-12. The table shows a maximum concentration in treated MLLW (Cwaste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-12, the total CRF ranged from about 670 to 57,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For LANL, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 830 y. Ofthat time, travel time in the 
saturated zone was about one year. 
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Table B-12. Results of Calculations for the Water Pathway at LANL 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsaurce CRFwater CL Solubilitya 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

Arsenic (As) 0.05 27 210 1.0E+01 3.0E-01 

Barium (Ba) 1 27 210 2.1E+02 1.8E+OO 

Cadmium (Cd) 0.01 270 210 2.1E+OO B.OE-01 

Chromium (Cr) 0.05 27 210 1.0E+01 2.1E+04 

Lead (Pb) 0.05 270 210 1.0E+01 B.OE-01 

Mercury (Hg) 0.002 27 210 4.2E-01 9.0E-03 

Selenium (Se) 0.01 3.2 210 2.1E+OO 2.8E+06 

Silver (Ag) 0.05 3.2 210 1.0E+01 7.0E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

NL 5.4E+04 5.0E+01 5.4E+04 

NL 8.5E+06 4.0E+03 8.5E+06 

NL 7.1E+05 6.5E+02 7.1E+05 

1E+02 6.2E+05 5.7E+02 6.2E+05 

NL 2.2E+05 2.2E+03 2.3E+05 

NL 8.9E+05 8.1E+02 8.9E+05 

3E+OO 1.8E+04 6.6E+01 1.8E+04 

NL 8.0E+05 7.3E+02 8.0E+05 



Based on the results of the scoping analysis, the following observations can be made 
about disposal at LANL of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 6 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C waste· 

• Of the two hazardous metals that are not solubility limited, selenium has the smallest 
value for Cwaste (3 mg/kg) and chromium the largest (100 mg/kg). 

• For selenium and chromium, the two metals that are not solubility limited, calculated 
travel times to the performance boundary are 18,000 y and 620,000 y, respectively. 
Travel time through the unsaturated zone accounts for almost all of the total subsurface 
travel time. 
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8.8 New Mexico: SANDIA NATIONAL LABORATORIES (SNL) 

Sandia National Laboratories (SNL) is located on Kirtland Air Force Base (KAFB), on 
the southern edge of the City of Albuquerque, New Mexico. The air force base is bordered on 
the north by the city, on the east by the Manzano Mountains, and on the west and south by the 
Isleta Indian reservation and NM State lands. The facility is adjacent to the south and east sides 
of the Albuquerque International Airport. The base is within several miles of the intersection of 
two major interstate highways, I-40 and I-25, which bisect the state into four quadrants and serve 
as major transportation routes through the region. 

At the time of the evaluation, personnel at SNL had no plans for on-site treated MLL W 
disposal. Technical Area III was chosen for evaluation of a hypothetical treated MLL W disposal 
facility (Figure B-13) because it has areas already designated for waste management. The 
particular area of interest within Technical Area III (T A 3) is the southeastern corner near the 

Radioactive and Mixed Waste Management Facility and the Chemical Waste Landfill. This area 
is actively under investigation by SNL's environmental restoration program, and a large amount 

of data is available. 

8.8.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for SNL is illustrated in 
Figure B-14. In the unsaturated zone, flow was assumed to be one-dimensional under a unit 

hydraulic gradient with leachate moving vertically through the unsaturated alluvial sediments of 
the Santa Fe Formation to the regional aquifer. The distance from the land surface to the water 

table at TA3 is approximately 150m (492ft). The saturated portion of the Santa Fe Formation is 
characterized by a large, unconfined regional aquifer that is the drinking water source for the City 
of Albuquerque. The site-specific data used in the scoping evaluation are listed in Table B-13. 

Although engineered barriers were assumed to remain intact for 100 y (30 y of detention 
plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately after 
disposal was assumed to be the average recharge through local soils, 0.02 m/y, because it is less 
than the assumed rate of water moving through the facility's intact RCRA cap (0.03 m/y [see 

Section 2.2.2]). Engineered barriers were assumed to fail instantaneously at 100 y, so that the 
rate of water flowing through the facility after that time was assumed to remain the same as the 

average recharge through local soils, 0.02 m/y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 

Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth of 15 m was an estimated of plume thickness due to vertical 
dispersion at the 100-m performance boundary (see Section 2.3.2). 
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Figure B-13. Location ofthe Radioactive and Mixed Waste Management Facility and the 
Chemical Waste Landfill in Technical Area III at SNL. 
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Figure B-14. Conceptual model for the water pathway at SNL. 

Table B-13. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 

Pathway at SNL (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 
Natural recharge through local soils, i 0.02 m/y B SNL, 1994, p. 5-115. Within the reported 

range of 0.05- 5 cm/y, the selected value is 
10% of the average precipitation rate. 

Rate of water flowing through intact disposal 0.02 m/y B Natural recharge is less than that assumed 

facility, q1 
for the performance of the engineered 
barriers 

Moisture content, Bw 0.07 A SNL, 1994, p. 4-25. 

Bulk density, Pb 1.8 _g/cm 
3 A SNL, 1994, p. 4-25; Strong, 1995. 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Thickness between trench and saturated 141.2 m D Generic trench is 8.8 meters deep. 

zone,/,. 

SATURATED ZONE 
Porosi!}l. n 0.30 A SNL, 1994, p. 4-25. 

Bulk density, Pb 1.8 g/cm 3 A SNL, 1994, p. 4-25. 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Mixing depth, dm 15m B Calculated by Sandia National Laboratories 
using PAGAN (Chu et al., 1991) 

Darcy velocity, qgw 0.5 m/y A Product of hydraulic conductivity (126 m/y; 
SNL, 1994, p. 4-25) and hydraulic gradient 
(0.004; SNL, 1995, Appendix A) 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 
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8.8.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-14. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product ofthe CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-14, the total CRF ranged from about 27 to 2300. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a. l.lf\.;;is for comparison with the retarded travel time of the hazardous metals. 
For SNL, water travel tiryje ..:rom the land surface to tht: pc::-formance boundary (i.e., without 
consideration of a disposal facility) was estimatPQ at about 530 y. Ofthat time, travel time in the 
saturated zone was about 60 y. ~ .. - '' 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at SNL of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 3 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have an 
unlimited values for C Waste· 

• Values for Cwaste for the 5 hazardous metals that are not solubility limited range over 2 
orders of magnitude. The smallest value for C waste is for selenium and the largest is for 
lead. """··· .,..,,. ···· . 

• Among the 5 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 100,000 y to 3.5 million y. The shortest travel 
time is for selenium and the longest is for lead. Travel time through the unsaturated zone 
accounts for almost all of the total subsurface travel time. 
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Table B-14. Results of Calculations for the Water Pathway at SNL 

Maximum 
Allowable 

Concentration Maximum 

in Leachate 

Hazardous Groundwater, Concentration, 

Metal Cwater CRFsource CRFwater CL Solubilitya 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

!Arsenic (As) 0.05 27 8.~ 4.3E-01 3.0E-01 

Barium (Ba) 1 27 8.5 8.5E+OO 1.8E+OO 

' 
Cadmium (Cd) 0.01 270 8.5~ 8.5E-02 8.0E-01 

Chromium (Cr) 
1 

0.05 27 8.5 4.3E-01 2.1E+04 

Lead (Pb) 0.05 270 8.5 4.3E-01 8.0E-01 

Mercury (Hg) 0.002 27 8.5 1.7E-02 9.0E-03 

Selenium (Se) 0.01 3.2 8.5 8.5E-02 2.8E+06 

Silver (Ag) 0.05 3.2 8.5 4.3E-01 7.0E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than flle solubility of the metal 

~I 

• 

Maximum 
Concentration 

in Treated 
MLLW, 

Cwaste 
b 

(mg/kg) 

NL 

NL 

1E+01 

5E+OO 

5E+01 

NL 

1E-01., 
/ 

6E-01 

• 

Travel Time to 
Performance Boundary 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(y) (y) (y) 

7.7E+04 2.2E+03 7.9E+04 

6.3E+06 1.8E+05 6.5E+06' 

1.0E+06 2.9E+04 1.0E+061 

8.9E+05 2.5E+04 9.1E+05 

3.4E+06 9.7E+04 3.5E+06 

1.3E+06 3.6E+04 1.3E+06 

1.0E+05 2.9E+03 1.0E+05 

1.1E+06 3.2E+04 1.2E+06 



8.9 New York: WEST VALLEY DEMONSTRATION PROJECT (WVDP) 

The West Valley Demonstration Project (WVDP) site is located in the Town of Ashford, 
Cattaraugus County, about 56 km (35 mi) southeast of Buffalo, New York. Regional land uses 
are predominantly rural, with the land immediately adjacent to the site being used primarily for 
agriculture or arboriculture. Land use to the northwest of the site is mostly residential. 

At the time of the evaluation, personnel at the WVDP had no plans for on-site disposal of 
MLLW. Two inactive low-level waste (LLW) disposal facilities are located at the WVDP, one 
in the southern portion of the site, and one immediately outside the WVDP boundary. The 
hypothetical disposal facility evaluated in the scoping evaluation was located on the south 
plateau on state-owned land within the WVDP boundary (Figure B-15). 

8.9.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for WVDP is illustrated in 
Figure B-16. Two water pathways were considered in the performance evaluation for disposal of 
radionuclides at WVDP: (1) a shallow groundwater-to-ephemeral-stream-to-perennial-stream 
pathway, and (2) a deep groundwater-to-wen pathway. The second water pathway, deep 
groundwater to well, was found to be the most limiting because of the amount of dilution 
provided in the shallow-groundwater-to-stream pathway (Waters and Gruebel, 1996, Chapter 
1 0). Therefore, only the deep-groundwater-to-wen pathway was considered in the scoping 
evaluation for disposal of hazardous metals. Site-specific assumptions for the WVDP site 
include the following: 

• The hydrogeologic stratigraphy is composed of three homogeneous and isotropic units: 
(1) the upper Weathered Lavery Till, a highly fractured permeable unit; (2) the 
Unweathered Lavery Till, assumed to be unfractured with low permeability; and (3) the 
lower Kent Recessional, which has higher permeability than the unweathered till. 

• Flow occurs both vertically and horizontally through the Weathered Lavery Till. Lateral 
flow consists of0.06 m/y ofthe recharge through local soils and discharges into Frank's 
Creek, approximately 100m from the edge ofthe hypothetical disposal facility. Vertical 
flow that enters the Unweathered Lavery Till consists of0.01 m/y of the recharge through 
local soils. 

• The disposal-facility design was modified to reflect site disposal practices. The top of the 
trench was located one meter below the Weathered/Unweathered Lavery Till interface, 
within the Unweathered Lavery Till. The depth of the trench is 5 m. The flux through 
the trench occurs through the trench cap located at the land surface. Due to the trench 
location within the Unweathered Lavery Till unit, leachate moves directly from the 
bottom of the trench into the saturated Unweathered Lavery Till. 

• One-dimensional flow through the Unweathered Lavery Till occurs vertically downward 
under steady-state conditions (WVNSC, Inc., 1993a). 

B-45 
WVDP 



Site Boundary 

500 

\\ 
\\.' 

\ 
\.; 

I 

' 
-!1 

I• 

Figure B-15. General location ofthe hypothetical disposal facility at the WVDP (modified 

from WVNSC, Inc., and Dames and Moore, 1994). 
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Figure B-16. Conceptual model for the water pathway at WVDP. 

• One-dimensional horizontal flow occurs through the Kent Recessional deposits to a 
hypothetical well located at the 100-m (328-ft) performance boundary under steady-state 
conditions. No flow occurs into the underlying Kent Till. 

• The mixing depth in the saturated zone was assumed to be 6 m (20ft), based upon 
stratigraphic constraints of the Kent Recessional unit. 

The site-specific data used in the scoping evaluation are listed in Table B-15. 

The disposal facility design used in this scoping evaluation was a trench. However, 
facilities having additional engineered features are used at some sites in the humid region of the 
country for disposal oflow-level waste. For example, a tumulus design is used at ORR (ORNL, 
1994), and a vault design is used at SRS (MMES et al., 1994). These types of facilities are 
designed to minimize the contact of infiltrating water with the waste and may result in higher 
maximum concentrations for hazardous metals in treated MLL W. 
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Table B-15. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at WVDP (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 

Natural recharge through 0.07 m/y A WVNSC, 1993b, Sec 3.2, p. 24. (0.06 m/y 
surface soils, i assumed to flow laterally through weathered till, 

0.01 m/v percolates into unweathered till). 

Rate of water flowing vertically 0.01 m/y A WVNSC, 1993b, Sec 3.2, p. 24. 
to intact disposal facility,q, 

SATURATED ZONE 

Distribution coefficients for various Default values, see Table 2-5 
geologic media, Kd 

Unweathered Lavery Till 

Porosity, n 0.36 A WVNSC, 1993b, Aoo. A, o. A-9. 

Bulk density, Pb 1.7 g/cm3 A WVNSC, 1993b, App. A, p. A-9. 

Thickness 12m A WVNSC, 1993a, App. C. Logs for monitoring 
wells 1001 & 1005 

Thickness between bottom of 6m A Personal communication, R. Blickwedehl 
trench and top of Kent [Dames and Moore], 3/31/95): thickness 
Recessional between base of Weathered Lavery Till and top 

of trench (1 m) based on site practice; thickness 
of trench=5 m because backhoe typically can dig 
to 1 0 m below the around surface 

Vertical hydraulic gradient 0.8 A WVNSC, 1993a, App. C. Comparison between 
water levels in monitoring wells 1001 & 1005, 
5/91. 

Vertical hydraulic conductivity, 4x10"8 A WVNSC, 1993a, Sec. 4.3.1.1, p. 45 (Geometric 

Ksat cm/s mean of 19 samples, Table 4-8, p. 190). 

Kent Recessional 

Porosity, n 0.4 c Mean estimate for silt, Freeze and Cherry (1979, 
p. 37). 

Bulk density, Pb 2 g/cm 
3 c Glacial till, CRC, 1981, Table 6-42, p. 636. 

Mixing depth, dm 6m A This is a very stratified, heterogeneous material. 
Well logs from 1001 and 1005 show a thickness 
of approximately 12m. EIS assumes a 1 m 
thickness to be conservative. Assumed the 
conductive portion occurs within one-half of the 
total Kent Recessional thickness. 

Horizontal hydraulic gradient 0.023 A Beraeron, et al., 1987, o. 25. 

Horizontal hydraulic 13.2 m/y A WVNSC, 1993a, Sec. 5.2.3, p. 59. Effective 
conductivity (4.2x1o·5 hydraulic conductivity for flow through parallel 

cm/s) layers assuming 1 m thick layers which have 
alternating hiQh and low hydraulic conductivities. 

Darcy velocity, qgw 0.31 m/y A Product of hydraulic gradient and hydraulic 
conductivity 

* A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 

In this scoping evaluation, engineered barriers for the trench design were assumed to 
remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). Vertical 
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flow through the facility immediately after disposal was assumed to be the vertical flow 
component of the average recharge through local soils, 0.01 m/y, because it is less than the 
assumed rate of water moving through the facility's RCRA :;ap (0.03 m/y [see Section 2.2.2]). 
Engineered barrier.:: were assumed to fail instantaneously at 100 y, so that the rate of water 
flowing through the facility after that time was assumed to remain the same as the vertical 
component of the average recharge through local soils, 0.01 m/y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth of 6 m was an estimated value based on the stratigraphic constraints of 
the Kent Recessional unit (see Section 2.3.2). 

8.9.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-16. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the perfom1ance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRFwarer· For 
the 8 hazardous metals listed in Table B-16, the total CRF ranged from about 5 to 410. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For WVDP, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 670 y. Of that time, travel time in the 
saturated zone was about 130 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at WVDP ofhazardous metals contained in treated MLLW: 

• For all other sites considered in the scoping evaluation, some of the calculated maximum 
leachate concentrations are greater than the solubilities of the associated metals; these 
metals are considered to have unlimited values for Cwaste· However, for WVDP none of 
the calculated maximum leachate concentrations are greater than the solubilities of their 
associated metals. 

• Values for Cwasre for the 8 hazardous metals range over 3 orders of magnitude. The 
smallest values for Cwasre are for selenium and mercury and the largest is for barium. 

• Among the 8 hazardous metals, travel times to the performance boundary range from 
about 4900 y to 400,000 y. The shortest travel time is for arsenic and the longest is for 
barium. Travel time through the unsaturated zone accounts for about 20% of the total 
subsurface travel time. 
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Table B-16. Results of Calculations for the Water Pathway at WVDP 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 

Metal Cwater CRFsource CRFw, er CL Solubilitya 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 1.5 7.7E-02 

Barium (Ba) 1 27 1.5 1.5E+OO 

Cadmium (Cd) 0.01 270 1.5 1.5E-02 

Chromium (Cr) 0.05 27 1.5 7.7E-02 

Lead (Pb) 0.05 270 1.5 7.7E-02 
-

Mercury (Hg) 0.002 27 1.5 3.1 E-03 

Selenium (Se) 0.01 3.2 1.5 1.5E-02 

Silver (Ag) 0.05 3.2 1.5 7.7E-02 

a The solubility of the metal in a selected hazardous metal compound in groundwater {see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

(mg/L) 

3.0E-01 

1.8E+OO 

B.OE-01 

2.1E+04 

B.OE-01 

9.0E-03 

2.8E+06 

7.0E-01 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 
(mg/kg) (y) (y) (y) 

9E-01 9.1E+02 4.0E+03 4.9E+03 

2E+01 7.3E+04 3.2E+05 4.0E+05 

2E+OO 1.2E+04 5.2E+04 6.3E+04 

9E-01 1.0E+04 4.5E+04 5.6E+04 

9E+OO 3.9E+04 1.7E+05 2.1E+05 

4E-02 1.5E+04 6.5E+04 7.9E+04 

2E-02 1.2E+03 5.3E+03 6.5F+03 

1 E-01 1.3E+04 5.8E+04 7.1E+04 



8.10 Ohio: FERNALD ENVIRONMENTAL MANAGEMENT PROJECT (FEMP) 

The Fernald Environmental Management Project (FEMP) is located in southwestern 
Ohio, about 27 km (17 mi) northwest of downtown Cincinnati, Ohio. The facility is located just 
north of Fernald, a small farming community. The land contiguous to FEMP is primarily open 
land, such as agricultural and undeveloped lands, industrial lands, and some residential lands. 

At the time of the evaluation, personnel at FEMP had no plans for on-site disposal of 
treated MLL W. However, some treated MLL W waste streams are expected to be generated as a 
result of environmental restoration activities, and a CERCLA disposal cell is being considered 
for FEMP. The location chosen for the hypothetical disposal facility in this scoping evaluation is 
in the northeastern comer of the FEMP property near the proposed facility for CERCLA 
remediation wastes (Figure B-17). 

8.10.1 Conceptual Model and Site-Specific Data Used in the PE 

The conceptual model used in the scoping evaluation for FEMP is illustrated in 
Figure B-18. The unsaturated zone beneath the evaluated location consists of about 6. 7 m (22 ft) 
of unsaturated glacial till overlying the Great Miami Aquifer (GMA) but also includes the upper 
6.4 m (21 ft) ofthe GMA, which is unsaturated (the UGMA); the total unsaturated zone 
thickness is 13.1 m (43ft). The trench was assun1ed to be excavated through the till and into the 
top of the UGMA, so that 4.1 m (13.4 ft) of the UGMA comprises the entire unsaturated zone 
beneath the trench. The site-specific data used in the scoping evaluation are listed in Table B-17. 

The disposal facility design used in this scoping evaluation was a trench. However, 
facilities having additional engineered features are used at some sites in the humid region of the 
country for disposal of low-level waste. For example, a tumulus design is used at ORR (ORNL, 
1994), and a vault design is used at SRS (MMES et al., 1994). These types of facilities are 
designed to minimize the contact of infiltrating water with the waste and may result in higher 
maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 
remain intact for 1uu y ~JU y of detention plus 70 y hmttect by the RCRA cover system). Vertical 
flow through the facility immediately after disposal was assumed to be 0.03 rnly, which is less 
than the average recharge through local soils (see Section 2.2.2). Engineered barriers were 
assumed to fail instantaneously at 100 y, so that the rate of water flowing through the facility 
after that time was assumed to be the average recharge through local soils, 0.15 rnly. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth of 3 m was an estimated value based on the assumption that complete 
mixing occurs across the aquifer's entire depth (see Section 2.3.2). 
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Figure B-17. Site map for the Fernald Environmental Management Project. 
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Figure B-18. Conceptual model for the water pathway at FEMP. 

Table B-17. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at FEMP (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 
Natural recharge through local soils, i 0.15 m/y A DOE (1995, Table F.2-1) 
Moisture content, Ow 0.04 A Unsaturated part of the Great Miami 

Aquifer (UGMA) (DOE, 1995, Table F.5-
2). Porosity n = 0.3, saturation S = 0.13, 
so moisture content 0... = nS = 0.04. 

Bulk density, Pb 1.6 g/cm3 A DOE (1995, Table F.5-2). 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 
Thickness between trench and saturated 4.1 m A DOE (1995, Figure F.5-10). Total 
zone, I. thickness of till 1 is 6. 7 m (22 ft) and 

trench facility bottom is 9 m below 
ground surface. This puts the bottom of 
the trench 2.3 minto the Upper Great 
Miami Aquifer, which has an unsaturated 
zone 6.4 m (20.2 ft) thick, leaving 4.1 m 
of unsaturated UGMA. 

SATURATED ZONE 

Porosity, n 0.3 A DOE (1995, Table F.S-2). 

Bulk density, Pb 1.6 g/cm3 A DOE (1995, Table F.5-2). 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Mixing depth, dm 3m c DOE (1995, Figure F.5-10). 

Darcy velocity, Qgw 28 m/y c DOE (1995, Table F.5-2). 

• A=stte measurement; B=result of stte numencal analysts; C=hterature value selected by the stte 

B-53 
FEMP 



8.10.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-18. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 

the performance boundary was represented by the product of the CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-18, the total CRF ranged from about 40 to 3200. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For FEMP, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 12 y. Of that time, travel time in the 
saturated zone was about one year. 

Based on the results of the scoping analysis, the following observations can be made 

about disposal at FEMP of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 3 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 

unlimited values for C waste· 

• Values for C waste for the 5 hazardous metals that are not solubility limited range over 2 
orders of magnitude. The smallest value for C Waste is for selenium and the largest is for 
lead. 

• Among the 5 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 400 y to 13,000 y. The shortest travel time is for 
selenium and the longest is for lead. Travel time through the unsaturated zone accounts 
for almost all of the total subsurface travel time. 
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Table B-18. Results of Calculations for the Water Pathway at FEMP 

Maximum 
Allowable Maximum 

Concentration Leachate 
Hazardous in Groundwater, Concentration, 

Metal Cwater CRFSoun::e CRFwater CL Solublllty8 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

~rsenic (As) 0.05 27 12 6.1E-01 3.0E-01 

Barium (Ba) 1 27 12 1.2E+01 1.8E+OO 

Cadmium (Cd) 0.01 270 12 1.2E-01 B.OE-01 

Chromium (Cr) 0.05 27 12 6.1 E-01 2.1E+04 

Lead (Pb) 0.05 270 12 6.1E-01 B.OE-01 

Mercury (Hg) 0.002 27 12 2.4E-02 9.0E-03 

Selenium (Se) 0.01 3.2 12 1.2E-01 2.8E+06 

Silver (Ag) 0.05 3.2 12 6.1 E-01 7.0E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration Travel Time to 

In Treated Perfonnance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

NL 2.6E+02 3.5E+01 3.0E+02 

NL 2.2E+04 2.9E+03 2.5E+04 

1E+01 3.5E+03 4.6E+02 4.0E+03 

7E+OO 3.1E+03 4.0E+02 3.5E+03 

7E+01 1.2E+04 1.5E+03 1.3E+04 

NL 4.4E+03 5.7E+02 4.9E+03 

2E-01 3.5E+02 4.7E+01 4.0E+02 

BE-01 3.9E+03 5.2E+02 4.5E+03 



8.11 Ohio: PORTSMOUTH GASEOUS DIFFUSION PLANT (PORTS) 

The Portsmouth Gaseous Diffusion Plant (PORTS) is located in sparsely populated, rural 

Pike County, Ohio, near the southern end of the Scioto River basin. The plant is about 1.6 km (l 

mi) east of the Scioto River valley and 32 km (20 mi) north ofPortsmouth, Ohio, where the 

Scioto River joins the Ohio River. The PORTS site occupies a 16-km2 (6.3-mi2
) upland area that 

is bounded on the east and west by ridges of low-lying hills. The plant nominal elevation is 204 

m (670ft) above the mean sea level, 40 m (130ft) above the normal stage of the Scioto River, 

and 27-40 m (90-130 ft) above the mile-wide Scioto River floodplain (USGS, 1979). 

At the time of the scoping evaluation, site personnel at PORTS had no plans for on-site 

disposal of treated MLL W. Three primary areas were identified by the site technical staff as 

possible sites for evaluating a hypothetical disposal facility: the north, east, and south sites, as 

shown in Figure B-19. The south site was chosen for the scoping evaluation because it would 

provide the greatest depth to groundwater. 

8.11.1 Conceptual Model and Site-specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for PORTS is illustrated in Figure 

B-20. The conceptual model assumed that the unsaturated zone is a unit of local surficial soils 

with a thickness of 5 m (16.4 ft), and the saturated zone is a 2.5-m (8.2-ft) thick unit with 

material properties approximating those of the Minford and Gallia unconsolidated units. This 

transmissive saturated zone is underlain by the Sunbury Shale, which acts as a lower 

impermeable layer. Because the unsaturated zone is thin, the disposal facility is designed as a 

mounded trench so that there is at least 1 m of unsaturated zone below the trench. The 

groundwater near the site is transported downgradient to the southwest (G&M, 1994). The site­

specific data used in the scoping evaluation are listed in Table B-19. 

The disposal facility design used in this scoping evaluation was a trench. However, 

facilities having additional engineered features are used at some sites in the humid region of the 

country for disposal oflow-level waste. For example, a tumulus design is used at ORR (ORNL, 

1994), and a vault design is used at SRS (MMES et al., 1994). These types offacilities are 

designed to minimize the contact of infiltrating water with the waste and may result in higher 

maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 

remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). Vertical 

flow through the facility immediately after disposal was assumed to be 0.03 m/y, which is less 

than the average recharge through local soils (see Section 2.2.2). Engineered barriers were 

assumed to fail instantaneously at 1 00 y, so that the rate of water flowing through the facility 

after that time was assumed to be the average recharge through local soils, 0.11 m/y. 
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Figure B-20. Conceptual model for the water pathway at PORTS. 

Table B-19. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at PORTS (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 

Natural recharge through local soils, i 0.11 m/y A Campbell, 1995 

Moisture content, Ow 0.22 A Law Engineerii}Q (1982) 

Bulk density, Pb 1.7g/cm3 A Campbell, 1995 

Distribution coefficients for geologic Various Default values; see Table 2-5 

media, Kd 

Thickness between trench and lm A Cumulative unsaturated sediment 

saturated zone, z. thickness is 5 m (G&M, 1989); trench is 
mounded, and bottom of generic trench 
facility is 4 m below ground surface 

SATURATED ZONE 

Porosity, n 0.35 A Campbell, 1995 

Bulk density, Pb 1.5 g/cm
3 A Campbell, 1995 

Distribution coefficients for geologic Various Default values; see Table 2-5 

media, Kd 

Mixing depth, dm 2.5m c G&M, 1989 

Darcy velocity, Qaw 7.7 m/y c Campbell, 1995 

• A=s1te measurement; B=result of s1te numencal analysiS, C=llterature value selected by the s1te 
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As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth was an estimated value based on the assumption that complete mixing 
occurs across the aquifer's entire depth (see Section 2.3.2). 

8.11.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-20. The table shows a maximum concentration in treated MLLW (Cwaste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-20, the total CRF ranged from about 14 to 1200. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For PORTS, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 15 y. Of that time, travel time in the 
saturated zone was about 4.5 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at PORTS ofhazardous metals contained in treated MLLW: 

• Calculated maximum leachate concentrations for 2 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C waste· 

• · Values for C waste for the 6 hazardous metals that are not solubility limited range over 3 
orders of magnitude. The smallest value for C waste is for selenium and the largest is for 
lead. 

• Among the 6 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 220 y to 9400 y. The shortest travel time is for 
arsenic and the longest is for lead. Travel time through the unsaturated zone accounts for 
about half of the total subsurface travel time. 
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Table B-20. Results of Calculations for the Water Pathway at PORTS 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 

Metal Cwater CRFsource CRFwater CL Solubility• 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

!Arsenic (As) 0.05 27 4.5 2.3E-01 3.0E-01 

Barium (Ba) 1 27 4.5 4.5E+OO 1.8E+OO 

Cadmium (Cd) 0.01 270 4.5 4.5E-02 . B.OE-01 

Chromium (Cr) 0.05 27 4.5 2.3E-01 2.1E+04 

Lead (Pb) 0.05 270 4.5 2.3E-01 S.OE-01 

Mercury (Hg) 0.002 27 4.5 9.0E-03 9.0E-03 

Selenium (Se) 0.01 3.2 4.5 4.5E-02 2.8E+06 

Silver (Ag) 0.05 3.2 4.5 2.3E-01 7.0E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means "no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

3E+OO 9.5E+01 1.2E+02 2.2E+02 

NL 7.7E+03 9.7E+03 1.7E+04 

5E+OO 1.2E+03 1.6E+03 2.8E+03 

3E+OO 1.1E+03 1.4E+03 2.5E+03 

3E+01 4.2E+03 5.3E+03 9.4E+03 

NL 1.5E+03 2.0E+03 3.5E+03 

6E-02 1.3E+02 1.6E+02 2.9E+02 

3E-01 1.4E+03 1.8E+03 3.2E+03 



8.12 South Carolina: SAVANNAH RIVER SITE (SRS) 

The Savannah River Site (SRS) is located in south-central South Carolina, approximately 
160 km (1 00 mi) from the Atlantic Coast. The major physical feature at SRS is the Savannah 
River, about 28 km (17 mi) of which serve as the southwestern boundary of the site and the 
South Carolina-Georgia border. The SRS includes portions of Aiken, Barnwell, and Allendale 
Counties in South Carolina. 

At the time of the evaluation, personnel at SRS were planning for on-site disposal of 
treated MLLW. TheE-Area at SRS contains approximately 0.7 km2 (200 ac) and is located 
immediately north of the current low-level waste (LL W) burial grounds. In order to properly 
dispose of hazardous material and treated MLL W generated at SRS, a project to design and 
construct disposal vaults was authorized in 1989. This mixed waste disposal facility (MWDF) is 
identified on maps but has not yet been constructed (Figure B-21). This location was chosen for 
the hypothetical disposal facility in the scoping evaluation. 

8.12.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for SRS is illustrated in 
Figure B-22. Assumptions for the proposed location are that (1) the subsurface stratigraphy is 
identical to that underlying theE-Area Vaults (as documented in the performance assessment 
[MMES et al., 1994]),and (2) the water table maps presented in that performance assessment are 
an adequate representation of the water table under the proposed MLL W disposal facilities. The 
depth ofthe unsaturated zone beneath theE-Area vaults is 17m (55ft). Leachate from the 
disposal facility was assumed to move vertically through the unsaturated zone to the uppermost 
aquifer, then laterally to the performance boundary. The site-specific data used in the scoping 
evaluation are listed in Table B-21. 

The disposal facility design used in this scoping evaluation was a trench. However, 
facilities having additional engineered features are used at some sites in the humid region of the 
country for disposal of low-level waste. For example, a tumulus design is used at ORR (ORNL, 
1994), and a vault design is used at SRS (MMES et al., 1994). These types of facilities are 
designed to minimize the contact of infiltrating water with the waste and may result in higher 
maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 
remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). Vertical 
flow through the facility immediately after disposal was assumed to be 0.03 rnly, which is less 
than the average recharge through local soils (see Section 2.2.2). Engineered barriers were 
assumed to fail instantaneously at 1 00 y, so that the rate of water flowing through the facility 
after that time was assumed to be the average recharge through local soils, 0.4 rnly. 
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Figure B-21. Location of the proposed mixed waste disposal facility (MWDF) within theE-Area 

at the Savannah River Site. 
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Figure B-22. Conceptual model for the water pathway at SRS. 
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Table B-21. Site-Specific Parameters and Values Used iri the Scoping Evaluation for the Water 
Pathway at SRS (generic values are listed in Chapter 2) 

Parameter Value 

UNSATURATED ZONE 
Natural recharae throuah local soils, i 0.4 m/v 

Moisture content, 8w 0.2 

Bulk density, Pb 2.65 g/mL 

Data 
Type* 

A 
A 

A 

Comments 

MMES et al., 1994 
MMES et al., 1994 

MMES et al., 1994 

. .!?.!~.~~~-~!:I.!!!?D .. ~~fE~~-~!).!~ .. !!?E..9.~2!.~9.~~ . .':!!~~-~~~ .. !S!t... ........................... ................... . .......................................................................................... . 
•••••••• ~.~! •• g.~J .. ~£1! .. ~9 .................................................................... .'!~.~!?.\-!~ ...... ···················· .. P..~f.~!:l.~tY.~!.':!~.~; .. ~~-~--!.~~.1.~ .. ?.::~ ............................ . 
........ ~.~ ............................................................................................. .?..!.!!!:!.9. .............. ~ .......... M~.~§.~L~!:.t .. 1.~~-~.I~.~!~ . .9.:~.:? ....................... . 
........ .9.~ ............................................................................................. ~.!.!!!:!.9. .............. ~ ........... M~.~§.~!..~!:.\ .. 1.~~-~.I~~!~.f.J.:? ....................... . 
......... ~-~--····················································································· .... 1.Q9..!.!!!:!.9 ............ ~ .......... MM~§ .. ~!..~!:.! .. 1.~.~~~.I~~!.~ .. 9.:.1.:?. ....................... . 

Se 5mUa A MMESetai.,1994,TableC.1-2 

Thickness between trench and saturated 
zone,lv 

SATURATED ZONE 

Porosill', n 
Bulk density, Pb 

8m 

0.3 
2.65 g/mL 

A 

A 
A 

Cumulative unsaturated sediment 
thickness is 17m (MMES et al., 1994) 
and bottom of trench is 9 m below ground 
surface 

MMES et al.. 1994 
MMES et al.. 1994 

.. !?.!~~~-~~!!!?.~ .. ~!?.~fE~~-~!).~~-.!~E .. 9.~2!~9.~~-.r:!!~~-~~~ .. !S!t... ........................... ................... . .......................................................................................... . 
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....... ..!?..~ .............................................................................................. ~.!!!!:!.St ............. ~........ ..M~.~§.~!..~!:.t .. 1.~~-~.I~-~!.~ . .9.:.1.:? ....................... . 

........ .9.~ .............................................................................................. ~ . .'!!.l!.£1... ............ ~ .......... M~.~§-~!..~!:.· ... 1.~~-~.I~.~!~ .. g.:~.:? ....................... . 

........ ~.~---···················································································· .... 19.9 .. !!1.!:!.9 ............ ~ ........... M~.~§.~~ .. ~!: ..... 1.~.~1.~.I~~!~ .. g.:.1.:? ....................... . 
Se 5 mUg A MMES et al., 1994, Table C.1-2 

Mixing depth, dm 10 m C MMES et al.. 1994 

Darcy velocity. aaw 8.1 m/y C Inferred from MMES et al., 1994 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth was an estimated value based on the assumption that complete mixing 
occurs across the aquifer's entire depth (see Section 2.3.2). 

8.12.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 

Table B-22. The table shows a maximum concentration in treated MLL W (Cwasre) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 

calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsaurce and the CRF water· For 
the 8 hazardous metals listed in Table B-22, the total CRF ranged from about 16 to 1400. 
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Table B-22. Results of Calculations for the Water Pathway at SRS 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsoun:e CRFwater CL 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 5.1 2.5E-01 

Barium (Ba) 1 27 5.1 5.1E+OO 

Cadmium (Cd) 0.01 270 5.1 5.1E-02 

Chromium (Cr) 0.05 27 5.1 2.5E-01 

Lead (Pb) 0.05 270 5.1 2.5E-01 

Mercury (Hg) 0.002 27 5.1 1.0E-02 

Selenium (Se) 0.01 3.2 5.1 5.1E-02 

Silver (Ag) 0.05 3.2 5.1 2.5E-01 

The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 
b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration 

in Treated 
MLLW, 

Solubility8 
Cwaste 

b 

(mg/L) (mg/kg) 

3.0E-01 3E+OO 

1.8E+OO NL 

8.0E-01 6E+OO 

2.1E+04 3E+OO 

B.OE-01 3E+01 

9.0E-03 NL 

2.8E+06 7E-02 

7.0E-01 3E-01 

Travel Time to 
Performance Boundary 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(y) (y) (y) 

3.2E+02 2.0E+02 5.2E+02 

2.7E+02 1.7E+02 4.4E+02 

4.3E+02 2.7E+02 6.9E+02 

3.7E+03 2.3E+03 6.0E+03 

5.3E+03 3.3E+03 8.6E+03 

5.3E+03 3.3E+03 8.6E+03 

2.7E+02 1.7E+02 4.4E+02 

4.8E+03 2.9E+03 7.7E+03 



The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For SRS, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 12 y. Of that time, travel time in the 
saturated zone was about 4 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at SRS of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 2 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C waste· 

• Values for C waste in the waste for the 6 hazardous metals that are not solubility limited 
range over 3 orders of magnitude. The smallest value for C waste is for selenium and the 
largest is for lead. 

• Among the 6 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 440 y to 8600 y. The shortest travel time is for 
selenium and the longest is for lead. Travel time through the unsaturated zone accounts 
for about two-thirds of the total subsurface travel time. 
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8.13 Tennessee: OAK RIDGE RESERVATION (ORR) 

Oak Ridge Reservation (ORR) is in eastern Tennessee about 10 km (6 mi) west of the 
city of Knoxville. Oak Ridge Reservation lies in a valley between the Cumberland and southern 
Appalachian Mountain ranges. The Cumberland Mountains are about 16 km (10 mi) to the 
northwest; the Great Smoky Mountains are approximately 113 km (70 mi) to the southeast. 
Topography limits land use in the region, but substantial agricultural lands yield hay, tobacco, 
and com. The region ranges from rural to urban with a tendency toward increasing urbanization. 

At the time of the evaluation, personnel at ORR were planning for on-site disposal of 
treated MLL W. The site is in the conceptual stages of developing a MWDF at Bear Creek 
Valley. The conceptual MWDF is a tumulus design with a plan area of approximately 81,600 m2 

(20 ac ). A feasibility study for the proposed MWDF is ongoing. The location of the hypothetical 
disposal facility in the scoping evaluation is in Bear Creek Valley (Figure B-23). 

8.13.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for ORR is illustrated in 
Figure B-24. Three water pathways were considered in the performance assessment for disposal 
ofLLW at ORR (ORNL, 1994): 

1) Leachate to unsaturated zone to shallow stonnflow zone to ephemeral stream to surface 
water, 

2) Leachate to unsaturated zone to groundwater to ephemeral stream to surface water, and 
3) Leachate to unsaturated zone to groundwater to well. 

Although the groundwater does recharge ephemeral streams, the performance assessment results 
for the second pathway are generally two or more orders of magnitude lower with different peak 
times compared with results from the first pathway. Therefore, the groundwater-to-surface-water 
pathway was not considered in the performance evaluation for disposal of radionuclides in 
MLLW (Waters and Gruebel, 1996, Chapter 14). The following description represents the 
conceptual model of the water pathway that was used in the scoping evaluation for ORR: 

Infiltration 

• Infiltration through the bottom of the facility was assumed to be a step function that is 
controlled by engineered barriers during early time and natural flow conditions (i.e., the 
total infiltration into the facility) after the engineered barriers fail. 
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Table B-28. Results of Calculations for the Water Pathway at Hanford 

Maximum 
Allowable 

Concentration Maximum 

in Leachate 

Hazardous Groundwater, Concentration, 

Metal Cwater CRFsoun:e CRFwater CL Solublllty8 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 45 2.3E+OO 

Barium (Ba) 1 27 45 4.5E+01 

Cadmium (Cd) 0.01 270 45 4.5E-01 

Chromium (Cr) 0.05 27 45 2.3E+OO 

Lead (Pb) 0.05 270 45 2.3E+OO 

Mercury (Hg) 0.002 27 45 9.0E-02 

Selenium (Se) 0.01 3.2 45 4.5E-01 

Silver (Ag) 0.05 3.2 45 2.3E+OO 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

(mg/L) 

3.0E-01 

1.8E+OO 

S.OE-01 

2.1E+04 

S.OE-01 

9.0E-03 

2.8E+06 

7.0E-01 

Maximum 
Concentration Travel Time to 

In Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

NL 1.1E+04 4.5E+01 1.1E+04 

NL 2.0E+03 8.7E+OO 2.0E+03 

5E+01 1.9E+05 7.3E+02 1.9E+05 

3E+01 1.3E+05 5.1E+02 1.3E+05 

NL 1.9E+05 7.3E+02 1.9E+05 

NL 1.9E+05 7.3E+02 1.9E+05 

6E-01 1.1E+02 1.4E+OO 1.1E+02 

NL 1.7E+05 6.6E+02 1.7E+05 

' 



8.15.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-28. The table shows a maximum concentration in treated MLL W ( C waste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-28, the total CRF ranged from about 140 to 12,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For Hanford, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 130 y. Of that time, travel time in the 
saturated zone was about one year. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at Hanford of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 5 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C Waste· 

• Of the 3 hazardous metals that are not solubility limited, selenium has the smallest value 
for Cwaste (0.6 mg!kg) and cadmium the largest (50 mg!kg). 

• For selenium, chromium, and cadmium, the 3 metals that are not solubility limited, 
calculated travel times to the performance boundary are 110 y, 130,000 y, and 190,000 y, 
respectively. Travel time through the unsaturated zone accounts for almost all of the 
total subsurface travel time. 
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Table B-27. Site-Specific Parameters and Values Used in 'the Scoping Evaluation for the Water 
Pathway at the Hanford Site (generic values are listed in Chapter 2) 

Parameter Value 

UNSATURATED ZONE 

Natural recharge through local soils, i 0.05 m/y 
Moisture content, 8w 0.09 

Bulk density, Pb 1.5 g/ml 

Distribution coefficients for geologic 

Data 
Type* 

A 

c 

c 

Comments 

Wood et al., 1994 

Selected by staff as representative of the 
unsaturated zone and used to calibrate 
travel times to the performance 
assessment; confirmed by Wood (1995). 

Selected by staff as representative of the 
unsaturated zone and used to calibrate 
travel times to the performance 
assessment; confirmed by Wood (1995). 

.. !!1.~9.!~.~-!S!!............................................................... ................................. ······················ ···························································································· 
As, Cr, Hg, Ag Various Default values; see Table 2-5 .......................................................................................... ................................. .. ................................................................................................................. . 
Ba 1 mUg A Wood et al., 1994 

········ca······································································· ....... 1.oo-~Li~······· ·········/:.········· ··w~~d··~"i-~i::··1994····················································· 
................................................................................................................................................................................................................................................ 

Pb 100 mUg A Wood, 1995 
.................................... u ........................................................................................................................................................................................................ . 

Se 0 A Wood et al., 1994 

Thickness between trench and 
saturated zone, lv 

SATURATED ZONE 

Porosity, n 

Bulk density, Pb 

Distribution coefficients for geologic 

63m 

(207.3 ft) 

0.31 

1.6 g/ml 

A 

A 

A 

Cumulative unsaturated sediment 
thickness is 72 m (Wood et al., 1994) and 
trench facility bottom is 9 m below ground 
surface 

Wood et al., 1994 

Wood et al., 1994 

.. r:!).~~.!~ .... !S!! ............................................................... ································· ...................... ···························································································· 
As, Cr. Hg, Ag Various Default values; see Table 2-5 
Ba 1 mUg A Wood et al., 1994 ................................................................................................................................................................................................................................................ 
Cd 100 mUg A Wood et al., 1994 ····················································································· ......................................................................................................................................................... . 
Pb 100 mUg A Wood, 1995 .............................................................................................................................................................................................................................................. 
Se 0 A Wood et al., 1994 

Mixing depth, dm 5 m C Khaleel, 1995 

Darcy velocity, Qgw 22 m/y C Khaleel, 1995 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 

B-82 
HAN 



0.05 m/y 

I Trench J 

,, 

Not to Scale 

72m 

--------------1--.-

100-m 
Performance 

Boundary 

Figure B-28. Conceptual model for the water pathway at Hanford. 
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Figure B-27. Location of the proposed mixed waste disposal facility within the 200 West 
Area at the Hanford Site. 
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8.15 Washington: HANFORD SITE 

The Hanford Site is located in the southeast comer of Washington State in a structural 

and topographic depression of the Columbia Plateau known as the Pasco Basin. The northern 

and eastern boundaries of the site generally follow the Columbia River. The Rattlesnake Hills 
bound the western portion of the site, and the Yakima River bounds the southern portion. The 

Hanford Site consists of approximately 1,450 km2 (560 mi2
) oftreeless, semiarid land. With the 

exception of a few natural basalt hills, the site is relatively flat. 

At the time of the evaluation, personnel at Hanford were planning for on-site disposal of 

treated MLL W. Shallow land disposal of solid waste has occurred at the Hanford Site since the 

late 1940s, and the Hanford Site has active LL W disposal facilities. Disposal of treated MLL W 
is planned in the southern end of the W-5 Burial Ground in the 200 West Area Burial Grounds 

(Figure B-27). The location of the hypothetical disposal facility in the scoping evaluation is the 

same as the planned facility in the W -5 Burial Ground. 

8.15.1 Conceptual Model and Site-Specific Data Used in the Scoping Evaluation 

The conceptual model used in the scoping evaluation for Hanford is illustrated in 

Figure B-28. The 200 West Area is underlain by a generally flat-lying sedimentary sequence 

about 200m (650ft) in thickness over basalt flows typical of the Columbia River Plateau. The 

uppermost basalt flow is overlain by the Ringold Formation, which is subdivided into Basal, 

Lower, Middle, and Upper units, with the water table located in the Middle Ringold at a depth of 

about 72 m (230ft). The site-specific data used in the scoping evaluation are listed in 

Table B-27. 

Because engineered barriers were assumed to remain intact for 100 y (30 y of detention 

plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately after 

disposal was assumed to be 0.03 m/y, which is less than the average recharge through local soils 

(see Section 2.2.2). Engineered barriers were assumed to fail instantaneously at 100 y, so that the 

rate of water flowing through the facility after that time was assumed to be the average recharge 

through local soils, 0.05 rn!y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 

groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 

Complete mixing within the aquifer was assumed to occur directly below the facility. The 

contaminant mixing depth was an estimated value based on the assumption that complete mixing 

occurs across the aquifer's entire depth (see Section 2.3.2). 
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Table B-26. Results of Calculations for the Water Pathway at Pantex 

Maximum 
Allowable 

Concentration Maximum 
In Leachate 

Hazardous Groundwater, Concentration, 
Metal Cwater CRFsource CRFwater CL Solubllity8 

(mg/L) (dimensionless) (dimensionless) (mg/L) (mg/L) 

Arsenic {As) 0.05 27 220 1.1E+01 3.0E-01 

Barium {Ba) 1 27 220 2.2E+02 1.8E+OO 

Cadmium {Cd) 0.01 270 220 2.2E+OO B.OE-01 

Chromium {Cr) 0.05 27 220 1.1E+01 2.1E+04 

Lead {Pb) 0.05 270 220 1.1E+01 B.OE-01 

Mercury {Hg) 0.002 27 220 4.4E-01 9.0E-03 

Selenium {Se) 0.01 3.2 220 2.2E+OO 2.8E+06 

Silver {Ag) 0.05 3.2 220 1.1E+01 7.0E-01 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

Maximum 
Concentration Travel Time to 

in Treated Performance Boundary 
MLLW, 

Cwaste 
b 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(mg/kg) (y) (y) (y) 

NL 2.2E+05 1.9E+02 2.2E+05 

NL 1.8E+07 1.6E+04 1.8E+07 

NL 2.9E+06 2.5E+03 2.9E+06 

1E+02 2.5E+06 2.2E+03 2.5E+06 

NL 9.7E+06 8.6E+03 9.7E+06 

NL 3.6E+06 3.2E+03 3.6E+06 

3E+OO 2.9E+05 2.6E+02 2.9E+05 

NL 3.2E+06 2.9E+03 3.2E+06 



Although engineered barriers were assumed to remain intact for 1 00 y (30 y of detention 
plus 70 y limited by the RCRA cover system), vertical flow through the facility immediately after 
disposal was assumed to be the average recharge through local soils, 0.006 rn/y, because it is less 
than the assumed rate of water moving through the facility's intact RCRA cap (0.03 rn/y [see 
Section 2.2.2)]. Engineered barriers were assumed to fail instantaneously at 100 y, so that the 
rate of water flowing through the facility after that time was assumed to remain the same as the 
average recharge through local soils, 0.006 rn/y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 
groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 
Complete mixing within the aquifer was assumed to occur directly below the facility. The 
contaminant mixing depth was an estimated value of plume thickness due to vertical dispersion 
at the 100-m performance boundary (see Section 2.3.2). 

8.14.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-26. The table shows a maximum concentration in treated MLLW (Cwaste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRF water· For 
the 8 hazardous metals listed in Table B-26, the total CRF ranged from about 700 to 59,000. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For Pantex, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 2000 y. Of that time, travel time in 
the saturated zone was about 4 y. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at Pantex of hazardous metals contained in treated MLL W: 

• Calculated maximum leachate concentrations for 6 of the 8 hazardous metals are greater 
than the solubilities of the associated metals. These metals are considered to have 
unlimited values for C Waste· 

• Of the 2 hazardous metals that are not solubility limited, selenium has the smallest value 
for Cwaste(3 mg!kg) and chromium the largest (100 mg!kg). 

• For selenium and chromium, the 2 metals that are not solubility limited, calculated travel 
times to the performance boundary are 290,000 y and 2.5 million y, respectively. Travel 

. time through the unsaturated zone accounts for almost all of the total subsurface travel 
time. 

B-77 
PAN 



--------------L-----------------
1 

76m 

Not to Scale 

Blackwater Draw 
Formation 

Upper Ogallala 
Formation 

----------------------------
Fine Grained Zone 

----------------------------
Lower Ogallala 

Formation 
I 

- - - .2.- - - - - - - - - ! - - - - - - - - - - - - - - - - - . Regional Water Table - - - - - - - - - -
1
- - - - -

= t I 1 11m -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~·-·~ 
-- - - - - - - - - - - - --- - ---- - - Approximate Depth of Mixing - - - - - - - - - - - --- -:- - - - -

100-m 
Performance 

Boundary 

Figure B-26. Conceptual model for the water pathway at the Pantex Plant. 

Table B-25. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 
Pathway at Pantex (generic values are listed in Chapter 2) 

Parameter Value Data Comments 
Type* 

UNSATURATED ZONE 
Natural recharge throuQh local soils, i 0.006 m/v c Wood and Sanford l199Sl 
Annual rate of water flowing through intact 0.006 m/y c Natural recharge is less than that 
disposal facility, q1 assumed for the performance of the 

enaineered barriers 

Moisture content, Ow 0.10 c Calculated value 

Bulk density, Pb 1.9 g/cm~ A Calculated from data in Battelle Pantex 
(1994) 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Thickness between trench and saturated 113m A Battelle Columbus (1995), Figure 4.3.1-
zone, lv 2 

SATURATED ZONE 
Porosity, n 0.25 A Battelle Columbus (1995), page 4-24 

Bulk density, Pb 1.9 g/cm3 A Calculated from data in Battelle Pantex 
(1994) 

Distribution coefficients for geologic media, Kd Various Default values; see Table 2-5 

Mixing depth, dm 11m B Predicted by PAGAN code (Chu et. al., 
1991) 

Darcy velocity, Qgw 6 m/y A Calculated from data in Battelle 
Columbus (1995), paae 4-24 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 
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Figure B-25. Site map for Pantex Plant. 
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8.14 Texas: PANTEX PLANT 

The Pantex Plant is located in the Texas Panhandle in Carson County, Texas, about 27 

km (17 miles) northeast of Amarillo. The Pantex Plant facility consists of 4,080 ha (10,080 ac), 

composed of3,640 ha (9,000 ac) in the main Plant area and 440 ha (1,080 ac) located 

approximately 4 km (2.4 mi) northeast of the Plant area. In addition, the DOE leases 2,370 ha 

(5,860 ac) ofland immediately south of the Plant from Texas Technological University (Texas 

Tech) to serve as a security buffer zone. The region is semiarid and includes extensive farming 

and ranching activities. In recent years several industrial facilities have located in the vicinity of 

Pantex. · 

At the time of the evaluation, site personnel at Pantex had no plans for on-site disposal of 

MLL W. The general location for a hypothetical disposal facility was selected by staff at Sandia 

National Laboratories with concurrence of the Pantex technical staff. It is in an interplaya area in 

Zones 4 or 5 near the northwestern corner of the site (Figure B-25). This area was chosen 

because groundwater recharge is lowest in the interplaya area and impact on other plant activities 

would be minimal. 

The regional aquifer in the Tertiary Ogallala Formation is used extensively for irrigation 

and municipal water supply. The city of Amarillo also obtains most of their water from this 

aquifer; the city maintains a water-well field immediately northeast of the Pantex Plant boundary. 

No aquifers in this area have been designated by the EPA as sole source aquifers; however, the 

Ogallala is the only aquifer in this area. 

Pantex is currently using performance measures in the form of Risk Reduction Rules 

(RRR) promulgated by the Texas Natural Resource Conservation Commission. These are health­

based standards for corrective action determinations and could be used as performance measures 

for evaluating disposal of hazardous metals (although they are not used in this scoping 

evaluation). Additionally, the RRR address contaminants in soil and their potential for 

leachability. 

8.14.1 Conceptual Model and Site-Specific Data Used In the Scoping Evaluation 

The conceptual model used in the scoping evaluation for Pantex is illustrated in 

Figure B-26. The model consists of three units. The upper unsaturated zone includes soils from 

the Blackwater Draw Formation and the Upper Ogallala Formation. A perched water zone is 

present at several locations at the Pantex Plant. Some perched water zones are the result of 

natural recharge mechanisms, as evidenced by playas unaffected by site activities. However, data 

indicate that this perched water zone is not continuous, that it is not a true aquifer because it 

cannot provide usable quantities of water, and that its presence may be the result of plant 

activities. Lateral transport to the performance boundary is assumed to occur below the perched 

zone in the Ogallala aquifer. The scoping evaluation did not address potential migration 

pathways such as abandoned wells. The site-specific data used in the evaluation are listed in 

Table B-25. 
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Table B-24. Results of Calculations for the Water Pathway at ORR 

Maximum 
Allowable 

Concentration Maximum 
in Leachate 

Hazardous Groundwater, . Concentration, 
Metal Cwater CRFsoun:e CRFwater CL Solubility• 

(mg/L) (dimensionless) (dimensionless) (mg/L) 

Arsenic (As) 0.05 27 2 9.9E-02 

Barium (Ba) 1 27 2 2.0E+OO 

Cadmium (Cd) 0.01 270 2 2.0E-02 

Chromium (Cr) 0.05 27 2 9.9E-02 

Lead (Pb) 0.05 270 2 9.9E-02 

Mercury (Hg) 0.002 27 2 3.9E-03 

Selenium (Se) 0.01 3.2 2 2.0E-02 

Silver (Ag) 0.05 3.2 2 9.9E-02 

a The solubility of the metal in a selected hazardous metal compound in groundwater (see Section 2.3.3) 

b NL means"no limit": the maximum leachate concentration is greater than the solubility of the metal 

(mg/L) 

3.0E-01 

1.8E+OO 

S.OE-01 

2.1E+04 

S.OE-01 

9.0E-03 

2.8E+06 

7.0E-01 

Maximum 
Concentration 

in Treated 
MLLW, 

Cwaste 
b 

(mg/kg) 

1E+OO 

NL 

2E+OO 

1E+OO 

1E+01 

5E-02 

3E-02 

1E-01 

Travel Time to 
Performance Boundary 

Unsaturated 
(Vadose) Saturated 

Zone Zone Total 

(y) (y) (y) 

0 2.8E+02 2.8E+02 

0 1.4E+05 1.4E+05 

0 9.2E+03 9.2E+03 

0 3.2E+03 3.2E+03 

0 1.2E+04 
i 

1.2E+04. 

0 4.6E+03 4.6E+03 

0 3.7E+02 3.7E+02 

0 4.2E+03 4.2E+03 



8.13.2 Results of the Scoping Evaluation 

Application of the methodology outlined in Chapter 2 produced the results shown in 
Table B-24. The table shows a maximum concentration in treated MLLW (Cwaste) and travel 
time to the performance boundary for each hazardous metal as well as the values used in 
calculating these results. 

In the analysis, the attenuation that occurred between the waste in the disposal facility and 
the performance boundary was represented by the product of the CRFsource and the CRFwater· For 
the 8 hazardous metals listed in Table B-24, the total CRF ranged from about 6 to 540. 

The travel time of water from the disposal facility to the 100-m performance boundary 
was calculated as a basis for comparison with the retarded travel time of the hazardous metals. 
For ORR, water travel time from the land surface to the performance boundary (i.e., without 
consideration of a disposal facility) was estimated at about 12 y. Of that time, travel time in the 
saturated zone was about one year. 

Based on the results of the scoping analysis, the following observations can be made 
about disposal at ORR ofhazardous metals contained in treated MLLW: 

• The calculated maximum leachate concentration for one of the 8 hazardous metals is 
greater than the solubility of the associated metal. This metal, barium, is considered to 
have an unlimited value for Cwaste· 

• Values for C waste for the 7 hazardous metals that are not solubility limited range over 3 
orders of magnitude. The smallest values for C Waste are for selenium and mercury and the 
largest is for lead. 

• Among the 7 hazardous metals that are not solubility limited, travel times to the 
performance boundary range from about 280 y to 12,000 y. The shortest travel time is for 
arsenic and the longest is for lead. All subsurface travel time is through the saturated 
zone. 
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Table B-23. Site-Specific Parameters and Values Used in the Scoping Evaluation for the Water 

Pathway at ORR (generic values are listed in Chapter 2) 

Parameter 

SHALLOW STORMFLOW ZONE 

Natural recharge through shallow 
soils, is 
Natural recharge to groundwater, i 

Field capacity, ~ 

Bulk density, Pb 

Distribution coefficients for geologic 

Value 

2.2 m/y 

0.18m/y 

0.305 

1.35 g/cm3 

Data 
Type· 

B 

B 

A 

A 

Comments 

ORNL (1994). See equation 3-1 in text 
of this section. 

ORNL (1994, p 4-6, 8) 

Field capacity is defined as the 
volumetric moisture content at -1 00 KPa 
(QRNL, 1994, p. D-4) 

ORNL (1994, p. E-3) 

--~-~~!~.~-~!!.. ...................................................................................................................... ························································································· 
As, Cr. Pb, Hg, Se, Ag Various Default values; see Table 2-5 

·········aa······································································· ······3ail"a··~i:J~····· ···········;;.·········· .. o.RN"L::··1994····························································· 
········c-cr····································································· ·······2oa-~Li9········ ··········-;;.·········· .. o.RNL:··1·9s:;····························································· 

UNSATURATED ZONE 
Natural recharge to groundwater, i 

B/A: generic facility 

Moisture content, Ow 

Bulk density, PtJ 

Distribution coefficients for geologic 
media, Kd 

0.18 m/y 

3.4 

0.39 

1.35 g/cm3 

B ORNL (1994, p. 4-6, 8) 

B MMES et al. (1994) 

A ORNL, 1994, p. D-4 

A ORNL,1994 

·······-,.:s:·c-;:;·;:;il:··H·9·:·se-:·A9······························ ·········v~-~i~~~········ ························ ··o~t~~-~t·~~i~~~;·~~~-;:~bi~-2~·5·························· 

·········a·a······································································· ······3aaa··~i:i~····· ··········-;;.·········· .. o.RN·t::··1·994····························································· 
········c-cr····································································· ·······2oa-~Li9······· ··········-;;.·········· .. o.RN·L::··1994····························································· 

Thickness between trench and 2 m A Thickness of unsaturated zone is 2 m 
saturated zone,lv but was eliminated from the conceptual 

model because it is fractured saprolite 
(ORNL, 1994, p. 3-15) 

SATURATED ZONE 

Porosity, n 0.035 A ORNL, 1994, and corrected based on 
communication between R. Waters 
(SNL) and M. Yambert (ORNL), 9/29/94 

Bulk density, Pb 1.35 g/cm3 A ORNL, 1994, p. E-3 

Distribution coefficients for geologic 

--~-~~!~.\.~!!.. ............................................................. ·································· ........................ ························································································· 
As, Cr, Pb, Hg, Se, Ag Various Default values; see Table 2-5 

........................................................................................................................................................................................................................................................ 
Ba 3000 mUg A ORNL, 1994 

.......................................................................................................................................................................................................................................... 
Cd 200 mUg A ORNL, 1994 

Mixing depth, dm 3 m A ORNL, 1994, p. E-3 

Darq velocity, Qow 2.92 m/y A ORNL, 1994 

• A=site measurement; B=result of site numerical analysis; C=literature value selected by the site 
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vertically to the water table is considered in the scoping evaluation; the performance 

evaluation for disposal ofradionuclides in treated MLLW (Waters and Gruebel, 1996, 

Chapter 14) found that this pathway is the more limiting because of the amount of 

dilution provided in the stormflow-zone-to-ephemeral-stream-to-surface-water pathway. 

• Because the unsaturated zone is highly fractured and thin at the proposed location, no 

credit was taken for contaminant travel time. 

Groundwater Pathway 

• Leachate that reaches the aquifer is instantaneously mixed over the entire water-table 

interval of the aquifer beneath the facility plan area to determine the dilution factor. The 

water-table interval is the upper part of the aquifer assumed to be the most fractured and 
weathered and therefore, the most conductive. The water-table interval ranges from 1 to 

5 m in thickness (ORNL, 1994). The scoping evaluation for ORR assumed an aquifer 

mixing depth thickness of 3 m. 

The site-specific data used in the scoping evaluation are listed in Table B-23. 

The disposal facility design used in this scoping evaluation was a trench. However, 

facilities having additional engineered features are used at some sites in the humid region of the 

country for disposal oflow-level waste. For example, a tumulus design is used at ORR (ORNL, 

1994), and a vault design is used at SRS (MMES eta}., 1994). These types of facilities are 

designed to minimize the contact of infiltrating waster with the waste and may result in higher 

maximum concentrations for hazardous metals in treated MLL W. 

In this scoping evaluation, engineered barriers for the trench design were assumed to 

remain intact for 100 y (30 y of detention plus 70 y limited by the RCRA cover system). Vertical 

flow through the facility immediately after disposal was assumed to be 0.03 m/y, which is less 

than the average recharge through local soils (see Section 2.2.2). Engineered barriers were 

assumed to fail instantaneously at 100 y, so that the rate of water flowing through the facility 

after that time was assumed to be the average recharge through local soils, 0.18 m/y. 

As leachate entered the saturated zone, it was assumed to mix with uncontaminated 

groundwater, forming a plume with a shape controlled by aquifer and contaminant properties. 

Complete mixing within the aquifer was assumed to occur directly below the facility. The 

contaminant mixing depth was an estimated value based on the assumption that complete mixing 

occurs across the aquifer's entire depth (see Section 2.3.2). 
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Figure B-24. Conceptual model for the water pathway at ORR. 

• After engineered barriers fail, infiltration through the facility was assumed to be the sum 
of areal vertical recharge and upslope watershed stormflow contributions that enter the 
facility through the shallow stormflow zone. The contribution of flow from the up-slope 
area of the watershed is normalized to the facility plan area with a Bl A ratio where B is 
the area of the up-slope watershed that flows through the facility of plan area, A. Thus, 
the equation for infiltration through the disposal facility is (ORNL, 1994, p. 3-27): 

Infiltration= Vertical Recharge+ Shallow Stormjlow + BIA (Shallow Stormjlow) (3-1) 

Unsaturated Zone 

• Leachate from the disposal facility preferentially flows vertically to the water table. 
When the flux rate through the facility is less than the saturated hydraulic conductivity of 
the unsaturated zone at a unit hydraulic gradient, then all leachate flows to the aquifer. 
When the flux rate through the facility exceeds the saturated hydraulic conductivity of the 
unsaturated zone, then vertical flow occurs at a rate equal to the hydraulic conductivity 
while excess leachate flows through the stormflow zone. Only the leachate that flows 
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