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EXECUTIVE SUMMARY 

The Hanfbpvi Immobilized Low-Activity Tank Waste Pegormame Assessment (LAW 
PA) provides 
disposal of W o r d  immobilized low-activity tank waste packages. The purpose of the 1998 
version’ was to provide an aseeasrnent that would bound the impacts given the limited site- 
specific and waste-specific data available.’ The assessment was based on the requirements of 
DOE Order 5820.28 (Radioactive Waste Management) with the acknowledgment that the order 
was undergoing revision. The 1998 LAW PA was conditionally accepted by the Department of 
Energy and formed part of the basis for the issuance of a Disposal Authorization Statement for 
the Hanford Site, including the disposal of Immobilized Low-Activity Waste (LAW)? The 
conditions of acceptance were to document the waste form release testing conducted in fiscal 
year 1999 (completed) and to address their ”secondary” issues in future performance 
assessments. 

Melysis of the long-term environmental and health impacts of the onsite 

Since the release of the 1998 version of the Haqfwd Immobilized Low-Activity Tank 
W& Pe?$mmncc Awsmmt, a significant data collection activity has been undertaken to 
B U ~  the next performrrncs IcHleeament analysis scheduled to be released in 2001. Specific 
new data since the last pgfomtance Msessment include: new glass corrosion data on more 
relevant $ass wmpodtbnr, &specific hydrology and geochemical data, and a revised model 
for the @watar ilow undamath the Hanford Site. Also, programmatic direction is leading 
to the wlection ofa  trench design concept as the preferred approach for LAW disposal. In 
addition, DOE finalized its new order on radioactive waste management (DOE 0 435.1)‘. The 
impacts of the new Order have been fairly small (mainly the time of compliance changed to 
1,OOo y-1. 

This report documentr the performance of the proposed disposal action given the new 
data that have beem wIkc&ed during the data collection process since the last PA in 1998. The 
performance of the system ie comppred to performance objectives that have been developed for 
the proposed disposal option. Only a limited analysis is given here. The revision of the 1998 
ILAW PA, scheduled for next year, will analyze more cases and present a greater depth of 
material. 

In general, the prcsent analysis shows better performance, i.e. lower impacts, when 
compared to the last p&xmmcc assessment. The main reasons for lower impacts are increased 
groundwater flow beneath the disposal facility, better understanding of the waste inventory, and 
new informdon about retard&on of important radionuclides in the vadose zone. For this 
analysis, the contaminant relaw data from a relevant glass form composition were used rather 
than draft procurema limits or contaminant release data from a higher-temperature glass. 

’ F.M Msan. RJ. WlI, P.D. RiUmmm, N.W. Kliat. J.. Vwgd, Y. C.R Eiholza, C.T. Kincaid, B.P. 
Mdhil, AH Lu. O.F. williamras N.R Browq and P.E. LsMont, HmlfrdImmOailizedLow-Activity 
Tank W d e  Pq&maaAswsmmt, D o W 9 7 4 9 ,  US. Dep.rhamt ofEnagy, RichlsnQ Washington, 
March 1998. 

Agssbprun?, WHc99-wM-1\pT-l66, Rev. 0, Wcstinghousc Haaford Company, Richland, Wdhgton, 
My 1995. 

NuclcarFacilit ics~~)U.S.DepartmeatofEnergy, WashingtoqD.C.,Octobe.r25, 1999. 

July 7, 1999. 
iii 

’ F.M Marm and RJ. puish lI, Lbta Packiqesfir the Han@rd Low-lcvcl Tank Wask InterIm Per$onnance 

C.L.  untoo on (h isant scad~ry for ~nvironmcntal ~soagancat). ~cacr to JOIU T. conway (chairman, ~ d c n s t  

DOE 0 435.1, ‘‘Radioactive WasU Management’’, DOE Order, U.S. Dqmtmeat of Energy, Washington, D.C., 4 
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These estimated rates are based on a large experimental database and use conservative 
assumptions. The rate of groundwater flow at the W o r d  Site is known to be location specific. 
Such sitespecific geology was used in this analysis. The earlier analysis did not have this site 
specific information. As the processing of waste is better understood, this information has been 
added to the inventory information used in this analysis. Finally new, site specific, geochemical 
information has added to our understanding of mobility for several key radionuclides. 

Table ES-1 compares the performance objectives for protecting the general public with 
the results &om the base analysis case calculations for the DOE time of compliance (1,000 years) 
and for 10,OOO years after facility closure (2030). A time of 10,OOO years was also used because 
the NRC has indicated that the performance assessment must also meet their requirements for the 
ILAW product to be  led "incidental waste." The estimated all-pathways doses are significantly 
lower than the pdormance objectives for LAW disposal. The point of compliance is a well 
100 meters downgradient of the facility. 

At 1,OOO years, the estimated all-pathways dose is more than a factor of 4,000 less than 
the performance objective. Even during the first 10,000 years, the estimated doses are 
approximately a factor of 35 less than the performance objective (25 mrem in a year as stated in 
the DOE order). Techne$ium-99 and iodine129 are estimated to contribute 60 and 25 percent, 
respectively, of this dose at 10,OOO years. The C m p i t e  Am&& for Low-Level Warte 
Di& m the 200-Area Platemr ofthe Ha&oid Site' which analyzed the impacts from the 
releaeases of all activities shows that the impact of ILAW disposal is insignificant during the DOE 
time of compliance (1,OOO years &a kili ty closure). Morwver, the Composite Analysis 
shows that during the DOE time of compliance, the pask all-pathways dose flom all 200 Area 
sour~es is less than 10 mredyr. Thaefore, the composite peak all-pathways dose is less than 
the pdormance objective of 100 mrem in a year. 

Table ES1 Comparison of estimated impacts with performance objectives for protecting the 
public. The DOE time of compliance is 1,000 years. The point of compliance is a well 100 
meters downgradient of the facility. 

Performance Measure 
All-pathways [mrem in a y] 

Performance Estimated Impact Estimated Impact at 10,OOO y 
Objective at 1 ,000~  1998 ILAW PA Updated Result 
25.0 0.0061 6.4 10.72 

Table ES-2 compares the estimated impacts to the performance objectives for protecting 
the inadvertent intruder. A onetime dose (an acute exposure) scenario and a continuous 
exposure scenario (a chronic exposure) are defined. The acute dose, estimated by assuming that 
a person drills a well through the disposal facility and is directly exposed to the drill cuttings, is 
much less than the performance objective. At the time of compliance, 500 years, Iz6Sn 
contributes more than 7Vh percent of the acute exposure dose. The continuous exposure, which 
includes the ingestion of contaminated food and water, the inhalation of air, and direct radiation 
exposure, is almost a factor of 4 lower than the performance objective. At the time of 

* Kincaid 1998, KincaiQ C. T., M. P. Bergexon, C. R Cole, M. D. Pftshlcy, N. L. Hassig, V. G. Johnson, D. 
I. Kaplaa,R J. Sam,G. P. Streilc,D. L. Stnnge,P. D. l'lume,L. W. VaG. A. Whyatt,S. K. 
Wumtncr. 1998. Composite Ana!vsis@r Low-he1 Waste Disposal in the 2WArea Plateau of the 
Hm@rdSitc. PNNL-11800. Pacific Northwest National Laboratory, Richlad, Washington, March 1998. 

iv 



PerformanceMeasure 

AcuteeXposure[mrem] 
Continuous exposure lmmn in a year1 

Performance Estimated Impacts 
Objective 1998 LAW PA Updated Results 
500.0 5.5 I 0.9 
100.0 27.5 127. 

PerformumMsuRlre 
Bcdphownunitters 
[mrem in a y] 
Alpha emitters 
[pCin] 
Radium [ P C i ]  

Performance Estimated Impact Estimated Impact at 10,OOO y 
Objective at 1 , 0 0 0 ~  1998 LAW PA Updated Results 

4.0 0.0017 2.0 0.17 

15.0 4.2xlO-'' 1.7 0.13 
5.0 0.0 <0.001 0.0 
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Table ES-4 compares the estimated impacts to the performance objectives for protecting 
the surface water resources. The DOE time of compliance is 1,OOO years and the point of 
compliance is at a well intersecting the groundwater just before the groundwater mixes with the 
Columbia River. 

Table ES4 Comparison of estimated impacts with performance objectives for protecting 
surface water resources. The DOE time of compliance is 1,000 years. The point of compliance 
is a well located just before the groundwater mixes with the Columbia River. 

Performance Measure 
Bedphoton emittaS 

Performance Estimated Impact Estimated Impact at 10,000 y 
Objective at 1,000 y 1998 LAW PA Updated Results 

I - 
[mrem in a y] 
Alpha emitters [pCii] 
Radium [pCii] 

At 10,OOO years the relative contributions to the beta-photon emitter dose or alpha emitter 
concentration in the groundwater at a well just before it mixes with the Columbia River are 
equivalent to the contributions identitied in protecting the Broyndanter resources (see discussion 
precedhg Table ES-3). The only dflerence is the associated lowca magnitude due to the 
additional dilution that occurs in the groundwater as the contaminants are transported to the 
river. The estimated impact8 at l0,OOO years are over a facton of 70 and 1,350, respectively, 
lower than the performance objectives for betdphoton emitters and alpha emitters, respectively. 
The calculations are also a factor of 5 lower than the impacts estimated in the 1998 LAW PA. 
Because of the large flow of the Columbia River, mixing occurs in the river and the predicted 
impacts in the River would actually be far lower. 

Table ES-5 compares the estimated impacts to the performance objectives for protecting 
air ~esou~cc8 (the value8 for which are given in federal clean air qdations). The DOE time of 
compliance is 1,OOO y e ~ l  and the point of compliance is just above the disposal facility. The 
estimated impacts are significantly lower than the values prescribed in the performance 
objectives. The other radionuclides that can potentially contribute to the air dose are tritium (as 
water vapor) and carbon-14 (as carbon dioxide). However, these two radionuclides are not 
expected to be in LAW waste packages. 

Table ESS Comparison of estimated impacts with performance objectives for protecting air 
resources. The DOE time of compliance is 1,000 years. The point of compliance is just above 
the disposal facility. 

1.0 1.4~10~ 0.07 0.014 
15.0 6 . 8 ~  1 0 l 6  0.058 0.01 1 
0.3 0.0 <0.001 0.0 

Performance EstimatedImpact I Objective 1 1998 LAW PA Updated Results 
1 -  I 

Radon [pci m-' d'] 120.0 I ul.001 I <0.001 
I Other radionuclides [mrem in a y] I 10.0 I ClOJ 10.0 

Estimates for the impacts of other hazardous materials in the LAW waste were 
investigated. The resulting concentrations in the groundwater near the site or in the groundwater 
just before it enters the Columbia River were more than a factor of 2,000 less than the 

vi 
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performance goals for these materials at 10,000 years after facility closure when the upper bound 
estimates for inventory were used. 

The uncertainties in the ILAW inventory, and facility design were investigated to a 
limited extent. The estimated impacts from this proposed disposal action are sensitive to these 
parameters. The investigation of their effect on the estimated impacts provide additional 
assurance that the performance objectives can be met. The uncertainty in the lLAW inventory 
for the key radionuclides is typically bounded by the contract limits or the tank nominal 
inventory. Even if all the technetium were included in the ILAW, the corresponding impacts 
provided in the tables above would increase by at most a factor of 5 for the remote handled 
trench design concept. The estimated impact is still below the performance objectives. 

The uncertainties in the facility design that were investigated included changing the 
infiltration rate into the facility, and consideration of an alternate facility design (concrete vault). 
Changing the water infiltration rate into the facility from 4.2 mm/y to 0.9 mm/y reduced the 
estimated impact by more than a factor of 10 for the RH trench. The estimated release rate from 
a concrete vault design concept was significantly higher than the estimated release rates from the 
RH trench. The higher rates are attributed to a larger fraction of the glass exposed to higher pH 
than in the trench calculations. Although the release rate from the concrete vault facility was 
approximately 70% greater than the trench simulation at its peak release rate, the estimated 
impacts for the concrete vault are approximately a factor of 2 or more greater than the estimated 
impacts for the RH trench. The estimated impacts for protecting the groundwater resource for 
the concrete vaults are still below the performance objectives for this proposed disposal action. 

In summary, based on the new site specific data and improved analytical methods this 
analysis shows that the conclusion reached in the 1998 ILAW PA that the disposal of LAW can 
be performed in a manner that can be reasonably expected to be protective of long-term human 
health and environmental protection remains valid. This analysis shows that the system has 
increased its margin of protection for all-pathways and drinking water by a factor greater than 20 
for the base analysis case defined for the RH trench and a recharge of 4.2 mm/y. This 
calculation is conservative but not bounding. The values for intruder protection remain about the 
same as identified in the 1998 ILAW PA. 

vii 
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1;O JNTRODUCTION 

1.1 Purpose 

The purpose of this document is to provide a comparison of the estimated immobilized 
low-activity waste (LAW) disposal system performance against established performance 
objectives using the beat estimates for parameters and models to describe the system. The 
principal advances in howledge since the last performance assessment (known as the 1998 
ILAW PA 1998a1) have been in site specific information and data on the waste form 
performance for BNFL, Inc. relevant glass formulations. The white paper also estimates the 
maximum release rates for technetium and other key radionuclides and chemicals fiom the waste 
form. Finally, this white paper provides limited information on the impact of changes in waste 
form loading. 

1.2 Background 

The Hanford Sic, in southentral Washington State has been used extensively for 
producing defense materials by the Department of Energy (DOE) and its predecessors, the U.S. 
Atomic Energy Commission urd the U.S. Energy Research and Development Administration. 
Starting in the 1940s. Hanford Site operations were dedicated primarily to producing nuclear 
weapons materials. In the l%Os, operations were expanded to producing electricity 6om a 
dual-purpcrse rcactur, umdu&g diverse research projects, and managing waste. In the late 
1980% the Site's original mission ended. This mission left a large inventory of radioactive and 
mixed hazardous waste stored in underground single- and double-shell tanks in the Hanford Site 
200 Areas. 

Today, the Si's missions are environmental restoration, energy-related research, and 
technology development. As part of its environmental restoration mission, DOE is proceeding 
with plans to pmamntly dispose of the waste stored on site. These plans are based on the 
HmWd F&rd Facillry Agreement and Consent order (Ti-Party Agreement) @logy 1998) 
and the Record of Decision for the Tank W&e Remedicrton Systems Environmental Impact 
Stmement (DOE 19978). These documents call for the waste to be retrieved 60m the Hanford 
Site's single- and double-shell tanks, then treated to separate the low-level hction (now called 
the low-activity @action) fiom the high-level (including transuranic) fraction. Both fractions will 
then be immobilized. 

The two immobilized products (the small volume of high-level immobilized waste and 
the much larger volume of low-nctivity waste) will be disposed of in different locations. The 
high-level waste will be stored on the Hanford Site until sent to a federal geologic repository. 
The low-advity immobilized waste will be placed in a near-surface disposal system in the 200 
East Area of the W o r d  Site. On the order of 160,000 m3 (5,600,000 ft3) of low-activity 
immobilized waste will be disponed of under this plan. This is among the largest amounts of 
waste in the DOE Complex (DOE 199%) and has one of the largest inventories of long-lived 
radionuclides to be placed in a low-level waste disposal facility. 
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The DOE is proceeding @ O W  1996a) to procure privatized services for treating and 
immobilizing the tank waste. In August 1998, DOE placed a contract with BNFL, Inc. 
(DOJVBNFL 1998) to produce the LAW with the fust delivery currently scheduled in 2008. 
The first phase of the effort would extend for about a decade. The contract for the second phase, 
in which most of the waste will be processed, will be awarded in the second half of the decade. 

In 1998, the first version of the Hanford Immobilizedh-Activity Tank Waste 
Perfonnrmce Assessment (Mann 1998a) was issued and submitted to the Low-Level Waste 
Federal Review Group (LFRG) for review and action. The Low-Level Waste Federal Review 
Group has completed theiu review. Based on this review the DOE has accepted the ILAW 
Performance Assessment (DOE 1999d). This acceptance is contingent upon the following 
actions: providing the LFRG with documentation of the near-term glass test results to provide 
contidence that the glass performance assumed in the performance assessment can actually be 
achieved, and addressing the secondary issues identified by the review team in fiture revisions to 
the performance assessment. Doamentation on relevant glass performance has been provided to 
the LFRG for their review (French 1999). The secondary issues identified by the LFRG will be 
addressed in the next iteration of the LAW PA scheduled for release in 2001. 

Most of the data in the 1998 LAW PA comes 6om the Data Packages for the HmJod 
Low-level T d  Waste Interim Perfhmance Assessment (Mann 1995), although some data were 
updated to reflect more current dues. Data to support the planned 2001 ILAW PA have been 
assembled and documented in Mann/Puigh (2000). The major advances in understanding or 
programmatic changes since the 1998 ILAW PA have been: 

- 
- New groundwater model - 

Waste form release data from BNFL, Inc. relevant glass formulations 
New borehole providing ILAW site specific geologic, chemical, and hydraulic data 

Expanded understanding to extrapolate laboratory measurements to field conditions 
Selection of a different disposal facility conceptual design (Taylor 1999a). 

1.3 Performance Objectives 

Performance objectives are the standards against which the effect of the disposal action 
will be compared. The manual (DOE 1999b -1) for the new DOE order on radioactive waste 
management, DOE 0 435.1 (DOE 1999a) provides performance objectives for a performance 
assessment as 

(lxa) "25 mrem in a year total effective dose equivalent &om all exposure pathways" 
(1)(b) "10 mrem in a year total effective dose equivalent " via the air pathway 
(lxc) "Release of radon shall not exceed 10 mrem in a year total effective dose 
equivalent" 
(2)(g) "include an assessment of impacts to water resources" 
(2m) "The intruder analysis shall use performance measures for chronic and acute 
exposures, respectively, of 100 mrem in a year and 500 mrem in a year total effective 
dose equivalent. 
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(2)(b) “The point of compliance shall correspond to the point of highest projected dose 
or concentration beyond a 100 meter buffer zone surrounding the disposal waste.” 
(2) 

The proposed disposal action will also require a Resource Conservation and Recovery 

“include calculations for a 1,OOO year period after closure” 

Act (RCRA) Part B pennit and concurrence 6 0 m  the U.S. Nuclear Regulatory Commission 
(NRC) on the waste classification of ILAW. Therefore, additional constraints were considered 
in the establishment of the performance objectives used in the ILAW PAS. Specifically, the 
RCRA concerns bring in the impacts of hazardous wastes. The NRC has indicated that the 
ILAW would be considered “incidental waste” (Paperello 1997) if the following three conditions 
are met: 1) DOE follows its program plan for separating and immobilizing the waste to the 
maximum extent possible that is technically and economically possible, 2) the wastes meet Class 
C standards of 10 CFR 61, and 3) the performance assessments continue to indicate that public 
health and safety would be pmtectd to standards comparable to those established by the NRC 
for the dispoaal of low-level waste. The first two conditions are built into the current contract for 
the immobiliion ofthe LAW. ALSO, the 1998 L A W  performance assessment has shown that 
the public and safety are protected. As “incidental waste,” the L A W  would not fall under the 
licensing authority ofNRC. This position does require the assessment of estimated impacts at 
10,000 years after closure of the disposal site. 

Themfore, as dolmentsd in Mann (1999a), the various requirements noted above have been 
merged into a d e d  set of performance objectives for the L A W  PA. Table 1.1 presents the 
puformanw objectives for radionuclides. Table 1.2 presents the performance objectives for 
chemicals identified as most important by the data quality objectives @QO) process performed 
for the low activity and high level waste feed delivery (Patello 1999). 

1.4 Approach and Major Data Sou- 

This assessment is being performed to incorporate the most recent data and information 
into the disposal system performance calculations. The calculations are built around a base 
analysis case that reasonably describes our understanding of the system’s components and how 
they will intaaCt. This step starts with the known conditions and estimates the impacts 6om 
those conditiom (i.e. a forward calculation). This calculation and the limited sensitivity 
calculations are based on the latest idormation and data that have been developed for the 2001 
L A W  PA (Mann/Puigh 2000). 

Because of the long t i m e h e s  involved in this analysis, estimates of impacts require 
computer simulations, rather than rely on direct observations. The models used in the analyses 
are very flexible and should be adequate to describe the evolving features of the disposal system. 
The major ~1urcc8 of information for the base analysis case are presented in Table 1.3. Selected 
sensitivity cases were performed to determine the impact of selected assumptions or data 
uncertainties. h n g  the most important were the following: 

A dif€aunt d w g e  rate WUI considered 
A different facility design was considered 
Different amounts of key radionuclides were included (e.g., inventory uncertainty). 
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Pmtection of Air Raource kc’ 
Radon (flux through surface) 
All other radionuclides 

20 pCi me’ s” 
10 mrem in ayear - 

Table 1.1 Radiological Performance Objectives 
Protection of General Public and Worken 

All-pathways dose fkom only this facility 
All-pathways dose including other Hanford Site sources 

25 mrem in ayear4” 
100 mrem in ayear%’ 

Protection of an Inadvertent Intruderqr 
Acute exposure I Continuous exposure 100 mrem 500mrem in a year I 

I Protection of Groundwater Reaourcea ’”’’ 
Alpha emitters 

Beta and photon dttas 

226RaplusllcRa 
All othen (total) 

5 pC& 
15 p c i n  

4 mrem in a year 
Protection of Surface Water ~ a o u r c c n  ‘ 1 

Alpha emitters 

Betadphotondtter8 

%phullcRa 
Allotlm(total) 

0.3 p C i  
15 p c i  

1 mrem in a year k 
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Table 1.2 Performance Goals for Inorganic Materials (See Mann 1999a for Source of 
Performance Goals) 

No entry in a cell indicates that no limit wag found. 
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Table 1.3 Major Sources of Information for the Base Analysis Case 

Data Type 
Location 

Waste Form 

Inventory 

Long-term 

Major Source Data Base Reference 
The new facilities are just southwest of the PUREX 
Facility (in the 200 East Area). 
Waste package design based on early BNFL, Inc. 
documentation and River Protection Project 
planning. Appendix I 
Based on Best Basis Inventory estimates (calculated 
&om modeling W o r d  Site production reactors 
corrected for off-site transfers and discharges to the 
ground and biased to tank measurements). 
ASSUMED separations into high- and low-activity 
W o n s ,  and off-gas generation. 
Based on data oollected on BNFL, Inc. relevant 

Rutherford 1997 

Puigh 1999; also in 
Mann/Puigh 2000 

Wootan 1999; also in 
Mann/Puigh 2000 
Appendix H 

McGrail 1999; also 
waste form 
performance 
Disposal 
facility design: 

Recharge 

Geotechnical 

glass formulations. 

ASSUMED fKHn preconceptual ideas for the 
rcmote handled trench and preliminary design for 
the comae Mult. 
Estimated were derived from lysimeter and tracer 
meuwements collected by the ILAW PA activity 
and by other projects combined with a modeling 
analysis. 
Taken from geotechnical measurements studies of 
ILAW site borehole and other locations in the 
Hanford Site 200 East Area. 

in Mann/Puigh 2000 
Appendix K 
h i g h  1999; also in 
MandPuigh 2000 
Appendix I 
Fayer 1999; also in 
Mann/Puigh 2000 
Appendix J 

Khaleel 1999, Meyer 
1999, and Kaplan 
1999; also in 
Mann/Puigh 2000 
Appendices L, M, 
and N. nsaectivelv 

Exposure 
. - - r  - - - ~  --, 

Rimann 1999; also Taken from past W o r d  Site documents and 
experience and DOE Order 435.1 direction. in Mann/Puigh 2000 

Appendix 0 

1.5 Structure of document 

The structun of this documant follows the general format of the 1998 LAW PA (Mann 
1998a). Section 2.0 provides an overview of the W o r d  Site and description of the disposal 
facility design. S d o n  3.0 provides a description ofthe source term associated with the 
proposed disposrl &n, a description of the pathways and scenarios that lead to exposure or 
en- @act, the data used in estimating the impacts, and the performance assessment 
methodology. Section 4.0 provides the results i+om the application of the assessment 
methodology to the system. These results are provided for the near field, waste form, far field, 
and groundwater calculations. Section 5.0 provides the results for the inadvertent intruder 
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scenarios. Section 6.0 provides an evaluation of the disposal system performance against the 
performance objectives listed in Section 1.0. Section 7.0 lists the references and section 8.0 
documents the results of the peer review. Finally, section 9.0 provides a brief resume for the 
authors and reviewers. 
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2.0 DISPOSAL FACILITY AND SITE INFORMATION 

2.1 Geography O f  H811fOrd Site 

The W o r d  Site is a 1450-kmz (56O-mi') area of semiarid land located in south-central 
Washington State. The Hanford Site is owed by the U.S. Government and restricted to uses 
approved by the DOE. Figure 2.1 shows the W o r d  Site in relation to the rest of the state. The 
major cities in the region, Seattle, Portland, and Spokane are over 160 km (100 mi) from the 
Hanford Site. 

The major features of regional geography are the nearby rivers and mountains. The 
Columbia River, which forms the eastern boundary of the Hanford Site, is an important source of 
water and hydroelectric power for the region. Other important rivers near the Hanford Site are 
the Yakima River to the southwest and the Snake River to the east. The Cascade Mountains, 
which are about 160 km (100 mi) to the west, have an important effect on the climate ofthe arm. 

Figure 2.2 shows the locations of two disposal sites that have been considered in the 1998 
IAW PA the ILAW Diqosal Site (located southwest of the PUREX Plant) and the Existing 
vaults (located east ofthe PUREX plant and formerly known as the Grout Vaults). Both sites are 
located in the 200 East Area within the Hanford Site. The current planning is to use the ILAW 
disposal site as the primmy site for disposal of LAW waste. 

2.2 Disposal Facility Design 

The ILAW disposal planning was to utilize the existing disposal vaults from the grout 
program suitably d f i e d  to &ve ILAW packages and new disposal facility concre.te vaults 
aurSnty in their early design phase. In December 1999 the Department of Energy has identified 
the remote W e d  trench as tbe baseline concept for ILAW disposal at W o r d  (Taylor 1999a). 
The existing disposal vaults may also be used by the program. This white paper will consider 
both concepts in mss ing  long term environmental impacts 6om the proposed disposal action. 

2.2.1 Remote Handled Trench Pre-Conceptual Design 

The Remote Handled 0 trench concept has been chosen as the baseline for the JLAW 
Disposal Project (Taylor 1999a). This trench concept is similar to the Radioactive Mixed Waste 
Burial Trench that was designed and constructed to accept solid waste at Hanford. Under the 
LAW disposal planning d&bd below, the disposal facility is a Resource Conservation and 
Recovery Act @a) compliant landfill (Le., double lied trench with leachate collection 
system). Many optional aepects and ancillary activities of the landfill (e.g., leachate 
collection and disposition, stomr water control, installation of surface barrier at closure, etc.) 
would be similar to that incorporated into the Radioactive Mixed Waste Burial Trench. 
However, operational activities related to ILAW package nceipt and emplacement in the trench 
would be modified to Bccommodate the different package size associated with remote-handled 
EAW packages. 
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Figure 2.1 Map of the W o r d  Site and Its Location Within Washington 
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Figure 2.2 Locations of the ILAW Disposal Site in the Southeast Quadrant of the 200 East Area 

The dasign concept layout of the trenches within the ILAW disposal site is shown 
schematically in Figure 2.3. The trench side slopes are in a ratio of 3: 1. The dimensions shown 
in Figure 2.3 rsprersnt the inner trench dimensions. Figure 2.4 shows the design concept layout 
for the waste package lording into the RH trench. Finally Figure 2.5 shows the preconceptual 
design for the liner system. This design concept will evolve as the design for the L A W  disposal 
trench is developed. 

Specific details of the trench packing are presented in Table 2.1. A cell is defined as a 
contipow group of waste packagea in a given layer. In this analysis a waste package size of 1.4 
m cubed (DOWBNFL 1998 - contnd modification 10) is used (see section 3.4.3). Given this 
packing density, approximately 6 trenches are needed to accommodate the entire Phase 1 and 
Phase 2 LAW production. 
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Table 2.1 Trench Packing Characteristics. 

(') Layer 1 is the bottom layer as shown in Figure 2.4; layer 4 is the top layer 
*) Matrix size per cell is defined as the number of waste packages in a cell. The first number 
refers to the number of packages along the width dimension of the trench and the second number 
refers to the number of ppcl.ges along the length dimension. 

The detdn fot the chum cover shown in Figure 2.4 have not been designed. For this 
report the c l o a i ~  oy, (nuplc8 barrier) is assumed to have the same relative thickness, materials 
and slope as the modified RCRA arbtitle C closure cap defined in Puigh (1999 - Section 4). A 
cspillary break e c d s f i q  of a 1 meter thick sand layer immediately below the surface barrier 
and gravd between the top of the trsnch and the sand layer is assumed. The sand plus gravel 
layen togatha w 4 mstsn over the center of the trench and have a 2% slope towards the long 
edge of each trench. The RCRA rubtiie C closure cap and the capillary break have a combined 
thickness of greater than 5 m per NRC requirements (10 CR 61). 

2.2.2 Concrete Vault Concepn;lal Design 

An alternate ret of dculations for a concrete vault design is based on an earlier 
conceptud design fbr the new ILAW disposal facilities (Pickett 1998) that utilizes a long 
wncmtc vnult concept divided into cells. Figure 2.6 shows schematically the conceptual layout 
of the vaults within the ILAW dinposal site. Figure 2.7 shows schematically the conceptual 
design d i m ~ ~ i ~ ~  for the vault disposal system. Each vault will be an underground, open- 
topped, concrete vault qpmximately 23 m (76 ft) wide, 207.8 m (686 A) long, and 11.0 m 
(26.7 ft) in height. The top of the vault walls will extend 1 m (3.3 ft) above grade. Each vault 
will be divided into 11 cdlr, separated by concrete partition walls (0.45 m thick). The vault can 
Bccommodatc 6 layen of wyte packages 1.4 m in height. One layer of waste packages 
corresponds to 12 x 14 
Assumhg the waste package geometry is a 1.4 m cube, the spacing between each waste package 
(including the walls) is 9.3 cm (3.7 in) along the width dimension, 11.5 cm (4.5 in) along the 
length dimension, ud 10 un (4 in) between each layer ofwaste packages. Based on the 
Kirkbride (1999) estimate of approximately 70,000 packages needed for disposal of all planned 
ILAW waste, only 7 new disposal vaults would be required to complete the disposal of all LAW 
(assuming the existing vaults are not used). 

168 waste packages. Each vault will hold 6 waste package layers. 

Each vault is built above a RCRA-wmpliant leak detection and collection system. It 
consists of a caat-in-pb rsinforced concrete basin approximately 209.5 m (687.0 ft) long, 
24.7 m (81 ft) wide with WJIa 1.07 m (3.5 A) high. The basin floor is 0.6 m (2 ft) thick and 
contains steel reinforcing bars within. The catch basin is lined with two flexible membrane 
liners, and on top of these lie a layer of gravel with perforated collection pipe routed to sumps, 
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one at each end of a vault. Liquids entering the sump can be removed by use of a portable pump 
lowered down a riser pipe. 

Interim closure for each filled cell in the new disposal facility will consist of placing 
concrete shield coven (assumed to be 1.4 m x 1.4 m x 0.3 m) on the top layer of waste packages. 
The filler material layer is assumed to have a depth of 0.3 m (1.0 rt) above the concrete shield 
covers. A "controlled density fill" consisting of a mixture of Portland cement, fly ash, aggregate, 
water, and admixtures is then placed on top of the filler material layer. The depth of the 
"oontrolled density fill" is 0.45 m (1.5 e). A waterproof membrane layer (assumed to be 60 mil 
high density polysthylem WPE])  is placed over the interim c l o d  vault. After all cells in the 
wult have been filled rad interim closed, a closure cap consisting of a capillary break followed 
by a modifIed R C U  nubtitle C surface cap will be placed over the entire vault. Again the 
capillary break umdsts ofr 1 meter thick sand layer immediately below the syrface barrier and 
gravel between tbs top dths ooaorste vault and the sand layer is assumed. The sand plus gravel 
layers togchef are d to be 4 meters over the center of the trench and have a 2% slope 
towards the long edge of each vault. 
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3.0 ANALYSIS OF PERFORMANCE 

3.1 Overview 

The analysis of performance refers to the analysis that leads to an estimate for the impact 
associated with the proposed disposal action. The analysis also includes information that allows 
the interested parties to judge the uncertainty associated with the analysis. The 98 L A W  PA 
provided such an estimate for the impact associated with the proposed EAW disposal action at 
that time. Since then there have been both changes in the program planning and new data 
obtained on parameters that impact the eventual transport of the contaminants in the waste to 
resources that are protected. 

The analysis of pafonnnnce depends on the following set of information. First, the 
quantity of radionuclides and hazardous chemicals must be accurately estimated. This quantity 
is typically r e f d  to as the muma term for potential environmental or health impacts 
d t e d  with the disposal d o n .  The pathways refer to the possible transport routes for these 
radionuclides or hmudous chemicals to reach the environment and potentially impact the public. 
Scenario information explicitly identifies the steps by which the radionuclides and hazardous 
chemicals reach the public. 

The quantification of the transport of the radionuclides and hazardous chemicals to the 
environment depends on an understanding of the transport mechanisms and interpreted 
parameters from field data that impact this transport. These key parameters impacting the 
transport are described in the section 3.4, Values and Assumptions. 

The methodology for combining this information into an assessment of impact is 
described in the section 3.5, Performance Assessment Methodology. The methodology depends 
on the use of established soft\Nllre codes to calculate the transport. Finally, the methodology is 
applied to selected sensitivity caaea to provide interested parties with an understanding of the 
relative imporbma of key parameters and assumptions. For a more thorough appreciation for 
the sensitivity of these calculations to selected parameters we will refer to the results in the 98 
ILAW PA (Mm 1998a). 

3.2 Source Term 

The environmental or Wth impact of each radionuclide or hazardous chemical is 
defined as a future risk to the public and is proportional to the amount of the material at the point 
of impact. However, n o d y  it is the sum of these impacts over materials at the point of impact 
that is important. Thus, as shown by the previous Hanford Site performance assessments 
(Kinceid 1995, Wood 1994, and Wood 1996), and particularly the last version of the L A W  PA 
(Mann 1998a), the most mobile materials have the highest impacts because they are predicted to 
reach the accessible environment (presumably the groundwater) within the compliance period of 
1,OOO to l0,OOO yean after disposal facility closure. Contaminants that react with the soils via 
sorption and precipitation fbrmin in the vadose zone (the unsaturated re@on between the near 
surface and the unconfined aquifer) for much longer periods of time. 

The latest inventory estimate for the ILAW waste is documented in the report, 
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provided as Appendix H in Mann/Puigh (2000). Both radionuclides and chemicals are 
considered in this performance assessment. Although DOE 0 435.1 only requires performance 
assessments for radionuclides, the Office of River Protection of DOE along with the Washington 
State Department of Ecology have determined that the technical analyses should support the 
Resource Conservation and Recovery Act (RCRA) permitting requirements as well. Thus, one 
technical analysis will serve as the basis for protection of the public under the requirements of 
the Atomic Energy Act and RCRA. 

Forty-six radionuclides and twenty-five chemicals are explicitly treated in the best basis 
tank inventories. These m a t e d 8  were sekcted by the TWRS Characterization Program (Kupfer 
1999) as those important for a&y, disposal, and processing requirements. This set includes all 
the radionuclides identified as aignitlcant in the 1998 LAW PA (Mann 1998a) as well as those 
identified in the screening studies for the ILAW PAS (Schmittroth 1995). For the chemicals 
identified in the 2001 ILAW PA performance objectives (Mann 1999a) that are not listed in the 
tank inventories, concentration limits for land disposal (40 CFR 268) were used. 

The nominal ILAW inventories for all the materials explicitly included are based on the 
TonR Ware Remedialion m m  Operation and Utilization Plan (Kirkbride 1999). The best 
basis tank-by-tank inventonea (BBI) M of October 1,1998 were adjusted for waste transfers not 
accounted for in the BBI, for non-BBI analytes that are in the waste treatment contract. The BBI 
inventories were adjusted to a common date (October 1,1998). The BBI values are based on a 
tank by tank evaluation of measurements &om a tank as well as modeling results of transfers to 
and &om the tank. The resritval and feed delivery process was modeled by estimating liquid and 
solid partitioning (I-Icndrickllon 1999) and following the April 1, 1999 DOE guidance (Taylor 
1999b) on schedules and contrad requirements. Vitrification losses (mclters, stack emissions, 
secondary waste streams, etc.) were explicitly included in the model and are described in 
Kirkbride (1999). The total ILAW waste volume is estimated to be 1.581~10 m . The total 
number ofwaste packages estimated to contain the projected ILAW inventory is 68,741. 
Kirkbride (1999) represents the ILAW project's official estimate until the BNFL., Inc. flowsheets 
become available. 

As noted in the 1998 ILAW PA, the previously acc ted half-lives of 79Se and %n are 
now thought to be underestimates. This underestimate for %n has been confirmed (Brodzinski 
1998). Thus, the inventories for ?!4e and '%n (as expressed in Ci from Kirkbride (1999)) have 
been reduced by a factor of 0.08 and 0.4, respectively. 

5 3  

Table 3.1 provides the total inventory in the tanks and in the ILAW packages as well as 
the expected average and maximum concentration in the ILAW packages for each radionuclide 
and chemical impacting the perfbrmance objectives and goals given in Tables 1.1 and 1.2. The 
upper bound ILAW inventory given in Table 3.1 represents the estimated upper bound for these 
inventories in LAW. The upper bound estimates are based on either contract limits (Sr, Tc, Cs, 
Np, Pu, Am, and Cm) or are taken to be the BBI tank inventories without separation. The 
avQpBc package conmtration is calculated by dividing the total inventory for each contaminant 
by the number of waste packages estimated to be produced (68,471 packages). The maximum 
batch concentration is estimated &om the comparison of the batch-tebatch variation in 
Kirkbride's (1999) flow process calculations to the average inventories in a waste package. 
These estimates reflect the tank-to-tank variation in inventory. For most components, the upper 
bound limit on total L A W  inventory was taken as the BBI tank inventory, neglecting any 
processing and separation losses. For radionuclides limited by the contract specifications PTc, 
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13'Cs, ?Sr, and TRU), the contract limits were used as upper bounds. Neglecting the processing 
losses between the tank inventory and the L A W  inventoty provides a very conservative 
bounding value, but was used to compensate for the lack of uncertainty information on the 
separations factors (wash and leach effectiveness, off-gas treatment, solids retention). 

The L A W  packages must meet the land disposal restriction (LDR) treatment standards 
for compliance with RCRA and the Washington State Dangerous Waste Regulations contained 
in Chapter 173-303 of the Washington Administrative Code (WAC). The LDR regulations are 
found in 40 CFR 268 and WAC173-303-140. The privatization regulatory Data Quality 
Objectives @QO) (Wiemers 1998) identified a set of regulatory constituents plausible to be in 
the tank waste and which might be considered during permitting activities in support of the 
treatment facility. The TWRS-P Project Dangerous Waste Permit Application (BNFL 1999) 
compared these constituents to the "Universal Treatment Standards" (40 CFR 268.48) and 
provided a list of components and LDR treatment standards. These LDR treatment standards 
provide an upper bound concentration for acceptability of the L A W  product. These maximum 
concentrations were multiplied by the total glass mass, along with a safety factor of 1.3 
(assumed) to allow for uncertainty in the total glass mass, to provide bounding inventories of 
trace hazardous organic chemicals in the E A W  product. 

The following provides short descriptions of key materials: 

%I 

I4C 

"Se 

%r 

*Tc 

No tritium is expeUed to survive the vitrification process to end up in L A W  
prrclraget~ (Kirkbride 1999). 
No 14C is expwted to survive the vitrification process and end up in the ILAW 
packages (Kirkbride 1999). 
Results am b d  on models, but are considered conservative, since the model 
neglects prwious removals such as disposals to cribs. 
Values are constrained by the current contract (DOJYBNFL 1998) and assumption 
that this constmint applies to all ILAW waste. 
Values based on BBI (reference inventory) and phase 1 contract requirement 
(DOE/BNFL 1998) to remove 80% of tank inventory from LAW. Calculation 
assumes this requirement extends to phase 2 ILAW production. Tank inventory is 
felt to be wnmvat~ 've because any losses associated with the off-site shipments 
are not word into the BBI inventory for 9 c .  

"%n Values are baaed on BBI estimate with separations factor (36% of BBI) 
(Kirkbride 1999). Few tank measurements for '=Sn exist. The BBI estimates for 
'=Sn in tanlcs 241-AZ-101 and 241-AZ-102 are higher than the measurements. 
Values are based on BBI and estimate for 0.25 captured and recycled into L A W  
(Kirkbride. 1999). 

I3%s Values are constrained by the treatment contract (DoE/BNFL 1998). 
U Many of the values am based on total uranium analysis of samples. 
Ra Thzsa are daughter pducts of uranium and thorium that were not treated 

correctly in the Hanford Defined Waste (HDW) model because uranium, thorium, 
and plutonium were decayed prior to separations (Kupfer 1999). The values in 
Table 3.1 have been adjusted based on the Kufper (1999) estimate for tank 
inventory. 

227Ac These are daughter products of uranium and thorium that were not treated 
correctly in the HDW model because uranium, thorium, and plutonium were 

1291 
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decayed prior to separations (Kupfer 1999). The values in Table 3.1 have been 
adjusted based on the Kufper (1999) estimate for tank inventory. 

'"Th These are daughter products of uranium and thorium that were not treated 
correctly in the HDW model because uranium, thorium, and plutonium were 
decayed prior to Separa t i~~ (Kupfer 1999). The values in Table 3.1 have been 
adjusted based on the Kupfer (1999) estimate for tank inventory. 

"lAm The values are equal to approximately 10% of the total BBI tank inventory 
estimate (separations estimate from Kirkbride (1999) and are felt to be 
coneavative 

"'Pa These arc dau- products of uranium and thorium that were not treated 
correctly in the HDW model because uranium, thorium, and plutonium were 
decayed prior to cleparptions (Kupfer 1999). The values in Table 3.1 have been 
adjusted based on the Kufper (1999) estimate for tank inventory. 

'j7Np Values b d  on BBI and largu separations factor (44% of BBI) from Kirkbride 
(1999). BBI Sstimate is felt to be conservative because inventory estimate is 30% 
higher than the global estimate for the total produced from the reactors. Two 
tanks (241-AN-103 and 241-AN-105) are thought to have the 300/0 of the 237Np, 
but only bounding d u e  estimates are provided for these two tanks. 
Values arc primarily based on weapons production accountability records and 
samples. Significant separation factors (5% of BBI) are taken from Kirkbride 

Pu 

(1999). 

3.3 Pathways and Scenarios 

3.3.1 Introduction 

waste form to the patentirl receptor for that contamination. Scenarios help define the sequence 
of eventa that quantify the amount of contamination that a potential receptor may be exposed to 
for a given set of pathways. The selection of scenarios and pathways considered in this white 
paper are based on the d o s  developed for the 2001 LAW PA (Mann 1999b). Possible 
d o s  were suggested by analyzing the performance objectives given in Section 1.3 and 
determining which parameters could lead to exposure which is given by the performance 
objective. The pathways to be d y z e d  are groundwater, air, and inadvertent intruder. Probable 
natural events are identified in Section 3.3.4. 

Pathways define the sequence of transport steps that move the contamination from the 

In 1992, the W o r d  Future Site Uses Working Group (consisting of local, state, and 
federal officials, repmentativcs of tribal nations, people from agriculture and labor, as well as 
members of environmental and special interest groups) was charged to determine potential future 
urn of the various parts of the W o r d  Site. Their summary report (HFSUWG 1992-1) states: 

''Zn generd, the Working Group desires that the overall cleamp criteria for the Central 
Pkateau shouldenable general usage of the kmddgrmndwater for other than waste 
management activities in the horizon of lOOyears@om the decommissioning of waste 
management faclines ami closure of alspoml areas. ' I  

The DOE along with the U.S. Department of Interior, local governments, and affected 
tribal nations have recently issued a comprehensive land use plan for the W o r d  Site for at least 
the next 50 years (DOE 1999~). The plan outlines that the 200 Areas (or Central Plateau) would 
be used exclusively as a waste management ana. 
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Table 3.1 LAW Package Inventories (Ci for radionuclide and kg for chemical) and 
Concentrations (Cim’ fir radionuclide’and kg/m3 for chemical) for important constituents 

IILAW IUpper Bound IAverage IMaximum Batch I 
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tank inventory. Inventories for radionuclides are as of 10/1/98. 
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(e ~ o t a l  uranium = total uranium - radioactive inventory. 
(O) tank inventories of specific organic compounds are not available; organic compounds 
are not expected to survive the vitrification process. NA entries refer to components 
where inventory information is not available. 

Except for the inadmtent intruder scenario, the scenarios described here assume that 
some controls remain in place to prevent public intrusion into the disposal site. That is, the 
barriers and markers that have been left are effective in preventing open use of the land directly 
over the disposal site. 

3.3.2 Pathways 

3.3.2.1 Groundwater 

Past " O r d  Site psrformance assessments (see Kincaid 1995, Mann 19984 Wood 1994, 
and Wood 1996) have shown the groundwater pathway to be the most restrictive for the vast 
majority of radionuclides. Previous assessments have not analyzed the effect of chemicals. 
Figure 3.1 shows the details of the groundwater pathway. The eight steps are: 

1) Precipitation (rain or 8110~) falls on the ground with much of the water returned to the 
atmosphere due to ovapodon or transpiration through plant leaves. The remaining 
water infiltrates the mil below the surface at a very low rate. 

2) The water moves downward, but some of the water is diverted by an intact sand-gravel 
capillary break. 

3) The water that is not diverted away from the waste may be chemically modified by the 
local environment, in tao ts  with the waste form, and accumulates contaminants. 

4) The water (possibly a reduced amount because waste form dissolution and mineral 
formation umaumen water) leaves the disposal facility carrying contaminants with it. 
Some contaminants may interact with the material in the disposal facility, slowing the 
release of contaminants to the surrounding natural environment. 

5) Contaminated water moves through the undisturbed, unsaturated zone (vadose zone) 
below the disposal tacility down to the unconfined aquifer. The contaminants may 
interact with soil sediments causing further retardation. Changes to the properties of the 
natural system are considered, but are not a major impact on the analysis results. 

6) ThewaterandooawDinrats move and mix with the water in the unconfined aquifer until 
they are extracted from the aquifer and brought to the surface or until they reach the 
Columbia River. 

7) Contaminants are extracted by being carried to the surface with groundwater being 
pumped from a well. 

8) The contaminants result in human exposure through a variety of exposure pathways 
(ingestion, inhalation, dermal contact, and external radiation) and exposure scenarios 
(agricultural, Native American, etc.). 
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I 

Figure 3.1 Eight Sequential Steps for the Groundwater Pathway 

1) Water starts downward journey from the near-surface region. 
I 

i i 
2) Most water diverted by the 

disposal system barrier. 
3) Water is chemically modified, interacts with 
waste form, and accumulates contaminants. 

1 

6) The cotumimnb move downgradient in the unconfined aquifer, 
mixing with the groundwater, diluting the contaminant concentration. 

1 
7) Water and contaminants are pumped &om a well to surface 

1 . 
8) Humans receive exposure from contaminants. 

Even though the most mobile radionuclides had peaked much earlier, the 1998 ILAW PA 
(Mann 1998a) showed that ths second most mobile radionuclides (such as uranium and its 
daughtcm) peaked at h u t  50,OOO years, a time at which the most mobile radionuclides 
(technetium and selenium) w ~ t  still significant. Explicit numerical simulations will be 
performed horn the prercpa to 20,OOO years in the future @e., twice the time for the NRC time of 
compliance) using bat  -athate or conservative values for all parameters. Comparisons to the 
performance objectives will be made at 1,OOO years and at l0,OOO years after closure of the 
L A W  disposal facility (which is assumed to be in 2030). 

3.3.2.2 Air 

The air pathway is lsrociated with the diffusion of radioactive or hazardous gases from 
the disposal facility to the Rnface where potential individuals or p u p s  are at risk. The previous 
perkmmm a&wmnt (Mum 1998a) showed that using conservative assumptions, releases to 
the rtmosphaa arc many ordm of magnitude (four in the case of radon releases and nine for 
orbafruea) less than performance objectives. As in the 1998 ILAW PA, dithsion of gaseous 
species has been addressed. The buildup of mRn from uranium isotopes is included in the 
analysis. 
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3.3.2.3 Inadvertent Intruder 

The inadvertent intruder pathway is associated with the excavation of waste from the 
disposal site onto the surface where it is available to expose individuals or groups at risk. 

3.3.3 scenarios 

3.3.3.1 Exposure Scenarios 

Two major exposure acuwios are considered: drinking contaminated water and living on 
a small farm. The details of these scenarios and the justification for all the parameters used in 
them are in Rittmann (1999). The simplest case is exposure to contaminated drinking water 
pumped from a well. This well is aaaumed to be no closer to the disposal facility than 100 m 
(328 fi) and to be located to provide the maximum groundwater concentrations of contaminants. 
The two major exposure plwncdeas in this mario  arc the amount of water consumed and the 
suite of dose conversion h r s  wed. 

The more complex sceaario has a person not only drinking the well water, but also using 
it to irrigate a small farm. Exposure comes from drinking contaminated water, ingesting 
contaminated food (meat, vegetables, e-tc.), ingesting and inhaling contaminated soil, and from 
direct irradiation from the contaminated soil. The total exposure results in the all-pathways dose. 

3.3.3.2 Inadvertenthtruder 

Following the practice of the Nuclear Regulatory Commission (NRC 1988, NRC 1997), 
three scenarios were cons idd:  

* A basement is excavated which extends into the waste and hence contaminants are 
brought to the wuface 

A well is drilled through the waste, bringing contaminants to the surface, 

Contaminants that have been brought to the surface are mixed with the surrounding soil 
as a residential h e r  works the soil. 

* 

- 
Because the waste will be below (> 5 meters) the levels that basement excavations are dug in the 
Columbia Basin region, the firat scmario (basement excavation) is not treated. The other two 
scenarios are treated. 

3.3.4 Natural Events 

The main natural event8 to be expected are: 1) erosion of the surface above the disposal 
Units due to wind, 2) subsidence of the engineered barriers or facilities, 3) earthquakes, and 4) 
flooding due to post-glacial events. The analyses conducted for the 1998 LAW PA will be used 
to estimate the impacts of these main natural events. 
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3.4 Vduw and Assumptions 

This section provides a description of the conceptual models and data for those models 
that were used in the analyses. It covers the selection criteria and key assumptions for the 
conceptual models; describes the models and their associated data, the waste form, release rate, 
disposal facility, and moisture and moisture infiltration rate. It also covers the dosimetry 
parameters. The numerical models actually used in the computer simulations were based upon 
these conceptual models and are described in Section 3.5. 

3.4.1 Key Assumptions 

Even though the cumnt site-, facility-, and waste form-specific data needed for a 
puformance assessment am incomplete, enough relevant data from other sources are known 
about the proposed disposal action that reasonable assumptions can be made. The key 
assumptions are in following areas: 

- 
- 
- Disposal facility design. 

Layout of the disposal facilities (which dictates geology, stratigraphy, infiltration rate, 
and associated panmetem) 
Waste form (which influences the release rate of contaminants) 
Inventory 

The locstion for the new dirposd facility action has been decided. However, determining 
the layout of the facilities on the ra#rved land is just beginning. Only limited characterization 
has been performed 8t this &e. However, the centd plateau area in which the preferred site 
rests has been well charact&. Therefore, rather good 1199umptiom can be made about 
paramctas that describe the proposed disposal site. A borehole (299-E17-20) just southwest of 
the new disposal site has bom drilled to the underlying basalt layer at about 122 m (400 e) with 
respect to meam 8ea level. Both the borehole itself and samples taken from it have undergone 
significant charactenza tion (Reidel 1997). These data have been incorporated into this analysis 
(MamRuigh [2000 - Appendices G, L, !VI, and N). 

The final waste fmn has not been determined, and, in fact, probably will change as 
wastes from different tanks are retrieved. BNFL, Inc. has identified preliminary compositions 
and processing steps for its production. Limited testing has been performed on BNFL, Inc. 
relevant glassea (McGmil1999). The data obtained from the testing of the glass composition 
LAWABPl (which is the most studied glass in the composition space of interest to BNFL, Inc.) 
will be used in the base annlysis case. 

The actual composition of the waste form (both radioactive and non-radioactive) has not 
been finalized. For these analyses, only the mean composition based on the estimated total 
donuclide and hazardous mrtaia inventory was used. As retrieval scenarios are better 
ddined and individual tank contents become better known, composition variations in the waste 
form will be determined. These variations will be used in the future analyses. An estimate for 
the uncertainty in the inventory estimates is provided in (Wootan 1999). 

Finally, only conceptual ideas exist for the current facility design (See Mann/Puigh - 
Appendix I). The base analysis case calculation will be based on the conceptual design work for 
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the remote handled trench described in Puigh (1999). A sensitivity w e  will be run using the 
geometry of the concrete vaults at the ILAW disposal location (Pickett 1998). 

3.4.2 Site 

This section translates the geology, hydrogeology, and geochemistry described in 
Mann/Puigh (2000) into a conceptual model and values that can be used in the analyses 
supporting this performance assessment. The location and stratigraphy of the disposal site are 
discussed first. Next, the hydrologic and geochemical properties of the vadose zone are 
addressed. Finally, the properties and structural features of the unconfined aquifer are examined. 

3.4.2.1 Location and Stratigraphy 

As noted in Section 2.0 of this report, the location of the disposal facility was determined 
(Rutherford 1997) to be in the south central pad of the 200 East Area. The main strata at this 
location are the W o r d  formation and the Ringold Formation. 

The geology of the L A W  disposal site is given in Geologic Data Packuge for the 2001 
ZUWPA (Reidel 1999) which is rttached as Appendix G to Mann/plu 'gh (2000). The W o r d  
Site lies in the Pasco Basin of the Columbia Plateau. The Columbia Plateau consists of a 
sequence of thick basllt flows that occumd 4 to 15 million years ago. Overlying the basalt 
flows are sediments of the lata Miocene, Pliocene, and Pleistocene ages, known as the Ringold 
Formation and (neuer the surface) the Hanford formation. The Hanford formation arises from 
deposits h m  post-glacier flooding (-13,000 years ago) and consists mainly ofunconsolidated 
sand and sandy gravel layers. The unconlined aquifer is near the interface between the W o r d  
firmation and Ringold Formation throughout the Hanford Site and at the ILAW disposal site is 
about 103 meters (338 feet) below the surface. Clastic dikes have been observed at the Hanford 
Site and are assumed to exist at the new ILAW site as well. 

The stntigraphy at the L A W  disposal site has the top of the Columbia River Basalt 
Group at an elevation (above sea level) of approximately 84 m (275 ft). The top of the Ringold 
Formation ranges between 91-122 m (300-400 ft) (north to south). The Hanford formation 
gravel sequence thickness is approximately 27-46m (88-150 A) thick (south to north); and the 
Hanford formation sand sequence varies &om 64 to 76 m (210-250 ft) (north to south). Within 
the d y  sequence three palwsols were identified from borehole 299-E17-21 (Reidel 1998). 
Paleosol Horizon 1 ocam at 49 m (163 ft) drilled depth, paleosol Horizon 2 o m s  at 18 m (58 
ft) drilled depth, and palwsol Horizon 3 occurs at 1.5 m (5 ft) drilled depth. These paleosol 
horizons are as much as 15 cm (6 in) with a sharp upper surface interface. Finally, Eolian 
deposits cover the southern pert of the new ILAW disposal site and range in thickness between 3 
to 15 m (10-50 ft) (south to north). The current water table is in the Hanford formation gravel 
sequence below most of the new disposal site. See Figure 3.2 for a representative stratigraphy 
for the L A W  disposal site. 

3.4.2.2 Hydrologic Parameters 

Hydrologic procases describe how moisture moves through the subsurface. Because 
there are distinct regions associated with subsurface flow and transport at the ILAW disposal 
site, the system has been divided into three parts: near-field, far-field, and groundwater. 
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Figure 3.2 Stratigraphy for the ILAW Disposal Site 

c 

i 
a 
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3.4.2.2.1 Near-Field Hydrology Data 

The processes and data important for moisture flow in the zone between the surface and 
the bottom of the engineered disposal facility are described in Near-FieldHy&ology Datu 
Package for the Immobilisedh-Activity Wmte 2001 Perfionname Assessment (Meyer 1999). 
which is also attached as Appendix L in Mann/Puigh (2000). Physical and hydraulic properties 
(particle size distribution, particle density, bulk density, porosity, water retention, and hydraulic 
conductivity as a hct ion of moisture content) and associated transport parameters (dispersivity 
and effective diffusion cocbficient) are given for the surface cover materials, the vault structure, 
diversion layers, the water conditioning layer, and the backfill materials. Table 3.2 presents best- 
estimate parameter values for near-field materials. Best estimate values for transport parameters 
can be found in Meyer (1999 - Chapter 5). 

pp = particle density 
e, = residual water content 
IG = saturated hydraulic conductivity 

Pb = dry bulk density 0. = saturated water content 
a,n = van Genutchen fitting parameters 

3.4.2.2.2 Far-Field Hydrology 

The proccam and data important for moisture flow in the zone between the bottom of the 
engineered dispoaal facility ud the water table are described in Fm-Field Hy&ology Data 
Pockugefw the I m m o b ~ W ~ A c t i v i t y  W w e  Perfionname Assessment (Khaleel1999), 
which is alm att.ched M Appendix M in Ma&igh (2000). This document summarizes the 
hydraulic parameter estimates b a d  on data &om the EAW borehole and data on gravelly 
samples fiom the 100 Area boreholes. The document also describes the processes for upscaling 
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such small-scale laboratory mcawrements to field-scale applications, and provides 
recommendations for plnmeta to be used at that scale. Table 3.3 provides the best estimate 
values impacting moimm flow. Bat  estimate values for transport parameters associated with 
the base case effective tnnsport parameters (bulk density, diffisivity, and dispersivity) are also 
described in Khaleel(1999). 

Table 3.3 Best-Estimate Hydraulic Parameter Values For Far-Field Layers 

Formation 

Sandy 

Gravelly 

e. e, a n 8 K. 

0.375 0.041 0.057 1.768 0.5 2.88~10' 

0.138 0.010 0.021 1.374 0.5 5 . 6 0 ~ 1 0 ~  

(Vcm) (cds) 

e. = saturated wciter content 8, = residual water content a,n = van Genutchen fitting parameters 
t = pore size distribution &or K, = saturated hydraulic conductivity 

O v d l ,  comprued to the sandy sequence, the gravelly sequence is characterized by a 
much smaller mturakd water content, higher bulk density, higher log-conductivity variance, 
smaller log- condudivity variance, a much smaller macroscopic anisotropy and 
smaller diapomivities (Khaldl999). An anisotropy ratio (ratio of horizontal to vatical 
hydraulic conductivity) in cxcea of one results in an enhanced lateral migration. For purposes 
of restricting lateral migration @e., a conservative assumption), an isotropic model was used for 
both strata. 

Longitudid dispersivities of 200 cm and 30 cm are used for the sandy and gravelly 
sequences, rerpectiVely (Khalee.11999). Lateral dispersivities arc estimated to be l/lO* of the 
longitudinal estimates. The effective, large-scale diffusion coefficients for both sandy and 
gravel-dominated sequences are assumed to be a function of volumetric moisture content, 8. 
V M D F  uses the Millington-Quirk (1961) empirical relation: 

(3.1) 

where D.@) is the e M v e  diffusion coefficient of an ionic species, and DO is the effective 
diffusion coefficient for the anme species in free water. The molecular diffusion coefficient for 
all species in pore water is aaaumed to be 2.5 x lo5 cm*/s (Kincaid 1995). 

3.4.2.3 Geochemical Retardation Factors 

Chemical intaactions with facility, near-field materials, and the soil in the vadose zone 
can p a t l y  slow the tMIpart of contaminants. Geochemical effects are based on the discussion 
and values pmented in Gcochrmiwl Data Package for the Hanf'd Immobilized Low-Activi@ 
TcmA W& Perjnmmm Icraesanenr (Kaplan 1999), and also provided in appendix N of 
MandPuigh (2000). The amount of slowing is described by a multiplicative factor known as the 
geochemical retardation factor. Geochemical retardation factors for these analyses are based on 
extensive laboratory work performed at the W o r d  Site. 
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Geochemical retardation in unsaturated conditions is predicted to be 

Rr= 1 + pKd/e 

where & is the geochemical retardation factor (dimensionless) 
P 
& 
e 

is the bulk density of the material (g/cm3) 
is the chemical distribution coeicient (litedg) 
is the volumetric moisture content (dimensionless). 

A derivation of the general contaminant transport equation is given in the 1998 LAW PA 
report (Mann, 1998 - Appendix D, Section D.2.3). The chemical distribution coefficient (Kd) is 
measured in the laboratory by comparing the amount of material trapped in or on the soil matrix 
to the amount in the water phase. 

Tables 3.4 and 3.5 provide estimates for & 60m recent measurements and for the &s 
used in the analyses provided in this report. Unless otherwise stated the &s are provided for the 
chemically impacted far field sandy sequence beneath the disposal facility (Table 3.4) and the 
near field materials (Table 3.5). The "Probable K i '  is the best estimate for the &. Finally, the 
"& value ueed' nfas to the value of & used in the analyses provided in this report. This & 
value was comavatively chom to be one of six values (0 [corresponding to Tc], 0.6 
[corresponding to UJ, 4.0 [conerponding to Se], 10 [corresponding to Sr], 80 [corresponding to 
Sn and Cs], and 150 [carcaponding to Pu]) that are less than or equal to the probable & value 
provided in thee tables. The dements selected were shown to be the most important in the 1998 
LAW PA. The vduut in parmsheses provided in Table 3.4 are for the unperturbed (near neutral 
pH, ionic strengh between -0 and 0.01, and only trace contaminant concentrations) far field 
sand sequence. 

For convenience in modeling, a subset of & values waa used in these analyses. The 
computer code VAM3DF (See section 3.5.3) treats the chemical distribution coefficients as 
point-estimate values, not aa probability functions. Therefore, the actual & values used were 
reduced to one of eight value acts for the near and far fields (see Tables 3.4 and 3.5). 

Because radionuclides spend significantly less time in the unconfined aquifer than in the 
vadose zone, no credit for increased travel time in the unconfined aquifer because of 
geochemical retardation was taken. 

The geochemiary is described using two parameters, the distribution coefficient & 
value) and the solubility product of a specified solid. The distribution coefficient is a 
thermodynamic construct. It is the ratio of the concentration of a species reversibly 
adsorbed/exchmged to a g d i a ' s  wvface site divided by the concentration of the species in 
solution. Parameters are given for four zones: 

Near-Field inside the disposal facility (Kd and solubility values) 
Dcgnded Concrate Vault (& and solubility values) 
Chemically Impacted Far-Field in Sand Sequence & values only) 
Chemically Impacted Far-Field in Gravelly Sequence & values only) 
Far Field in Gravel Sequence [unconfined aquifer] & values only). 

- 
* 
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Values are based on site-specific samples for the most part, but in a few cases depend on 
literature values or chemical similarity. Table 3.4 provides the best estimate Kd values for the 
chemically impacted far-field sand sequence. The gravel comected the best estimate Kd values 
for the chemically impacted far-field gravel sequence are a factor of 10 smaller than the values 
given in Table 3.4. The values in p ~ ~ n t h e . ~ ~  in the table are for the unperturbed far-field sand 
sequence. The aqww phase is arrsumed to be untainted Hanford pundwater except for trace 
levels of radionuclide and the solid phase is assumed to be natural Hanford sand-dominated 
sequence sediment. The literatun values upon which the values were based had an aqueous 
phase near neutral pH, ionic strength between -0 to 0.01, and trace radionuclide concentrations. 

other important geochemical data (e.g., near-field field values for important 
radionuclides) are displayed in Table 3.5. For the analyses in the white paper the as for the 
uncontined aquifer were set equal to zero. 

Table 3.4 

(*) The main values in the table are for the chemically impacted far-field sand sequence. 
The aqueous phase is moderately altered from the cement and glass leachate emanating 
from the near field; pH is between 8 (background) and 11, and the ionic strength is 
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Element 

nce. 
The aqueous phase is moderately altered from the cement and glass leachate emanating 
ffom the near field; pH is between 8 (background) and 1 1, and the ionic strength is 
between 0.01 (background) and 0.1. The solid phase is in the sand-dominated sequence 
and is slightly altered due to contad with the caustic aqueous phase. 
@) Probable & is the best estimate for & 
(') Value Used is the & value used in the analyses provided in this report 

Probable Value Zone and Geochemical Value 
Value@) usec~(') 

3.4.2.4 Unconfned Aquifer Properties and Boundaries 

The basacase groundwater flow and contaminant transport of contaminants ffom the 
Immobilized Low Activity Waste (LAW) facility was calculated with the current version of the 
Hanford Site-wide groundwater model. This three-dimensional model, currently being used by 
the W o r d  Groundwater Project and recommended as the proposed site-wide groundwater 
model in Hanford Site groundwater model consolidation process, is based on the Coupled Fluid, 
Energy, and Solute Transport (CPEST-96) Code (Gupta, 1987). The specific implementation of 
this model is more M y  described in Wurstner et al(1995) and Cole et al. (1997). This specific 
model was most noently used in the Hanford Sie Composite Analysis (Cole et al. 1997; Kincaid 
et al. 1998), which is a companion analysis to the existing preliminary performance assessment 
analyses of the LAW disposal (Mann et al. 1998) and the solid waste burial grounds in the 200- 
East and 200-West areas (Wood et al. 1996, 1995). The Composite Analysis is also a companion 
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document to the Remedial InvestigatiodFeasibility Study (Rl/FS) (DOE 1994) done to support 
the Environmental Restoration Disposal Facility. 

3.4.2.4.1 Hydrogeologic Framework 

The conceptual model of groundwater flow is based on nine major hydrogeologic units in 
the left hand column shown in Figure 3.3. The basis for the identification of these major 
hydrogeologic units in the aquifer system is more filly described in Thorne et al (1992, 1993, 
and 1994). Although nine hydrogeologic units were defined, only seven are found below the 
water table during post-Word conditions. Odd-numbered Ringold model units (5 ,  7, and 9) 
are predominantly coarse-grained sediments. Even-numbered Ringold model units (4,6, and 8) 
are predominantly finegrained sediments with low permeability. The Hanford formation 
combined with the pre-MissOula gravel deposits were designated model unit I .  Model units 2 
and 3 conespond to the early Palouse soil and Plio-Pleistocene deposits, respectively. These 
units lie above the current water table. The predominantly mud facies of upper Ringold unit 
identitied by Lindsey et al(1995) was designated model unit 4. However, a difference in the 
definition of model units is that the lower, predominantly sand, portion of the upper Ringold unit 
described in Lindsey et al. (1995) was grouped with model unit 5, which also includes Ringold 
graveYSand units E and C. This was done because the predominantly sand portion of the upper 
Ringold is expected to have hydraulic properties similar to units E and C. The lower mud unit 
identified by Lindsey et al(1995) was designated units 6 and 8. whae they exist, the gravel and 
sand units B and D, which are found within the lower Ringold, were designated model unit 7. 
Gravels of Ringold unit A were designated unit 9 for the model, and the underlying basalt was 
designated model unit 10. However, the basalt was assigned a very low hydraulic conductivity 
and was essentially impermeable in the model. 

The lateral extent and thickness distribution of each hydrogeologic unit were defined 
based on information horn well driller's logs, geophysical logs, and an understanding of the 
geologic environment. Thew interpnted areal distributions and thicknesses were then integrated 
into EarthVision (Dynamic Graphics, Inc., Alameda, California), a three-dimensional, 
visualization, software package that was used to construct a database of the three-dimensional 
hydrogeologic framework. 

3.4.2.4.2 Recharge and Aquifer Boundaries 

Both natural and dficial  recharge to the aquifer were incorporated in the model. 
Natural recharge to the unconfined aquifer system occurs fbm infiltration of 1) runoff from 
elevated regions along the western boundary of the W o r d  Site; 2) spring discharges 
originating from the basaltanfined aquifer system, also along the westem boundary; and 3) 
precipitation fatling acrosa the site. Some recharge also OCCUTS along the Yakima River in the 
southem portion of the site. Natural recharge from runoff and irrigation in the Cold Creek and 
Dry CraL Valleys, upgradient of the site, also provides a source of groundwater Mow. Areal 
rochuge f b m  precipitation on the site is highly variable, both spatially and temporally, and 
depends on local climate, soil type, and vegetation. A recharge distribution based on Fayer and 
Walters (1995) for 1979 was applied in the model. 
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The other source of recharge to the uncosined aquifer is wastewater disposal. Large 
volume of artificial recharge &om wastewater discharged to disposal facilities on the W o r d  
Site over the past 50 years has significantly impacted groundwater flow and contaminant 
transport in the unconfined aquifer system. However, the volume of artificial recharge will 
decrease significantly in the near future and the water table is expected to return to more natural 
conditions after site closure. 

The flow system is bounded by the Columbia River on the north and sllst and by the 
Yakima River and basalt ridges on the south and west. The Columbia River represents a point of 
regional discharge for the unconfined aquifer system. The amount of groundwata dincharging to 
the river is a hnction of local hydraulic gradient between the groundwater e l d o n  adjacent to 
the river and the river-stage elevation. This hydraulic gradient is highly variable because the 
river stage is affected by releases from upstream dams. To approximate the long-term effect of 
the Columbia River on the uncodined aquifer system in the three-dimensional model, the 
Columbia River was represented as a constant-head boundary over the entire thicknas of the 
aquifer. The CHARIMA river-simulation model palters et al. 1994) was used to gglunte long- 
term, average, river-atage elevations for the Columbia River based on 1979 conditions. The 
Columbia River boundary to the middle of the river channel to reflect more accurately the 
hydraulic interaction of the unconfined aquifer and the river. The Yakima River was also 
represented (IS a specified-head boundary over the entire thickness of the aquifer. 

At Cold Creek and DIY Creek Valleys, the unconfined aquifer system extends westward 
beyond the boundrry of the model. To approximate the groundwater flux entering the modeled 
area &om these vatleyr. both 0onSt.nt-head and constant-flux boundary conditions were defined. 
A constmt-lmul bounduy condition W(UL specified foi Cold Creek Valley for tho stdy-state 
model calibration rum. Once calibrated, the steady-state model was used to dculate the flux 
c o d i o n  that was then u d  in the post-Word steady state flow simulation. The constant-flux 
boundary WM used because it better represents the response of the boundary to a declining water 
table than a const.nt-head bodmy. Discharges from Dry Creek Valley in the model area, 
resulting &om intiltrotion of precipitation and spring discharges, are approximated with a 
prescribed-flux boundary condition. 

the unconfined aquifer system. The potential for interflow (recharge and discharge) between the 
basalt-confined aquifer system and the unconfined aquifer system is postulated to be small 
relative to the other flow components estimated for the unconfined aquifer system. Therefore, 
interflow with underlying basalt units was not included in the current three-dimensional model. 
The basalt was defined in the model as an essentially impermeable unit underlying the 
sediments. 

3.4.2.4.3 Plow and Transport Properties 

The basalt underlying the unconfined aquifer sediments represents a lower boundary to 

To model groundwater flow, the distribution of hydraulic properties, including both 
horizontal and vertical hydraulic conductivity and porosity were needed for each hydrogeologic 
unit defined in the model. In addition, to simulate movement of contaminant plumes, transport 
properties were needed, including contaminant-specific distribution coefficients, bulk density, 
effective porosity, and longitudinal and transverse dispersivities. 
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Figure 3.3 Comparison of Generalized Geology and Hydrostratigraphic Columns 

From PNL-8971 After BHI-00184 
R(388120214.14 
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In the original model calibration procedure described in Wurstner et al. (1995), measured 
values of aquifer transmissivity wcre used in a two-dimensional model with an inverse model- 
calibration procedure to determine the transmissivity distribution. Hydraulic head conditions for 
1979 were used in the inverse calibration because measured hydraulic heads were relatively 
stable at that time. Details concerning the updated calibration of the two-dimensional model are 
provided in Cole et al(l997). 

Figure 3.4 Hydraulic Conductivity Distribution Obtained for the Uppermost Unconfined 
Aquifer fiom Inverse Calibration for 1979 Conditions 

x 

6BE+04 
I.OE+OQ 
I.OE+03 
lBE+02  
U E + H  
IBE+OI  
I.OE+OO 
W E - M  
IBE-02 
1.0 E -03 

Hydraulic COnductiVities were assigned to the three-dimensional model units so that the 
total aquifer trwSmissivity h m  inwrse calibration was preserved at every location. The vertical 
distribution of hydraulic conductivity at each spatial location was d d n e d  based on the 
transmissivity value and other information, including facies descriptions and hydraulic property 
values measured for similar facies. A complete description of the seven-step process used to 
vertically distribute the transmissivity among the model hydrogeologic units is described in Cole 
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et al(1997). The hydraulic conductivity distribution resulting from this redistribution of aquifer 
transmissivity in the upper part of the aquifer is provided in Figure 3.4. 

Information on transport properties used in past modeling studies at the Hanford Site is 
provided in Wurstner et al. (1995). Estimates of model parameters were developed to account for 
contaminant tranaporl and dispersion in all transport simulations. Specific model parameters 
estimated included longitudinal and transverse dispersivity @I and Dt) and aquifer porosity.. 
This section briefly summarizes estimated transport properties. 

For the regional scale analysis, a longitudinal dispersivity of 95 m was selected to be 
within the range of recommended grid Peclet numbers (P. < 4) for acceptable solutions. The 95 
m estimate is about oneqwter of the grid spacing in the finest part of the model grid in the 200- 
Area plateau where the smallest grid spacing is on the order of about 375 m by 375 m. The 
effective transverse dispenivity was assumed to be 10 percent of the longitudinal dispersivity. 
Therefore, 9.5 m was used in all simulations. 

The effectivs poronity wan estimated from limited measurement of porosity and specific 
yields obtained from multiplawell aquifer tests. These values range from 0.01 to 0.37. 
Laboratory measurement6 of porosity. which range from 0.19 to 0.41, were available for samples 
from a few Hanford Site wells Md were also considered. The few tracer tests conducted indicate 
effective porosities ranging &om 0.1 to 0.25. Based on the ranges of values considered, a best 
estimate of an effective porodty value for all simulations was assumed to be 0.25. 

3.4.3 Waste Package 

3.4.3.1 Waste Package Geometry 

The DOE has entered into a contract with BNFL, Inc. to design and ultimately process 
approximately lO?? ofthe waste from the Hanford tanks in an initial phase (Phase 1). (The 
contract identifies a minimum of 6,000 packages [having the dimensions of 1.4 m cubed] and 
Kirkbride (1999) e s t i m  that qqmximately 70,000 ]LAW packages will be generated for all 
the L A W  in Phase 1 and Phase 2). The product description and specifications defined in this 
section are based on the ament DOE contract (DOEBNFL 1998) and the BNFL, Inc. reports 
submitted to the DOE as part ofthe conhact negotiations. The definition of the product form and 
specification for the remaining 91% of the Hanford tank waste is not defined at this time. For 
the purposes of this assessment activity, all the ILAW waste products are assumed equivalent to 
the BNFL, Inc. descriptions and DOE specifications for the Phase 1 contract. 

The ILAW product to be provided by BNFL, Inc. consists of a silicate glass monolith 
d e d  in a stainleas steel (304L) package. The headspace above the silicate glass in the package 
is filled with silicate #and (BNFL 1998). The steel package has external dimensions of 1.4 m x 
1.4 m x 1.4 m (-0 mM.05 m tolerances). On-going discussions may change these package 
dimensions, but such changes are not expected to materially afFect any conclusion in this report. 
The stainless steel wall thickness ofthe package is 6 mm. The package top is 12 mm plate and 
the bottom is 8 mm plate. BNFL., Inc. plans to load each lLAW package to within 85% capacity 
(by volume) and fill the void space with silicate sand such that the remaining &ee fill space is 
less than 5% (by volume). (BNFL, Inc. is also considering an alternative inert filling material 
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that may be introduced in liquid form, such as grout.) The top lid will be welded using the 
tungsten-inert gas (TIG) process. 

Modification 12 of the BNFL contract (see DOElBNFL 1998) was issued on January 24, 
2000 and required L A W  canisters in the form of right circular cylinders (1.22 m diameter by 
2.29 m tall. This occurred atter the data packages used in these analyses was issued and will not 
be explicitly addressed in this report. Future work will use the latest dimensions for the waste 
package and other facility information. 

For the waste form calculations discussed in section 3.5.3 the glass waste material was assumed 
to be fractured. Also, the surface area was assumed to be 10 times greater than that of an 
un6actured 1.4 m cube (no credit was taken for the reduction in surface area. Hence, 

where A L  is the apccific surface area of the glass, A,, is the surface area of the glass, and 
V,, is the volume of the glass. 

The surface area of the steel waste package was determined by assuming that both the 
inner and outer surfaces of the steel container were available to react. 

&=L!f!SL= 12(1.4)’ = 272.73 mZmd 
V, [0.012+0.008 + 4(0.006)](1.4)’ (3.4) 

where &, is the specific surfacs area of the steel container, A,,,,, is the surface area of the steel 
container, and V, is the volume of the steel container. 

3.4.3.2 Waste Form Release Rate 

The 1998 ILAW PA showsd that the release rate fiom the waste form was one of the key 
parameters in the pedormance assemment. This rate is a major determinant of the impact of 
disposal as well as setting the temporal structure of that impact. The data for determining the 
waste form release rate are given in Waste Form Releare Data Package for the 2001 
ImmobilizedLow-Activity Waste Perjbmance Assessment (McGrail 1999) and appendix K of 
Mann/Puigh 2000. 

Dissolution of the glass waste form is the required first step to release a specific 
radionuclide. Because glans dissolution rate depends on a Variety of parameters (amount of 
moisture, mount of rilicic acid [the main by-product of dissolved glass] in solution, pH, amount 
and type of mmdary p h )  which will vary with time and location in the disposal system, the 
dissolution rate must be calculated. However, in order for the calculations to be technically 
defensible, they must be based on an accepted paradigm and an extensive database. 
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Over the last few decades, a general rate equation has been fashioned to described the 
dissolution of glass (and more ordered materials) into aqueous solution: 

&I 

R 
T 
Q 
K 
11 
U 

RT (3.5) 

= dissolution rate, g/mVd 
= intrinsic rate constant, g/m2/d 
= the stoichiometric coefficient of element i in the glass (dimensionless) 
= hydrogen ion activity 
= activity of the j" aqueous species that acts as an inhibitor or as a catalyst of 
dissolution 
= activation energy, kJ/mol 
= gas constant, kJ/(mol*K) 
=temperature. K 
= ion activity product 
= pseudoequilibrium constant 
= pH power law @icient 
= T d n  coefficient. 

Equation (3.5) is an approximation for glass because glass is metastable, and the reaction 
proceeds one way (i.e. glass dissolves). Epuation (3.5) also just describes the net chemical 
reaction of glass matrix dissolution. There are a number of secondary chemical reactions that 
also need to be considered. One important reaction is the exchange of alkali ions in the glass for 
H' in water (McGrail2000). The waste form contains high concentrations of sodium (up to 25 
weight percent). At the temperatures of interest, the exchange of sodium in the glass with H' in 
the water is important because the d o n  effectively increases the pH of the solution. Finally, 
dissolutiodprecipitation reactions are important because they can strip chemicals iiom the 
aqueous solution, affecting the glass corrosion rate or trapping important contaminants. 

The parameters in these equations are established by a set of various experiments, performed 
at various temperatures and pHs: 

. single-pass flow-through test 
product consistency test 

* vapor hydration test 
* pressurized unsaturated flow-through test. 

The exact glass composition that BNFL, Inc. will use for ILAW has not been determined. 
The ILAW PA activity has worked with BNFL., Inc. and the DOE Tank Focus Area (Vienna 
2000) to investigate a set of glasses in the BNFL, Inc. processing space. For the 2001 ILAW PA, 
the base analysis case uses LAWABPl as the reference glass. This glass has the most extensive 
database of any glass in its processing space. The composition of LAWABPl is based on the 
composition of preliminary BNFL, Inc. glasses. BNFL, Inc. has indicated that the composition 
of LAWABPl remains in their design space. The corrosion reaction for LAWABPl glass used 
in the waste form release calculations is: 
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LAWABPl+ 4 .4247~ 10' H' +1.8906x 10.' H,O + 1.3557~ 10' AlO; 
+ 1.8365 x 10.' B(OH), (as) + 1.1307 x 10" C1- + 1.8 189 x 10' C l o t  
+1.455 1 x lo3 F +2.1640x loz Fe(OH),(aq) + 3.2281 x l o z  K' 

+ 7.7905 x lo4 €PO:- +8.6325 x 10' SO:. +4.8184 x 10' SiO,(aq) 
+ 6.5900 x 10' TO,  + 2.1539 x 10' Ti(OH),(aq) 
+2.2084x10a Zn" +2.9447xlOZ Zr(OH),(aq) 

+8.4849x104 Law +1.7145x10* Mgz++4.4604x10" Na' (3.6) 

The stoichiometric wefficicnt for Tc is based on the average package concentration from the 
Zmmobilized Low Activity Tank Warte Znvenfo7y Data Package (Wootan 1999). 

Table 3.6 provides a wunmuy of the best-estimate values for parameters important in 
calculating contarmnant * release &om the LAWABPI glass waste form. The waste form release 
calculations included all solid 
because the equilibrium constrnt is not known. 

3.4.4 Disposal Facility 

lissed in Table 3.6, With the exception ofNa-Zn-Ti-silicate, 

The RH trench and concrete vault concepts summarized in section 2.2 are used for the 
conceptual model calculations. The dimensions for the RH trench model are taken from Figure 
2.4. The dimensions for the concrete vault model were taken from the description provided in 
m i o n  2.2.2. 

The key components of the disposal system are the surface barrier, the sand-gravel 
capillary break, the trench (or vault) and the filler material. The surface barrier is assumed to be 
a modified RCRA subtitle C cap M deacribed in h igh  (1999 - Section 4.0). Note that the cap is 
ataped like an inverted "v" and placed with its apex along the length dimension (north-south) 
and centered over each trench or vault. The slope of the cap is 2%. The cap extends 9 m beyond 
the inside edge of the RH trench (sea Figure 2.4). (The surface cap extends 6 m beyond the long 
dimension edge of each new concrete vault). This cap includea an asphalt layer and has a design 
life of 500 yean. Beneath the surface cap is a sand-gravel capillary break. The sand layer is 
assumed to be 1 meter thick. A gmvel layer is built up 3 meters at the apex and with a 2% slope 
to suppott the surface cap. This height assures that the waste packages are greater than 5 meters 
below the surface (per 10 CFR 61 requirements). 

For the white paper calculations the surface cap and the sand-capillary break were assumed 
to be replaced by the natural surrwnding, vegetated, surface layer - Burbank loamy sand. 
Therefore, a constant infiltration rate for Burbank loamy sand (4.2 d y )  into the top of the 
trench or vault is rseumed for the bree analysis case. This value is consistent with the upper 
bound performancs estimate for the wuface cap (see Table 3.7). This assumption is conservative 
since it introduces water into the facility sooner and thereby shortens the transport time to the 
aquifer. The sensitivity of the release rate to recharge is investigated with a constant recharge 
rate of 0.9 mdy.  
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Parameter Meaning Value 

Kinetic Rate Law Paramet era 

11 

Test Evaluation 
Method(') Method 

intrinsic rate constant 

apparent equilibrium 
constant for glass based 
on activity product 
a[AlO~'l.a[SiOz(aq)l 
p H  power law 
coefficient 
activation energy of 
glass dissolution 
reaction 
Temkin coefficient 1 LD6-5412 data 
Na ion-exchange rate 3.5 x 10" moV(m2d) SPFT Linear regression 

3.5 x 10' g m-' d' SPFT Substitution of 
regressed 
coeficients 

3.6 x 1OLU SPFT Linear regression 

0.5 SPFT Linear regression 

75 kJ/mol SPFT Nonlinear 
regression 

ineral Phaw I 

I*' 

@) 

(') 

(d) EQ3/6 Refl?? 

See McGraill999 for detinition of different tests types 
Unless otherwise noted, solid phase inferred from modeling - not directly observed. 
Solid phase identified from direct observation of reacted solids 
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The trench and vault dimensions are as defined in Section 2.2. The leachate collection 
systems are ignored in the moisture and transport modeling. The leachate collection systems can 
be ignored beceuse of the relatively short design life for these material (less than 500 years for 
concrete and 100 years for HDPE) compared to the travel time through the vadose zone (1,OOO- 
2,000 years). The 1998 LAW PA (Mann 1998a) examined the potential impact of the concrete 
vault trapping water and then failing ("bathtub effect"). The analysis showed little effect on the 
estimated impacts at the time of compliance. The material between the packages in the trench 
(or vault) is assumed to be backtill material as defined in Meyer (1999). Additional details on 
the numerical model calculations for the facility can be found in Sections 3.5.2, 3.5.3, and 3.5.4. 

3.4.5 Miltration Rate 

The tenn nchgse ia used to denote the rate at which moisture flows past the root zone 
(that in, very near awfbe) into a region where moisture flow follows simpler models. 
Recommeadations for d w g e  ntee are taken fiom Recharge Lk& Pochge for the Immobilized 
Low-Acftvily W- 2001 Pqknance Assessment payer lW), and are also provided in 
A p p c l s d i x J o f ~  'gb (ZOOO). Long-tam estimates of moisture flux through a filly 
ftndionrt avfboe cover, the corn aide slope, and the immediate surrounding terrain, as well as 
for degraded covcc condfttollll ' are n d e d .  These estimates were derived fiom lysimeter and 
tncer mcaruremeate collected by the ILAW PA activity and by other projects combined with a 
modeling analysis. 

Valuer, for the rechuge are given in Table 3.7. Values are given for two separate surface 
soils, Rum d r  and Burbank loamy sands. The Rupert sands are located at the site of the 
existing grout vaults and at the d e m m o s t  60?? of the new LAW disposal site. The Burbank 
loamy d is loclted at tbe northemmost 40?? of the new ILAW disposal site. Impacts &om 
degradation of the surfnce barria, vegetation change, climate change, and irrigation were 
considered in d l i s h i n g  the best estimate and bounding values. 

Table 3.7 Recharge Rate Eatimates (&year) (') 

ng cases given in 
parentheses; na = not applicable 
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For the base analysis case we have assumed the conservative position that the surface 
barrier has failed shortly der it was installed and used the recharge rate for Burbank loamy sand 
for just below the RCRA subtitle C surface cap. 

3.4.6 Exposure Parameters 

Dosimetry scenarios and parameter values are based on the discussion and values 
presented in Dosimetry Dam Package for the HanfordImmobilizedLctivi@ Tank Waste 
Perfrmance Assesment (Rittmann 1999), and also appendix 0 of Mann/Puigh (2000). The 
scenarios for human exposure to the hazardous materials associated with the LAW glass are 
defined in appendix B ( M a q  1999b). Table 3.8 provides the unit dose factors (mrem per Ci 
exhumed) for the intrusion d o  where a post-intrusion resident lives near the exhumed waste 
associated with a well drilled thtough the disposal site. Table 3.9 provides the total unit dose 
factors for five exposure accmuios where the exposure includes contamination of the 
groundwater. Thcse scendoa w for industrial, residential, agricultural, and population 
exposures as defined in the Hrnford Site Risk Assessment Methodology (HSRAh.l) @OE/RL 
1991). The Native American aubsiutence resident exposure is discussed in DOEmL (1997). 

Table 3.8 Annual Unit Dose Facton for Post-Intrusion Resident (mrem per Ci exhumed) 
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Table 3.9 Total Annual Unit Dose Factors for Low-Water Infiltration Cases (mrem per p C a  in 
the groundwater) 

3.5 Performance Assessment Methodology 

3.5.1 Introduction 

Computa codes will be used for four purposes: 
to calculate contaminant release rates from the waste packages and from the 
disposal facility, 
to calculate moisture flow and contaminant transport in the vadose zone, 
to calculate moisture flow and contaminant transport in groundwater, and 
to merge the results of the preceding codes. 

Pigum 3.5 illurtrrtcn also the d l  computational strategy for the ILAW PA. The near-field 
environment ir defined M the domain through the trench or vault to some distance below the 
floor of the disposal facility. A coupled unsaturated flow, chemical reactions, and contaminant 
transport simulator (STORM) was used within the near-field (Bacon 2000). The plume exiting 
the region near the vault is expected to be of high ionic strength and pH, and will migrate down 
into the near-field vadose zone for some distance. However, at some distance from the disposal 
vaults, geochemical conditions will approach those more typical of the Hanford vadose zone and 
for which simplifying assumptions (such as linear sorption, negligible precipitation/dissolution, 
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no changes in hydraulic properties, and no fluid density gradient effects) can be used. This 
region is defined as the far-field environment and can be simulated using standard, non-reactive 
(chemical reactions not specifically included in calculations) flow and transport codes. For the 
L A W  PA, computations in the far-field domain were done using V M D F  (Huyakorn and 
Panday 1995), a variably saturated flow and transport code. 

The primary reason for switching from the near-field simulator to VAM3DF is to apply a 
less complicated code for the *-field, and therefore a faster turnaround for the numerical 
simulations. The radionuclide flux exiting the far-field domain to the unconfined aquifer will be 
provided by VAM3DF and will be used as a boundary condition for the unconfined aquifer flow 
and transport simulator. Calcul&ns in the groundwater aquifer are performed using the 
Hanford Site model and asaociatd code, CFEST-96, (Gupta 1987). The Hanford Site 
Groundwater Program has recommended this code for performing saturated flow and transport 
simulations for the H.nEond Site. Pially, the results of each of the sequential calculations are 
combined to estimate the impacts 5 x n  the disposal system using the INTEG program (Mann 
1996b). This program combiner the results from the far field calculstions, the groundwater 
calculations, and the dommetry data to estimate impacts related to the performance objectives. 

3.5.2 Base Analysis Case and Sensitivity Case Descriptions 

A base analysis case has been chosen to represent the L A W  disposal system. It was 
assumed that the ILAW wude is disposed in a remote handled trench having the dimensions 
d i n e d  in P i  2.4 and provided in Puigh (1999). The effect of the modified RCRA subtitle 
C surface cap above the trench and the sand-gravel capillary break are ignored. A recharge rate 
of 4.2 mmly into the faciIity is assumed (see section 3.4.5). Backill hydraulic properties (Table 
3.2) are wed for the  fill^ materid between the waste packages in the trench. Similarly the layer 
below the trench is modeled as having the properties of the Hanford sandy sequence (see Table 
3.3). The far field is modeled as having two major sequences: a sandy sequence and a gravelly 
sequence. The hydraulic Propaties for these sequences are provided in Table 3.3. Similarly, the 
chemical propertier of these sequences are provided in Table 3.4. Additional details are 
provided in sections 3.5.3 and 3.5.4. For the groundwater calculations the RH trenches were 
assumed to be in the southeast corner of the L A W  d~posa l  site (see Figure 2.2). This location 
provides a conservative estimate for the dilution of the contaminants in the groundwater since 
part of the aquifm is in the Ringold Formation, which has lower conductivity and hence lower 
flow. Also, the 200 Area fence is approximately 100 m downgradient from the facility at this 
location within the disposal site. 

S e v d  sensitivity ca8cs were also run to provide the reader with an estimate of the 
relative impact of key assumptions. One sensitivity case explores the impact of a different 
recharge rate (0.9 d y )  into the facility. A value of 0.9 d y  is used as a sensitivity case based 
on the natural recharge fbr Rupert sand and surface barrier performance considerations (see 
section 3.4.5). A secoad aensitivity case has been set up assuming a concrete vault layout. This 
case dso has a higher loading of waste into the vault when compared to the RH trench. All 
calculations are performed for the ILAW inventory in the waste form (see Table 3.1). The 
sensitivity of the results campand to the performance objectives to uncertainties in the inventory 
is also investigated. 
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Figure 3.5 Modeling Strategy for Assessing LAW Disposal System 

I 7 

For each cace the wwte form calculation is performed out to at least 20,000 years. The 
output &om the wute form caldation is the input to the fir-field calculation that caldatea the 
flux to the pnmdwmr below the trench or vault. Finally the groundwater calculation provides 
the dilution hctor (well intempt factor) to a pateatirl receptor either 100 m downgradient from 
the trench or vault, to the 200 area fence, or to the closest flow path to the Columbia River. 

The waste form calculations are performed for ?'c release from LAWABPl glass. The 
flux concentration of other radionuclides and hazardous chemicals into the far-field is assumed 

49 



DOWOW-2000-07, REV, 0 

to be proportional to their concentration in the waste form relative to 99Tc. This assumption 
assumes that the release of each hazardous radionuclide or chemical is proportional to the 
dissolution rate of the g h ! 3  and that none of these released isotopes or chemicals interact with 
the near field materials except aa identified in Table 3.5. This approach is conservative because 
it neglects any secondary phase formation that might OCCUT and trap these contaminants. 
Chemical adsorption using the & model described in section 3.4.2.3 is used for the transport of 
these other materials through the vadose zone. The & value for the hazardous chemicals is 
conservatively assumed to be zero. 

3.5.3 Waste Form Release and Near-Field Contaminant Transport Code Calculations 

3.5.3,l Approach and Rationale 

The 1998 ILAW PA showed that the key variable in the analysis is the waste form release 
rate, which must be calarlptsd over thousands of years. To conduct this calculation, we have 
pursued a methodology where the waste form release rate is evaluated by modeling the basic 
physical and chemical proccartr that are known to control dissolution behavior instead of using 
empirical extrapolations from laboratory “leaching” experiments commonly used in other 
performance assessments. We adopted this methodology for the following reasons: 

The dissolution rate, and hence radionuclide release rate from silicate glasses is 
not a atate W o n ,  i.e. a constant that can be derived independent of other 
variables m the system. Glass dissolution rate is a function of three variables 
(neglecting composition itself): temperature, pH, and composition of the 
fluid contaOting the glass. The temperature of the ILAW disposal system is a 
known constant. However, both pH and composition of the fluid contacting the 
glass are variables that are affected by flow rate, reactions with other engineered 
materials, pwater equilibria, secondary phase precipitation, alkali ion 
exchange, atxi by dissolution of the glass itself (a classic feedback mechanism). 
Consequedy, &ass dissolution rates will vary both in time and as a finction of 
position in the disposal system. There is no physical constant such as a “leach 
rate” or radionuclide release rate parameter that can be assigned to a glass waste 
form in such a dynamic system. 
One of the principal purposes of the ILAW PA is to provide feedback to engineers 
regarding the impacts of design options on disposal system performance. A 
model based on empirical release behavior of the waste form could not provide 
this information. For example, we have found little effect on waste form 
performance regardless of whether stainless or cast steel is used for the waste 
form pour canister. However, significant impacts have been observed when large 
amounts of concrete are used in constructing vaults for LAW. The concrete 
raises the pH of the pore water entering the waste packages and so increases glass 
corrosion. 

U n f o e y ,  the robust methodology we have employed does not come without some 
penalties. The principal penahy is the increased amount of information that is needed about the 
reaction mechanisms controlling the dissolution behavior of the waste form. Significantly more 
laboratory experiments are required to parameterize the models used for our simulations. 
Second, the model itself is markedly more complex. Execution times with today’s fastest 
workstations can take weeks for one and two-dimensional simulations and three-dimensional 

50 



DOWOW-2OOO-07, REV. 0 

simulations can only be attempted on today's most sophisticated massively parallel computers. 
Still, we believe the benefits, particularly with regards to the technical defensibility of the 
methodology and results, far outweigh the penalties. 

3.5.3.2 Computer Model Selection 

The code selection uiteria and selection process used is documented in Selection Of A 
Computer Coda For Haqford Low-Level Wmte Engineereddystem Perjbrmame Assessment 
(MCGrail19983. which is included as Appendix C of MannlPuigh 2000. The needed 
capabilities were identiAed h m  an analysis of the important physical and chemical processes 
expected to 
computer cod- with suitable capabilities were ranked in terms of the feature sets implemented in 
the code that nut& a wt of physical. chemical, numerical, and hnctional capabilities needed to 
assess dare rata 5om the engineered system. The highest ranked computer code was found to 
be the STORM code dswloped at PNNL for the U.S. Department of Energy for evaluation of 
arid land disposal Sites. The vaification studies for STORM are documented in &bm~ace  
lhqmrt Owr hzt iw lUkliiphuws (STOW: A General, Coupled Nmisothennal Muhiphe 
Flow, Reactive T q ,  cmd Porous Medium Alteration Simulator. Version 2, User's Guide 
(Bacon 2OOO), which is included as Appendix D in Mann/Puigh (2000). 

LAW &as corrosion and the mobility of radionuclides. The available 

3.5.3.3 Overview ofModel Setup and Parameterization 

The remote handled trench simulations encompass a 1-D vertical profile near the center 
of a single trench ( F i i  3.6). It is assumed that the material representing the waste packages is 
85% glass, 2% stainless steel and 13% filler by volume. The unsaturated hydraulic properties for 
each of the porous materials considered are listed in Table 3.2 and Table 3.3. The unsaturated 
hydraulic properties for glass (Table 3.2) were used for the waste packages. 

The new ILAW vault simulations encompass a 1-D vertical profile at the center of a 
single vault (Figwe 3.7). It is assumed that the material representing the waste packages is 85% 
glass, 2% stainless steel ad 13% filler by volume. The unsaturated hydraulic properties for each 
of the materials d d d  are listed in Table 3.2. The unsaturated hydraulic properties for glass 
(Table 3.2) were used for the waste packages. The steel container was assumed to not provide a 
water barrier at the start of the simulation. 

The waste psclrage driers were assumed to consist of 304 stainless steel. The 
corrosion reaction for 304 stainless steel is given by Cloke (1997): 

Steel + 2.9262 x 10.' H+ + 1.7618 H,O + 3.4169 x 10' 0, (aq) + 
3 .4667~  loa HCO; + 3.4701 x 10" CrOt + 1.1828 Fe(OH),(aq) 

+3.5167x102 Mn" +9.9093x103 NO; +1.8583~10-' Ni" 

+8.8O04x1O4 HP0~+5.2O08x1O4 SO~+1.7325x1O5 SiO,(aq) 

(3.7) 
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-1 -I The 304L stainless steel corrosion rate was assumed to be a constant 6 . 8 7 ~ 1 0 ' ~  mol cm s 
Cloke (1997). This conservatively implies that the steel corrosion rate is not affected by changes 
in pH or water chemistry. 

Other materials in the simulations, including vault concrete, backfill, Hanford Sand, and 
vault filler, contain additional solid phases. The backfill material was assumed to consist of 40% 
albite, 40?h quartz, 1O.h K-feldspar and 1OOh illite (Mann 1998a). Degraded vault concrete was 
assumed to consist of backfill with 15% Portlandite added. The vault filler and Hanford Sand 
were assumed to have the same mineral composition as the backfN material. The dissolution 
reactions and equilibrium constants associated with each of these minerals are detailed in the 
Waste Form Release Data Package for the 2001 Immobilized Low-Activity Waste Perfonnane 
Assessment (h3cCrail 1999). 

Model grids were 5 cm in Mltical resolution; this is slightly larger than the 3.66 cm grid 
spacing used in the 1998 EAW PA The time steps used in these calculations were calculated 
automatically by the cod0 given a convergence criteria of lxlOb. This ensures that predicted 
values of 4 u m  speciea concentm~ 'OM and mineral volumes are accurate to 0.0001 percent 
between MOM for a given time step. Ifthis cannot be achieved within a certain number of 
iterations, the time stcpe are autoamtically reduced. Numerous simulations were conducted to 
ensure that the grid spacing and convergence criteria chosen for the simulations were small 
enou@ to enaure fwuracy, yet large enough to allow the simulations to finish in a reasonable 
amount of time. For comparison, the base case remote handled trench simulation was rerun with 
a grid spacing of 2.5 cm, and ale0 with a convergence criteria of 5xIW'. Results for these 
simulations were not sirplificantly different than reported herein. 

The flow simulations used the following boundary conditions: constant specified flux at 
the upper boundary and free drainage at the lower boundary. The reactive transport simulations 
used the following boundary  conditio^: specified aqueous species concentrations at the upper 
boundiuy and no diffusion across the lower boundary. The flux of Tc across the lower boundary 
is therefore limited to advection 

f = w w v  (3.7b) 
where c = conccntrrdon of Tc (mol kg-') 

pw = density of water (mol m") 
v = specific discharge (m 8.') 

The normalized Tc flux to the vadose zone is calculated by summing all Tc fluxes across 
the bottom boundary of the model, and normalizing the total flux according to the amount of Tc 
in all the waste packages at the rRart of the simulation. The normalized flux of Tc across the 
lower boundary, F , in units of ppdy, was calculated using 

" 
21;&AYl 

F = J4 (3,1558 x 10') Z 

where 1; = flux of Tc across the bottom of an individual grid block (pmoles m3 6') 
ArlAyl = cross-sectional area of an individual grid block (m') 
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Z = inventory of Tc in the waste packages (mol ~n-~), where 

Z=VV(1-4)VGPQ% (3.9) 
where 

V, = volume of the waste packages (m3) 
e, = total porosity of the material representing the waste packages (0.02) 
V, = &action of each waste package that is glass (0.85) 
p, = molar density ofLAWABPl glass (38776.1450 moles ma) 
yre = mole &action of Tc in LAWABPl glass (6.5%10-' moles Tc mole-' glass) 

The volume of the waste packages, V, , was 5.6 m3 for the R H  Trench simulations and 
8.4 m3 for the new L A W  concrete Mult simulations. For 1-D simulations the cross-sectional 
area of the grid block was 1 mz. 

Figure 3.6 Material Zones for Remote Handled Trench Waste Form Release Simulations 

15.0 rn 
14.4 m 

-. . ... , 
8.0 rn 
6.9 rn 
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Figure 3.7 Material Zones for New LAW Vault Waste Form Release Simulations 
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3.5.4 Far Field Moisture Flow and Contaminant Transport Code Calculations 

The code selection criteria for the far field (vadose zone) calculations were detemiined 
(Mann 1998b) and vendors formally submitted proposals which were formally evaluated (Voogd 
1999). The code selection Critaia were heavily based on criteria identified for the earlier ILAW 
PAS (Mann 1996a) which themselves were based on DOE and NRC criteria. The VAM3DF 
code, an earlier version of which han been approved by the DOE, EPA, and Washington State 
Department of Ecology for vadose zone calculations (TPA Milestone 29-2) was selected. 
Documentation on verification of VAM3DF can be found in Appendix F of Mann/Puigh (2000). 

The far field extends &om the bottom of the waste disposal facilities to ground water. 
The material beneath the waste facilities is W o r d  sand, which is projected to extend to a depth 
of 65 meters below surface level. Beneath the Hanford sand is the Hanford gravel that extends to 
the projected post-Hanford water table at 103 meters below land surface. Each material is 
represented na a homogeneous medium for the respective sediment types. The porous media is 
assumed to be isotropic, which means there is no spatial distortion caused by sedimentary 
layering or lateral pressure gradients in the system. Hydraulic and chemical parameters used in 
the model are derived from the data package of Khaleel(1999). 

The far field is simulated na a two dimensional domain, horizontally layered system for 
each of two waste disposal facility designs. The far field model is designed to correspond to the 
one half trench and one half vault lateral dimensions shown in Figures 2.4 and 2.7. 
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Consequently, the RH trench model domain extends 50 meters from left to right and the new 
ILAW vault model domain is 21.5 meters across. The upper boundary of the model domain in 
the far field corresponds to the lower boundary used for the waste form calculations at 15 meters 
below land surface. The lower boundary is located at the water table at 103 meters below land 
surface. 

The contaminant flux along the upper boundary for the far field calculation is given by 
the one-dimensional contaminant flux times the quantity of waste at a given distance fiom the 
model axis (y-axis in figura). For the concrete vault the quantity of waste is constant out to the 
edge of the stacked packages (10 m). For the RH trench the average waste package stack is 4 
high over the first 9 m &om the model axis and then decreases to three then two then one 
package Mghta at the edge of the trench. For the RH trench we have assumed that the one- 
dimensional d t 8  are applicable to a waste package stacking of two or even one package since 
the pH and the LAWABPl disdution rates are comparable in each of the four waste packages 
(see section 4.2). 

The hydraulic prope&a of the material used in the numerical model of the near field 
control the flow that will reach the waste disposal facilities. Hydraulic parameters are derived 
from fittine a nodinar least aquans equation to an ensemble set of moisture characteristic 
curves for each m a t d  type 4. These fitted parameters are then used as input to the model, 
which solves the following equations, 

and 

where, 

e = v ~ l u m e t r i ~  water c~ntcnt 
0, = Saturated moisture content 
e, = Residual moisture content 
a = van Genuchten fitting parameter (l/cm) 
h =Pressure head (-cm) 
n = van Genuchten fitting parameter 
m = 1-lh 

I<I = Relative conductivity - [y) 
K(h) =Hydraulic conductivity (cds) 
K, = Saturated Hydraulic Conductivity ( c d s )  
L = Pore connectivity (0.5) 

The fitted hydraulic parameters for each near field material type are listed in Table 3.2. 

(3.10) 

(3 .11)  
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Fluid fluxes into the far field model are derived fiom fluxes that move through the near 
field and then through the waste disposal facilities. These volumetric fluxes are applied at the 
upper wvhce of the far field model. The lower model boundary is assigned a constant pmsure 
head value that deiines a vertical gradient that drives vertical moisture movement. Contaminant 
transport &om the waste facilities is a hct ion of the fluid flow fields in the system. The 
contaminant is applied as a mass flux at the top of the far field, that is equivalent to the man flux 
calculated beneath the facility. For all contaminant transport simulations, the far field 
calculation assumes the sorption coefficient, & = 0 d g  for the most mobile contaminants 
(defined in Table 3.4 for the radionuclides and for all the chemical contaminants. Other 
radionuclides are represented by adjusting the isothermal sorption coefficient (&) which reflects 
the tendency of the species to sorb onto the solid sediment matrix (see Tables 3.4 and 3.5). 
Contaminant inventory adjustments for other species are made by scaling to the Tc- inventory 
during the integration process. See the end of section 4.2 for a description of dissolution factors 
used for key contaminants. 

Contaminant transport in the model is calculated by the advection-dispersion equation, 
which is represented by the following form of the equation, 

Where, 

VIVI Du = a, lVpu + (a, - a, )- + rDoSu 
IVI 

4 

Do =b3D* 

Where, 

x-coordinate (cm) 
Hydrodynamic dispersion tensor 
Solute concentration (g) 
Darcy velocity (cds) 
Saturation fraction 
Retardation factor 
Sourdsink term 
Solute concentration of injected fluid (g) 
solute volume (cm3) 
Bulk molecular difision coefficient 
Free water molecular diffusion (2%-05 cm2/s) 
Isothermal sorption coefficient &, d g )  
Porosity 
Bulk density (g/nL) 
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l. = 
7 =  Tomosity 
%= a onecker delta 
aL = Longitudinal dispersivity (cm) 
CCT = Transverse dwpersivity (cm) 

Fust-order decay coefficient (Vs) 

Hydraulic properties for the far field materials are listed in Table 3.3. Properties relevant 
to contaminant transport are listed in Table 3.10. 

Table 3.10 Far Field Transport Parameters 

3.5.5 Groundwater Plow and Contaminant Transport Code Calculations 

The Richland Field Managa (Wagoner 1996) has directed the W o r d  Groundwater 
Program to establish a dngle gmdwater model for the HMford Site. The W o r d  
chmdwater Program has sclelected CFEST as the interim code. Documentation of code 
fonrmlation, w d s  guides, and verification are given in Gum et al., (1987). Documentation of 
the specific application of the CFEST code to the sitswide groundwater flow and transport 
model at W o r d  is provided in Wurstner et al. (1997), Cole et al. (1997) and Kincaid et al. 
(1998). 

3.5.5.1 Simulation of SitsWide Steady-State Flow Conditions 

Pest projections of post-Hanford water-table conditions have estimated the impact of 
Hanford 0pentionS ceasing and the resulting changes in artificial discharges that have been used 
extensively as a part of site westamanagement practices. Simulations of transient-flow 
conditions h m  1996 through the year 4000 were conducted by Cole et al. (1997) with the three- 
dimensional model shows an owrall decline in the hydraulic head and hydraulic gradient across 
the entire water table within the modeled region. Results of these simulations were that the water 
table would reach steady state baween 100 to 350 years in different areas over the W o r d  Site. 

Given the expected low delay of contaminants reaching the water from the LLW burial 
grounQ. the hydrolosic frpmeworL of all groundwater transport calculations was based on 
postulated post-H&xd d y - s t a t e  water table as estimated with the three dimensional model. 
The predicted water table for post-Hanford conditions for these assumed steady-state conditions 
&xom the site and in the area between the LAW New Disposal Facility and the Columbia River 
am8 &Umted in Figure 3.8 and 3.9. The overall flow attributes of this water table surfice are 
consfstent with the previoudy rimdated flow patterns described in Wurstner et al(1995), Cole et 
al(1997) and Law et al. (1996). From the LAW new disposal facility, groundwater moves in a 
southeasterly direction near the site and then in an easterly and northeasterly direction before 
discharging into the Columbia River north of the W o r d  town site. 
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3.5.5.2 Local-scale Model Development and Description 

The base analysis case for the groundwater flow and transport calculations included 
evaluated current disposal concepts at the new ILAW disposal facility that will be located in 
south-central 200 East area. The approach used in this analysis was to construct a local-scale 
model based on flow conditions calculated in the site-wide model to adequately represent flow 
and transport conditions near these facilities to a hypothetical well 100-m downgradient. 

3.5.5.2.1 Grid Design 

The grid used in the local-de model required refinement both areally as well as 
vertically. The discrstizsd grid Eor the local-scale model telescopes in from the grid used in 
regional scale Cal~~latiOnS. The grid extends over an area of about 4100 meters in the west to 
en& direction and 4100 m in the north-south direction (See Figure 3.10). It progressively varies 
in size &om the outmost subdivided coarse triangular grids made on the regional scale 375 m by 
375 m grid spaces to the finest grid spacing of 20 by 20 m in vicinity of the LAW disposal area. 
The total number of surface elements in the three-dimensional model is 9157 elements. The 
threedimensional model, based on this surface grid, comprises a total of 3 1604 elements (9157 
surface and 22,447 subsurface elements) and 326 18 nodes. 

The v d c d  grid spacing fbr the transport (as well aa the flow) model consisted of 
multiple transport layers that subdivided the major hydro-stratigraphic units. The basic approach 
for this subdivision is the m e  was used in Kincaid et al(1998) to support groundwater transport 
calculations used in the Composite Analysis. The basic thickness of each of these transport 
lay- was 8 m. The transport layers were defined from the water table surface to the basalt to 
account for the overall saturated thickness and to adequately represent contaminant 
concentrations in the threedimensional model. At every model node each of the major hydro- 
stratigraphic units below the water table was represented by at least one transport model layer. 
Nonconductive (e.g., mud units) below the water table were always represented by at least 2 
transport model layem regardless of their saturated thickness in order to assure the vertical flow 
and transport through theae units was appropriately represented. For units whose saturated 
thickness was 4 2  m thick, the layer thickness was set to the actual saturated thickness of the 
unit. Nonconductive and conductive units whose saturated thickness was >12 m were divided 
into multiple transport model layers in the same manner. For all units with thickness >12 m, the 
tmuport layering algorithm is as follows: create as many uniform 8-m transport layers as 
possible until the remaining unaccounted for saturated thickness is >12 m but <=16 m, then 
aeate two additional transport layen set to half of the remaining saturated thickness of the 
hydrostratigraphic unit being laymd. 

At the local-scale, a total of six hydrogeologic units were found to be present: 1) the 
Hanford formation (Unit 1) and sevsral units belonging to the Ringold Formation, including Unit 
5, 6, 7, 8, and 9). The threedimensional distribution of these units in the local-scale model is 
depicted in Figure 3.1 1. 
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Figure 3.8 Predicted Water Table for Post-Hanford Conditions for Assumed Steady-State 
Conditions (as Simulated after 350 Years) 
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3.5.5.2.2 Hydraulic Properties 

The hydraulic conductivity and porosity estimates used in the local-scale model were 
dmloped based on the following assumption: regional scale estimates of hydraulic properties in 
the sitawide model can be interpolated using local-scale model grid coordinates to represent 
local-de properties in vicinity of the ILAW disposal facility area. The resulting three 
dimensional distribution of thesc properties is provided in Figure 3.12. The estimated values are, 
in general, indicative of the regional high trends in hydraulic properties found in the central part 
of the W o r d  Site. 
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Figure 3.9 Predicted Water Table for Post-Word Conditions for Assumed Steady-State 
Conditions between ILAW Disposal Facility and Columbia River (as Simulated after 350 
Yers) 

Y 

Specifidly, the aaccstral Columbia River deposited very coarse alluvial deposits in a 
deep chnael c x t e d q  to the south of the ILAW site and to the north between Gable Butte and 
ci.bleMaunt.in. Iwfmted hydnulic conductivities directly below the disposal range fiom 
md thoumud to tcar of thoumds ddny in the Hanford formation and several hundred &day 
in the pepmeable pfut8 of the Ringold Formation (Units 5, 7, and 9). Relatively low hydraulic 
conductivitica are tstimated for low permeability units within the Ringold Formation (Units 6 
Md 8). 

The best cathate of an effective porosity of 0.25 used in the site-wide model were also 
used in all transport simulation made with the local-scale model. 
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Figure 3.10 Finite Element Grid Used in Local -Scale Model 
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3.5.5.2.3 Hydraulic Properties 

The hydraulic conductivity and porosity estimates used in the local-scale model were 
developed based on the following assumption: regional scale estimates of hydraulic properties in 
the site-wide model can be interpolated using local-scale model grid coordinates to represent 
local-de propertien in vicinity of the ILAW disposal facility area. The resulting three 
dimensional distribution of these properties is provided in Figure 3.12. The estimated values are, 
in g d ,  indicative of the regional high trends in hydraulic properties found in the central part 
ofthe W o r d  Si. Specifically, the ~ ~ g . ~ t r a l  Columbia River deposited very coarse alluvial 
deposits in a deep channel extending to the south of the L A W  site and to the north between 
Gable Butte and Gable Mountain. Estimated hydraulic conductivities directly below the disposal 
range fiom several thousand to tens of thousands &day in the Hanford formation and several 
hundred d d a y  in the permeable parts of the Ringold Formation (Units 5,  7, and 9). Relatively 
low hydraulic conductivities are estimated for low permeability units within the Ringold 
Formation (Units 6 and 8). 
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The best estimate of an effective porosity of 0.25 used in the site-wide model were also 
used in all transport simulation made with the local-scale model. 

Figure 3.11 Three-Dimensional Distribution of Major Hydrogeologic Units in the Local-Scale 
Modc :1 

3.5.5.2.4 Transport Propaties 

Kstimatea of model parnmeters were developed to account for contaminant dispersion in 
all tramport & u u ~ ~ ~ o M .  SpsCitic model parameters examined included longitudinal and 
transverse dispmion coefficient8 @I and D,) as well as estimate# of effective bulk density and 
porosity of the aquifer m a t d s .  This section briefly summarizes estimated transport properties. 

In general, the horimntd dispersivity for aquifer transport is typically set at 10 percent 
of the travel length in the Itirserisn of flow and the trmsvmc dispersivity is set at 10% of the 
longitudinal value. For predictions at 100 m downgradient of the facility, this would mean a 
longitudinal dispmivity of at lea& 10 m would be required. For this analysis, a lower 
longitudinal dispersivity of 5 m was selected to be within the range of recommended grid peclet 
numbers (P, < 4) for acceptable solutions. The 5 m estimate is about one-quarter of the grid 
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spacing in the finest part of the loca l -de  model grid in the 200-Area plateau where the smallest 
grid spacing is on the order of 20 m by 20 m. The effective transverse dispersivity was assumed 
to be one-tenth of the longitudinal dispersivity. Therefore, 0.5 m was used in all simulations. 

3.5.5.2.5 Base Case: Areal Sources Representing New Facility Disposal Concept 

The remote-handled trench disposal concept was evaluated in the initial base case 
calculations. For this concept, the new L A W  disposal facility will consist of a set of six remote- 
handled waste trenches in the configuration illustrated in Figure 2.3. Each waste trench will be 
an underground, open-topped, trench approximately 80 m wide, 260 m long and 10 m deep with 
3 : 1 side slopes. 

The primary ObjcctiVe of the groundwater flow and transport calculations were to 
determine the wll-intmept faUor, The well-intercept-btor (WIF) is defined as the ratio of the 
cOncentration at a well location in the aquifer and the concentration entering the aquifer. For 
purposes for thsre ulcul.tiOnq the concentration of source cntaing was assumed to be 1 Cim3. 
The rate of maas flux amanted * with this concentration is a hnction of the infiltration rate 
assumed for the dinpod slcility covered by the modified RCRA subtitle C cap. With an 
asswned rate of 0.9 mm/y a~umed for the disposal facility, the resulting solute flux, which is a 
product of the contaminant concatmtion in the infiltrating water and the infiltration rate, 
entering the aquifer from each of the disposal concepts is 9x104 Ciyr/mz. 

In all model simulations performed, the WIF was calculated at a hypothetical well located 
approximately 100 metm downgradient fkom the boundary of the disposal along the centerline 
of the simulated plume. A pumping rate of 10 liters per day was used at the hypothetical 
downgradient well location. Thir pumping rate would provide sufficient drinking water for a 
family of five at an assumed intake of 2 liters per person per day. 
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Figure 3.12 Distribution and Hydraulic Conductivities of Major Hydrostratigraphic Units in 
Local-scale Model 
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3.5.6 Integration Calculations 

INTEG (Mann 1996b) calculatm a specific impact (whether dose rate or concentration 
level) based on the inventory. wdose zone transport, aquifer transport, and dosimetry factors. 
The dose rate calculated depends on the type of dosimetry factor (e.g., all-pathways, drinking 
water). The program solves the following equation for each year under consideration. 

(3.16) 

where 

4 is the amount (or imsntory) of radionuclide i (Ci). The time-dependent value is 
calculated by INTEG based on the initial inventory and on decay and the 
ingrowth &om other radionuclides. 

84 



DOWORP-2OOO-07, REV. 0 

is the flux of contaminants at the bottom of the vadose zone normalized to an unit 
source inventory for radionuclide i ([Ci/y]/Ci). The time-dependent value is 
calculated by VAM3DF. 

is the ratio ofthe collccnw~ 'on of radionuclide i at the well location relative to the 
contaminant concatration at the boaom of the vadose zone (dimensionless). This 
quantity waa called the well intercept factor in earlier Hanford performance 
assc&uncnt8. The pealc d u e  88 calculated by CFEST is used. This value is 
dependent ( ~ 1  a e v d  factom including the distance from the facility to the well, 
well pumping rate, and the onentation of the facility to the direction of the 
groundwater flow. 

is the dose rats Epctor (mmn/y per Cim?. The values are taken from the Tables 
3.8 and 3.9. Di is unity when the response that is calculated is a concentration. 

is the recharge rate (dy). The value at 10,oOO years is used at all analysis times. 

is the ana o w  which the contominant flux enters the aquifer (m'). The value 
used ia the ana of the disposal facility being modeled. 

ri 

Wi 

Di 

r 

A 

The program is modeled after GRTPA (Rittmann 1993), which served a similar &nction 
in earlier work (Rawlins 1994). INTEG allows patm fiedom in specifying data used in the 
integration. The code has been benchmarked against the results of GRTF'A @ann 1996b). 
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4.0 RESULTS OF ANALYSES 

4.1 Overview 

This prslslltrthe results of the analyses described in section 3.5. Sections 4.2 
through 4.4 describs the mult8 from the individual calculations performed for the waste form, 
(section 4.2), hr fMd (rrrobon 4.3), and groundwater (section 4.4). These sections also provide 
thereaderwithan of the results with respect to key parameters in each analysis. 
Section 4.5 n of these analyses and their impact on the groundwater 
scenarios. Section 4.6 sumnabs the analyses for natural events. Finally, section 4.7 
summarizes analyses for retoases to the air. 

4.2 Waate Form Reaultr 

4.2.1 Overview 

The base analysis cw adarlations provided in this white paper are based on conservative, 
one-dimensional mod& bbatbewwte form calculations. The reasons why these results are 

lis detailed at the end of this section. 

base case was the RH trench with a recharge rate 

It with a recharge rate of 4.2 d y .  A steady- 
and used to provide water contents and water fluxes 

port simulations. For each of the three cases, the flux 
across the lower boundary of the model, as described in 

Equation 3.8. FMlw of TOO, Oommtrstion, LAWABPl dissolution rate, and pH are presented 
in order to Qqrhht 

4.2.2 U M  Flow Field U d  in Waste Form Release Calculations 

except for assumed recharge rate of 0.9 d y .  

disbrsnce in flux predicted by each of the three cases. 

Amdag ftow with a constant recharge rate results in a constant water flux, 
entire depth of the profile. Water content, however, 
content is a dimensionless variable defined as the 

volume of wrta pa VaLtmS of porous or fractured media. The unique relationship between 
water atX .gd WItg cmtmt for erch material is defined by the hydraulic parameters listed in 
Table 3.2. Fwtb two RH trench aimulations, water contents inside the glass layers are lower at 
a rechfgc nte da.9 mudy than at a recharge rate of 4.2 mm/y (Figure 4.1). In either case, 
water OOntdaEl brth materials are two orders of magnitude higher than in the glass 
(Fim4.1). M dpmulrtiofi, the water contents in the glass (Figure 4.2) are similar to 
thoseOb8esdia simulation at the same recharge rate. Water contents in the vault 
filler are an orda dm@ht& higher, and water contents in the concrete and backfill are two 
orders of mqjnkde than in the glass. 
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4.2.3 RH Trench Simulation with 4.2 d y  Recharge Rate 

The maximum flux of Tc to the vadose zone for the RH trench base case simulation is 8.4 
ppdy at 20,000 y (Figure 4.3). The Tc flux to the vadose zone is proportional to the TcO; 
concentration at the lower boundary and the water flux rate (see Equation 3.7b). At early times 
the Tc04 concentrations (Figure 4.4) increase sharply in the glass layers. Glass dissolution, and 
low water contents in the glass layers (Figure 4. l), coupled with a low water flux rate, causes 
Tc04 concentnb 'on15 to iaaeUe rapidly in the glass layers. In contrast, mass transport from the 
glass laym is mquired to buildup Tc co- 'OM in the backfill layers. . Therefore, 
concentntionr n tbs backfill layers incnuw slowly as products of glass dissolution diffuse from 
the @ME layera iado tbe brddill layem, whrae dilution also owws because of the much higher 
water contat in the backfill layers compared with the glass layers. Predicted glass dissolution 
rates (Figure 4.5) increase with time in each of the glass layers, but are relatively similar for each 
layer. 

For this and the tollowing two simulations, it was conservatively assumed that glass 
dissolution was at the fonwsrd rate of reaction. In other words, buildup in the activities of 
species caused by glass dmlutiin, such as AlO; and SiO,(aq) ,were not considered to decrease 
the glass dissolution rate. In this case, Equation 3.5 simplifies to 

(3.17) 

Iron corrosion product reactions were included in the simulations, but their only effect in the 
present simulations w8i1 to slightly alter the mlution pH early in the simulations. The glass 
dwsolution rate for these simulations is therefore p m ~ o n a l  to the pH of the pore water in the 
glass hcturw, u well as the surface area of the glass. The pH of pore water increases from a 
background value of 7 to a maximum value of 9.5 in the center of the groups of waste packages 
(Figure 4.6). Becsurs the glass dissolution rate is relatively low, the surface area of the glass 
does not decrtase wticeably by 20,000 years. The pH and Tc04 concentrations increase more 
rapidly in the glass layers early in the simulation, although by 20,000 years concentrations in all 
layers are relatively similu. This indicates that at early times, the TO, flux moss the lower 
boundary is limited by the diffusion rate of TcO; out ofthe glass layers. 

4.2.4 RH Trench Simulation with 0.9 mm/y Recharge Rate 

The maximum fhu of Tc to the vadose zone for a case where the recharge was lowered to 
0.9 d y  is 0.98 ppmly at 20,000 y (Figure 4.3). This is 8.5 times lower than the maximum flux 
jmdiicted by the RH trench simulation with a 4.2 mm/y recharge rate. T O 4  colacentrations 
(Figure 4.7) M bigk  itt tiwgkss layen at thir lowa recharge rate (0.9 mm/y) because glass 
dissolution rates (Figure 4.8) are higher, and water contents in the glass layers are lower (Figure 
4.1). J3gk glass dissolution rates are acpected in this case because the decrease in flow rate 
means less influx of low pH and low ionic strengh fluid into the system, driving the pH higher 
(Figure 4.9) in the glass layers. TcO; concentrations with time at the lower boundary, however, 
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are lower than seen in the base case simulation. Although glass release rates are higher than for 
the base case, lower water contents in the glass layers result in lower rates of diffusion from the 
glass layers. This, coupled with a lower wata flux, results in a lower flux to the vadose zone. 
Results from the previous PA (Mann 1998a), ahowed that a 10-fold decrease in recharge resulted 
in a 3-fold decrease in Tc flux to the vadose zone. However, in that simulation water content did 
not vary appropriately with the recharge rate. 

4.2.5 New LAW Vault Simulation with 4.2 mm/y Recharge Rate 

The &mum flux of Tc to the vadose zone for the new ILAW vault simulation is 11.8 
ppdy at approximately 5,500 y (Figure 4.3). This flux is 400h higher than for the RH trench 
base case simulation (Figure 4.3). The glass packages are more closely packed in this simulation 
than in the trench simulation. TO,  co- 'OM (Figure 4.10) increase rapidly and remain at a 
relatively conatant value uatil20,OoO years. Predicted gloss dissolution rates (Figure 4.11) are 
highest oarty in the simulation and dcaease m l y  as the surface area of the glass slowly 
decreawr. Becawe the waste p.ckaeas are more closely packed, the dissolution rate is higher 
than in the R H  trsach simulatiom. This is becruse the pH inside the waste packages is not 
impacted as much as in the RH Wench simulations by mass transport and dilution ftom the higher 
water contents in the intaman * g laym (Figure 4.12). Because the packages are more closely 
packed, a grrataarcaofthe glass is at or near the maximum pH than in the RHtrench 
simulations. The early time spike in glass dissolution near the bottom of the vault (Figure 4.1 1) 
is caused by higher pH (Figure 4.12) in that region due to concrete dissolution. At later times, the 
pH is dominated by the release of glass constituents. 

4.2.6 Discussion of Waste Form Release Calculations 

Thew simulatiohcl are thought to be consuvative. because, when 2-D flow is modeled, the 
resulting glw water oontente arc lower than for the 1-D calculations, which would result in a 
lower Tc flux to the vadosc zone. Also, in the laboratory tests performed on LAWABPI, when 
SiO?(aq) and Ala2 co- 'OM are high, the glass dissolution rate is considerably lower. 
However, for bath of thesc issues, the results pressnted here are conservative (i.e., they 
overestimate the impact). Another issue is the fact that we have assumed that the hydraulic 
propaties of the g h s  remain constant with time. Oyer time, as the glass dissolves and 
secondary minerals (mostly clays) precipitate, the hydraulic properties of the waste form may 
change fiom that ufa fhctured glass to that of porous clay. This process may cause a decrease 
in the hydraulic conductivity. However, because of the lower density of the secondary minerals 
with respect to the parent glass, a net expansive pressure will be exerted (Nozaki 2000), which 
could increase cr&ck widths in the glass and so increase hydraulic conductivity. Experiments are 
being undertaken this fiscal year to detamine the impact of glass corrosion on the hydraulic 
properties of fkachmd glass. 

Release rat#, for other radioactive species of interest have not been calculated. The 
previous PA (Mmn 1998a) indicated that nuximum relwe rates for total Pu and ''9 would be 
similar to those predicted for 9 c .  In addition, release rates for total U and "Se would be 28% 
and 56% higher, respectively. These rate changes were included in the results summarized in 
section 4.5. The release rates for other radionuclides and hazardous chemicals are assumed to be 
equal to the release rate for 99Tc. 
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Figure 4.1 Steady-state Moisture Content for the RH Trench I-D Waste Form Release Model at 
Different Recharge Rates (hocizontal dotted lines represent boundaries between material 
zones and materid names shown along the right axis) 
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Figure 4.2 Calculated Steady-state Moisture Content for the Vault I-D Waste Form Release 
Model (horizontal dotted lines represent boundaries between material zones and material 
names are shown along right axis) 
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Figure 4.3 Technetium Flux Across Bottom Boundary of Model, Normalized to Amount of 
Technetium Originally in Waste Form 

Time (y) 
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Figure 4.4 TcO; Concentrations for RH Trench Simulation With Recharge Rate of 4.2 mm/y 
(Horizontal Dotted Lines Represent Boundaries Between Material Zones And Material 
Names Are Shown Along Right Axis) 
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Figure 4.5 LAWABPl Dissolution Rate for RH Trench Simulation With Recharge Rate of 4.2 
mm/y (Horizontal Dotted Lines Represent Boundaries Between Material Zones And 
Material Names Are Shown Along Right Axis) 
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Figure4.6 pH for RH Trench Simulation With Recharge Rate of 4.2 mm/y (Horizontal Dotted 
Lines Represent Boundaries Between Material Zones And Material Names Are Shown 
Along Right Axis) 
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Figure 4.7 TcO; Concentrations for RH Trench Simulation With Recharge Rate of 0.9 m d y  
(Horizontal Dotted Lines Represent Boundaries Between Material Zones And Material 
Names Are Shown Along Right Axis )  
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Figure 4.8 LAWABPl Dissolution Rate for RH Trench Simulation With Recharge Rate Of 
0.9 mm/y (Horizontal Dotted Lines Represent Boundaries Between Material Zones And 
Material Names Are Shown Along Right Axis) 
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Figure4.9 pH for RH Trench Simulation With Recharge Rate of 0.9 mm/y (Horizontal Dotted 
Lines Represent Boundaries Between Material Zones And Material Names Are Shown 
Along Right Axis) 
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Figure 4.10 TcO; Concentrations for New ILAW Vault Simulation With Recharge Rate of 4.2 
m d y  (Horizontal Dotted Lines Represent Boundaries Between Material Zones And 
Material Names Are Shown Along Right Axis) 
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Figure 4.11 LAWABPl Dissolution Rate For New JLAW Vault Simulation With Recharge 
Rate of 4.2 d y  (Horizontal Dotted Lines Represent Boundaries Between Material Zones 
And Material Names Are Shown Along Right Axis) 
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Figure 4.12 pH for New EAW Vault Simulation With Recharge Rate of 4.2 mm/y (Horizontal 
Dotted Lines Represent Boundaries Between Material Zones And Material Names Are 
Shown Along Right Axis) 
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4.3 Far-Field Results 

4.3.1 Contaminant Transport through the Far Field 

Input volumetric fluid flux and mass flux for 99Tc to the far field was derived from the 
output from the one dimensional waste form model (Figure 3.6) and the waste package 
distribution shown in Figure 2.4 for the RH trench. Volumetric fluid flux and mass flux at 
discrete time steps were used to generate a time history of fluid and contaminant fluxes for each 
node at the upper boundary (depth = 0.0 m in Figures 3.6 and 3.7). Calculated arrival times and 
concentration of contaminant species at the water table after migration through the vadose zone 
are presented in this section. The migration time and concentration will dictate the timing and 
level of contamination enterhg the groundwater. The mass of contaminant leaving the vadose 
zone and the flux of groundwater in an uppar mixing zone will dictate the water quality that 
eventually impacts man in the various exposure scenarios investigated in this report. 

The steady state hydraulic conditione for the vadose zone calculations had the effective 
water flux in both the H;mford Sand and the W o r d  gravel sequences equal to the recharge for 
the case being run. For a recharge rate of 4.2 mm/y the resulting moisture in the Hanford sand 
sequence was approximately 6./. moisture content everywhere. Similarly the resulting moisture 
content in the Hanford Gravel sequence was 5% everywhere. 

I Figure 4.13 shows the contaminant release hction into the aquifer as a finction of time 
after facility closure for the RH trench. The c o n d o n  beneath the RH trench for the 
con taminant species with & = 0 &g shows the first breakthrough occurs after approximately 
500 y after facility closure (see Figure 4.14). Breakthrough is defined as the onset of 
contaminants reaching the aquifer (at a rate of 0.001 Ci/y/Ci) after their introduction at the top of 
the vadose zone. The leading edge of contaminant plume migrates a distance of 93 m within the 
vadose zone in approximately 500 years (bmkthrough). The bulk of the contaminant is still 
well within the vadose zone when the edge of the contaminant plume enters the groundwater. 
The mean transit time for the contaminants through the vadose zone is approximately 1,200 
years. The mean travel time is defined a8 the time interval for the contaminant transport rate into 
the aquifer to equal the initial contaminant  sour^^ rate at the top of the vadose zone. 

The mean transit time through the vadose zone can be estimated. Given the effective 
water flux and moisture content in the two regions in the vadose zone model, the travel time for 
the contaminants can be estimated using the equation 

T =(Ds x 0.Y R +@c x R (4.1) 

where 

D, = Distance in the vadose zone between the facility bottom and gravel sequence (55m) 
Dc = Distance in the vadose zone between the gravel sequence and the aquifer (38m) 
R = recharge rate (bade case = 4.2 d y )  

= moisture content in the vadose zone (sand = 0.05, gravel 4.06). 
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From equation 4.1 and for the base case recharge rate, the travel time in the vadose zone 
is estimated to be approximately 1200 years. The longitudinal dispersion associated with the 
transport can shorten the time to the aquifer. 

4.3.2 Geochemical (Kd) Impact on Far Field Contaminant Transport 

Figure 4.13 shows the integrated contaminant flux into the aquifer as a function of time 
and for two us out to 20,000 y after facility closure. The specific calculation is for the base 
analysis ckpe for the RH trmch. The flux is normalized to the quantity of contaminant in the 
waste~rmattimsuao. m- 'on into the aquifer incream with increasing time after a 
residence time auociated with the transport of the contaminant through the vadose zone. This 
increase is at approximetely the sntne rate as the release fknn the waste form (see Figure 4.3). 
The delay in the trovsl time due to the transport through the vadose zone is approximately 1,200 
yaars. For speck with a dmilar inventory but a & of 0.6, breakthrough is at approximately 
l0,OOo years d the co ntuniaont release rate into the aquifer does not reach the release rate 
b m  the waste form after 20,000 y. For other higher values of Kd 4 mL'g), there is no 
significant release of contaminant into the aquifer within the 20,000 year simulation timeframe. 

Figure 4.13 Normalized C m t a m u t  ' Flux to the Aquifer for the RH Trench and a Recharge of 
4.2 mm/y (Linear Scale for Release Fraction) 
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4.3.3 Recharge Impacts on Far Field Contaminant Transport 

A second RH trench simulation assumes a recharge above the waste form of 0.9 mm/y 
rather than 4.2 mm/y used in the base case. The results fiom the far field calculations for both 
recharge rates are shown in Figure 4.14. Figure 4.14 uses a logarithmic scale for the y-axis to 
more easily compare the impacts due to a change in recharge. The first significant increase in 
concentration is about 6,000 y e w  for the 0.9 mm/y recharge calculation. For the base analysis 
case, the concentration to the aquifa starts to become significant after only 1,200 years. This 
difference is due to the different transport times through the vadose zone associated with the 
different m h q e  rates. Additionally, the concentration of contaminant at 20,000 years after 
facility closure forthe 0.9 mm/y recharge case is a factor of 10 less than for the 4.2 mm/y 
recharge case. This result is wdstmt with the decrease noted for the waste form calculations 
for the base case and the redud recharge case (see Figure 4.3). For the lower & of 0.6 m U g  
and a recharge of 0.9 d y ,  there is no significant wntaminant flux into the aquifer at 20,000 
Y-. 

Figure 4.14 Effect of Recharge Rate on the Normalized Contaminant Flux to the Aquifer for the 
RH Trench (Logarithmic Scale for Release Fraction) 
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4.3.4 Concrete Vault Results 

For the caw oftha ILAW vault design, the fmt arrival time for the conservative species 
at groundwater is @n approximately 1,000 years after facility closure. As in the RH trench 
calculations, the concentnuion into the aquifer increases with increasing time after a residence 
time apsociated with the transpor& of the contaminant through the vadose zone. This linear 
increase is consistent with the linear increase of the release of contaminants fiom the waste form 
(see Figure 4.3). For the c88e where K.i is 0.6, the first significant increase occurs at 
approximately 10,OOO ywll and does not peak within the 20,000 years time frame. The 
normalized conantnt~ 'on to the aquifer for the vault is shown to be about a factor of 8 times 
greater than tlw normalized concentration to the aquifer beneath the trench for times greater than 
IO00 ycum. This mult is consistent with the difference in release rates noted for the waste form 
calculation8 (wc Figure 4.3). 

4.3.5 Plll6esourceRMRllta 

Tim flnrl rcmritivity case models the effect of simulating instantaneous release of 
co- m t k  than over a long period of time. Such a situation more closely corresponds 
tolxmmbbm * on the nuhce of a canister, than to the bulk release. The simulation considers 
a sjnsle cc&w&mt pulse over a 10 meter long interval at the bottom of the trench for the RH 
trench gumt&y. A one-cude ~OLUW was evenly distributed along the ten meter surlice for a 
total dutrtioa ofoas yw. The contaminant source was then discontinued and the pulse was 
allowed todgmto through the vadose zone to groundwater. The sooftware code V M D F  
(Huyakon ud p.ad.y 1999) waa used to calculate the transport through the vadose zone. Fluid 
flux to the system waa d a t c n t  with the applied flux used for the base case (4.2 M y ) .  The 
msulta of thir daul#ion (we Figure 4. IS) show that the contaminant breakthrough occurs in 
about 500 ytvr .ad reach8 a peak value ( 1 . 0 3 ~ 1 0 ~  Ci/y/Ci) in about 1,300 years. 
contruninttion in groundwater h declined back to zero after about 5,OOO years have elapsed. 
Note dm that the calculation for Kd = 0.6 contaminant species shows a peak value ( 1 . 0 6 ~ 1 0 ~  
Ci/y/Ci) after approximately 16,000 years. 

84 



DOWOW-2000-07, REV. 0 

Figure 4.15 Release Rate h m  a 1 Curie Source for One Year from the RH Trench 
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4.4 Groundw8ter Rerulta 

4.4.1 Simulated Resub at 100 m.Downgradient Well 

TRBtport model reauks providd for the remote-handled trench concept were based on 
I d - d e  flow conditione depicted in Figure 4.16. These conditions were developed based on 
bouadary conlitions provided by tbe sterdy-state simulation of pos t -Word  flow conditions 
pafonned with the sitawide model. Groundwater moves across the ILAW site in a 
southeasterly d i m i o n  b&re exiting tbe local-scale model in the southeast corner of the model. 

The results M sxprsssed in terms ofwll intercept factors (WIFE) which relate the contaminant 
concentntion in gmu&&cr to the vadose zone contaminant flux. WIFs were calculated at a 
dirtrnos of 100 instar downgdent fi.aa the facility as well as at an approximate distance of 
1,OOO m &mgmhmt * ofthe dim f&ility boundaries. The WIF factors for 4.2 mm/y and 
otbsr assumed MWon nter at this loeation are summarized in Table 4.1. The calculation 
assume the #IIICOC is introduced i b m  the vadose zone into the aquifer as a step hnction starting 
at time t = 0. 
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Well Locations 
100 m 
1000 m 

Table 4.1 Well Intercept Factors at 100 m and lo00 m for the Remote Handled Trench Disposal 
Concept Using Different Miltration Rates 

Miltration rates ( d y )  
0.1 0.9 1 .o 4.2 5.0 
4 .2~10’  3 . 8 ~ 1 0 ~  4 . 2 ~ 1 0 ~  1 .8X1o3 2.1x10” 
2 .3~10’  2.1X1O4 2 . 3 ~ 1 0 ~  9.7~10~ 1.2x105 

Figure 4.16 Distribution ofHydraulic Head in Unconfined Aquifer in Local-Scale Model 

X 
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Figure 4.17 Areal Distribution of Contaminant Plume Resulting the Remote-Handled Trench 
~ 

Concept 
Concentration h l r ,  

h C M  

Simulated eollccntraton histories at 100 m downgradient of the disposal facilities 
containing six trenches are presaacd in Figures 4.17 through 4.19. Figure 4.17 shows the 
distribution of contarm 'nant concentration in the uppermost element of the local-scale model. 
F i m  4.18 w w s  OonCQItration profiles in a cross-section &om the source area through the 100 
m well to the edge of the local scale model region. Figure 4.19 shows concentration histories at 
the 100 m well Dfta a period of 100 yeorp after the source is introduced into the aquifer. In the 
multiple trench calculation, the concentration profile reaches steady state within about 10 y with 
a maximum value of 1.8~10' Ci/m3. At an assumed recharge rate of4.2 mmly, the calculated 
WIF would be 1.8~10' Cum3. The WIF fictom for 4.2 d y  and other assumed infiltration 
rates are summarid in Table 4.1. 

Although not pmaented graphically in this white paper, transport model results were also 
developed fix the uwmte vault concept based on local-scale flow conditions depicted in Figure 
4.16. This concept was based on releases from seven individual concrete vaults distributed in the 
new disposal facility area. WIFs were calculated at a distance of 100 meters downgradient 6om 
the facility as well as at an approximate distance of 1,OOO m downgradient of the disposal facility 
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boundaries. The WIF factors for 4.2 m d y  and other assumed infiltration rates at this location 
are summarized in Table 4.2. 
Table 4.2 Well Intercept Facton at 100 m and lo00 m for the Concrete Vault Disposal Concept 
Using Different Miltration Rates 

Well Locations 
100 m 
1000 m 

Infiltration rates ( 4 y )  
0.1 0.9 1 .o 4.2 5.0 
1.1x10’ 9.7~10~’ l.lXlO4 4.5~10~ 5.4~ 1 O4 
6.2~10~ 5.6~10’ 6.2~10’ 2.6~10~ 3.1~10~ 

In the concrete vault calculation, the concentration profile at the 100 m well reaches 
steady state within about 10 y with a maximum value of 4.5~10~ Cum3. At 1000 m, the 
concentration profile reaches a stearly state maximum value of 2.6 x104 Cum3. At an assumed 
recharge rate of 4.2 d y ,  the calculated WJF at the 100 m well would be 4.5~10~. The WIF 
factors for 4.2 mm/y and other assumed infiltration rates at 100 and IO00 m respectively, are 
summarized in Table 4.2. The calculation assume the source is introduced fiom the vadose zone 
into the aquifer as a step function starting at time t = 0. 

Figure 4.18 Vextical Distribution of a Contaminant Plume Resulting the RemoteHandled 
Trench Concept Along the Approximate Centerline of the Plume 
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Figure 4.19 Concentration History at 100 m and 1000 m wells, Local Scale Model (Note the 
groundwater flux is greater than 100 d10 y) 

Concentration History 
RomobH.ndkd Tnnch option 

4.2 mm/yr infiltration 

4.4.2 Well-Intercept Factor at Distant Downgradient Wells 

Simulated concentm 'on histories at several locations downgradient of the disposal 
facilities containing multiple remotehandled trenches are presented in Figures 4.20 and 4.21. 
Figure 4.20 show the distribution of contaminant concentration in the uppermost element of the 
local-scale model. F i e  4.21 shows concentration histones at the several well locations after a 
period of 400 yam after the ~ourcc is introduced into the aquifer. In the multiple trench 
calculation, the concemat~ 'on profile reachen steady state within about 30 to 50 years with a 
maximum value of 7 . 8 ~ 1 0 ~  Cim' at the 1000 m well location. Steady state is reached within 
400+ years with a maximum value of 1 . 5 ~ 1 0 ~  CVm' at the well located near the Columbia River 
Considering the differences in grid resolution, the associated concentration levels at the lo00 m 
well location are very comparable to those calculated at the same approximate distance in the 
local scale model. At an assumed recharge rate of 4.2 d y ,  the calculated concentration levels 
and WIFE would range &tm 7 . 8 ~ 1 0 ~  at lo00 m downgradient and 1 . 5 ~ 1 0 ~  at a hypothetical well 
near the Columbia River, The WIF factors for 4.2 d y  and other assumed infrlmtion rates at 
dl locations examined M summamd in Table 4.3. In this regional-scale calculations, the WIF 
is reflective of the rqbnal dilution of predicted concentrations between the facility and the 
Columbia River. These factors ndlect the maximum concentration simulated at a particular 
location and not necessarily the concentration in all water withdrawn from a well. 
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Table 4.3 Well Intercept Factors at Several Downgradient Well Locations for Remote Handled 
Trench Disposal Concept Using Different Infiltration Rates 

Figure 4.20 Areal Dirtribution of Contaminant Plume between LAW New Facility and 
Columbia Ever, Remote Trench Concept 
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Figure 4.21 Concentration History at Selected Well Locations, Site-Wide Model 
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Simulated concentration histories at several locations downgradient of the disposal 
facilities contahing multiple concrete trenches were also developed using the regional flow field 
described prcvioYsly and illustrated in Figure 4.20. In the multiple concrete vault calculation, 
them- + profile reaches steady state at the lo00 m well location within about 30 to 50 
yeam with a nuximum value of 3 . 3 2 ~ 1 0 ~  Cdm3 assuming a recharge of 4.2 d y .  Steady state 
is reached within 4oot years at the well located near the Columbia River with a maximum value 
of 6.42~10’ Cdm’ . The associated WJF at the lo00 m well location is similar to those 
calculated at a similar distance in the local scale model. At an assumed recharge rate of 4.2 
mm/y, the caldated WJFs would range h m  3 . 3 2 ~ 1 0 ~  at lo00 m downgradient and 6.42xW’at 
a hypothetical well near the Columbia River. The WIF factors for 4.2 mm/y and other assumed 
infiltration rates at all locations examined are summarized in Table 4.4. 
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Table 4.4 Well Intercept Factors at Several Downgradient Well Locations for Concrete Vault 
Disposal Concept Using Different Infiltration Rates 

(') Well locations are shown in Figure 4.20; approximate downgradient distance from source 

4.4.3 Discussion of Results 

Calculations of the well intercept factors in this analysis in general yielded different 
levels of dilution than those developed in previous calculations of ILAW disposal facility 
performance by Lu (1996). The differences in the calculated WIFs can be attributed to a number 
of factors: 

Dbtributioe of hydrogeologic units and properties. Lu (1996) analysis estimated 
the water table beneath the facility to be at about the same level considered in this 
analysis but assumed the water table would be situated in Ringold Formation. The 
current model predicted that water table would largely be along the edge of a buried 
channel containing very permeable Hanford Formation. The difference in 
distribution and hydralic p ropdes  between the two conceptual models has led 
higher levels of dilution using the current model. Additional work with the current 
model will be needed to evaluate the predictability of the WIF as a function of the 
hydraulic properties of the major hydrogeologic units beneath the facility.. 

Direction of flow. Difference in the conceptual model of the unconfined aquifer used 
in the current analysis resulted in differences in the simulated direction of flow. 
Analysis by Lu (1996) predicted an easterly flow direction. The current local-scale 
model predicts a southeasterly flow direction. This difference in flow direction may 
be primarily attributable to including the highly permeable ancestral channel of the 
Columbia River which contains the Hanford Formation in this analysis. The 
differences may also be a function of including of natural recharge in the current 
regional-scale and Id-scale analysis. Further work with the local scale model will 
be needed to evaluate the predictability of the WIF as a function of the direction of 
flow. 

Key factors affecting the current calculations appear to be related to the higher eatimated 
hydraulic conductivities and g r o d v a m  velocities beneath the facility with the current model. 
The hydraulic conductivities between the current model and the previous model used by Lu 
(1996) are on the same order of magnitude between 100 and 300 &day. However, the current 
model contains areas of the Hanford formation beneath the facility and as a result has areas of 
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very high permeability between several to tens of thousands d d a y  in the area of the source 
release. 

A comparable analysis between the current model and the model by Lu (1996) of the 
concept 1 source yielded a dilution that was 30 times higher than previous analyzed by Lu 
(1996). 

Areas of uncertainty that will have a bearing on the amount of actual dilution at the 100 
m well that will need to be more thoroughly investigated include the following: 

the vertical position of post-closure water table and the associated direction of 

the lataal position of Word-Ringold Formation Contact 
the hydraulic propodes of Hanford and Ringold Sediments 

groundwater now 

4.5 Summary of Groundwater Scenario 

The nsub fkom the combination of the waste form, far field, and grou dwater 
calculations have been combined with the dosimetry information to provide estimated impacts 
for the p r o p o d  ILAW dispcd Sotion. Section 4.5.1 providea the results for the base analysis 
case associated with the RH trench concept and an infiltration rate of 4.2 d y .  Section 4.5.2 
pmvida the rerultr for tbe sensitkity case associated with the uncertainty in the ILAW 
inventory for the base analysis cam. Section 4.5.3 provides the results for the disposal vault 
sensitivity c a m  that were explored. These cases include an alternate design concept (concrete 
vault) and a different recbrgc rate. Section 4.5.4 discusses the estimated impacts if the existing 
disposal vaults were used to dispose ofILAW waste. Section 4.5.5 provides an estimate of the 
impact of a one Ci surface contamination on the ILAW waste packages. 

4.5.1 Base Analysis Case 

The estimrted impacts for the RH trench base analysis case compared to the groundwater 
scenarios are summanzed in Table 4.5. Specifically, the impacts are estimated for 1,000 and 
10,OOO years after facility closure. Also shown in the table are the performance objectives for 
each scenario. 

TaMe 4.5 E 6 t i d  ImpaU h n  the RH Trench Base Analysis Case at a Well 100 Meters 
Downgradient h m  the Dispod Facility 
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Figures 4.22 shows the time dependence of the drinking water dose out to 20,000 years 
after closure. The major contributors to the betalphoton drinking water doses at 10,000 years are 
listed in Table 4.6. From Figure 4.22 we sa that 99Tc and Iz9I have comparable contributions to 
the dose at times less than 20,000 years. Contributions ffom beta emitters in the alpha decay 
chain have not been included in the estimates for the betalphoton drinking water dose. 
Therefore, 99Tc and 
99Tc and IDI contributes approximately 57 and 43 % of the estimated dose, respectively, at 

remain the major contributors out to 20,000 years. From Table 4.6 after 

10,000 years. 

Significant differences exist between this calculation and the results reported in the 1998 
ILAW PA ('Mann 1998a). These differences are attributable to differences in Kds used (see 
section 3.4.2.3) and diffamces in inventories (see section 3.2). In the 1998 L A W  PA (Mann 
1998a) iodine had an asrigned & = 3 mUg and therefore did not contribute to the estimated dose 
during the first l0,OOO years. Iodine has an assigned & = 0 mUg for this analysis (based on 
sitc-epecitic measurcmants). Finally, "Se, which was important in the 1998 ILAW PA is no 
longer of significance due to its higher assigned & (4 d g )  which is based on sitespecific 
measurements and because of its reduced activity based on new half-life measurements. 

Figure 4.22 Time Dependence for RH Trench Beta/Photon Drinking Water Dose to 10,000 
Years 
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Radionuclide Dose (mredy) Concentration 

"Tc 0.096 122.3 
lZ91 0.072 0.48 
Total 0.168 122.8 

(pain) 

Table 4.6 RH Trench Base analysis case -Major Contributors at l0,OOO Years to the Estimated 
BetdPhoton Drinking Water Dose at a Well 100 Meters Downgradient fiom the Disposal 
Facility 

Figure 4.23 shows the time dependence of the alpha emitting radionuclide concentrations 
for the RH trench base analysis cyt. Also note that there is negligible contribution fiom alpha 
emitterstotheconcentntlon at l0,OOO years. This is due to the assignment of K,I > 0 d g  to 
radionuclides that contribute to the alpha emitting radionuclide concentration. From Figure 4.13 
we saw that & = 0.6 mUg mdionuclides begin to reach the groundwater after approximately 
10,OOO years for the base analysis case. See Table 4.7 for details. 

Figure 4.23 Time Dependence for Alpha Emitting Radionuclide Concentrations 
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Table 4.7 Major Contributors at 10,000 Years to the Alpha Emitting Radionuclide 
Concentration at a Well 100 Meter Downgradient fiom the Disposal Facility 

Significant diffaencer exist between this calculation and the results reported in the 1998 
ILAW PA (Mann 1998a). Thsse differences are attributable to differences in &s used (see 
section 3.4.2.3) and diffeteaae in inventories (see section 3.2). In the 1998 LAW PA (Mann 
1998a) %p had a Kd = IS n U g  and therefore did not contribute to the estimated dose during 
the first 10,OOO ~TWS. p%p har an assigned K,i = 0.6 d g  for this analysis (based on site 
specific measurements IUKI the deoiaion to make "gravel-corrections" to Kd's determined on only 
the aand, Silt, and clay portions of the actual sediment). Becwse the actual sediment contains 
appreciable amounts of larger mataial (gravel ) we elected to lower the Kd used to represent the 
field conditions. Thedore, p%p now contributes to the estimated dose at 10,000 years. 
Moreover, the astimated hentory used in this analysis (see Table 3.1) is significantly larger 
than the inventory astimate used in the 1998 LAW PA. This larger LAW inventory is due to a 
larger tank inventory estimate fiom the BBI and a smaller separations factor (-0.5 versus -0.94) 
based on Kirkbride (1999). 

Figure 4.24 shows the time dependence of the all-pathways dose for the RH trench base 
analysis case. The major contributors to this dose are shown in Table 4.8. 

Table 4.8 Major Contributors at 10,OOO Years to the All Pathways Dose at a Well 100 Meter 
Downgradient &om the RH Trench Disposal Facility 

As seen in Table 4.8 ?c and '9 are the major contributors to the all pathwa s dose at 
10,000 years der the facility closure. However, at times greater than 10,000 yean Y 'Np starts 

to dominate the all pathways dose. 
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Figure 4.24 Time Dependence for All Pathway Doses for RH Trench 
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Table 4.9 skwa the dmated impact from the base analysis case for groundwater just 
Wore mixing with the Columbia River. These estimated impacts are approximately an order of 
magnitude less than the impact8 at a well 100 m downgradient fiom the disposal site because of 
the a d d i t i d  dilution that occurs as the contaminants travel to the Columbia River. 

Tabk 4.9 Estimated Impact from the Base Analysis Case from Groundwater Just Before Mixing 
with the Columbia River 

1 Fmcction of Groundwatst I Performance 1 Estimated Impact I Estimated Impact at 10,OOO y I 

I conc8n~:on (pein) I 0.3 10.0 1 <0.001 10.0 

Finally, the estimated impacts for the hazardous, non-radioactive compounds and 
elements have been estimated for the hazardous materials identified in Table 1.2. For this 
analysis these materials have been assigned a chemical adsorption coefficient of & = 0 mLJg. 
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The resulting estimated concentrations in the groundwater at a well 100 meters downgradient 
fiom the disposal facility an shown in Table 4.10. Estimated impacts at 10,000 years were 
derived for both the nominal and upper bound inventories in Table 3.1. As can be seen in the 
table the nominal goals established for these hazardous materials are easily met for the glass 
waste form and disposal facility. 

The reeulting estimated concentrations in the surface water are shown in Table 4.11 for 
both the nominrl and upper bound inventories at l0,OOO years. These estimates are calculated 
for a well next to the Columbia River and before any mixing with the river. As can be seen in 
the table the nominal soale established for these hazardous materials are easily met for the glass 
waste form and disposal facility. 

The ~ C U I & ~ O I M  ?hua far have been for the nominal L A W  inventory as listed in Table 
3.1. Table 3.1 dro providss an eutimate for the upper bound inventory in ILAW from Wootan 
(1999). The estimated impacts ffom the assumption that the upper bound inventory were 
estimated using INTEG and are summarized in Table 4.12. 

From the d y w u  v c  and '? were found to be the major contributors. However, the 
estimated impacts related to the protedion of the groundwater are still more than an order of 
magnitude less than the corresponding performance objectives. 

The estimated impacts for the disposal facility sensitivity case for the concrete vault 
compared to the groundwrter scenarios are summarized in Table 4.13. These calculations were 
performed for the nominal ILAW inventory given in Table 3.1. The impacts are estimated for 
1,OOO and 10,OOO years rfta Eacilty closure. Also shown in the table are the performance 
objectives for each d o .  

rate of 0.9 mm/y compared to the groundwater scenarios are summarized in Table 4.14. 

Specifically, the impacts are estimated for 1,OOO and 10,OOO years after facility closure. Also 
shown in the table are the performance objectives for each scenario. 

Finally, the estimated impacts for the disposal facility sensitivity case for the recharge 

The last ILAW performance assessment considered the disposal of the ILAW waste at 
two locations: the present L A W  disposal site and the existing grout vault disposal site. The 
current direction h m  the DOE (Taylor 1999a) is to utilize the ILAW disposal site for waste 
disposal. The exhthg grout vault site is to be retained for possible future disposal needs. As a 
Sensitivity case, we have bsw1Illod that this disposal site with its existing disposal vaults may be 
used for disposal of E A W  waste. 

98 



i 
3 < 

: a 

a .I 

i 

1 

i 
I 

: 
5 

i 

I E 

I 
; 
i 

i 

E e 

3 
i 

L 

L 
< 

I 

I e 
E 
2 

i 

i 1 

3 
i 

r; 

n 
$ 
1 
1 
r 

I 
i 

i 

a I I 

i 

1 r: 

! 
t 

s 
; 
i 

2 
5 

z 
i 
i 
E 

I 1 
\ 
i 

i 
3 
a 

! 
F 
i 

C 

E 
i 
Ir 

; 

m m 





I 

r 
z 
C 

c 
i 
r 
L 

f 

C 
? 

3 

; 

i 
L 
C 
I 

i 
k 
5 

i 
h 
5 

C 
? 

: 
! 





DOWORP-2OOO-07, REV. 0 

Protection of Groundwater Performance Estimated Impact Estimated Impact at 10,000 y 
Impact Type Objective at 1,000 y 1998 LAW PA Updated Results 
BctdPhoton Drinking Water 
Do= ~ d y )  4.0 0.0081 2.0 0.81 
Alpha Emitte-r Radionuclide 
7Concentration (pCi/L) 15.0 3.8~10" 1.7 0.70 
Radium Alpha Emitter 

Table 4.12 Estimated Impact from the RH Trench Base Analysis Case at a Well 100 Meters 
Downgradient from the Disposal Facility Using Upper Bound LAW Inventory. See Table 4.5 
for comparison to the base case. 

ImpactType 
BeWPbton Mnking Water 
Do- b r e d Y )  
Alpha Emittar Radionuclide 
concentrrtr 'on Wi/L) 
Radium Al~ha Emitter 

Objective at 1,OOO y at 10,000 y 

4.0 0.024 0.29(') 

15.0 1 .2x1013 1.9 

- 
Colkcmmtl 'on (pCii) 15.0 10.0 I <0.001 10.0 
All Pathways Dose(mrem/y) 125.0 10.030 16.4 13.77 

Type 
BetdPhotonDrinking Water 
Do- (mfem/y) 
Alpha Emitter Radionuclide 
COWUlhtl 'on Win) 
Radium Alpha Emitter 
Coacmtntr 'on (pCin) 
All Pathwavs Dose 

TIfae4.13 Eatim&d Impact from the Alternate Disposal Facility Design Case (Concrete Vault 
Design) at a Well 100 Metas Downgdient from the Disposal Facility Using the Nominal 
LAW Inventory. Sec Table 4.5 for comparison to the base case. 

Objective at 1,OOOy at 10,000 y 

4.0 3 . 8 ~ 1 0 " ~  0.012 

15.0 1.8~10"' 5 . 7 ~ 1 0 ' ~  

5.0 0.0 0.0 

h t d c m  of ciroundwater i Performance I Estimated Im~act I Estimated Immct 1 

. 
conoentntion Win) 15.0 10.0 10.0 
All Pathways Dose(mredy) 125.0 10.088 12.7 
I.) Peak d u e  at -7,000 years 

Table 4.14 Estimated Impact fiom the Waste Form Sensitivity Case (Recharge = 0.9 mm/y) at a 
Well 100 Meters Dormgradient &om the Disposal Facility 

I Pratedon of Groundwater I Performance I Estimated Impact I Estimated Impact I 

. I (mredy) 125.0 1 1 . 4 ~ 1 0 ~  10.042 
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The existing vaults are described in h i g h  (1999). The vault inner floor dimensions are 
15.4 m x 37.6 m and its height is 12.2 m. 
in a layer and a total of 7 layers within a given W t .  For this analysis we have assumed the 
performance of the existing vaults to be similar to the concrete vault calculations described in 
section 4.2 and 4.3. To extrapolate these results to the existing disposal vaults the following 
assumptions have been made: 1) the normalized contaminant release rate from the existing 
vaults is equal to the calculated release rates for the new concrete vaults described in section 4.2, 
2) the differences the vadose zone stratigraphy and hydraulic properties can be ignored, and 3) 
the WIF at 100 m downgradient for the ILAW disposal site and the existing vault disposal site 
are the same. 

Mult is capable of holding 10x25 waste packages 

Given these assumptions the estimated impacts from loading waste into the existing 
vaults can be estimated. The estimate depends solely on the ratio of total waste inventory that 
can be placed into each vault concept and the footprint of the disposal facility. Six concrete 
vaults having the new design WI contain 66,528 waste packages and has a facility footprint of 
25,93 1 m2. The four existing vaults ( d c a t i o n  described in h i g h  1999) can contain 7,000 
waste packages and has a ffcility footprint of 2,3 16 mz. Therdore, the results for the estimated 
impacts given in Table 4.13 should be multiplied by a factor of 1.2 to estimate the impacts from 
JLAW waste disposed of in the existing vaults. 

4.5.2 Surface Contadnation Release 

From section 4.3.5 the perk contaminant flux into the aquifer from a 1 Ci source over one 
year is 1 . 0 ~ 1 0 ~  Cdy/Ci. For the RH trench b u s  analysis case this corresponds to the 
CMICentration in the groundwater bmerth the futility of 1 x lo4 p C i  for each Ci of contaminant 
with an effective & = 0 mUg. For contaminants with effective & = 0.6 mUg, the 
corresponding peak concentration in the groundwater beneath the facility is lx103 pCUL for each 
Ci of contaminant. 

The impact on the performance objectives for groundwater will depend upon the specific 
soluble radionuclides on the waste package surfhe8 at the time of their emplacement into the 
facility. For example, if there were 1 Ci of y c  on the surfaces of the waste packages, then the 
peak drinking water estimated impact would be 1.4xW2 mrem in a year. 

4.6 Effects of Natural Eventr 

The main natural events to be evaluated are: 1) potential erosion of the s u b  above the 
disposal unit due to wind, 2) subsidence of the engineered barriers or facilities, 3) earthquakes, 
and 4) flooding due to post-glacial events. The new facility concept now includes the surface 
barrisr above the grade in the ILAW Disposal site. Extensive testing of surface barriers have 
been conducted and reported in DOE/Rc (1999). The results indicate that wind erosion is not a 
problem for appropriately d w e d  lRlrface barriers (under the plausible situation of a continued, 
semi-arid climate, with wind magnitude and direction similar to the measured conditions over the 
pprt 50 yeen). Subsidence of the facility was investigated in the last JLAW performance 
assessment (Mmn 1998a). The results &om the analysis concluded there was little effect in the 
impacts at l0,OOO years due to the subsidence of the facility. Earthquakes, should they omr, 
may impact the engineered elements of the facility (ie., the surface barrier, concrete (if concrete 
vaults are used), and other layer integrity within the system). It may also lead to subsidence 
Nevertheless, the performance of the natural system should remain unchanged. Since the base 
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analysis case model does not take credit for the engineered systems (except for its potential 
chemical properties) the estimated impacts due to an earthquake would be no different from the 
results summarid in section 4.5. 

Finally in considering the impact of flooding the only scenario considered is that of an ice- 
age flood that scrapes away all material down to 20 meters (the depth of the disposal facility), 
then redeposits the material over the area of the Hanford Site. (The LAW PA discussed the 
potential impacts from breaching the current dams on the Columbia River and determined that 
such postulated events would not lead to any flood waters reaching the elevation of the ILAW 
disposal site.) The analysis for such a postulated event has been discussed in the ILAW 
performance assessment (Mano 1998aj. The results depend primarily on the "'Sn inventory in 
the LAW waste. Since the Srtimrted %Sn inventory has been reduced, the conclusions from 
the ILAW PA remain valid and the estimated impacts are leks than the all exposure pathways 
psrfonnance objective of 25 mem @DE) in a year. 

4.7 ReJm~l toAir 

In previous pdormuw assessments, three radionuclides were considered (%, l4 C, and 
mRn) (u cadidata for rrm~npheric reIease. ~aseous release from a vitrified waste form is not 
a very crcdiile d o  because the waste form is assumed to be stable over such a long time. 
The transport of vapors is governed by Fick's equation, the steady-state solution (Wood 1995) 
can be expressed as 

J=CGexf-d@) (4.1) 

where 

J =  the flux at the wuface (Ci m-' y-') 
c-  the- 'on of the radionuclide in the ground (Ciim') 
x =  thedepthofthesource(m) 
A = the decay constant ofthe radionuclide (= 5.64 x IO-' f' for 'H, 1.21 x 10 y for '' c and 66.2 yql for 2 p ~ )  
D = the diffusion d c i e n t  (=lo" cm2/s = 3.14 m2/y). 

Them- * n of the radionuclides in the ground is conservatively assumed to be the 
maximum invento in LAW as defined in Wootan (1999). For 'H the maximum ILAW 
inventory (2.46~10 Ci from Wootan 1999) is decayed for 17.7 years beyond site closure (2030). 
This time qremtts the bdmw between the release rate from the waste form and the decay of 
%I. At lower timsll the Coaoentration releaeed from the waste form depends on the waste form 
release nte. A! timaa greater than 17.7 years the increase in the release rate is offset by the 
decay of %. (At shott timed the release rate is assumed to be the peak release rate from the 
concrctevsult (11.8 PPmEy) timea the time.) The "C maximum inventory (4.38~10~ Ci) was 
taken from Wootrn (1999). The %n inventory depends on the *%a inventory. At short times 
tha =* RII inventory is 'mately equal to the initial 226Ra inventory. At longer times "' Rn 
builds in &om 
inventory is z% urd to the p'v inventory. For these calculations a peak ='Rn inventory was set 
equal to the inventory (nominal inventory = 43.8 Ci and upper bound inventory = 3.28~10' 
Ci from Wootan 1999). The concentration is then calculated to be the total inventor times the 
peak release rate from the glass and divided by the waste glass volume (1.58~10' m ) associated 
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with the ILAW waste. For this estimate the concrete disposal concept was selected since it had 
the highest calculated release rate (11.8 ppm/y) and the smallest disposal area (3 .025~10~ m'). 
Because the top of the waste form is more than 5 meters from the surface, the depth of the source 
will be taken to be 5 meters for these calculations. The calculated releases to the atmosphere are 

3 h :  
"L: 
2 2 2 b  Om. . 
222-: 

6 . 8 ~ 1 0 ~ '  Ci m-' y-' = 2 . 2 ~ 1 0 ~  pCi m-' sS1 
6.2~10'  Ci m-' y" = 2 . 0 ~ 1 0 ~  pCi m-' s-' 
5 . 6 ~ 1 0 ' ~  Ci m-' y-' = 5 .0~10"  pCi rn-' s-l 
3 . 8 ~ 1 0 ' ~  Ci m-' y-' = 1 .2~10- '~  pCi rn-'s-' 

The small fluxes of lnRn result from the short half-life of 222Rn and the very deep burial of the 
waste. Practically all the radon decays before it can reach the surface. 

To convert the %- and "C, fluxes into a dose, the following equation is used 

D = J A B F (4.2) 

where 
D= the annual inhalation dose 
J =  
A -  
WQ= normalid integrated exposure 
B =  inhalation me. 
F =  dose conversion factor 

the flux at the surface 
the area of the facility 

(mdY) 
(see above) 

(3.03~10 m )  
( 1 . 0 ~ 1 0 ~  s/m3) 

(2.67~10 m /s) 
'H:9.6x104 mredci) 

4 2  

4 3  

< .  c . 2 . 1 ~ 1 0 ~  mredci). 

The values for @/Q, B, and F are taken from the Peflomance Assessment for the 
Disposal of L o w - h l  Waste in the 200 West Area Burial Grounds (Wood 1994-1). The 
resulting annual dose is 5.2~10" mrem at 17.7 years for 'H and 1 . 1 ~ 1 0 '  mrem (steady state) for 
1%. 

The predicted release of %-I, '%, and are far below the corresponding performance 
objectives (10 mrm in a year for %I and "C and 20 pCi me' y-' for 222Rn). 

The dda t ions  for %I rn sensitive to the amount of % in the waste form, taken to be 
100 percent, and to the time of a t k  facility closure. Because of its short half-life, H should 
decay long before the waste fbrm releases any of the amount that will actually be in the waste 
form. The best estimate inventory in the waste form is that no tritium will be in the glass. 

the best estimate of '% in the waste form is zero. 
The calculations for I4C are relatively insensitive to the various parameters. However, 

To estimate the release of radon from the soil, radon's diffisivity must be estimated. 
Harris et al. (1992) summarized the measurements of gaseous diffusion performance on concrete 
materials. They concluded that, fbr dry materials, diffusion coefficients ranged from lU5 to 10' 
cm% (lod to 10 in /s). The presence of moisture reduces the diffision coefficient value. 
Therefore, for these analyses, a value (corresponding to dry conditions) of 1.0 x lo3 cm2/s (1.6 x 
10 in /s) was used. 

4 . 2  

- 4 . 2  
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5.0 RESULTS FOR INADVERDENT INTRUDER SCENARIO 

5.1 h8dvertent Intruder Scenarios and Data 

Because such intrusion is postulated to be in the future, the nature of the intrusion is ill- 
defined. Thus, selecting values for parameters important in inadvertent intruder scenarios is very 
difficult. Moreover, uncertainty abounds about the proper values to be used in a given scenario. 
This pcrfbrmancc llsecilsment looks at the groundwater well driller and homesteader scenarios. 
DOE Order 435.1 provides on specific guidance on the intruder scenario analysis. For this report 
the specific expolwe scenario is define in fittmann (1999) and is based on previous intruder 
scenario analyses for the W o r d  Site (Wood, 1994, Wood, 1996, and Mann 1998a). 

For the gmundwater wall driller scenario, the most important parameters are the amount 
of waste taken &om the site, the size of the area over which the waste is spread, the depth of 
mixing, and the physical integrity of the waste. 

The amount of waste m a t d  taken fiom the disposal site is assumed to be the average 
ared density of the waste that varies with each facility model (see Table 5.1) times the area of 
the bore hole for the well. For thir performance assessment, the diameter of the well is assumed 
to be 0.3 m (1 a). Although consistent with the diameters used in earlier Hanford Site 
performance Mwssmmts, this value is larger than the range of diameters (10.2 to 25.4 cm [4 to 
10 in]) commonly found in local communities and is therefore conservative. The driller model 
also assumes that only 1OOh of the total volume exhumed is waste and the rest is uncontaminated 
soil from above and below the Mlity. This assumption effectively dilutes the waste that 
contributes to the inhalation and ingestion source terms. 

The a m  over which the driller spreads the waste is taken to be 100 mz (about 1,100 ft'). 
This value haa been historically used in W o r d  Site performance assessments. The waste is 
mixed with uncontaminated soil exhumed from the borehole, and surface soil, to a depth of 15 
cm. 

The integrity of the waste form becomes important in determining the amount of 
radionuclides available for inhalation or uptake by plants and animals. For the base case, 
90 percent of the radionuclides exhumed is assumed to stay within the waste form (and therefore 
unavailable). 

The worker at the well drilling site is assumed to be exposed 8 hours a day for 5 days. 
The dow to the worker is the sum of the contributions fiom inhaling resuspended dust 
(0.12 e), ingesting trace amounts of soil (100 mdday), and external exposure at the center of 
a slab of contaminated soil for 40 hours. The undecayed dose factors for this scenario can be 
found in Rittmann (I=). 

The most important panmeters in the second phase of the inadvertent intruder scenario 
analysis, the homestwk scenario, we. the volume of waste exhumed, the area over which it is 
spread, the depth of mixing, and the integrity of the waste form. For this scenario, the 
parameters fiom the all-pathways model also are important. 
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In the homesteader scenario the same amount of waste is exhumed as in the driller 
scenario. Because the waste is assumed to be tilled into the soil, the waste is spread over 200 mz 
(0.049 acre). In earlier Hanford Site performance assessments, the garden area has been between 
500 and 2,500 mz (0.124 and 0.62 ace). The 200-mz garden was chosen for this performance 
assessment because the size represents an area large enough to supply a significant portion of a 
person's vegetable and hi i t  diet. Household gardens in the vicinity of the Hanford Site range in 
size fiom 10 mz to 1,OOO mz (107 ft' to 0.25 acre) (Napier 1984). The value taken for the depth 
ofthe soil mixing is 15 cm (5.9 in.). This value has been used in other onsite performance 
assessments and is the typical rooting depth of garden vegetables. 

The homeetcsder is assumed to be exposed for one year. The soil inhalation rate for the 
homesteader is 573 mglyr. The incidental ingestion rate is the same as for the driller, 100 
mg/day. The resulting dose factors are displayed in Rittmann (1999). 

Acute Dose (mrem) 
Chronic Dose (mrem) 

Table 5.1 Facility Dimensions and Waste Volume Exhumed 

RIFT Vault 
8.8~10" 1.5 
2.7~10' 4.4~10' 

The wm#e package is 1.4 m high but only filled 85% iidl so it is treated here as 1.2 m high. 
Only the centnl portion of the trench is considered. Ifthe fringe regions were averaged in then 

The number of psclrsses in the bottom layer in the trench is used as an approximation for the 
the anel density md volume exhumed would be lower. 

number of packages above the central region in the upper layers. 

5.2 Inadvertent Intruder Results 

The reeults of the inadvertent intruder analysis, at the compliance date of 2530, are shown 
in Table 5.2. The acute dose (driller scenario) to an inadvertent intruder in the RIFT facility is 
plotted vs. time in Figure 5.1. The chronic dose (homesteader scenario) is shown similarly in 
Figure 5.2. 

Table 5.2 Doses at Compliance Date (500 Years after Facility Closure) 
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Figure 5.1 Acute Dose at RHT 
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The entimated acute exposure dose at 500 years after facility closure (time of compliance) 
is 0.9 mrem. The major contributor to the acute dose is Sn that contributes approximately 
71% of the dose. ='Am and p% provide contributions of 17 and 5%, respectively, to the 
arpoeurc dose. The ertimsted continuou exposure dose at 500 years after facility closure (time 
of compliance) is 27 mrem in a year. For the continuous exposure scenario "'Am, '26Sn and 
a% are ertimrted to provide 39,26, and 23%, respective1 , to the total dose. As discussed in 
section 3.2 approxinutely 36% of the '%n, 5.5% of the =ka, and 10% of the "'Am of the 
initial tank inventodes remain in the waste after processing (Kirkbride 1999). These numbers 
may change when BNFL specific flowsheet information is obtained. 

the new Bcclluio hy a @en arca of 200 m2 versus the 2500 m2 area used in the last ILAW 
paformance ~60cument. This haeases the dose by a factor of 12.5. Similarly, if the well 
diameter wen d d  to a 0.23 m (9 in) then the corresponding doses would be decreased by 
approximatley a factor of 2. 

T h e  esthatcd are sensitive to the parameters assumed for the scenario. For example 
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Figure 5.2 Chronic Dose at RHT 
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To estimate the uncertainty in the inadvertent intruder estimated dose to uncertainties in 
the inventory the maximum batch concentrations listed in Table 3.1 were used. Specifically, the 
maximum batch concatrations for '"Sn, "'py and "'Am were used to estimate the impact to 
the intruder dose estimates. The maximum batch concentration reflects the tank to tank variation 
in inventory for each radionuclide. The ratio of the maximum batch concentration to the average 
batch concentration for '"Sn, "'py and u'Am are 9.7,25, and 4.9, respectively. 

The RH trench has waste packages stacked 4 layers high. If one of the waste packages in 
a lay= had the maximum batch concentration and the remaining three packages above andor 
belowhadavemgebatchconcentnb 'ons, then the estimated acute exposure would be 
approximately 3 mrem and the estimated continuous exposure would be approximately 105 
mrem in a year. This is higher than the performance objective of 100 mrem in a year. 

These estimated impacts can be mitigated through operational controls based on 
projected container inventories. Such operational controls will be better defined as the project 
matures. 
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PdormmceMmuwe 

All-pathways [mrem in a y] 

6.0 PERFORMANCE EVALUATION 

This chapter compares the estimated impacts covered in Chapters 4 and 5 with the 
performance objectives established in Chapter 1. Section 6.1 summarizes the comparison of the 
base case impacts with respect to the performance objectives. Section 6.2 discusses the 
sensitivity of theze results to the key assumptions and uncertainties in these analyses. Finally, 
section 6.3 provides the conclusions from this white paper analysis. 

6.1 Comparison of Estimated Impact8 to Performance 

This section compares the eetimated impacts to the performance objectives for each area 
of protection cited in Sectioq 1.3: 

Protection of the general public 
Pmtection of the inadvertent intruder 
proteotionofgroundwaterresourcea 
protecsion of surface water resources 
Protectionofairreeources. 

The inadvertent intruder estimated impacts depend on inventory and facility design, and 
can be mitigated to some adant operationally. The estimated impacts for the other performance 
objectives (except for air murce) depend on inventory, waste form release, and groundwater 
flow. 

6.1.1 Protection of General Public 

Pafonnance Estimated Impact Estimated Impact at 10,000 y 
Objective at1,OOOy 1998 LAW PA Updated Results 
25.0 0.0061 6.4 10.72 

Table 6.1 compues the psrformance objectives for protecting the general public with the 
results fiom the base analysis case+. The estimated all-pathways doses are significantly lower 
than the pcrfonnance objectives during the fist 10,000 years. 

The performance mtBwTe8 @e. impacts) over the first 10,000 years after facility closure 
(2030) are not estimated to e x d  the value of the performance objectives at any time. 

6.1.2 Protection of Inadvertent Intruders 

Table 6.2 compares the estimated impacts to the performance objectives for protecting 
the inadvertent intruder. The time of compliance starts at 500 years after closure. The acute 
exposure performance objective is met by a factor greater than 500 for the remote handled 
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trench. '"Sn is the most important radionuclide. The continuous exposure 
objective is met by a &or of approximately 4 for the base analysis case. ' 'Am, "'Sn and ' 3 ~  

are the major contributors. Thcse results are similar in magnitude as those found in the ILAW 
PA (Mann 199Sa). 

onnance p"f 

PerfolmanceMersun 

Acute expow [man] 
continumcPrOorwe[ mmminayearl 

Performance Estimated Impact 
Objective 1998 LAW PA Updated Results 

100.0 27.5 127. 
500.0 5.5 I 0.9 

6.1.3 Pmtection of Groundwater Resources 

Performrnca Mslcure P&mmance Estimated Impact Estimated Impact at 10,000 y 

BetdPhotonEmittas 4. 0.0017 2.0 0.17 
[mmninay] 
Alphr-smi#ing IS. 4.2~10'' 1.7 0.13 
radionuclides [pCin] 
Ra [pciil 5. 0.0 <0.001 0.0 

Objective at1,oOOy 1998 ILAW PA Updated Results 

~~~ 

Teble 6.3 compuer tbe estimated impacts to the performance objectives for protecting 
the gnwndwrtsr rtmwcaa. At the DOE time of compliance (1,OOO years) and the point of 
complirnoe (st I well 100 mstare downgradient of the disposal facility), the groundwater impacts 
arc not signifiwat. At 10,O00 ysars the estimated impact is a factor of 24 less than the 
performance objdves for Wphoton emitters and a factor of 120 less than the performance 
objectivw for the 8lp-q radionuclides for the base analysis w e .  The concentration of 
radium is insigi6fhtt. "lw moat important drivers are the inventories of technetium, iodine, 
neptunium, ud wadurn, the release rate from the waste form, and the amount of mixing in the 
aquifer. Raardmm * ofuranium isotopes as they migrate through the natural vadose zone is 
important in adhvhg the rlphr-cmitting radionuclides paformance measure. The anticipated 
retardation of the uranium isotopes through any concrete associated with the engineered facility 
has not ban included in thsw estimates. 
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Perfonnoncs Msuws PSrfonnance Estimated Imp& 

Beta/PfiotonErnittm 1.0 1 . 4 ~ 1 0 ~  
Objective at 1,000 y 

[mnm in a yl 
Alpha Emitters si] 15.0 6.8xlW” 
Ra [pci i ]  30.3 0.0 

6.1.4 Protection of Surface Water Resources 

Estimated Impact at 10,OOO y 
1998 ILAW PA Updated Results 
0.070 0.014 

0.058 0.011 
<0.001 0.0 

Table 6.4 compares of the estimated impacts to the performance objectives for protecting 
the surface water resources. The DOE time of compliance is 1,000 years and the point of 
compliance is at a well intercepting the groundwater j u s  before it mixes with the Columbia 
River. The estimated impacts are approximately three orders of magnitude lower than the 
performance objectives. The estimated impacts at a well just before the river are conservative 
with respect to the quality of the river water. In addition, these estimates do not include dilution 
due to bank storage effects. 

Performance Mcawre Performance 
Objective 

Radon [pCi rn-’ s-’1 20.0 

and “c)[mem in a y] 
Otha radionuclides (’H 

10.0 

Estimated Impact at 1,000 y 
1998 LAW PA Updated Results 
0.001 0.001 

0.0 

6.1.5 Protection of Air Reaources 

Table 6.5 compares the estimated impacts to the performance objectives for protecting air 
resources. The DOE time of complinnce is 1,OOO years and the point of compliance is just above 
the disposal facility. The estimated impacts are over three orders of magnitude lower than the 
performance objectives. 

6.1.6 Summary 

All of the estimated ef€ects easily meet the performance objectives set out in 
Section 1.3 for the RH trench buc d y e i s  case. The estimated all-pathways dose, bdphoton 
drinking water dose, and the concentration of alpha-emitting radionuclides in groundwater are 
more than a Eactor of 200 lower than the corresponding performance objective at 10,OOO years 
after facility closure (2030). The inadvertent intruder continuous exposure doses are estimated to 
be a factor of approximately 4 below the performance objective. 
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Invaaory- 

PtlrhnMmoqectivc 
Base Caw 
Upper Bound Inventory 

6.2 Performance Sensitivity to Key Parameter Uncertainties 

The key panmetaa impacting the performance of the disposal system are the inventory, 
waste form performance, and disposal facility related parameters. The impacts of these 
uncertainties have been explored to some extent with the calculations provided in this report. 
Additional insight is provided &om the results 6om the ILAW PA (Mann 1998a). 

The inwntory report (Wootan 1999) provides an upper bound estimate for the ILAW 
inventory. Table 3.1 provkks the upper bound inventory in a given package. The primary 
contributon tot& gmm&Uex W o s  are radionuclides with assigned values of K.j =O mUg 
and Iko.6 mUg (rse Table 3.4). Table 6.6 pmvides the estimated impacts of inventory 
unceRainty fw clsledsd PgfOntlMce objectives for protection of the groundwater. These 
impacts am estimated by normdiking the upper bound package concentrations to the base 
analysis case, RH trench concept results. 

All Pathways Beta-Photon Alpha Emitter 
Dose Drinking Water Dose Radionuclide 
(mrsnJY) (mredy) Concentration (pCin) 
25.0 4 15 
0.72 0.17 0.13 
3.8 0.81 0.70 

Inventory cam 

Bsse caee 
Psrformrncs Objective 

Maximum Batch Concentration (in one Layer) 

Table 6.7 Impact of Inventory Uncertainty on Inadvertent Intruder Scenarios 

I Acute Exposure I Continuous Exposure I 
(mrem) (mrem in a year) 
500 100 
0.9 27 
3 105 

The acute exposure performance objective is still met for this higher inventory of 126Sn, 
"%I, and ulAm. However, the continuous exposure pedonnance objective would barely be 
exceded ifone waste package with the maximum batch inventory were stacked vertically with 
three other packages having the average batch concentrations. 

Since '%I, %, and ulAm are the major contributors to the continuous exposure for 
the inadvertent intruder, the number of waste packages that can be stacked vertically depend s on 
the concentrations of these radionuclides in these vertical stack. Table 6.7 provides the impacts 
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for waste packages stacked 4 high. ‘Based on these results the stacking height is limited to fewer 
than 4 packages if one waste package has the maximum batch concentration and the remaining 
packages have average package concentrations. This can be accomplished operationally by 
placing theae packages at the edges of the facility. This condition can also be avoided by 
appropriate operations planning or additional separations. 

The uncertainty in the disposal facility is associated with the different concepts @H 
trench vtrwld concrete vault), and the recharge rate. These results for the groundwater scenarios 
are summarued . inTable6.8. 
Table 6.8 Impact of Disposal Facility Uncertainty on Groundwater Scenarios 

6.3 Uneerhhticr Regarding a s  Performance 

The Caculatione and long-term performance results discussed in previous sections of this 
document are based on a detailed analysis of the release behavior of LAWABPl glass. 
However, it is a virtual cutainty that BNFL, Inc. will not produce LAW glasses with this 
specific componitkm. Coneequently, it is important to assess the likelihood that the glass waste 
forms that will be produced by BNPL, Inc. will have long-term durability characteristics 
approximating that of LAWABPl glass. Unfortunately, it is impossible to do so quantitatively 
because 1) spcciflc glaa fonnulations for LAW disposal have not as yet been selected by 
BNFL, Inc. for production, and 2) insufficient experimental data are available to perform 
STORM simulations with the glasses, even if the compositions themselves were available. 

As an intamedie step, the relative performance of BNFL, Inc. type glass compositions 

on a practicable time scale (McGrail, et al. 1999b). Two experimental 
can be compared in highly accelerated laboratory tests designed to elucidate the long-term 
behavior ofthe 
methods are principally used for this purpose (McGrail et al. 1998b), the vapor hydration test 
0 and the pmsuked unsaturated flow (PUF) test. Briefly, in the VHT, monolithic samples 
arc exposed to Mturated water vapor at elevated temperatures (typically 100OC to 300°C) in a 
sealed vesscl. This environment grwtly accelerates the progression of glass corrosion by water 
and can r s a ~ l t  in the fixmation of alteration phases. The principal uses of the test are 1) as a 
tweening tool to quickly daennine if a glass is likely to c o d e  at an extreme rate, 2) as a 
convenient means of generating alteration phases for analysis within a short period, and 3) for a 
measure ofthe rltartion rate at elevated temperatures. ~n contrast, the patented PUF test is an 
opgl-rystrm test where wata flow through a bed of coarsely-ground glass under conditions of 
partial hydraulic eahuation (MCGrdl et al. 1997). A computer control system stores test data to 
disk &om several thermocouples, pressure sensors, inline sensors for effluent pH and 
conductivity, and column weight fiom an electronic strain gauge to accurately track water mass 

Patcnt X5974859, "Method aad Appamtw for Measuring Coupled plow and Reaction Roccssts,” 1999. 
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balance and saturation level. Experience in running PUF tests with a number of different ILAW 
glass compositions has proven the method to be highly effective in 1) accelerating the 
progression of the glass corrosion process into the so-called “Stage 3” regime representative of 
longer-term corrosion behavior, and 2) detecting glasses that are unstable with respect to 
secondary phases that form as a result of the glasdwater reaction processes during the test. 

Figure 6.1 Radial Distribution Plot of 2OOOC VHT Corrosion Rates for HLP Series of LAW 
Glasses. Radial coordinates are loglo corrosion rate, g/(mz.d) 

1 

A matrix of 56 glass compositions was subjected to V H T s  at 200OC for sufficiently long 
periods of time to obtain a statistically meaningful measure of the glass corrosion rate (Vienna et 
d. 2000). The @MM% varisd the concentrations of Si%, A l ~ 0 3 ,  B z ~ ,  Fa%, Ti%, ZnO, 2102,  

Mgo, and NazO l l ~ r ~ ~  a wide composition range that covers, with high probability, the expected 
procesSing compsition range ofBNFL, Inc. The test matrix was designed in collaboration with 
staff at the catholic University of America who is principally responsible for ILAW waste form 
dmlopment to ensure that the selected components and ranges were relevant to glasses that are 
under currcnt development. For details on the specific glass compositions involved, please see 
Vienna et rl. (2OOO). In F i  6.1, we plot the logarithm of the measured WiT corrosion rate 
for 50 of the &sw (note that mdts for 6 of the test glasses were not yet available). 
Immediately obvious &om the plot is that a large fraction of the test glasses have corrosion rates 
less than 10 g/(+d). Thin result WM quite unexpected because the aggressive, high-temperature 
conditions of the WIT WKC anticipated to produce high corrosion rates for a significantly larger 
fiaction of the test glasses. 

To more quantitatively analyze the results, the VHT corrosion rate data have been 
replotted in the form of a cumulative distribution function as shown in the Figure 6.2 for glasses 
studied under the Tank FOCUS Area (TFA). The measured 200OC WIT corrosion rate for 
LAWABPl glass is 4.4 g/(m2d) and the corresponding data point is highlighted in Figure 6.2. 
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This glass is near the midpoint of the distribution (half of the data set have higher rate and half 
lower) of 7.2 g/(mad). A 1 1 1  8O.h of the tested glasses have 200OC VHT corrosion rates less 
than 30 gl(m2.d). This is about 8 times faster than the VHT rate for LAWABPl glass. However, 
a glass reacting 8 times faster than LAWABPl would still fall well within the margin of safety 
available to meet groundwater pathway performance objectives, based on the data in Table 6.8. 

Figure 6.2 Cumulative Distribution Plot of 200°C VHT Corrosion Rates for HLP Series of 

Approximately 8O.h ofthe test glasses have WIT corrosion rates at 200°C less than 30 g/(mz.d). 
The data were fit to a 3-parameter logistic knction of the form y = a/[l+(x/x$'l. 

JLAW Glasses 

0.1 1 10 IO0 IO00 

COrr~rion Rae, g/(mPd) 

Figure 6.3 Comparison of Glass Corrosion Rate in PUF Tests at 99°C and 2 mUd 
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Because of the much greater complexity of the hardware and support equipment, fewer 
experimental data exist in terms of compositions tested via the PUF system. The latest available 
data relevant to BNFL, Inc. compositions are shown in Figure 6.3. The lines on the figure were 
computed by using a 4-point moving average for the "28, LAWA23, and LAWA33 glasses 
and a 10-point moving average for the HLP-10, HLP-3 1, and LAWABPl glasses. A comparison 
of the peak dissolution rate observed in PUP tests versus the dissolution rate estimated in WlTs 
at 200OC is plotted in Figure 6.4. The peak dissolution rate was used fiom the PUF tests because 
for the glasses with high dissolution rates, the apparent corrosion decreases with time as the total 
unmactd glass surface area decreases. and this is not taken into account in the corrosion rate 
calculation. The results suggest a good correlation between the VHT and PUF test results (R' = 
0.91). Similar secondary p h  formeed in both types of tests, which is probably why a 
correlation exiota between the r d t s .  Although the available data are obviously still very 
limited, tbs VHT rppsp~ to pmvide I good indicator of glass performance in the PUF test, and 
both .ccslated te&s am provldias a consistent picture about the long-term performance of 
LAW gla6se-d u I funotiopl of gbrs composition. Pending confirmation of these results as 
addionel PUP test data am dadoped on more EAW glasses, it appears to be a virtual certainty 
that gl l lwe~ can be fonrlated md manufbtured that will meet performance objectives for 
disposal of low-activity tank wsstee. 

Figare 6.4 Comparison of Glass Corrosion Rate in PUF Tests at 99OC and VHT Tests at 200OC. 
Solid line is the regressed M and the daahed lines are the 95% confidence interval. 

1 10 l W  loo0 

VHT Rate (2OO'C), g m-' U' 
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6.4 Summary of the Impact of Differenem Between the 1998 ILAW PA and This 
Document 

Of the three types of &os (groundwater, air, and inadvertent intruder) studied in the 
1998 LAW PA (Mann 1998) and this document, only the results for the groundwater scenario 
are nig&lcantly difkent. Thae are five major differences in inputs between the 1998 ILAW 
PA and this document that &ect the peak values of impact parameters for scenarios that 
contaminate groundwater: 

Time of compliance 
lnventoly of mobile mdbcnts 
Disposal facility design 
Waste Form performance 
Gmmdwam dilution 

Other new data (such as rdurp rake, geochemistry, and hydrology) affect the time that the 
peak occurs or affect the impact panmetsrs through one of the last four inputs cited above. 

The 1998 ILAW PA wed l0,OOO yearn M the time of compliance. Because of new DOE 
p i b n o q  the present time of a0mplianc.e is 1,OOO years. Howevss, becruse of the slow travel 
time in the vadose mnc, even the mobile constituents do not reach the groundwater in any 
significant quantity in only 1,OOO years. 

To make comparisons with the 1998 LAW PA easier, Table 6.9 summarizes the 
differenmi in impact parametem at l0,OOO years. 

Table 6.9 
Water Daw at l0,OOO Yeur. (1998 ILAW PA estimated thb dose u 2.0 mredyr.) 

Effect dUpdated Modd Inputs on the Estimated Beta/Gamma Drinking 

(1) based on updated & value8 for Sq I, and Np. 

Tbs impact at l0,OOO yeam of changing the inventory of the mobile constituents is a 
factor of 0.41. This result8 because oftwo changes, the change in the inventory of -Tc (the most 
imjmtaat ndioasclidem in either analysis) and the change of inventories of other mobile 

. The 1998 ILAW PA assumed that 80% of the Tc in tMks would end up in ILAW, 
whits& prooat documents assumes based on the contract b e e n  BNFL, Inc. and DOE 
(DOEVBNFL 1998) that only 20% ofthe Tc in tanks will go into EAW. The remaining slight 
different in Tc inventory results from a small change in tank inventory. 
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contaminant. In the 1998 LAW PA, "Se was seen as the only important radionuclide because 
of its relatively short half-life and bccause there was no Hanford Site-specific data indicating that 
selenium is not mobile. Since then it has been learned that the half-life of "Se is longer than 
believed and disposal-site specific information has shown that Se is retarded. However, other 
elements (iodine and neptunium) which were treated as relatively immobile in the 1998 ILAW 
PA, are now known through disposal-site specific information to be more mobile. Thus, whereas 
-Tc was 75% of the drinking water dose in the 1998 ILAW PA, it is only SO'?? in this document. 
Combining the two effects means that the change in mobile inventory cuts the groundwater 
impacts by about a factor of 2. 

As noted in Section 4.3.4, release from the trench design is about a factor of two less than 
the componding vault design. Although the vault design in this document is somewhat 
different than that used in the 1998 ILAW PA, the factor of 2 should be approximately correct 
for the difference for this effect between the 1998 ILAW PA and this document. 

In the 1998 ILAW PA, the rslease from the vaults was assumed to be that given in the 
request for p p o d  fw tnstmsnt lavices @ O W  1596). In this document, the release from 
the vault is dculatcd by calcddng the & y & ~ &  of re 1- from a BNFL, Inc.-type glass 
and performing tha transport of amtuninants through the vault. This results in a slight increase 
h m  the 1998 ILAW PA values. It is expected that once the calculations take account of glass- 
in-water Batllntion effects the calculated values will drop by a factor of ten or more. 

As 4 in Section 4.4, the disposal site is now realized to be over the old channel of the 
Columbia River. Thus, the hydraulic conductivity of the unconfined aquifer is higher, resulting 
in greater dilution, by about a factor of 10. 

Combdng these factors (inventory of mobile conatituentq disposal facility design, waste 
form performance, and groundwnter dilution), the overall effect is a reduction by about an order 
of magnitude from the 1998 LAW PA. 

6.5 Conrervatiams and Caveatr 

6.5.1 Ovaview 

This document is not inteadsd to be a full performance assessment. Many more 
sensitivity cas811 will be run for the next version of the LAW PA which is expected to be issued 
in 2001. Also, this next PA will have more sophisticated analyses, building on the experience of 
oalculations made for this doaunmt. Finally, more data will be collected in the next few years 
that will improve the quality of fimue LAW performance assessments. 

6.5.2 Comematisms 

The major co118CTvBtisms in this analysis revolve around calculational simplifications in 
the areas of moisture infiltration rates into the facility, the rates at which the waste form releases 
its constituents, end facility placement for groundwater flow. 

The surface barrier and capillary break that are part of facility designed were not modeled 
in this analysis, resulting in greater moisture flow into the facility. Based on the results 
contained in the 1998 ILAW PA and because of the relative short life of the surface barrier, the 
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omission of modeling the surface barrier should not significantly affect the results. However, the 
capillary break is expected to reduce moisture flow into the facility, and based on the 1998 
ILAW PA results, a lower rate of waste form dissolution and hence of environmental impacts are 
expected. The &ecj of both the surface barrier and the capillary break will be presented in the 
next version of the ILAW PA. 

The calculations of waste form dissolution and contaminant transport in the disposal 
facility are very complex. This document performed onedimensional calculations and only used 
the forward rate of dissolution (which depends on pH and surface area). Two important effects 
(treating glass saturation in the pore water and performing two dimensional calculations) are 
expected to significantly reduce the calculated dissolution rate. 

The c a l d a t i ~ ~  presented in this white paper only including the forward rate of 
dissolution. As noted in the sadion on glass dissolution, as the main components of the glass 
(especially alia) artsr the pore water, the rate of dissolution slows, usually by many orders of 
magnitude. TBas is dm MH~M evidence, although not yet sufficient to include in long-term 

calculations nurely overestimate the amount of dissolution that will occur. 

waste form exposed to water greatly affect the rate at which the glass degrades. One- 
dimensional calculrtions forces dl water to past through the glass and the buffering effect of soil 
is undcrprodioted. Twdimensiod cdculations will allow the water to flow around the glass 
(and stay in the b.ckfill soil). reducing the amount of surface area seen by the water as well as 
effectively increasing the Mering effect of the soil. 

Wimportrnt - * are trapped in secondary glass phases. Thus, these 

Waste fonn calculations Bhow that the pH of the pore water and the surface area of the 

The present disposal site overlies the old channel of the Columbia River. In the present 
celculationq the disposal facility is placed in the southeast comer of the site. However, because 
of logistic masons, the prseent plans are to place the facility in the northeast comer which is 
more centaed over the old channel. Thus, the effect of the old channel of the Columbia River is 
underestimated in the calculations reported in this document. 

6.5.3 Caveats 

Thii &xt, M is true for the rest of the ILAW PA effort, is being performed before all 
decisioar camdng  JLAW have becn made. BNFL, Inc. still must decide on the waste form 
composition that will be used. Although the BNFL, Inc. flow sheet is becoming finalized, its 
details still must be tnnsmittcd to the ILAW PA activity. Similarly, the detail design for the 
disposal facility doen not yet exist. Finally, although the amount of disposal site-specific 
information has incnased, there is still more data needed. 

This analysis is based on a m e  form composition in the composition space that BNFL, 
Inc. has chosen. However, BNFL, Inc. will not select their glass waste form composition for 
some PIOBtbl. Similarly, the treatment flow sheets used here are those developed by the Hanford 
Site mntmtor, rather than BNFL, hc.  BNFL, Inc. will provide to DOE their flow sheets as part 
of the Phase lb  deliverables in April 2000. Although the effects of these BNFL, Inc. decisions 
are expected to be small, the effects must be investigated to determine the size of the change in 
the environmental impacts. In particular, once the waste form composition is know, significant 
waste form testing (similarly to that performed for LAWABPI) will be conducted. 
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The present design for the disposal facility is based on conceptual designs of the existing 
mixed waste trench at the W o r d  Site. As detailed design occurs, it is expected that dimensions 
will change and m a t d l s  will be more closely specified. Again, the impacts of these changes 
are expected to be small. 

Finally, more geotechnical data (both &om the ILAW disposal site as well as for the 
W o r d  Site M part of the W o r d  Site Groundwater / vadose Zone Integration Project) will be 
obtained. Theee data will be incorporated to better define conceptual models and the parameters 
used to implement those models. Based on the 1998 ILAW PA, the effect of the new data will 
be a better understanding of the flow and transport, but relatively little change in values are 
expected. 

6.6 Conclusions 

Limited urrlyac~ have besn coducted based on new data and programmatic changes that 
have OoCuRdd dacs tbe ILAW PA was issued (Mann 1998a). New site specific data have been 
collected, tbs eathate for tbe lLAW inventory han been revid, waste form data have been 
collected for dmnt glaaa formuhtio~, and the groundwater model for the Hanford Site local 
to the ILAW dim site have been improved. Programmatic changes include the selection of a 
waste fbrm composition and fsbrication process provided by BNFL, Inc. and the selection of a 
new remote handled trench concept for the E A W  disposal facility. 

The results &om these analyses have shown that the peak release rate (7 ppdy) &om the 
RH trench fioility rt l0,OOO ysya is approximately Wh greater than the release rate (4.4 ppdy) 
wed in tbs last ILAW pafonnrnca assessment. Also, the groundwater flow beneath the current 
EAW dhpod ritS is bigher tban estimated in the last performance assessment. These estimates 
have lead to estimaad impacts tht are a factor of approximately 24 or more below the 
performance objectives for the groundvvlter related scenarios. The results for the inadvertent 
intruder are comparable to the results provided in the last performance assessment. 

Finally, selected sensitivity calculations were performed for key assumptions associated 
with invantory, Eacility design, and waste form performance. The estimated impact for the 
continuous expowe d o  is closest to the performance objectives in this analysis update. 
This estimated impact is based on four packages having average inventories of the ILAW 
radionuclides. Thre estimated impacts can be mitigated through operational controls based on 
projected container inventories. Such operational controls will be better defined as the project 
matures. The result8 5om there analyses together with the results from the last ILAW PA (Man 
1998a) provide redsonable assurance that the current disposal system will adequately protect the 
public and the environment. 
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