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I. SUMMARY 

As required by the Department of Energy (DOE) order on radioactive waste 
management (DOE 1999a) as implemented by the Maintenance Planfor the Hanford 
Immobilized Low-Activity Tank Waste Performance Assessment (Mann 2000a), an annual 
summary of the adequacy of the Hanford Immobilized Low-Activity Tank Waste 
Performance Assessment (ILAW PA) must be submitted to DOE headquarters each year 
that a performance assessment is not submitted. Considering the results of data collection 
and analysis, the conclusions of the 1998 version of the ILAW PA (Mann 1998) as 
conditionally approved (DOE 1999b) remain valid, but new information indicates more 
conservatism in the results than previously estimated. A white paper (Mann 2000b) is 
attached as Appendix A to justify this statement. 

The format for this summary follows that required by the maintenance plan as 
directed by the DOE guidance on PA maintenance plans. 

11. WASTE RECEIPTS 
The facility is currently scheduled to become operational and receive the initial 

ILAW waste packages in 2007. 

111. MONITORING 

Since the disposal facility has not been constructed, pre-operational monitoring is 
being performed to establish a baseline. The Hanford Site has a groundwater-monitoring 
program, with the results for FY 1999 just released (Hartman 2000). Groundwater 
underneath of the proposed disposal facility has been impacted from previous discharges 
from Hanford Site operations, primarily liquid discharges to cribs associated with the 
PUREX plant. Although these cribs are down-gradient from the proposed disposal site, 
the plumes from these cribs spread up-gradient to underneath the disposal site due to the 
amount of material disposed in the cribs. The level of groundwater contamination for 
tritium is above drinking water standards (20,000 pCi/liter) over some of the disposal 
site. Groundwater contamination from other materials (mainly '291 and nitrate) are below 
drinking water standards. 

Hanford Site records indicate no significant operational activities have been 
performed at the disposal site. Thus, no vadose zone contamination is expected and none 
has been found in the one ILAW borehole to date. 

1 
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IV. RESEARCH AND DEVELOPMENT 

A. Summary 

Research and development (R&D) for the ILAW PA is conducted in several 
programs. The ILAW PA activity directly f h d s  selected research and development as 
documented in its annual update of its statement of work (Puigh 1999a). The ILAW 
program is also associated with the Hanford Groundwater / Vadose Zone Integration 
Project. As one of the “core projects” of the Hanford Groundwater / Vadose Zone 
Integration Project, the ILAW PA activity maintains close contacts with the Integration 
Project’s Science and Technology activity as well as with EM-50 groups (the 
Environmental Management Science Program [EMSP], the Tank Focus Area [TFA], and 
the Subsurface Contamination Focus Area [SUBCON]). These other programs provide 
additional data and information that are directly utilized in developing a more complete 
understanding of the mechanisms that impact the ILAW disposal system performance. 

B. DAS-Directed R&D 

No research and development activities were directly required by the facility’s 
disposal authorization statement @AS). However, the DAS did require that research on 
glasses be sent to the Low Level Waste Disposql Federal Review Group (LFRG). Such 
documentation has been sent (French 1999 and French 2000). 

C. ILAWPAR&D 

The ILAW PA activity has sponsored many research and development activities. 
Only a few dealing with waste form performance and geology will be presented here. 

Waste form performance is one of the important drivers in the ILAW PA. 
Substantial research and development effort has been pursued in this area. Before the 
ILAW PA program activities, the major glass tests were performed under saturated 
hydrologic conditions. Yet the moisture content expected in the disposal facility is only 
5%. Therefore, PNNL (McGrail) developed the pressurized unsaturated flow (PUF) test 
that can simulate and monitor the conditions in the disposal facility. Based on this effort, 
they were awarded Patent #5974859, “Method and Apparatus for Measuring Coupled 
Flow and Reaction Processes” last year. Based on the work of Pete McGrail and his staff 
at the Pacific Northwest National Laboratory and Bill Ebert and his staff at the Argonne 
National Laboratory, the importance of the sodium-hydrogen ion exchange reaction is 
now acknowledged. Moreover, glass compositions developed by this team have led the 
way to better performing low-level radioactive waste glasses. In addition, by combining 
computer simulations with waste form measurements, a better understanding of how 
secondary glass phases influence the rate of glass dissolution and hence of long-term 
glass performance is obtained. 

2 
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Although thousands of boreholes have been drilled at the Hanford Site, few of 
these were designed to bring minimally disturbed vadose zone samples to the surface. 
The ILAW borehole was one of the first to do so. Based on the analysis of these samples, 
an important geologic unit was reinterpreted and new deposition timelines were 
established. For example, even though the last glacier floods were -13,000 years ago, a 
significant depth of glacial deposited material has existed since the last flip of the 
magnetic poles (-770,000 years ago). 

Other research including moisture dependence of geochemical retardation, plant 
transpiration rates during winter months has also been supported by the ILAW PA 
activity. These efforts are expected to continue (Puigh 1999a). 

D. OtherR&D 

The ILAW PA program maintains important ties with TFA and EMSP efforts on 
glass performance and with EMSP and various Hanford Site efforts on site 
characterization. 

As shown in the 1998 ILAW PA (Mann 1998) and the white paper (Mann 2000b), 
waste form performance is a major element driving the results. The immobilization team 
of the Tank Focus Area has been extremely supportive of the Hanford Site needs. TFA is 
sponsoring the testing of a large number of glasses to help determine the compositional 
space of acceptable glasses. The initial results of this multi-laboratory effort (Vienna 
2000) document product consistency tests (PCT) and vapor hydration tests (VHT) are 
pointing to improved test methods and to glass composition areas to avoid. In addition, 
TFA sponsored an international panel of experts to review the approach of the ILAW PA 
team (McGrail1998a) in estimating waste form performance over thousands of years 
based on short-term (few day to few year) laboratory data. 

The Environmental Management Science Program is also supporting important 
research into glass perfonnance. At higher temperatures, the breaking of Si bridging 
bonds is the rate-determining step. At temperatures corresponding to soil conditions and 
with high sodium content glasses, a second reaction (the ion exchange of hydrogen and 
sodium) becomes significant (McGrail2000). The EMSP activity in this area has 
provided important data and understanding on how this formerly overlooked reaction 
affects glass dissolution. 

In 1998, the ILAW PA activity drilled a borehole whose main purpose was to 
characterize the vadose zone. Based on the borehole data and the assumption that the 
disposal site is uncontaminated, several EMSP tasks are using the disposal site for field 
experiments. Moreover, at the kick-off meeting for principal investigators of FY99 
EMSP subsurface awards, details of the ILAW site were described and many contacts 
established. In particular, the ground penetrating radar task of Rosemary Knight is being 
joined with ILAW-specific work to better characterize the disposal site as well as an 

3 
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adjoining site that will be used by the Science and Technology activity of the Hanford 
Groundwater I Vadose Zone Integration Project for research and development activities. 

The major “core projects” prioritized science and technology needs. The major 
needs identified were 

1)  

2) 

3) 

4) 
5 )  

development and determination of long-term performance of surface 
barriers 
development of remote sensing of contaminants e9Tc, nitrates, uranium) 
in the subsurface 
development and testing of materials that will chemically bind 
contaminants 
improved understanding of long-determine recharge rates, and 
improved understanding of moisture movement under arid conditions. 

Interestingly, the first three of these are also major needs identified by a recent National 
Research Council panel on subsurface research needs (NRC 2000). 

4 
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V. SUMMARY OF CHANGES 
The 1998 ILAW PA will be revised next year (2001). In preparation, data 

packages were developed and a limited number of analyses were conducted. This section 
outlines the changes to the information base, the consequences of the changed 
information base, and recommendations for the next performance assessment. 

Reports were created in the following areas to document the data that will be used 
in the next performance assessment: 

e 

Performance Objectives (Mann 1999a) 
Scenarios (Mann 199913) 
Selection of a Waste Form Release Computer Code (McGrail 1998b) 
Verification of Selected Waste Form Release Code (Bacon 2000) 
Selection of a Vadose Zone Simulation Compute Code (Voogd 1999) 
Verification and Validation of Vadose Zone Code (Finfrock 2000) 
Geology (Reidel 1999) 
Inventory (Wootan 1999) 
Facility Data (Puigh 1999b) 
Recharge (Fayer 1999) 
Waste Form Release (McGrail 1999) 
Near-Field Hydrology (Meyer 1999) 
Far-Field Hydrology (Khaleel 1999) 
Geochemistry (Kaplan 1999) 
Dosimetry (Rittmann 1999) 
Future Potential Agricultural Uses of the Hanford Site (Evans 2000) 

These documents are summarized and contained as appendices in M d u i g h  2000. In 
general, each of the above reports underwent multi-layered peer review. In almost all 
cases, this included peer review by experts outside of the Hanford Site. 

There are many differences between these data packages and those used in the 
1998 ILAW PA. The most important are contained in Table I and are described below. 
The impacts of these changes are analyzed in the White Paper Updutting Conclusions of 
the 1998 ILAWPerformance Assessment (Mann 2000b) which is included as Appendix 
A. 

As in the 1998 ILAW PA, the performance objectives established in DOE orders 
as well as state and federal regulations were reviewed. The most important changes are 
those required by the new DOE order on radioactive waste management and by having 
the performance assessment activity support Resource, Conservation, and Recovery Act 
(RCRA) permitting activities. 

5 
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e 1. Significant Data Differences Since 1998 ILAW PA 
Difference 

DOE 0 435.1 requires a 1,000-year time of 
compliance. The analysis has continued 
calculations out to 20,000 years as well as 
introduced chemicals. 

None 
All facilities will now be in the south central 
part of the 200 East Area. Before, 10% of the 
waste was to be disposed in the eastern part of 
the 200 East Area. 
1998 ILAW PA used underground concrete 
vaults. Present baseline is trench disposal 
New data are based on current best inventorv 
of wastes in tanks and newer data on 
separations between high-level and low- 
activity fraction of wastes. New (longer) 
values for the half-life of 79Se and I2%n were 
used. 
Greater expanded data base, particularly on 
waste forms private vendor is likely to 
produce 

Based on surface soils, two natural recharge 
rates are expected (4.2 m d y r  and 0.9 d y r )  
which bracket value used in 1998 (3 mdyr) 
Better understanding of geologic units based 
on site-specific data 
Have site-specific data 
Have site-specific data (Kd for Se increased 
from 0 to 3 mYg; Kd for I decreased from 3 to 
0, and Np decreased from 15 to 0.6). 
Additional information on other features. 

Used the Hanford Site Groundwater Model 

Now using EPA conversion coefficients. 
Made intruder parameters more conservative. 

Impact 
At 1,000 years, there 
is negligible impact tc 
the environment. 
Chemicals are not 
significant 
None 
Much higher 
groundwater dilution 
at present site 

New design performs 
better 
Overall, lower 
impact. 
Contributions from 
some contaminants 
increased. 

Expected lower 
impact. Calculations 
presently only 
available for forward 
rate reactions. 
Little 

Little 

Little 
Little overall. Se 
becomes less 
important, I and Np 
become more 
imaortant 
Little because of 
model change. 
Little on groundwater 
scenarios. Increased 
intruder results are 
balanced by lower 
inventories. 

6 
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Betdphoton emitters [mrem in a y] 
Alpha emitters [pCi/L] 
Radium [pCi/L] 

The 1998 ILAW PA used a time of compliance of 10,000 years based on the 
requirement that the Nuclear Regulatory Commission (NRC) must determine whether 
ILAW is incidental waste. Since then, DOE 0 435.1 (DOE 1999a) has defined the time 
of compliance for performance assessments to be 1,000 years. Current evaluations now 
use this shorter time, while still performing calculations to later times to maintain 
consistency and to provide the NRC with information. Because the average travel time 
for the thick vadose zone under the arid conditions of the Hanford Site is about 1,200 
years, this shortening of the time of compliance greatly reduces the impact of ILAW 
disposal. For example, the all-pathways dose for time periods of less than 1,000 years is 
a factor of 100 times smaller than for times less than 10,000 years. Alpha-emitters (such 
as uranium and neptunium) do not even reach groundwater in 1,000 years. A comparison 
of the results from the latest analysis to the performance objectives is shown in Table 2. 

Table 2. Comparison of estimated impacts with performance objectives for a time 
of compliance of 1,000 years. 
I Performance Measure I Performance 1 Estimated Impact I 

4.0 0.0017 
15.0 4 . 2 ~ 1  0-14 
5.0 0.0 

All-pathways [mrem in a y] 

Betdphoton emitters [mrem in a y] 
Alpha emitters [pCi/L] 
Radium [pCi/L] 

4.0 0.0017 
15.0 4 . 2 ~ 1  0-14 
5.0 0.0 

Bedphoton emitters [mrem in a y] 1.0 
Alpha emitters [pCi/L] 15.0 
Radium [PCiL] 0.3 

Because, ILAW will contain hazardous waste, it must be managed under the 
requirements of RCRA. The Washington State Department of Ecology has requested that 
the supporting information for the RCRA permits for disposal be based on the same 
information and analyses as for regulation under the Atomic Energy Act (Le., DOE 
orders). Therefore, performance objectives have been established for chemicals as well 
as radionuclides. The analysis shows that the impacts from chemicals are far lower (by 
many orders of magnitude) than the impacts of the radionuclides. 

The scenarios remain unchanged from the 1998 ILAW PA. However, many 
parameters have changed. These are discussed below. 

The 1998 ILAW PA assumed that all of the facilities holding the waste would be 
underground concrete vaults, somewhat similar to those constructed for disposal of the 
tank waste as a grout waste form. In 1999, the Office of River Protection (Taylor 1999) 
decided that trenches similar to those currently being used for Hanford Site mixed waste 
disposal would cost less and would accelerate schedules. At the time, the environmental 
impact was thought to be small. The white paper in appendix A actually shows that 
trench disposal is actually more protective of the environment, by a factor of about 2. 

1.4~10’ 
6 .8~10-~ ’  
0.0 
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The reason for this reduction is that as the concrete vaults degrade, the pH of the pore 
water passing through the degraded structure increases. Such an increase in pH greatly 
increases the release rate of the contaminants from the glass waste form. In addition, the 
ratio of ILAW packages to soil is lower in the trench concept, which allows the soil to 
have a greater pH buffering effect that again lowers the contaminant release rate. 

The 1998 ILAW PA assumed that a Hanford Bamer would be used as the surface 
barrier. This barrier has a design life of 1,000 years. Given the material resources 
required for the Hanford barrier, most disposal projects at Hanford are now moving away 
from the Hanford Barrier. The current plan is to use a modified RCRA C Barrier, which 
has a design life of 500 years. There is little environmental impact with this change. 

In general, the inventory of materials in the tanks has not greatly changed. 
However, what has changed is the separation of the tank wastes into the two waste 
streams (low-activity and high-level), some half-life information, and which 
contaminants are now thought important. The 1998 ILAW PA showed that *Tc was by 
far the most important contaminant for water scenarios (followed by 79Se), and I2%n was 
the most important for intruder scenarios. The present plan is to limit the amount of 99Tc 
in ILAW to 20% of the tank inventory, the rest going to the high-level stream. The half- 
life of 79Se has now been measured multiple times to be much longer than previously 
believed. In combination with site-specific geochemical measurements that show that Se 
is retarded in Hanford soils, 79Se is now considered unimportant. Similarly, the half-life 
of has also been found to be much longer. This reduces its contribution. As will be 
discussed below in geochemistry, iodine and neptunium are much more mobile in 
Hanford soils than previously thought and hence their importance increases. 

The base analysis case of the 1998 ILAW PA was based on the specifications of 
the request for proposal with a sensitivity case modeling LD6-5412 glass, a borosilicate 
glass. Subsequent to the issuance of the PA, BNFL, Inc. announced that they were going 
to use a glass of significantly different composition. The performance assessment 
activity ran a large series of tests (short- and long-term product consistency tests [PCT], 
pressurized unsaturated flow tests [PUF], single-pass flow through tests [SPFT], and 
vapor hydration tests [VHT]) on BNFL, Inc. and similar glasses. Special emphasis was 
placed on LAWABPl, a glass composition developed by the Pacific Northwest National 
Laboratory based on proprietary BNFL, Inc. compositions. At the current time, only 
calculations using the fastest rate of glass dissolution (that is, the forward rate) have been 
done. The results of these calculations show that the fastest rate of release of LAWABPl 
is only 3.6 times faster than the constant release rate assumed in the 1998 ILAW PA. 
Based on relative performance between LAWABPl and LD6-5412 (see, for example, 
Figure 6.4 of Appendix A, reproduced below as Figure l), the expected long-term release 
rate of the new glasses will be far better than analyzed in the 1998 ILAW PA. 

a 
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Figure 1. Comparison of Glass Corrosion Rate in PUF Tests at 99OC and VHT 
Tests at 200OC. 

10 

1 

0.1 

. 

1 10 100 1000 

VHT Rate (200"C), g rn-' d-' 

In addition, the Tank Focus Area ran short-term PCT and VHT measurements on 
55 glasses (Vienna 2000). As seen in the discussion in section 6.3 of Appendix A, there 
now exist many glasses of excellent quality. LAWABPI is in the middle of these glasses 
and hence is representative of the performance expected of the waste form. 

Based on non-site specific data for the 200 East Area, the 1998 ILAW PA used a 
long-term natural recharge rate of 3 mdyear with a 1,000 year infiltration rate through a 
surface banier of 0.5 d y r .  It has been long known that surface soils affect the amount 
of recharge. Based on site specific data, the northern part of the disposal area is expected 
to have a recharge rate of 4.2 d y r ,  while the southern part will have a recharge rate of 
0.9 d y r .  In addition, based on lysimetry measurements and simulations, barrier 
performance is now expected to be better, yielding only 0.1 mdyr.  There is relatively 
little impact from these changes. 

The geology used in the 1998 ILAW PA was based on boreholes in the eastern 
part of the 200 East Area, which is typical of the 200 East Area. Since then, a new high- 
quality borehole has been placed in the area of the disposal site and data from old 
boreholes near the disposal site have been reinvestigated. It is now realized that the 
disposal site is squarely over the old channel of the Columbia River. Thus, the hydraulic 
conductivity (and hence groundwater flow) is much higher in this region than is true in 
general for the 200 East Area, resulting in lower contaminant groundwater 
concentrations. In addition, it is now realized that the lower Hanford gravel unit is 

9 
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unconsolidated gravels, where previously more fines were expected to be present. This 
new understanding has little impact on the PA results, since the mobility of contaminants 
is controlled by the recharge rate rather than the hydraulic properties of this layer. 

Many high-quality vadose zone samples were taken from the new borehole. 
Many hydraulic measurements were taken on these samples, significantly increasing the 
general Hanford Site hydraulic database. In addition, correlations between samples were 
measured. However, the impacts of these changes are small. 

Samples from the new borehole were also investigated for their geochemical 
properties as well as their joint hydraulic/geochemical properties. Also, non-borehole 
samples provided a greater understanding of other geochemical areas. The major 
changes from the 1998 ILAW PA were the changes in the mobility of 3 key 
contaminants, Se, I, and Np. In the 1998 ILAW PA, Se was assumed to move with 
water, but new measurements showed that it is significantly retarded. On the other hand, 
site-specific measurements for the retardation of I and Np show greater mobility because 
of the lack of certain key minerals at the disposal site. Overall, there is a slight increase 
in impact. 

The 1998 ILAW PA used the Hanford site groundwater model developed by the 
Hanford Site Environmental Restoration Contractor. Since then, the site has gone to 
another model developed by the Pacific Northwest National Laboratory. The impact of 
changing models on the results was small. The bigger change was the inclusion of the 
old channel of the Columbia River into the new model, which reduced impacts by about a 
factor of 10. 

A series of mostly minor changes have occurred in dosimetry parameters since the 
1998 ILAW PA. The current analysis now uses the Environmental Protection Agency 
(EPA) dose conversion factors, while the 1998 ILAW PA used a mixture of the EPA and 
DOE. There is little impact from this change. A bigger impact results from reducing the 
size of the garden in the inadvertent intruder scenario from 2,000 to 200 square feet. 
Such a reduction places the inadvertent intruder closer to larger amounts of 
contamination. However, when the reduction in the I2%n inventory and the smaller 
height of the waste containers are also included in the calculation, the overall impact was 
negligible. 

In summary, the overall change in the groundwater scenarios from the 1998 
ILAW PA result in a lower estimation of impacts. Table 3 summarizes the results of the 
most important changes. The results for the inadvertent intruder are basically the same as 
for the 1998 ILAW PA. 
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> 

Updated Model Input BetdGamma Drinking Water Dose 
White Paper (mredy) Ratio to 1998 ILAW PA 

Facility Design 1.18 0.59 
Tc Inventory 0.52 0.26 
Other Mobile Contaminants (1) 3.16 1.58 
Waste Form Release Rate 7.20 3.6 
Groundwater Dilution 0.196 n n98 

VI. CONCLUSIONS 

Recent ILAW perfomance estimates used on the waste form and geochemical 
data have resulted in increased coniidence that the disposal of ILAW will meet 
performance objectives. 

The ILAW performance assessment program will continue to interact with 
science and technology activities, disposal facility design staff, and operations, as well as 
to continue to collect new waste form and disposal system data to further increase the 
understanding of the impacts of the disposal of ILAW. The next full performance 
assessment should be issued in the spring of 2001. 
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~ C u T l v E S u M M A R Y  

The H m  ImmobihedLow-Activi@ Tmtk Waste Pedormame Aswssmmt (LAW 
PA) provides an analysis of the long-tmn environmental and health impacts of the  OM^ 
disposal of W o r d  immobilized low-activity tank waste packages. The purpose of the 1998 
version' was to provide an assessment that would bound the impacts given the limited siita 
specific and wrste-specific data available? The assessment was based on the requirements of 
DOE Order 5820.h (Radioactive Waste Management) with the acknowledgment that the order 
wao undergoing revision. The 1998 LAW PA was conditionally accepted by the Department of 
Energy and fbnned part of the basis for the issuance of a Disposal Authorization Statement fbr 
the Hanhrd Site, including the disposal of Immobilized Low-Activity Waste (ILAW)? The 
conditions ofacceptance were to document the waste form release testing conducted in fiscal 
year 1999 (romplcted) and to address theii "secondary" issues in future performance 
assessments. 

Since the release of the 1998 version of the Haford ImmobflizedLm-Actjvi~ T& 
W4src Pe@nmonce Assessment, a significant data collection activity has bcen undertaken to 
support the next psrformance assessment analysis scheduled to be released in 2001. Specifuc 
new data since the last performance assessmeat include: new glass corrosion data on more 
relevant glass compositions, sitaspecific hydmlogy and geochemical data, rad a rwkd model 
for the flow underneath the Hanbrd Site. Also, programmatic direction is leading 
to the rslcctim of. trench design concept as &e p r c f d  approach for ILAW 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 years). 

This report doaunents the performanix of the proposed disposal action given the new 
data that have been collected during the data collection process since the last PA in 1998. The 
performance of the system is compared to performance objectives that haw been developed for 
the proposed disposal option. Only a limited analysis is given hue. The revision of the 1998 
ILAW PA, rcheduIed for next year, will analyze more cases and present a greater depth of 
material. 

In gaual, the present analysis shows bene pafonnance. i.e. lower imprctq when 
compued to thelast pdormanceassessment. The main reasons for lowaimpacts rreinn#rsed 

new -on about rd.rdaton of imporunt radionuclides in the vadose zone. Fa this 
analyh, the contaminant release data from a relevant glass form composition were. uscd rather 
than draft merit limits or c~ntruni~nt release data from a higher-tunpcraturo glass. 

~ ~ ~ ~ t h e ~ ~ s a l f ~ ~ ~ , ~ ~ ~ n g ~ t h e ~ i n ~ ~ ,  and 



PdonnuraMcaaure 
All-pathways [mrem in a y] 

Paformurce EstimatedImpoct EetimatedImpaCtat10,OOOy 
Objective atfOOOy 1998 ILAW PA Updated Result 
25.0 o.ob61 6.4 10.72 
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compliance (500 years) -n, ylAm, and =% provide approximately equal contributions to the 
continuous exposure dose. 

The estimated impact for the continuous exposure scenario is closest to the p e r f o m  
objectives in this analysis update. In the 1998 LAW performance assessment the estimated 
impact for the continuous exposure Bcenario was 27.5 mrem in a year. This estimated impact is 
based on four packages having average inventtpies of the ILAW radionuclides. These estimated 
impacts can be mitigated through operational mntrols based on projected container inventories. 
Such operational controls will be better defined as the project matures. 

Table ES2 Comparison of estimated impacts with performance objectives for protecting the 
inadvertent intruder. The time of compliance is 500 years a&r facility closure. 

IPaformanceMeasure I Performance I Estimated Impact8 I 
Acute acposun [mmnl 
Continuous exposure [nuem in a year1 

Objective 1998JLAWPA Updated Results 
500.0 5.5 I 0.9 
100.0 27.5 127. - 

Performance Estimated Impact Estimated Impact at 10,OOO y 
PerformamMeasun objective at 1.000 y 1998ILAWPA UpdatedResuhs 

Jamminryl 4.0 0.0017 2.0 0.17 

[ p c i i ]  15.0 4.2x1044 1.7 0.13 

Berr/pbotondt&# 

l u p h  emitten 

A R a d i  W i ]  5.0 0.0 a.001 0.0 
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Table ES4 compares the estimated impacts to the performance objectives for protecting 
the d a c e  water resources. The DOE time of compliance is 1,000 years and the point of 
compliance is at a well intersecting the groundwater just before the groundwater mixes with the 
Columbia River. 

Table ES-4 Comparison of estimated impacts with performance objectives for protecting 
surhce water resources. The DOE time of compliance is 1,OOO years. The point of compliance 
is a well located just before the groundwater mixes with the Columbia River. 

PcrformanccMeasure 
Baalpharonemittom 

Performance Estimated Impact Estimated Impact at 10,OOO y 
Objective at 1,ooOy 1998 ILAW PA Updated Results 

I 
[ m m  in a Y] 
Alpha emitters [ p C i ]  
Radium [pCii] 

1 .o 1 . 4 ~ 1 0 ~  0.07 0.014 
15.0 6.8~10-l~ 0,058 0.01 1 
0.3 0.0 <0.001 0.0 

Pcrfonnancc 
PufommceMeasure Objective 
Radon lpci m" d'] 20.0 
Other radionuclides [mmn in a y] 10.0 

EstimatedImpact 
1998 LAW PA Updated Results 
a.001 I a.001 
40" 10.0 
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performance goals for these materials at 10,OOO years after facility closure when the upper bound 
estimates for inventory were used. 

The uncertainties in the LAW inventory, and facility design were investigated to a 
limited extent. The estimated impacts from this proposed disposal action an 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 LAW 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 comsponding 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 
intiltration rate into the facility, and consideration of an alternate facility design (concrete vault). 
Changing the water infiltration rate into the facility from 4.2 d y  to 0.9 d 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 treach. The higher rates am attributed to B larger fraction of the @ass exposed to higher pH 
than in the trench calculatipns. Although the release rate from the concrete vault facility was 
approximately 70% greater than thc tnnch sirpulation at its peak release rate, the estimated 
impacts for the concrete vault an approximattly a factor of 2 or more gnatu 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 thc new site sptcific data and improved analytical methods this 
analysis shows that the conclusion reached in the 1998 LAW PA that the disposal of ILAW can 
be performed in a manner that can be reasonably expected to be protective of long-term human 
health and environmental proteaion remains valid. This analysis shows that the system has 
haeased 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 mmly. This 
calculation is CotlSeTvBti~e but not bounding. The values for intruder protection remain about the 
same as identified in thc 1998 LAW PA. 

-__ 
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1.0 INTRODUCTION 

1.1 Purpose 

low-activity waste (ILAW) disposal system pacformance against established performance 
objectives using the best estimates for paramcacrs and models to describe the system. The 
principal advances in knowledge since the last performance assessment (known aa the 1998 
ILAW PA 1998a1) have b a n  in site specific information and data on the wrste hrm 
pcrformana for BNF'L, Iuc. relevant glass formulations. The white papa ala0 estimates the 
maximum release rates for technetium and other key radionuclides and chemicals fiom the waste 
form. Finally, this white paper provides limited idonnation on the impact of changes in waste 
form loading. 

1.2 Background 

The W o r d  Site, in south-centra) Washington State has been usad extensively for 
produdns d&nsc materials by the Deputmept of Enagy (DOE) and ita pdccamrs, the U.S. 
Atomic Energy Commission and the U.S. Energy Research and Development Administmtion. 
S t d n g  in the 1- Hanford Site opaationp were dedicated primUily to poducine nuclear 
wcapona matairla. In the 1- operation8 were expanded to produciq electricity &om a 
druGpupore reactor, conducting diverse re+ch projects, and maMgine waste. In the late 
19808, the S i r  original miasion ended. Thip mission left a large inventory ofradioactive and 
mixed huudous waste stored in underground single- and doubleshell tanks in the W o r d  Site 
200 Areu. 

The purpose of this document is to provide a comparison of the estimated immobilized 

Todry. the Si's misaionr arc envirormcntai 'on, enrsy-nlrtedrererrch, and 
techooktgy dsvslopment. Aa jwt &ita aiVirpnmental ndontion miaaion, DOE L proceeding 

storedonaitc. Thescplansarebuedonthe 
Aenemens) (ecolo8y 1998) 
-1- 

ntrieMd&omtheHanfwd 
Si's ingle- and doublaahcll tanka, then trqtcd to acpamtc the low-level fraction (now called 
the low-advity M o n )  from the high-level (including tmnsmnic) frrrction. Both hctiona will 
then be immobilized. 

t h e r m c h ~ w h u n e o f  
high-level waste will be stored on the 
Tha l o w e  immobilized waste will be placed in a near-wface disposal ayatem in the 200 
13rrt ~ r s r  &the ~ ~ t b r d  site. on the order of 160,000 m3 (~,600,000 ip> oflowaaivity 
immobilizod waste will be diapoaal of undq this plan. This is among the largc6t amouota of 
waetc in the DOE Complex O E  1997b) @d has one of the largest inventodes of long-lived 
radionuclides to be placed in a low-level d e  disposal facility. 

The two immobilized pmducta (the d l  volume of high-level immobilized waste ud 
will be disposed of in difkcnt W o n e .  The 
Si until sent to a fedoral gdogicmpo&ory. 
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The DOE is proceeding @Om 1996a) to procure privatized services for treating and 
immobilizing the tank waste. In August 1998, DOE placed a contract with BNFL, Inc. 
@OE/BNFL 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-Actwiry TmrA Waste 
Perfornrrmce Assessment (Mann 1998a) was issued and submitted to the Low-Level Waste 
Fedaal Review Group (LFRG) for review and action. The Low-LeVcl Waste Fedaal Review 
Group ha8 completed their review. Based on this review the DOE has accepted the ILAW 
Pufimnance Assessment (DOE 1999d). This acceptance is contingent upon thc.followhg 
 OM: providing the LFRG with documentation of the near-tam glass teat nsults to provide 
coniidmce that the glass performance assumed in the performance assessment can actually be 
schieved, and addressing the secondary issues identified by the review twm in future revisions to 
the pafwmance assessment. Documentation on relevant glass performance has bum provided to 
the LPRG for their review (French 1999). The secondary issues identified by the LFRG will be 
addrured in the next iteration of the LAW PA scheduled for releape in 200 1. 

Most of the data in the 1998 ILAW PA comes fiom the Data P 4 q e . s  fw the Hmaford 
LowJml Tank Waste Interim Perfonnonce Assessment (MMn 1995), although some data wae 
updated to reflect more ourrent values. Data to support the p l d  2001 L A W  PA have bum 
assembled and doaunented in Mannlpuigh (2000). The major advances in understanding or 
propammatic changes since the 1998 ILAW PA have bcen: 

a 

* 

Waste form release data from BNPL, Inc. relevant glass formulations 
New borehole providing ILAW site specific geologic, chemical, and hydraulic data 
New grouadwata model 
Expanded undcntanding to extrapolate I.borptory measurements to field conditions 
Selection of a diffamt disposal facility conceptual design (Taylor 1999a). 

1.3 Performmce Objcctiva 

Pcrfbrsna~~~ objectives am the standads against which the effect of the disposal action 
will be CO@. The d (DOE 1999b -1) for the l l c ~  DOE order on ndioclctive 
a8naeement, DOE 0 435.1 (DOE 1999a) provides performance objectives for a pdormance 
assewmentas 

(1x8) "25 mmn in a year total effective dose equivalent b m  all exposure pathways" 
(1w) "10 mrcm in a year total &active docre equivalent via the air pathway 
(1Xc) "Release of radon shall not exceed 10 mmn in a year total effective dose 
ssui.rlent" 
(2Kg) "include an asseaament of imprcts to water resources" 
(2)(h) The intruder analysis sM1 use paformance measures for chronic and acute 
expoaura, nspectively, of 100 mmnin a yw and 500 mmn in a year total effective 
dose equivalent. 

A- 2 
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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 Mer zone surrounding the disposal waste." 
(2) 

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

"include calculations for a 1,OOO year period der closure" 

Act (RCIM) Part B permit and concurrence from the U.S. Nuclear Regulatory Commission 
(NRC) on the waste classification of LAW. 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" (F'aperello 1997) if the following three conditions 
an met: 1) DOE follows its program plan for separating and immobilizing the wurte 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 perfomce assessments continue to indicate that public 
health and safety would be protected to stankds comparable to those established by the NRC 
for the disposal of low-level waste. The first two conditions an built into the current contract for 
the immobi t ion  of the L AW. Also. the 1998 L A W  performance assessment has shown that 
the public and safety are protaed. As "incidental waste," the L A W  would not fall under the 
licensing authority of NRC. This position dou require the assessment of estimated impacts at 
10,000 years after closure ofthe disposal site. 

Therefore, as documented in Mann (1999a), the various requirements noted above have been 
merged into I unified set of performance obj-ives for the LAW P A  Table 1.1 presaas the 
PafOrmMce objectives for radionuclides. TaMe 1.2 presents the pafomwcc 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 Approacb 8nd w o r  D8ta Soercu 

This assessment is being performed to incorporate the most reed data and information 
into the dirposal system performance calculations. The calculations an built around a base 
analysis case that reaoonably describes our understanding of the system's components and how 
they will intenus. This step rtutrwiththekn6wnconditions and estirmterthe impactshm 
those condim (i.e. a forward calculation). 'fhis calculation and the limited sensitivity 
calculations an based on the latest information and data that have been developed for the 2001 
JLAW PA (MadPuigh 2000). 

complta simulations, rather than rely on dirsa obsavatiom. The models used in the a n a l y t ~  
are vay flaaile and should be .dcquate to dsrcribe the evolving featurea of the disposal system. 
The major wurccs of information for the h e  analysis case are presented in Table 1.3. Selected 
s c n s i t i i  cases were performed to determine the impact of selected assumptions or data 
mcertahtica. Among the most important were the following: 

Because of the long timcffmes involved in this analysis, estimates of impacts qh 

A d i f f s r s n t a m W M W n r i d a b d  
A d W d  facility d d m  WM c~ddaed . Want amounts of key dionuclider were included (e.g., inventory uncertainty). 
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Protection of an Uadvertent Intruder" 
Acutearposure 500 mrcm 
Continuous.exposun 100 mrem in ayear 

Protection of Groundwater Resounu 
Alpha emi#ers 

216Raphrsukl 5 pci  
All othas (total) 15 pain 

I Beta and photon emitters 4mnminayear 

Table 1.1 Radiological Performance Objectives 
P r o t d o n  of General Public and Workerr %' 

All-pathways dose &om only this facility 
All-pathways dose including other Hanford Site sourccs 

25 mrcm in ayearQh 
100mmninayear*' 

All & (total) I Betaandphatonrmittsn 
Proteetion of Air Resource **I 

Radon (flux through d a c e )  
All other radionuclides 

20 f l i  ma E-' 
10 mrcm in a year 

All doses arc calculated as effective dose equivalents; all concentrations arc in water taken 

d valuated for 1,000 and 10,000 years, but catculated to the time ofpeak or 10,000 years, 

Evaluated for 500 years, but calculated to 1,0O0 years. 
Evlhratcd at the point of maximal expowus. but no closer than 100 meters (328 f e )  h t h e  

from a well. Values given arc in additjon to any c&hg amounts or baclylrwnd. 

whicheva is longer. 

dirporrl facility. 
* Evaluated at the 200 EMt Arm fence (assumed future boundary of the DOE site). 

I Evaluated at the Columbia River, no mixiq with the river is assumed. 
Evduated at the difbposd facility. 

Main driver is DOE Orders on W& WasfeMcmagemnt (DOE 1988 and DOE 1999a) 
Main driver is DOE order 5400.5, Rrrrlibtiar Prorcction ofthe Public md the JGMtwttmt 

Main driver is National primuy Drinking Water Regulations (40 CFR 141). ' Main driver is Waahington State Surface Water Standad8 (WAC 173-201A) ' Main driver is National Emission Standards for Hazardous Air Pollutants (40 CFR 61H and 40 
CFR 614). 

(DOE 1993). 
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No cntg in a cell indicatar that no limit waa found. 
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Table 1.3 Major Sources of Information for the Base Analysis Case 

Data Type 
Location 

Waste Form 

Inventory 

Disporrl 
facility design: 

Major Source 
The new facilities are just southwest of the PUREX 
Facility (ii the 200 East Area). 
Waste package design based on early BNFL, Inc. 
documentation and River Protection Project 
D b l h R .  
Based on Burt Basis Inventory estimates (calculated 
from modeling Hanford Site production resctors 
corrected for off-site transfan, and discharges to the 
ground and biased to tank measurements). 
ASSUMED separations into high- and lowactivity 
hctiono, and off-gar generation. 
Based on data collected on BNFL, Inc. relevant 
glass fomulations. 

ASSUMED from pnconceptual ideas for the 
rcmotc handled trench and preliminary design for 
theconcretevault. 
Estimates wcrc derived k n  lysimeter and tracer 
meaeurements collected by the ILAW PA activity 
and by other projects combined with a modeling 
dysiicl. 
Taken from geotcchnical measurements studies of 
ILAW site borehole and other locations in the 
Hanfofd si 200 East Area. 

Taken %om paa Hanford Sae documwts and 
eXpaience and DOE Order 435.1 direction. 

Puigh 1999, also in 
Mannlpuigh 2000 

Wootpn 1999; also in 
Mannlpui2000 

McGnil1999, also 

1.5 Structure of document 

The structure ofthis dournsat follow the general firmat of the 1998 ILAW PA (Manu 
1998a). Section 2.0 provides an d e w  of the Hanford Site and d d p t i o n  of the dispod 

propored dbposal action, a d d p t i o n  ofthepathwrys and scenariosthat l ed  to expome or 
QL- implc t , thedatauwdines t i rm(t ine tho~andthepaEwmrsa~cnt  
mehdobgy. Section 4.0 provided the result# from the npplidon of thc 
methodology to the syatcm. Th# nsylts am provided forthe near field, waak form, far field, 

facility design. Section 3.0 pmvides a d b q t i o n  of the source tum assocud withthc 

and gmdwata crlculationr. Section 5.0 provides the result8 for the irudvatent intrudsr 

A- 6 
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scenarios. Section 6.0 provides an evaluation of the disposal system performance against the 
paformance objectives listed in Section 1.0. Section 7.0 lists the references and section 8.0 
doammts the results of the peer review. Finally, section 9.0 provides B brief resume for the 
authors and reviewera. 
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2.0 DISPOSAL FACILITY AND SITE INFORMATION 

2.1 Geography of Hanford Site 

The Hanford Site is a 1450-km2 (560-mi') area of semiarid land located in aouth-cumal 
Washington State. The €Innford Site is owned 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 am. over 160 km (100 mi) from the 
W o r d  site. 

The major f e e s  of regional geography are the nearby rivers and mountains. The 
Columbia River, which fbnns the castan boundary of the Hanford Sitc. is an important source of 
water and hydroelectric power for the region. other important rivers near the HMford Site arc 
the Yakima River to the southwest and the Snake River to the east. The Cascade Mountai~, 
which arc about 160 hn (100 mi) to the west, have an important deet on the climate of the area 

Figure 2.2 shows the locations of two disposal sites that have beem considend in the 1998 
IAW PA: the ILAW Disposal Site (located southwest of the PURWL Plant) and the Exiating 
vaults (located east of the PUREX plant and formerly known as the Grout Vaults). Bath Sitee am. 
located in the 200 East Area within theHanfi i  Site. The currcnt planning is to use the U W  
disposal site as the primary site for disposal of ILAW waste. 

2.2 Dwposal Facility Derign 

program suitably modified to recsiVe ILAW pcckagea and new disposal facitity concrew vaults 
d y  in their early derign phase. In I)ecember 1999 the Deputmant ofEnagy hr identified 
the remote handled trench as the baseline conmpt for ILAW disposal at Hrnford (Taylor 19%). 
The existing disposal vaults may also be used by the program. This white paper will consider 
both concepts in assessing long tam environmental impacts hom the proposed disposal d o n .  

2.2.1 Remote Handled Trench m n c e p t u a l  Design 

TheRanoteHandled (RH) trcncb concept hao b a n  chosen aa thebascline forthelLAW 
Dispod Project (Taylor 19998). This trcnch hncept is similar to the Radioactive Mixed Waste 
Burial Trenchhtwas dsrignd and conmu& to accept solid waste at Hanford. Under tbe 
ILAW disposal planning desaibed below, the disposal facility is a Rcsounx Consavation and 
ltumcry Act (RCRA) compliant lrndfill (Le., double lined trench with leachate collectiOn 
syyrtem), Mauy opantiorul a s p e ~ ~  ud m i l l a y  Sctivitier of the landfill (e.&, lcachrte 
collection and disposition, storm water contro installation of wface burier at cloaa, stc.) 
would be similar to that incorporated into the L ioactiw Mixed Waste Burial Trmch. 
Howcva, opcrntiond auivities related to U W  p- receipt and emplacement in the trench 
wouldbemodifiedtoaccommodatethedifferdntppJeee~~iatedwithmnotahandled 

The ILAW disposal p l d n g  WM to utilize the existing disposal  vault^ horn the grout 

ILAwpackap. 
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Figure 2.1 Map of the Hanford Site and Its Location Within Washington 
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Figure 2.2 Locations of the LAW Disposal Site in the Southeast Quadrant of the 200 East Ana 

Y 
The design concept layout of the trencses within the ILAW disposal site is ahom 

schematically in Figure 2.3. The trench side sbpa are in a ratio of 3:l. The dimensions shown 
in Pi- 2.3 repnrmt the inner trarch dimensions. Figun 2.4 shows the design concept layout 
for the waste package loading into the RHtnnch. Finally Fv 2.5 shows the preconapaul 
dmign fw the liner system. This design concept will evolvc as the design for the ILAW disposal 
trench is developed. 

Specific details ofthe trench paclriq arc presented in Table 2.1. A cell is definsd as a 
contiguous group of waste packages +I a given layer. In this analysis a waste package size of 1.4 
m cubed (DOWBNFL 1998 - contract modification 10) is used (aee section 3.4.3). Given this 
packing density, approximmly 6 trenches are needed to accommodate the entire Phase 1 and 
Phase 2 ILAW production. 

A- 10 
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Table 2.1 Trench Packing Characteristics. 

(a) 

@) Matrix size per all is defined as the humbqr of waste. packages in a cell. The first number 
refers to the number of packages along the w$lth dimension of the trench and the second number 
refers to the number of packages aloq the length dimension. 

The details for the closurc cover shown in Figure 2.4 have not been designed. For this 
report the closure cap (wface barrier) is a s w e d  to have the same rclatkc tbkkncss, mr tak ls  
and slope as the modified RCRA subtitle C cbsure cap defined in high  (1999 - Section 4). A 
capillary brealc consisting of a 1 meter 
and gravel between the top of the 
laym together am4 metas 

layer immediately below the aurfacc barria 
layer is assumed. The sand plus gravel 

and have a 2% dope towards the long 
edge of cach trench. The RCRA subtitle C c+xwe cap and the capillary break have a combined 
thickness of gutter than 5 rn pa NRC requhments (10 CR 61). 

2.2.2 Concrete Vault Conceptual Design 

An alternate ret of calculations for a poncnte vault design is based on an d e r  
conceptud design forthe new L A W  dispoy facilities (Piclrett 1998) that utilizes a long 
concrete vault concept divided into &. F i p  2.6 shows schcmatidly the conceptual layout 
of the vaulta d h i n  the ILAW disposal site. Figure 2.7 shown schanatially the comeptd 
design dimensions for the willbean-ope& 
topped, concretevault .8 m (686 ft) long, and 11.0 m 

(3.3 ft) above gnde. Each vault 
n 4 1 s  (0.45 m thidc). Ths vault can 
One layer of waste p.chees 

hold 6 waae package layers. 
Assuming the waste package geometry is a C.4 m cube, the spacing bstwsm eachwaste package 
(including the walls) is 9.3 cm (3.7 in) do 
length dimension, and 10 om (4 in) 4 - h  layer of waste prokrgeo. Bued on the 
Kirkbride (1999) Wtimrts of  approximate^ 70,000 packqea needed for disposal of all planned 
L A W  waste, only 7 new dispod vaults wbuld be required to complete the disposal of all L A W  
(assuming the existing vaults an not used). 

consists of a cast-in-place reinforced basin approximately 209.5 m (687.0 A) long, 
24.7 m (81 A) wide with walls 1.07 
Contains steel reinforcing bars within. The,catch basin is lined with two flexiik membrane 
liners, and on top of these lie a layer of pave1 with pafomted collection pipe routed to sumps, 

the width dimension, 11.5 can (4.5 in) along the 

Each vault io built above a RCRA-qxnpliant leak detection and collection system. It 

high. The basin floor is 0.6 m (2 ft) thick and 
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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 covers (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 A) above the concrete shield 
covers. A "controlled density fill" consisting ofa  mixture of Portland cement, fly ash, aggregate, 
water, and admixtuns is then placed on top of the filler material layer. The depth of the 
"controlled dsnrity fill" is 0.45 m (1.5 A). A waterproof membrane layer (assumed to be 60 mil 
high density polyethylene [HDPE]) is p l d  over the interim closed vault. After all cells in the 
vault have been filled and interim closed, a closure cap consisting of a capillary break followed 
by a modified RCRA subtitle C surface cap will be placcd over the entire vault. Again the 
capillary break consiats of a 1 meter thick Sane layer immediately below the surf.ce M e r  and 
gravel between the top of the mncrete vault md the sand layer is assumed. The sand plus gravel 
layers together arc assumed to be 4 meters over the center of the trench and haw a 2% slope 
towards the long edge of each vault. 
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3.0 ANACY $IS OF PERFORMANCE 

3.1 OverViRv 

The analysis of performance refers to thq analysis that leads to an estimate for the impact 
assoched with the proposed disposal action. The analysis also includes information that allows 
the interested parties to judge the u n d n t y  a+iated with the analysis. The 98 ILAW PA 
provided mch an estimate for the impact associfted with the propod ILAW disposal action at 
that time. Since then there have been both chan#es 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 p r o t ~ .  

quantity ofradionuclides and hazardous chemi+s must be llccurattly cshatcd. This quantity 
is typically r c f d  to M the KWCC tam for Wential environmental or health impacts 
aasociatcd with the disposal action. The pathw+ys refa to the porrible transpoct mutes for thsse 
radionuclides or hazardous chemicals to rcacb h environment and patentially impact the public. 
Scenario information explicitly identifies the steps by which the radionuclides and hazardm 
chemicals reach the public. 

environment depends on an understanding of t$c transport mechanisms and interpreted 

transport are described in the section 3.4, Vahr T I and Assumptio~. 
parametem from field data that impact this 

Thc analysis of performance depends on the following set of information. Firat, the 

The quantification of the transport of tl*: radionudidca and hazudm chemicals to the 

rt. Thew key parameters impacting the 

The methodology for combining this $formation into an asacument of impact h 
described in the section 3.5, Performance Assqssment Methodology. The methodology depends 
on the we of established sofiwarc codes to cal$wlate the transpo~ Finally, the methodology is 
applied to selected sensitivity casea to paltieswithanlzmmmhg * ofthe 
re~wimportMGt0fkeypanmetw M. For a more thorough apprsciUion for 
the sensitivity of t h a  calculations to J e  
LAW PA (Mann 19981). 

3.2 SouretTerm 

mmctcrs we will refer to the rewilts in the 98 

The environmental or health impact of each radionuclide or haprdour chemical h 
defined a8 a fttun ridEtothepubtic and is pr portiond to the amount ofthe mataint rttitepoint 
of impact. However, d y  it in the aum 4 these impects over mataials at the point ofimpact 

of the L A W  PA 
beausetheyueprsdictedto 

wlthin the c o m p l i i  psriai of 
reactwithths*vh 

SUrEace and the unconfined aquifer) tor much longer period8 oftime. 

ThelatestinventoryestimatefbrtheILAWwLpte~documentedintherspolt, 
ImmobilisedLow Activity T d  Wprtc Zmnkny Dola P- (Wootan 1999), and is also 

A-is 
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provided as Appendix H in Mannlpuigh (2000). Both radionuclides and chemicals arc 
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 thrrt 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 proteaion of the public under the requirements of 
the Atomic Energy Act and RCRA. 

Forty-ax radionuclides and twenty-five chemicals arc explicitly mated in the best basis 
tank inventories. These materials wcrc selected by the TWRS Characterization Program (Kupfa 
1999) as those important for disposal, and processing requirements. This set includes all 
the radionuclides identified as significant in the E998 LAW PA (Mann 1-81~) as well as those 
idmtified 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 
Tank Waste Remediation @stem Opsration and Utilization Plan (Kirkbride 1999). The best 
Wis tank-by-tank inventories (BBI) w of Octok 1,1998 were adjusted for wastetmnsfm not 
lLccountcd for in the BBI, fbr non-BBI anal* that are in the waste trestment contnd. The BBI 
inventories wen adjusted to a common date (Oetoba 1,1998). The BBI valuer M based on a 
tanlc by tanlc evaluation of mewurcmcnts h m  rtank as well u modeling mlb oftruufaa to 
and from the tank. The retrieval and feed delivey process was modeled by dmnting liquid and 
solid partitioning (€Iendri 
199%) on schedules and 
secondary waste streams, etc.) wen explicitly iqduded in the model and are -bed in 
Kirkbride (1999). The total ILAW waste volume is estimated to be 1.581xld m'. The total 
number of waste packages estimated to contain the projected LAW inventory is 68,741. 
Kirkbride (1999) represents the ILAW project's official estimate until the BNFL., hc. flowsheets 
become available. 

AS notcd in the 1998 ILAW P& the pmviousiy acccged Mf-livea of'% and '%n arc 
nowthoughttobeundcrestimatcs. Thisundcmtuna te for Sn has been confinned (Bmhinski 
1998). Thus, the inventories for %e and '?%<as expressed in Ci from Kirkbride (1999)) have 
been r e d u d  by a factor of 0.08 and 0.4, respSetively. 

1. 1999 DOE guidum (Taylor 
losses (meltaq stack emissions, 

Table 3.1 provides the total inventory in the t8nks and in the LAW packages as well as 
the expected average and maximum concentdon in the ILAW packages for each radionuclide 
and chemical impacting the pafonnurce objectives and gods given in Tables 1.1 and 1.2. Tbe 
upper bound ILAW inventory given in Table 3.1 qmscnts the estimated upper bound for these 
inventories in ILAW. The uppa bound estima?cs are bawd on either contnd limits (Sr. Tc, Cs, 
Np, Pu, Am, and Cm) or are takcnto be the BBI tank inventories without acpadon. The 
clvmseF=h3ew- 'on is calculated bs dividingthe total inventory f o r d  contamhnt 
by the number ofwaste paorOeer d # W d  tobs produced (68,471 e-). The m a x h m  
batchwnwntmb 'on is estimated -the comprrison ofthebotch-to-brtcbwirtion in 

ThClBeStimates reflect the tank-to-tank VarirriDn in hvawy. For most comporreny the upper 
bound limit ontotal LAW invmtorywastalrolasthe B B I t r n k h v m ,  neglecting any 
procusing and separation lossa. For radionuclides limited by the contract SpecificatiOnS (%, 
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Cs, %r, and TRU), the contract limits were used as upper bounds. Neglecting the processing If7 

lossw between the tank inventory and the UAW inventow provides a vay conllQv.livc 
bounding value, but was used to compensate for the lack of uncertainty information on the 
separations faaon (wash and leach effectiveness, off-gas treatment, solids retention). 

The LAW 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 Dangeras 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 stendnrds 
provide an upper bound concentration for acceptability of the UAW 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 p v i d e  bounding inventories of 
trace hazardous organic chemicals in the UAW product. 

The following providts short descriptions of key materials: 

%I 

“C 

“Se 

%r 

?c 

No tritium is expected to suMve the vitrification process to end up in UAW 
packages (Kirkbride 1999). 
No “C is expected to survive the vitrification proccsa and end up in the LAW 
packages (Kirkbride 1999). 
Results an based on models, but an considered conservative, thee the model 
neglects previous removals such ns disposals to aiis. 
~ahaes are constrained by the current coatnd @OUBNFL IW) and assumption 
that this corrclb*int applierr to all EAW waste. 
Values based on BBI (&erence inventory) and phase 1 contract rcqukmcnt 
@OE/BNpL 1998) to remove 8WA of tank inventory h m  ILAW. Calculation 
assumes this requirement extend) to phase 2 UAW production. Tank inventory is 
felt to be comamtl ’ve because any losses associated with the off-site shipments 
are not factored into the BBI imentory for Vc. 

‘“Sn Values are bawd on BBI estim;lls with rspuntiom fpcror (36% ofBBI) 
p b r i d e  1999). Few tank memmmc& for ‘IbSn exist. The BBI estimates for 
“Sn in tanks N~-AZ-~OI  and @ 1 - ~ z 1 0 2  are higher than the measurements. 

Values are based on BBI and esdmate for 0.25 captured and recycltd into ILAW 
(Kkkblide 1999). 

137cs values are cxmsmined by the trt.tmmt oontrad (DOmNFL 1998). 
Many of thevrluer are based OII total urrnium analysis of sampler. 
These are daugllter paoducts ofrlranium and thorium that were nut treated 
corrsctly in theHrnfOrdDefi4 waste (How) model because umnium, thorium, 
and PI- ’ wue decayed prsW to scpamions (Kupfer 1999). The values in 
Table 3.1 have been adjusted based on the Kufpa (1999) &.bate for tank 
iJlVClltOq. 

comctly in the HDW model becaucre d u m .  thorium, and plutoniUm w i ~ c  

‘9 

u 
Ra 

mAc These an daughterpoductrof&um and thorium thatwsrs not mated 

A- 21 



DOE/ORP-2000-19, REV. 0 
-: DOWORP-2ooO-07, REV.0 

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

n9Th These are daughter products of d u m  and thorium that were not tnat#l 
correctly in the HDW model because uranium, thorium, and plutonium were 
decayed prior to separations (Kupfcr 1999). The values in Table 3.1 have been 
adjusted based on the Kupfer (1999) estimate for tank inventory. 

ulAm The values are equal to approximately 1OOh of the total BBI tank inventory 
estimate (separations estimate &om Kirkbride (1999) and are felt to be 
coNlcrvBtive 

='Pa Thesc are daughter products of uranium and thorium that were not tnsted 
correctly in the HDW model becayse uranium, thorium, and plutonium wen 
decayed prior to separations (Kupb 1999). The values in Table 3.1 have been 
adjusted based on the Kufper (1999) estimate for tank inventory. 

"'Np Values based on BBI and large separations factor (44% of BBI) h m  Kirkbride 
(1999). BBI estimate is felt to be conservative bccause inventory eaimate is 30?h 
higher than the global estimate for the totel produced firom the reactom. Two 
tanks (241-AN-103 and 241-AN-105) 
but only bounding value estimates an provided for thesc two tmh. 
Values are primarily based on weapons production accountability records and 
samples. Significant separation factors (5% of BBI) are taken b m  Kirkbride 

thought to have the 3% of the p%Jp, 

Pu 

(1999. 

3.3 P8thWaF 8nd Scenarias 

3.3.1 Introduction 

waste fonn to the potential receptor f o r t h  um+inntioa ~cenarios help dafiae the sequence 
of events that quanti@ the amount of contaminafion that a potential receptor may be exposed to 
for a given set of pathways. The selection of +os and pathways considered in this white 
paper are based on the scenarios developed for t)l. 2001 ILAW PA (MMn 1999b). Possible 
scenarios were suggested by analyzing the pdqmuca objectives given in Seotion 1.3 and 
determining which parameta could krd to 
objective. The pathways to be analyzed arc 
natural events are identified in Section 3.3.4. 

Pathways define the sequence of transport steps that move the contamidon &om the 

which is given by the pafwmrrnct 
air, and inadvertent intrudcr. Probable 

h 1992, the Hanford Puture Si Uses Torking Group (cwsisting of k d ,  state, and 
f w  officials, reprcsentrtws oftribal natiollp psople tiom agriculture and labor, M well OS 
mcmbQIl of environmental Md special interest 
uses of the various parts of the W o r d  Site. E s u m m a r y  report W S w G  1992-1) states: 

"zn general,  he Working Group & s i m  t h ~ ~  the overall clumup criteria fa thc C d  
Phterru shouldentable general usage ojthe lradondgrouncfworer for othrr rhan werfr 
mamgment activittes in the hairan Opl~rcrasfranr the denunnrisrioaing of waste 
~ @ i l i & s a m i c k s u r e  ~di&uaudmurnn 

The DOE along with the U.S. Dcpartmpt of M o r ,  local gwcmnmt8, and rffeoted 

ps) was charged to determine potential future 

tribal nations have recently issued a compnhS4uive lud u14 plur for the HanEwd Site for at Irast 
the n ~ ~ t 5 0 y e ~ l  (DOE 1999~). T b p h  outt(nesthatthe 200 Anas (or Central Plateau) would 
be used cxclusively M a waste management arck 
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Table 3.1 JLAW Package Inventories (Ci for radionuclide and kg for chemical) and 
Concentrations (Wm3 f& radionuclide'and kg/d for chemical) for important &nstituents 

IILAW IUpper Bound [Average luutimum Batch I 
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(A of m-, 0-, d p- 
xylene)(*) 
1.4-dichlorobcnzeM (*) 

Material Tank ILAW Upper Bound Average 
Inventory Inventory ILAW 

NA O.OOE+OOI 9.17E+02 O.OOE+OO O.OOE+OO 
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(s) Total uranium -total uranium - radioactive inventory. 
(') tank inventories of specific organic compounds are not available; organic compounds 
arc not expected to survive the vitrification process. NA entries refer to components 
where inventory information is not available. 

Except for the inadvertent intruder scenario, the scenarios described here assume that 
some controls remain in place to prevent public intrusion into the disposal site. That is, the 
barrim 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 W o r d  Site performance asserumqts (sa Kincaid 1995, Mann 1998% Wood 1994, 
and Wood 1996) have shown the groundwater whway to be the most restrictive for the vast 
majority of radionuclides. Previous assessment$ have not analyzed the &ect of chemicals. 
Figure 3.1 shows the details of the groundwater pathway. The eight atcps are: 

1) precipitation (rain or snow) falls on the ound with much of the water ntumad to the 
atmosphere due to evaporation or tmnq$Lon through pknt icavee. The remaining 
water infiltrates the soil below the surface at a very low rate. 

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

3) The water that is not divested rany fcolt the waste may be chemically modified by the 

4) The water (possibly a reduced smpunt 

Some contamimnta may intaad with 

local environment, intcmctswiththewMe fonn, and nccumulatw contaminants. 

wasteform dissolution and m i n d  

material in the disposal facility, slowing the 
finmation wnsumes water) luIm the $"" sped W i t y  carrying COntamiMnts with it. 

release of contaminant8 to the aummld T ng natural mvironmwrt. 

5) conteminated water moves through th undisturbed, unMturtted zone (vadose m e )  

inteaact with soil sediments cauaing Wcr rstrrdation. Changes to the properties of the 
nahval system are considered, but are mt a major impra on the analysis results. 

below the disposal facility down to the pnwnfined aquifer. The corrt~ll 'nmsI1 may 

6) The water and contaminants mow and mix with the wrtainthe unwll6ncd aquifer until 
they are artracted ftom the aquifer and broughttothe wface or until they reach the 
Columbia Rivtr. 
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Figure 3.1 Eight Sequential Steps for the Groundwater Pathway 

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

4 I 

.) 
2) Most water diverted by the 

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

1 
4) Water and contaminants kave the disposal 
facility, possibly chemically interacting with 
disposal facility components. 

I 
4 

5) Water and contaminants move down through the vadose zone. 
I 

6) The contaminanta move downgradient in the UllMllfhed aquifer, 
mixing with the groundwater, diluting the contaminant COncMtfBtion. 

1 
7) Wataand contaminants arc pumped h m  a w U  to aurfbce 

Even though the moat mobile radionucqdes had puked much wdicr, the 1998 LAW PA 
(Wnn 1998a) showed that the second most d i l e  ndionuclidsr (such M uranium Md its 
daughters) peaked at about S0,OOO yeam, a timp at which the most mobile radionuclides 

and selenium) WQO d l  sipific Explicit nunwid dmulatiom will be 
paformed from the present to 20,000 years in % Gnue @.e., twice tbe time f i r  the NRC time of 
(- 

performance objectives will be d e  at 1,OOO + ad at l0,OOO years after closure of the 
ILAW disposal facility (which is ~ m e d  to be in 2030). 

3.3.2.2 Air 

compliance) ding best -cstimrtearooMavrtt 'p VdUCS fot d1-m. &lllp&SOnS to the 

Tbc air pathway is amdated with the diffusion of radioactive or hazardous gatm &om 
the disposal fscility to the Suacc when p o t d  individuals or 
paformence aclsessment (Muul1998a) s h o d  that using comavatwe asaumptions,releasesto 
the rtmoajkc IUC many orden of magnituda (four in the case ofndon nlcam and nine for 
otha gases) less than performance objectives As in the 1998 LAW PA, diffusion of &aseow d, species has been addressed. The buildup of Rn fium urclaium ieotopes b included in the 

ITC rt ridc The previouC 

analysin. 
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3.3.2.3 Inadvertent Intruda 

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

3.3.3 scenarios 

3.3.3.1 Exposure Scenarios 

Two major exposure scenarios are considered: drinking contaminated water and living on 
a small farm. The details of these scenarios an& the justification for d l  the parameters used in 
them zm in Rimnann (1999). The simplest case is exposure to contaminated dlinkingwata 
pumped from a well. This well is assumed to be no closer to the dinpod facility than 100 m 
(328 A) and to be located to provide the maximm groundwata conwntmtions of contaminants. 
The two major exposure parameters in this scenario are the amount of water consumed and the 
suite of dose conversion fkctom used. 

The more complex scenario has a person not only drinking the well water, but also using 
it to irrigate a small farm. ~xposure comes firon drinking contaminated water, ingesting 
contammat * ed food (meat, vegetables, ctc.), ingesting and inhaling contuninated mil, and fram 
direct irradiation ffom the contaminated soil. The total exposure results in the all-pathways dose. 

3.3.3.2 Inadvertent Intruder 

Following the practice of the Nuclear Regulatory Commission (NRC 1988, NRC 1997), 
three scenarios were considered. 

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

A well is drilled through the waste, bringing contaminants to the surf.ce, 

Contaminanta that have been brought to the surface zm mixed with the surrounding soil 
as a residential h e r   work^ the mil. 

* 

* 

Becau~ the anate will be below C, 5 meters) the levclr that basement excavatiw zm dug in the 
Columbia Basin region, the first d o  (basement excavation) is not treated. The other two 
d o l  are treated. 

3.3.4 NaturaIEv~uta 

The main natural -to be expected are: 1) erosion ofthe nrrf.ce .bow the disposal 
unitr due to wind, 2) subsidence oftbe engin- barriers or facilities, 3) earthquakes, and 4) 
flooding due to post-gkcial 
to estimate the impacte of these main natunl wenta. 

The andpa condudsd forthe 1998 ILAW PAwill be wed 
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3.4 Vduw and Assumptiom 

This section provides a description of the conceptual models and data for those models 
that wae uaed in the analyses. It covers the selecgion criteria and k q  assumptions for the 
conceptual models; describes the models and their associated data, the waste form, release rate, 
disposal facilii, and moisture and moisture idiIt@ttion rate. It also covers the dosimetry 
parameters. The numerical models actually used in the computer simulations were based upon 
these conceptual models and arc described in Section 3.5. 

3.4.1 Key Assumptions 

Even though the current site, facility-, and waste form-specific data needed for a 
paformrrnce assessment arc incomplete, enough relevant data 5om other sources are known 
about the proposed disposal action that reasonable assumptions can be made. The key 
assumptions arc in following areas: 

. 
* 

Layout of the disposal facilities (which dictates geology, stratigraphy, infrltration rate, 

Waste form (which influences the release rate of contaminants) 

Disposal facility design. 

The location for the new disposal facility action has been decided. However, determining 

and associated parameters) 

. Inventory 

the layout of the facilities on the rrsaved land is just beginning. Only limited chanctsrizaton 
has been performed at this &e. However, the cqtral plateau area in which the p d d  ai@ 
rata has been well charactaid. Thaefort, +good rarumptio~~ can be d e  about 

the new disposal site has been drilled to the und lying basalt layer at about 122 m (400 A) with 
respect to mean sea Id. Both the borehole Jf and aampla taken 5om it have undergone 
significant characterization (Reidel 1997). T h q  data have been incorporated into this analysis 
-igh 

paramam that describe the p r o p ~ d  disposal sib. A bonhole (299-El7-2O)j~t BOU&WW O f  

- Appcndia G, L. M, and N1). 
The final waste formhaanotben determined, and, in fact, probablywill change as 

wastea 5om different tMkr arc retrieved. B Inc. has idensiAed preliminary compositions 
and proemiq s&pa for ita producrion. Limited 'ng has been pafonned onBNFL, Inc. 
relevant glaasu (McGnill999). The data obti 7- ed &om the testing of the &sa composition 
LAWABPl (which is the most studied glass in the composition space of interest to BNFL, Inc.) 
will be wed in thebane analyais wc. 

The actual composition ofthe waste hrm (both radioactive urd non-radioactive) has not 
been fidid. For the# d y m ,  only the meqn composition based on the ertirmtcd total 
radionuclide and huardow mrtaial inventory vias wed. Aa ntriev;ll &os are better 
definsd and individual unlccontmtabacome bgerknowq composition variations inthe waste 

the UllCQtainty in the inventory e m  is provided in (Wootan 1999). 

Appendix I). The base analysis clwc calculation will be based on the con- design work for 

form will be determined. There vuiationswill i)e uaed io the future analyses. An estimatefor 

F i i l y ,  only conceptual ideas exist fort& wrsnt f a c i l i  design (Sed Mannlpuigb - 
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the remote handled trench described in Puigh (1999). A sensitivity case 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 arc 
addressed. Finally, the propaties and structural features of the unconfined aquifer are examined. 

3.4.2.1 Location and Stratigraphy 

As noted in Section 2.0 of this repott, the location of the disposal facility WEIS determined 
(Rutherford 1997) to be in the south central part of the 200 East Area. The main strata at this 
location are the Hanford formation and the Ringold Formation. 

The geology of the ILAW disposal site i8 given in Geologjc Data Pachgeji-w ulc 2001 
ZLR WPA (Reidel 1999) which is anachsd an Aqpendx G to Mann/Ru 'gh(2rn). TheHMibrd 
Site lies in the P aw Basin of the Columbia Plateau. The Columbia Plateau Contirtr of a 
sequence of thick basalt flows that ocwrcd 4 to 15 million years ago. Overlying the basalt 
flows are rediments of the late Miocene, Pliocene, and Pleistocene sger, known u the w o l d  
Formation and (neanr the surface) the Hanford formation. The Hnnford fotmation arisen from 
deposita h m  poet-glacier flooding (-13,000 yaws ago) and consists mainly of unoonrolidated 
sand and sandy gravel layers. The unwnfined q u i f a  is near the interface between the W o r d  
formation and Ringold Formation throughout &e Hantbrd Si and at the LAW disposal site is 
about 103 meters (338 fw) below the gurfoce. Clastic dikes have been observed at the Hanford 
Site and arc assumed to exist at the new LAW site as well. 

The Stratigraphy at the LAW disposal site has the top of the Columbia Rive Basalt 
Group at an elevation (above #ea hi) of approximately 84 m (275 ft). The top &the Ringold 
Formation ranges between 91-122 m (300-400 ft) (north to south). The HMford EMmuion 
gravel acqucnce thickness is approximately 2 7 4 m  (88-150 A) thick (south to north); and the 
Himford formation aand sequence Wits b m  to 76 m (210-250 ft) (north to rarth). Within 
the d y  sequence thra #eosola wen idmt' f: ed h m  borchole 299-E17-21 (Reidel 1998). 
Pdcosol Horizon 1 occw at 49 m (163 ft) drilled depth, paleor01 Horizon 2 occurs at 18 m (58 
rt) drilled depth, and paleom1 HoriEon 3 ouauy at 1.5 m (5 A) drilled depth T h e  paleosol 
 hob^ am as much u 15 cm (6 in) with a ghirp upper mhce intaface. F d l y ,  Eolirn 
deposits coverthe muthan put ofthe new ILAW disposal site and range inthicknwsbetween 3 
to 15 m (10-50 ft) (south to north). The cumnt water table is in the Honford formation gravel 
sequence below most of the new disposal site. See Figure 3.2 for a repreSmtetive stratigmphy 

3.4.2.2 Hydrologic Ppnmstsn 

for the ILAW disposal site. 

Hydrologkproasses U b e  how ~ a ~ ~ ~ t t r r o u g h t h e  subanfb. Because 
t h c r c a r e d i s t h c t r c g i o n s d a t e d w i t h s u b ~ ~ ~ ~ ~ t h e U W ~ ~  
site, the system has been divided into thra parts: nerr-ficld, fk-ficld, and ground-. 
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Figure 3.2 Stratigraphy for the ILAW Disposal Site 

i[ f 

1 
f 
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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 e n g i n d  disposal facility are described in Near-Ffekf H w l o g y  vData 
Package for the Immobiljzedh-Activiq Wllste PO01 Pwfonnanw Assessment (Meycr 1999), 
which is also attached as Appendix L in Mannlpujgh (2000). Physical and hydraulic propaties 
(particle size distribution, panicle density, bulk density, porosity, water retention, and hydnulic 
conduuivity as a fbnction of moisture content) and associated transport parametera (dispmivity 
and effedve diffusion coefficient) w given for the surface cover rmrterhla, the vadt 8buetute, 
divedon layers, the water conditioning layer, and the backfill materials. Table 3.2 presents best- 
estimate paramem values for near-field materials. Best estimate values for transport parametas 
CXII be found in M C Y ~  (1999 - Chapter 5). 

pp- particle density 
0, = d d d  water content 
K. = saturated hydraulic conductivity 

pb = dry bulk density e. = saturated water content 
a,n = van Genutchcn fitting parameters 

3.4.2.2.2 Far-Field Hydrology 

The procuwa and data impom for moisture flow in the mne between the battom of the 
c n g h d  diqossl facility d the water tab18 arc dacriied in Fur-Field H- aOra 
Package for the ImmobilizedLm-Acfivi~ Wu@e Per/c;rpnumn Asccsnnent (Khaled 1999), 
which in dm pttpched 88 AppandixM inMrnJpuigb (2000). This document nunmuitsltlm 
hydraulic parameta &mates based on data firom the ILAW borehole and data on gravelly 
samples from the 100 Area boreholca. Tbe daarmwt alao demibes the procwu~ for u p d n g  



Formation 

Sandy 

Gravelly 

where D,@) is the ef'fective diffusion dcia of an ionic @a, and DO is the effedive 
diffusion coefficient for the same species in kq water. The molecular diffusion coefficient for 
all p i e s  in pore water is aasumed to be 2.5 x 10' m'/s (Kinraid 1995). 

3.4.2.3 Geochemical Rr4llrdrtionFncton 

0. 01 a n 1 K. 
(l/cm) (cds) 

0.375 0.041 0.057 1.768 0.5 2.88~10~ 

0.138 0.010 0.021 1.374 0.5 5.6Ox104 
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Geochemical retardation in unsaturated conditions is predicted to be 

R F  1 + p & / 0  

where Rr is the geochemical retardation factor (dimensionless) 
p 
& 
e 

is the bulk density of the material (g/cm3) 
is the chemical distributiob coefficient (litcrlg) 
is the volumetric moisture content (dimensionless). 

(3.2) 

A derivation of the general contaminant m p o r t  equation is given in the 1998 LAW PA 
report (Mann, 1998 - Appendix D, Se-ction D.2.3). The chemical distribution catficicnt (&) 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 & f b m  recent measurements and for the Kp 
used in the d y o a  provided in this qmt. Unlw otherwise stated the Ib are provided for the 
chemically impacted far field sandy sequence b-th the disposal facility (Table 3.4) and the 
near field arssrioli (Table 3.5). The “Probable is the best estimOte for the &. Finally, the 
“Ka value medl refssa to the value of & used in die analyses provided in this report. This 16 
value WM conservatively chosen to be one of six d u e s  (0 [comspond~ to Tc], 0.6 
[conarponding to q, 4.0 [corresponding to Se], 10 [corresponding to Srl, 80 [comsponding to 
Sn d Cs]. lad 150 [oorrcspoding to PuD that less than or equal to the probable & d u e  

ahown to be the mort important in the 1998 
Table3.4 are fortheunpaturbsd (near neutral 
trace contaminant concentrations) far field 

For d e n w  in modelin%, a nubset of& values WM w d  in these uulyws. The 
computer wde VAM3DF (See d o n  3.5.3) t r q t s  the chemical distribution coefficients M 
point-cstimatc values, not M probability ftncti 
reduced to one of eight value acts for the near 3 far fields (see Tables 3.4 and 3.5). 

. Thacfore. the actual & values used were 

Becauac ndionuclider aped significantly less time in the uncdined aquifer than in the 
vadose urn, no credit for inaeusd travel time in the unconfined aquifer because of 
geochunicalrd.tdationwaa~ 

value) and the rolubility product of a specified d i d .  The distriition coefficient is a 
thermodynamic ctmatruct, It k the ratio of the cgncentration of a species reversibly 
hhedkxchanged to a geomedia’s surface site divided by the concentm ‘on of the species in 

The geobmirtry u dercsibed using twoparametaq the distribution coefficient (& 

solution. P~ct~aregivsnforfaurzones:  

Ncu-Fiel& inride tbe diqmd frcility (4( and mlubili values) 
Degded conaste Vault (&and rolub&y dues) 

Far Field in Gravel Sequence [unconfin r rsuifa] (prvrluesonly) (& values only). 

. ChemicaUyImpactedF~-FieM in Sand . ChemicaUy Impacted Fw-Fidd in Gn y -W (& values d y )  
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Values are. based on sitespecific samples Eor the most patt, but in a few cases depend on 
literature values or chemical similarity. Table 3.4 provides the best estimate & values for the 
chemically impacted far-field sand sequence. The gravel corrected 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 parentheses in the table are. for the unperturbed far-field sand 
sequence. The aqueous phase is assumed to be untainted W o r d  groundwater except for trace 
levels of radionuclide and the solid phasc is assumed to be natural Word  sand-dominatcd 
sequence aediment. The lieratwe values upon which the values were b a d  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 Kds for the 
uncontined aquifer were set equal to zero. 

Table 3.4 Best-Estimate & Values For The Far-Field Sand Sequem (') 
I Radionuclide I value Used 1 
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between 0.01 (background) and 0.1. The solid phase is in the sand-dominated sequence 
and is slightly altered due to contact with the caustic aqueous phase. 
@) Probable & is the best estimate for i<r 

(dl The values in parentheses in the table are for the unperturbed hr-field sand sequence. 
The aqueous phase is assumed to be untainted Hanford groundwater except for trace 
levels of radionuclide and the solid phasc is assumed to be natural Hanford sand- 
dominated sequence sediment. The literature 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. 

Value Used is the & value used in the analyses provided in this report 

Table 3.5 provides the geochemical values for other regions. Note that the & values in 
concrete used for U, and 1 have been set equal to zcro which is conservative. 

Table 

3.4.2.4 Unconfined Aquifer Proputiw and Bwnduim 

Thebaracasegrouadwataflowrudc$ntaminant~ofwntaminants~mthe 
Immobilized Low Activity Waste (LAW) Wity waa calculated with the cumad m i o n  of the 
Hanford S i w i d e  ground- model. This dyee-dimensional model, cumntly bung used by 
t h e H M f o r d G r o u n d w a t a p r o j e d a n d r e c o ~ ~ r s t h e p r o p o w d m ~ ~ d e ~  
model in H d b d  Site groundwater model coblidation procesq is based on the Coupled Fluid, 
Enagy, and Solute Trmspon (CPEST-96) code (Gupta, 1987). The specific irnplsmenutl 'on of 
this model is more l l l y  and cole et J. (1997). This npcciflc 
modd waa most d y  used in the m y a i l  (bh et d. 1997; Kincaid 
et al. 1998), which is a companion paforrmna ~~~wnneut 
analysed of the LAW dispod and the d i d  waste burial ground8 inthe 200- 
Eaet and 260-West arean (Wood ct J. 1996,1995). T h  composite Anrlymr i alm 1 wmpaniort 
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document to the Remedial Investigatiofleasibility Study (RI/FS) (DOE 1994) done to suppott 
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 h i s  for the identification of these major 
hydrogeologic units in the aquifer system is mom hl ly  described in Thome et al (1992,1993, 
and 1994). Although nine hydrogeologic units m e  defined, only seven are found below the 
water table during post-Hanford conditionr. Od&numbered Ringold model units (5.7, and 9) 
arc predominantly Coarse-grained sediments. E*-numbered Ringold model units (4.6, and 8) 
are predominantly finegrained sediments with low permeability. The Hanford fonnation 
combined with the pre-Mimula gravel deposita were designated model unit 1. Model units 2 
and 3 comspond to the early Palouse soil and PliPleistocene deposits, teapdvely. These 
units lie above the current water table. The predominantly mud facies of- Ringold unit 
i d e n a d  by Lindsey et al (1995) was designated model unit 4. Howevea, a diffsrsace in the 
definition of model units is that the lower, predo*antly sand, portion of the upper Ringold unit 
described in Lindsey et al. (1995) was grouped v&h model unit 5, which also iacluder Ringold 
gravel/sand units E and C. "kin was done bccauqe the predominantly Und portion of the upper 
Ringold is apected to have hydraulic propatie0 irimilar to units E and C. The lower mud unit 
identified by Lindsey et al(1995) was deaignatd units 6 and 8. Where they &e the -vel and 
sand units B and D, which are found within the lwa Ringold, were designated modcl 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 thickneaa distribution of each hydrogeologic unit wsre dolined 
bawd on information !?om well drillds logs, gqphysical logs, and an undaatmdi  of the 
geologic environment. These intqrcted d v b u t i o m  d thicknesEo8 were then htcgmtd 
into Earthvision (Dynamic Graphics, Inc., Aluscdq Wirnia), a th-dimcnsional, 
visualion, sofhvare package that was used to construct a datahse of the three-dimensional 
hydrogeologic framework. 

3.4.2.4.2 Recharge and Aquifer Boudaries 

Batbnstunl and artificial recharge tothe aquiferwasinoorponbd inthe model. 
Natural rcchmga to the unconfined aquifer systqn ocwl from hfihntion of 1) runoff from 
clevaed regioml along the westan boundary ofthe HMford si, 2) spring d i w  
originatingfrom~borclh-confinsd~~er~alsoalongthe~boundary;.rd3) 
precipitation Ealliing WXOM the site. Somc also occum along the Y a k h  River in the 
nouthunportion ofthe site. N d  rechrrge hjm runoffand irrigation hthe Cold cndr d 
Dry Creek Valleyti, ugendieat of the site, dm provides a ~ource of g m d w a t a  Mow. Areal 
rcchrgo from precipitrtion on the dte ia hifly hrariable, bosh rprtiJly .ad temporally, and 
depends on local climate. soil type, and vegetatibn. A recharge distribution based on Fayer and 
W h  (1995) for 1979 was applied in the modcl. 
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The other source of recharge to the unconfined aquifer is wastewater disposal. Large 
volume of artificial recharge !?om wastewater discharged to disposal facilities on the Hanford 
Site over the past 50 years has significantly impwed groundwater flow and contaminant 
transport in the unconfined aquifer system. Howaver, the volume of artificial recharge will 
decrease significantly in the near future and the water table is expected to reNn to more natural 
conditions after site closure. 

The flow system is bounded by the Columbia River on the north and cast and by the 
Yakima River and basalt ridges on the south and west. The Columbia River repmats a point of 
regional discharge for the unconfined aquifer system. The amount of groundwater discharging to 
the river is a function of local hydraulic gradient between the groundwater JevrtiOn adjacent to 
the river and the river-stage elevation. This h y b l i c  gradient is highly variable bs#we the 
river stage is aflected by relesses !?om upatram dams. To approximate the lq-term effect of 
the Columbia River on the uncoflined aquifer system in the threedimensional model, the 
Columbia River was represented M a constant-ha boundary OVQ the entire thichress of the 
aquifer. The CHARIMA river-simulation model (Waltm et al. 1994) WM used to gtnaate long- 
term, average, river-stage elevations for the Columbia River based on 1979 conditions. The 
Columbia River boundary to the middle of the rim channel to dect more uxuratcly the 
hydraulic interaction of the uncontined aquifer and the river. The Yakima River was also 
represeated aa a specified-head boundary over the entire thickne~ of the aquifer. 

At Cold Creek and Dry Creek Valleys, the unconfined aquifer system a d a d o  weatwad 
beyond the boundary of the model. To approximate the groundwater flux entairrg the modeled 
area h m  these valleys, both constant-head and ponstant-flux boundary c o d t i o ~  were defined. 
A conatant-head boundary condition was opeciqed fot Cold Creek Valley for the d p S t . t e  
model calibration runs. Once calibrated, the y-atate model waa used to wlculatc the flux 
condition that WM then used in the post-Hanfo T steady atate flow simulation. The constant-flux 
boundary WM wed because it betta npresents the response of the boundary to a declining water 
table than a constant-head boundary. Diachargm from Dry C d  Valley in the model area, 
resultihg h m  ifliltration of precipitation and spring dischargca, arc approximated with a 
p d b d - f l ~ ~  boundq  ~~nditition. 

The basalt underlying the unwnflned aquifer sediments npnsmts a lower boundary to 
the unconfined aquifer system. The potential f 9  interflow (recharge and discharge) between the 
bodalt-confined aquifer system and the unconficed aquifer system is poatuhtcd to be small 
rel.tivetotheothesflowcomponenta~fortheunwn6ned aquiferryrtam. Thaefon. 
interflow with underlying basalt unit8 waa not ihrcluded in the current threbdimensional model. 
The basalt WM defined in the model u an eesmtially impermeable unit underlying the 
eedimeata 

3.4.2.4.3 Flow and Transport ~ p u t i e s  
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Figure 3.3 Cornparkon of Generalized Geology and Hydrostratigrapfic Columns 
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In the original model calibration procedure described in Wurstna et al. (1995), measured 
values of aquifer transmissivity were used in a two-dimensional model with an i n m e  model- 
calibration procedure to determine the transmissivity distribution. Hydraulic head conditions for 
1979 wcrc used in the inverse calibration because measured hydraulic heads wcrc 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 *om Inverse Calibration for 1979 Conditions 

U E + U  
l A E + U  
l.#E+W 
l.OE+W! 
U E + M  
lAE+#l 
l.OE+@O 
1.OEJI 
lAE-02 
1.OE-W 

x 

Hydraulic caaductivitierwae i d  model units so that tbe 
toulaquifeftMlmi 
dmion of hydrrulic ccmd 
& ~ i ~ i t y ~ d ~ e u d  
values mcasurd for aim 
vertically distri’bute the 
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et al(l997). 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 propties used in past modeling studies at the W o r d  Site is 
provided in Wurstner et al. (1995). Estimates of model parameters were developed to account for 
contaminant transport and dispersion in all transport simulations. Specific model parameters 
estimated included longitudinal and transverse dispersivity @I and DJ 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 Palet numbers (P. < 4) for acceptable solutions. The 95 
m estimate is about one-quarter 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 transvenre dispersivity was assumed to be 10 percent of the longitudinal dispersivity. 
Therefore, 9.5 m was used in all simulations. 

The effective porosity was estimated from limited measurement of porosity and specific 
yields obtained from multiple-well aquifer tests. These values range from 0.01 to 0.37. 
lab om to^ measurements of porosity, which w e  from 0.19 to 0.41, were available for ~ m p l e s  
from a few W o r d  Site wells and were also considered. The few tracer tests conducted indicate 
effective porosities ranging from 0.1 to 0.25. Based on the ranges of values considered, a best 
estimate of an effective porosity value for all simulations was assumed to be 0.25. 

3.4.3 WastePachge 

3.4.3.1 Waste Package Geometry 

The DOE has entered into a contract wiQ BNFL, Inc. to design and ultimately process 

the dimensions of 1.4 m cubed] and 

and specifications defined in this 
1998) and the BNFL, Inc. reports 

. The definition of the product form and 
is not defined at this time. For 

tanla in an inial phase (F'haae 1). (The 
contract identifies k minimum of6,OOO 
Kirkbride (1999) estimates that 

approximately 1OOA of the waste h m  the 

theILAWinPhaaelendPhasC2). Theprod 
Section are based 0nthecumntDOEcontract 
submitted tothe DOE aa put ofthe 
specification for the remaining 91% 

packages will be gcnented fw all 

the purpoaecl of this aaaeclsmcnt activity, all 
the BNFL, Inc. descriptions and DOE 

d e d  in a ataidem steel (304L) package. The beadspace above the silicate glass in the p-e 
is filled with dlicate sand (BNFL 1998). The atbd package haa external dimensions of 1.4 m x 
1.4 rn x 1.4 m (-0 m/+0.05 m tolerances). On-gbhg discussions may change these poclcrge 
dimenaioaq bplt d am not cxpcctd (o nutcriaIly affect any conclusion in this report. 

ThepaclcagetopM12mmpkterad 
the battom is 8 mm plate. BNFL, Iuc. ILAW package to within 85% capcity 
The stainleas steel wall thidmeas of the 

@y volume) and fill the void space that the remaining fice fill space M 
lesa than 5% (by volume). (BNFL, an alternative inert filling materid 

waste products are assumed equivalent to 
the Phase 1 centrad. 

The ILAW product to be provided by B W ,  Inc. consists of a silicate glass monolith 
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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 DOEiBNFL 1998) was issued on January 24, 
2000 and required ILAW canisters in the form of right circular cylinders (1.22 m diameter by 
2.29 m tall. This occurred after 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 hctured. Also, the surface area was assumed to be 10 timer greatathan that of an 
un6actured 1.4 m cube (no credit was taken for the reduction in surfece area. Hence, 

where A L  is the specific surface area ofthe glass, A- is the surface area of the glass, and 
V, is the volume of the glass. 

The s u h e  area of the stal waste package was determined by assuming that both the 
inner and outer surfaces of the steel container wcfc available to react. 

12(1.4)' 1 - 3  = 272.73 m m 
V d  C0.012 +O.O08 + 4(0.006)](1.4)' 

(3.4) 

where &, is the specific surface area ofthe steel c4mtainer,A,,,,, is the s u h  area ofthe stal 
container, and V, is the volume of the steel oontaina. 

3.4.3.2 Waste Form Release Rate 

The 1998 ILAW PA rhowed that the *case rate from the waste form was om ofthe by 
pammetem in the p&mance usemnent. Thin rate is a major detamMnt of the impact of 

ZmmobiZizecfLum-Adivi~ Was& Pe&mance Am-& (McGraill999) and appendix K of 

DiMolution oftbe glauswrube finm is @e r e q u i d  fimt *to rdcase a specific 
radionuclide. Beuure ghm dirnohnion rate dependr on a variety of pmmetax (amouat of 
moistwe, mnmnt of dlicic acid [tbe main by-product of dissolved glrm] in solution, pH, amouot 
and type ofnccomkyphrer)wbichwiU vqwitht ime ud location inthe d@ system, the 
di~~lution rate must be c a l c u l d .  Howeva' in wda fix thc calarlationr to be technically 
defensible, they must be baaed on an accepd pandiem and an extensive database. 

diqmsal as well as dngthetempoml 
wreteftmnnlcase rata are given m 

Msnn/puigh2OOo. 

ofthat impact. The data fordetamining the 
Re&uwDatuPtzckqefk thc 2001 
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Ova the last few decades, a general rate equation has been fashioned to described the 
dissolution of glass (and more. ordered materials) into aqueous solution: 

where: ki = dissolution rate, g/m2/d 
E = intrinsic rate constant, g/mVd 
M ' = the stoichiometric coefficient of element i in the glass (dimensionless) 

= hydrogen ion activity 

= activity of the j i  aqueous species that acts as an inhibitor or as a catalyst of 
dissolution 
= activation energy, kJ/mol 
= gas constant, W/(molK) 
=temperature. K 
= ion activity product 
= psardoequilibrium constant 
= pH power law cadEcient 
= Tankin d c i e n t .  

Quation (3.5) is an approximation for glass bsapuse glass is muastable, and the reaction 
p r o d s  one way (i.c. glass dissolves). Qdqn (3.5) also just describes the net chemical 
reaction of glass matrix dissolution. There are 4 numba of secondary chemical reactions that 
also need to be considered. One important +on is the acw of dkdi ions in the g l e ~  for 
H' in water &fccird 2000). Thc waste form cpntains high concmtratl 'om of d u m  (up to 25 
weight percent).  the tcmpemtums ofinterest+ the exchange ofsodium in the ~IMS with H+ in 
the water is important becawe the reaction effaQtively incnaaerr the pH of the solution. Finally, 
dissolutionlprecipitation readions are importanl; becaure they can strip chemicals from the 
aqueoua solution, afFecting the glass mmsion rhte or trapping important contaminants. 

atvarioustcmpcmtumsandpHs: 
The parrunstar in there ~ t p t i ~ ~  are establCshed by a set of various experiments, performed 
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LAWABPl+ 4.4247 x 10'  I€' + 1.8906~ 10' q0 1.3557~ 10' NO; 
+ 1.8365 x 10' B(OH),(aq)+ 1 . 1 3 0 7 ~ 1 0 ~  CI' + 1.8189~ lo4 CrOt 
+ 1,4551 x loJ F + 2.1640 x 10' F a O , ( a q )  + 3.2281 x 10' K' 
+8.4849xlOd La* +1.7145x104 MgH +4.4604~10" Na* 
+7.7905 xl0" HPO: +8.6325 ~ 1 0 "  SO: +4.8184x101 SiO,(aq) 
+ 6.5900~ 10' TcO; +2.1539x lo4 Ti(OH),(aq) 
+ 2.2084 x 10'' Zn" + 2.9447 x loz Zr(OH),(as) 

(3.6) 

. ._. - 
The stoichiometric coefficient for Tc is based on the average package concentration &om the 
Immobilized Low Activity Tank Waste Inventory Dau Package (Wootan 1999). 

Table 3.6 provides a summary'of the beat-estimate values for paramdm important in 
calculating mntaminant release 6om the LAWABPl glass waste form. The waste form release 
calculations included all solid phases listed in Table 3.6, with the exception ofNa-Zn-Ti-silicate, 
because the equilibrium wnstant is not known. 

3.4.4 Disposal Facility 

The RH trench and concrete vault concepts twmmamd * in section 2.2 am used for the 
conaptual model calculations. The dimensions for the RH trench model are taken h m  Figure 
2.4. The dimensions for the concrete vault model were taken h m  the description provided in 
d o n  2.2.2. 

The key components of the disposal systam are the SUrEace barrier, the Mnd-gravel 
capillary break, the trench (or vault) and the filler mataial. The surface barrier is assumed to be 
a modified RCRA subtitle C cap as described in h i g h  (1999 - Section 4.0). Note that the cap is 
shaped like an invcrted "v" and placed with its rpex along the length dimension (north-south) 
andcentaedovereechtrencborvault. Thed ofthecapis%. ThecapQaardr9mbcyond 
the inside edge ofthe RHtnndr (see Figure 2. ). (The surface cap extends 6 mbeyond the long 
dimension edge of each new camate vault). 2 's cap includes an asphalt layer and has a dcsip 
l i e  of 500 years. Beneath the surfhce cap is a 
assumedtobe 1 mstsrthidr. A& layer is T ilt up 3 m c ~ m  at the apex and with a 2% slope 
tosupporttheaufkcecap. Tbbheightassumkhatthewastcpachgesaregrestathan5meters 
below the lurface (pa 10 CFR 61 qukcmcnts). 

-gravel capillary break. The sand layer is 

Porthe white papa calculationsthe 8urfsa cap and the sand-capillary break wen assumed 
to be replaced by the natural d i n g ,  u e g m  surface layer - Burbank loamy sand. 
Thdore, a amstant infiltntionrateforBuh+k loamy d (4.2 mmly) intothe top ofthe 
trench or vault is assumed forthebase analysiq case. Thh value u consistent with the upper 

since it iPtroduosswaterintothehdli goon9 and thereby shortens the transport time tothe 
apuifa. Tbc acnsitivity of the release rate to nchage is investigated with a constant rechmgc 

bound pcrbrmance dmate  forthe surface Crrp (see Table 3.7). This assumption is conscnm 'vc 

rate of 0.9 mmly. 
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(') 

(a) EQ3/6Repm 
Solid phaac identified h m  direct & d o n  of reacted mlids 
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Surfkceftrrtun 

SLlrtkcecova 

Cava side dopa 

The trench and vault dimensions arc as ddned in Section 2.2. The leachate collection 
system are ignored in the moisture and transport modeling. The leachate collection systems can 
be ignored bccause of the relatively short design life for these material (less than 500 ycan for 
concrete and 100 years for HDPE) compared to $e 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 e&cct"). 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 backfill material as defined in Meya (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 Infiltration Rate 

PraHanfOrd Construction cova and PO& cover 

M M 0.1 

M M 50 

Desi@ Life 

(0.01,4.0) 

R u p a t d  

Burbank lomv sand 

(4.z86.4) 
0.9 0.9 0.9 
(0.16.4.0) (0.16,4.0) (0.16,4.0) 
4.2 4.2 4.2 * 

conrffnrction 
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For the base analysis case we have assumed the conservative position that the surface 
barrier has failed shortly after it was installed and used the recharge rate for Burbank loamy sand 
for just below the RCRA subtitle C surface cap. 

3.4.6 ExposureParamcters 

Dosimetry scenarios and parameter values are based on the discussion and values 
presented in Lhirnetty Lkta Package for the Hagford Immobilized toW-Activi?~ Timk Wme 
P ~ ~ e  Aswsmeni (Rittmann 1999), and appendix 0 ofMann/Puigh (2000). The 
scenarios for human exposure to the hazardous materials associated with the LAW glass uc 
defined in appendix B (Mann, 1999b). Table 3.8 provides the unit dose factors (mrem pa Ci 
exhumed) for the intrusion scenario whae a posthtmsion resident lives near the exhumed waste 
associated with a well drilled through the disposql site. Table 3.9 provides the total unit dose 
factors for five exposure scenarios when the ~cposurc includes contamination of the 
poundwater. These &os arc for industrial, residential, @CUM, urd population 
exposum as defined in the Word S i  Risk Assessment Methodology (HISRAM) @Om 
1991). The Native American subsistence resident exposure is discussed in DOERL (1997). 

Table 3.8 Annual Unit Dose Factors for Post-Intrusion Resident (mmn pa Ci exhumed) 

. . - .  
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Nuclide HSRAM 
Industrial (') 

Native Columbia 
HSRAM All Pathways American River 
Residential (') Farma (') sustenan~~ Population @) 

3.5 Performance Assessment Methodology 

3.5.1 Introduction 

Computer coda will be used for four purposes: 
to calculate contaminant release rates h m  the waste packages and h m  the 

to calculate moisture flow and contaminant transport in the vadose zone, 
0 to calculate moisture flow and c~ntaminant transport in groundwater, and 

dispodhcility, 

t o ~ t h e ~ o f t h e p r e w d i n g ~ .  

Figure 3.5 illurtnter JK) the QvQ.ll computa#nal strategy for the ILAW PA The near-field 
environment is dafinsd mtbe domainthmugh~trend~ or vault to some distance below the 
floor of the dirponl hcility. A coupled uns+Ucd h, chemical d o n s ,  rad 0ontMlinurt 
transport simulator (STORM) WUI used near-field (Bacon 2000). The plume exiting 
the region near thevault is expectedto ionic stmqthmdpI3, rad will migmte down 
into the near-field vadose zone for some . However, at some distance &om the dirpoul 
vaults, geochemical ccmdition~will =more typical of the HanEord d o s e  col~t and 
for which simplifying ~ S S U ~ ~ ~ ~ O I I S  (d as linear soaption, negligible precipitatioddissolution, 

4-47 



DOE/ORP-2000-19, REV. 0 
.&k#!X DOEIORP-2000-07, REV. 0 

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 
JLAW PA, computations in the fhr-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 fiom the near-field simulator to VAM3DF is to apply a 
less complicated code for the far-field, and therefore a faster turnaround for the numerical 
simulations. The radionuclide flux exiting the far-field domain to the unoonfined aquifer will be 
provided by VAM3DF and will be used as a boundary condition for the unconfined aquifer flow 
and transport simulator. Calculations in the groundwater aquifer are performed using the 
W o r d  Si model and associated code, CFEST-96, (Gupta 1987). The Hanford Site 
Groundwater Progam has recommended this code for performing saturated flow and transport 
simulations for the Hanford Site. Finally, the results of each of the sequential calculations are 
combined to estimate the impacts fiom the disposal system using the INTEG program (Mann 
19%). This program combines the results fiom the far field calculations, the groundwater 
calculations, and the dosimetry 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 ILAW disposal syatem. It was 
assumed that the ILAW waste is disposed in a remote handled trench having the dimensions 
outlined in Figure 2.4 and provided in Puigh (1999). The effect of the modified RCRA subtitle 
C surface cap above the trench and the sand-grad capillary break are ignored. A recharge rate 
of 4.2 d y  into the f d b y  is assumed (see secdon 3.4.5). Backfill hydraulic proputics (Table 
3.2) are used for the filler material between the waste packages in the trench. Similarly the layer 
below the trench is modeled as having the proputies of the Word sandy quence (see Table 
3.3). The far field is modeled as having two major sequences: a sandy sequence. and a gravelly 
scquencc. The hydraulic properties for these sequences are provided in Table 3.3. Similarly, the 
chemical properties of t h m  sequences are provided in Table 3.4. Additional details are 
provided in d o n s  3.5.3 and 3.5.4. For the m d w a t e r  calculations the RH trachea wae 
assumed to be in the southeut corner of the ILAW dwsal rite (see Figure 2.2). Thia location 
provides a conaewative estimrte for the dilution bf the contaminants in the g m m h t e r  since 
past of the 4uifcr is in the Ringold Formation, a c h  has Iowa conductivity and hence lower 
flow. Also, the 200 Ana fencc ia approximately 100 m downgradient fiom the facility at this 
location within the disposal aite. 

Several sensitivity cases- also run topv ide  the d e r  with an estimate ofthe 
dative impact of key UIIumptiOlu. One sensitivity case explores the impact of a different 
rcclwgc nte (0.9 n d y )  into the futility. Avaluc of0.9 mmly isused as a sensitivity CMC based 
on the natural recharge for Rupert aand and Surtirce barrier performance considdons (see 
secti0a 3.4.5). A m n d  renritiVity caae has been sd up w d n g  a COllQete vault layout. This 
caw rlro haa .higher loading ofwaste intothevcdt when compared tothe RHtrench. AU 
calculations are p d o d  for the LAW inventqy in the waste form (see Table 3.1). The 
sensitivity of the resub compand to the performance objectivca to uncutainties in the inventory 
is also investigated. 

. 

... .. 
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to be proportionel to their concentration in the warte form relative to %. This assumption 
assumes that the release of each hazardous radionuclide or chemical is proportional to the 
dissolution rate ofthe glass urd that none of these released isotopes or chemids interact with 
the near field materials except as identified in Table 3.5. This approach is colwttyBtivc because 
it neglects any semndaq phase formation that might occur and trap these contaminants. 
Chemical adsorption using the I6 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 

3.5.3.1 Approach and Rationale 

The 1998 ILAW PA showed that the key variable in the analysis is the waste form release 
rate, which must be calculated over thousands of years. To conduct this cfalculatioq wc have 
pursued a methodology where the waste form dease rate is evaluated by d h g  the basic 
physical urd chemical proceases that M lcnown to control dissolution behavior instead of using 
empirical extrapolations &om laboratory “leachiclg” experiments commonly used in other 
puformance assessments. We adopted this methodology for the following reasom: 

The dissolution rate, and hence radionuclide release rate fiom silicate glasses is 
not a state function, i.e. a consta8t that UUI be derived ind.pendaat ofotbsr 
variables in the system. Glass #solution rate ir I function of thmc variables 
(neglecting &sa composition iyclf): temperature, pH, urd composition of the 
fluid contscting the glass. The tpnpsronue of the ILAW disporal ystem is a 
known constant. Howeva, both pH and composition of the fluid Contrcting the 
glass are variables tbat M affu$ed by flow rate, reactions with other engineered 
mataials, gas-water equilibria, )sconduy phase pncipitatba, .Ikli ion 
exchange. and by dissolution ofithe g l ~ s  itrelf(a classic Mback mechanism). 
Cowequcdy, g b s  dim~utionhtm will vluy both in time and Y a function of 
position in the disposal ayatem. “here is no physical constant such as a “leach 
rate“ or radionuclide release ratt pMmcta that can be assigned to a glass waste 
form in auch a dynamic aystcm. 

0 One ofthe principal purpoaea afthe LAW PA b to provide feedback to engineera 
regardii the implctr of dwi opsionr on disporrl9stm pafonamce. A 
model b u d  on empirical re1 % behavior of the waste fonn could not provide 
this information. For exampl we have found lie effect on waste form 
paformurccrcgardlem ofwh L minlear or cast steel isrued forthewaate 
form pour canister. Howcvcr, dgnificant impacts have been obaerved when large 
amoum ofconaete arc used ib conmuaiq vaults for LAW. The concrete 
raiacsthepHofthcporewatecntuiqthewastcpackagwmd roiap.tclsesglass 
cormaion. 

peaaltiea. The principal penalty is the in 

l ~ e x p a i m c n t e u e r s q u i r s d t o p ~ ~ ~ m o d e l r u s e d f o a ~ r i m u l r t i o n r .  

workstations can tatcewecka for ona and fRID-dllwI1 * ai04 simulations and threadimensional 

U-, thsrokutmcdbodologpI wc hve anployed doer not comewitbout mmo 
amountofinfonnationtbatuassded about the 

nrctionmachaniamaco~~thedim = b s b r v i o r o f t l l e w a s t e ~  Signif idymore 

the model i t s e l f i s d d y  mom CSmplgr. Executiontim~withtodry‘r &stcat 
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simulations can only be attempted on today's moat sophisticated massively parallel computers. 
Still, wc believe the bcnelits, particularly with regards to the technical defensibility of the 
methodology and results, fhr outweigh the penalties. 

3.5.3.2 Computer Model Selection 

The code selection criteria and selection process used is documented in Selection O f A  
Computer Cook Fop HanfbrdLow-Lewl Waste Ehgineered-System Perfornurnx Assessment 
(McGrail1998@, which is included as Appendiv C of MannlPuigh 2000. The needed 
capabilkies were identified fiom an analysis of thr: important physical and chemical procam 
expected to affsct LAW glass comaion and the mbility of radionuclidea. The available 
computer oodea with suitable capabilities were d e d  in t a m s  of the feature aeta implmented in 
the code that match a set of physical, chemical, nperical, and functional capabiliiea needed to 
awers release ram 6om the engineered system. The highest ranked computer coda wu h n d  to 
be the STORM code developed at PNNL for the U.S. Department of= for evaluation of 
arid land disposal shea. The verification studies for STORM an documented in &awrjba 
T i m p u t  Over R.activc Multiphapos (SlDRI@: A General, Coupled Nonisothemd Multiphase 
Flow, Reactive Tranprt, and Porous Medium Alteration Simulator, Version 2, User's Guide 
(Bacon 2000), which is included as Appendix D in MannlRu 'eh (2ow. 

3.5.3.3 overview ofModel Setup and Parameterization 

The remote handled trench simulations encompass a 1-D vertical profile neu the center 
of a siaglt trarch (Figure 3.6). It M assumed that the m a t d  mpmcnting the waste is 
85% glw, 2% stainless steel and 13% filler by volume. The unsaturated hydraulic propati- for 
each ofthe porous materials considered arc list4 in Table 3.2 and Table 3.3. The umaturated 
hydraulic properties for glass (Table 3.2) were u$cd for the waste packages. 

The new ILAW vault simulations encompass I 1-D vertical profile at the cmtm of. 
single vault (Figure 3.7). It is U I U ~  that the qwuial representing the wute PrClpeM ia 85% 
glass, 2% etainless steel lad 13% filler by volu . The unMturatcd hydraulic propdea for each 
ofthe n~atedds considered w ti6ted in Table 3. . The un6atumted hydraulic propdes for @lwr 

water barrier at the start ofthe 6imulation. 
(Table 3.2) wen used for the waste paclrages. 1 e steel container was assumed to not provide a 

The waste package contllinen wae assumed to consist of 304 stainless rtsal. The 
comsion reaction for 304 bnless steel is @vat by Cloh (1997): 

Steel+ 2.9262 x loJ H+ + 1.7618 KO + 3.4169 x 10' O,(aq) + 
3.4667~10' HC0;+3.4701~10' C a t  +1.1828 Fe(OH),(aq) 

+3.5167x10J Mn" +9,9093xlO4 NO; +1.8583~10' Niw 
+8.8004x104 HPO: +S.2008x1O4 SO: +1.7325x104 SiO,(aq) 

(3.7) 
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- 2 1  The 304L stainless steel corrosion rate was assumed to be a constant 6.87xlU" mol cm s- 
Cloke (1997). This conservatively implies that the steel corrosion rate is not rdfected by changes 
in pH or water chemistry. 

Othcr materials in the simulations, including vault concrete, backfill, W o r d  Sand, and 
vault filler, contain additional solid phases. The backfill material was assumed to consist of 40% 
albite, 40?h quartz, 100? K-feldspar and lo"? illite 1998a). Degraded vault concrete was 
assumed to consist of backfill with 15% Portlandite added. The vault filler and W o r d  Sand 
were assumed to have the same mineral compositim as the backfill material. The dissolution 
reactions and equilibrium constants associated with each of these m i n d s  an detailed in the 
W d e  Fwm Release Dato Package for the 2001 Immobilized Low-Acthity Ware Perfonnrmce 
Assessment (Mdkail1999). 

Model grids were 5 cm in vertical resolutisn; this is slightly larger than the 3.66 cm grid 
spicing used in the 1998 LAW PA The time step used in these cal~~lstionS were calculated 
automatidly by the code given a convergence cr$ak of 1 ~ 1 0 ~ .  This e n m  that predicted 
values of aqutoue species conccntratiom and m i n d  volumes are acmratc to O.OOO1 pacsnt 
between itcrationa for a given time nep. Ifthis cannot be achieved within a certain number of 
iterations, the time steps are automatically reduced. Numerous simulations were conducted to 
ensure that the grid spacing and convergence mite@ chosen fbr the simulations were d l  
enough to ensure accumcy, yet large enough to allow the simulations to finish in a reasonable 
~mwllt of time. For comparison, the base case remote handled trench simulation was rerun with 
a grid spacing of 2.5 cm, and also with a converg~ce criteria of 5xlV'. Results for these 
simulations were not significantly different than reported herein. 

The flow simulations used the following boundary conditions: constant specified flux at 
theupperboundaryandfieedraiMgeatthelowsboundary.Thenactive~simulations 
used the following boundruy conditions: specifid aqueous species concentntions at the upper 
boundary and no diffusion across the lower bounUary. The flux of Tc scross the lower boundary 
is therefore limited to advection 

f --CP.V (3 
where c=- 'on of Tc (mol e') 

pw = density of- (mol mJ) 
v -5 specific discharge (m d') 

The n o d i  TC flux to the vadose zona is calculated by summing all Tc fluxes across 
the battom boundary of the model, md n o d i n g  the total flux according to the amount of Tc 
in all the waste pachgca at the but of the simu$tion. The n o d i z e d  flux of Tc across the 
lower boundary, F , in Units of ppdy, was calcalated using 

5Abrpy,  
F = L ( 3 . 1 5 5 8  x l d )  I (3.8) 

4 -1 where f, =fluxofTcaao~thethemofanindividualgridblock(CMolesm s ) 
Ax,Ay, = cross-sectional arta of #n individual grid bloclc (m') 
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Z = inventory of Tc in the waste packages (mol ma), where 

Z=Kp(1-@r)%~rO (3.9) 
where 

V,= volume of the waste packages (m3) 
e,= total porosity of the material representing the waste packages (0.02) 
V, = fraction of each waste package that is glass (0.85) 
po = molar density ofLAWABPl glass (38776.1450 moles mJ) 
yr.= mole fraction of Tc in LAWABPl glass (6.59~10" pmoles Tc mold glass) ' 

The volume of the waste packages, V,, , was 5.6 m3 for the RH Trench simulations and 
8.4 m' for the llcw ILAW concrete vault simulations. For 1-D simulations the cross-sectional 
area of the grid block WM 1 m'. 

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

' "" "' I Glass Waste Packatre 1 
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Figure 3.7 Material Zones for New LAW Vault Waste Form Release Simulations 

15.0 m 
13.0 m 
12.5 m 

11 .O m 

9.5 m 

8.0 m 

6.5 m 

5.0 m 

3.5 m 
2.5 m 

0.0 m 

Vault Filler 
(0.1 m thick) 

3.5.4 Far Field Moisture Flow and Contaminant Transport code Calculations 

The code selection crituia for the far field (vadose zone) calculatio~ were dstadined 
(Mann 1998b) and vendors formally submitted ry~posala which were forrmlly eMhuted (Voogd 
1999). The code dean 
PAS (Mann 199611) whichthcmdwa WQC bad/onDOE and NRC aitair. The VAM3DF 
cade, anearliecvembnofwhicbhrbcen.ppro 
Dopartmsnt ofEcology fbr vdore zone calculati Y M (TPA Mileatone 29-2) w11 scluzed. 
Doamatdon on verification ofVAM3DF can be found in Appendix F of Muurlpuieh (2000). 

The rmrtarirl beneath the wuts facilihh is Hanfqrd which ir projectedto extad to a depth 
of 65 metaabelow aufice I d .  Basaththe HCnford Mad is the HMford gravel that errtendst0 
tbe projected polt-Hanfod wrtsr table at 103 m d a s  below land muface. Each m a t d l  is 
repmental nu ahomgeneow m e d i i  forthe napective sediment m. The porousmediais 
assumed to be irotropic, WE& meuutbsre is w npatial distortion oluwd by sedimentary 

Hydraulic and chemical penmetas uscd in layering or latarl pnswegndicpsr in the s 
the model arc derived h m  the data package of eel (1999). 

each of two WSII&G dirrporrl tbcility designs. l’Jm.6~ field model is deai@ to comepond to the 
one halftrench and one halfvault lataal dimensha shown in Figures 2.4 and 2.7. 

wcm heavily b@ed on &a identified for the earlis LAW 

by theDOE, P A ,  and Wuhington State 

The far Add extends h m  the bottom of waste disposal faciliiua to p u n d  water. 

% 
The far fidd is simulated as atwo dim&od domain, hodmntally h y d  ryrtrm for 
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Consequently, the RH trench model domain extmds 50 meters fbm left to right and the new 
ILAW vault model domain is 2 1.5 metar, 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 dong the upper boundary for the far field calculation is given by 
the one-dimensional contaminant flux times the quantity of waste at a given diatance from the 
model axis (y-axis in figures). 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 overthe first 9 m from the model axis and then decreases to three then two then one 
package heights at the edge of the trench. For @ RH trench we have IL ISU~I~  that the one- 
dimensional results an applicable to a waste paokage stacking of two or wen one package since 
the pI4 and the LAWABPl dissolution rat= an comparable in each of the four waste packages 
(sa Section 4.2). 

The hydraulic propaties of the material esed in the numerical model of the llut field 
control the flow that will nach the waste disposd facilities. Hydraulic parameters M derived 
from fitting a nonlinear Iwd squares equation to an cmcmble set of moisture characteristic 
curves for each material type used. These fitted parameters an then used aa input to the model, 
which solves the following equations, 

and 

where, 

K@) = Hydrrulic coaductivity ( 4 8 )  

f = Pore d v i t y  (0.5) 
IC, = Satumted Hydrrulic CondUctMty . -  ( d s )  

(3.10) 

(3.11) 

The Mted hydraulic paratnetem for each near &Id matuialtype m listed inTable 3.2. 
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Fluid flu- into the fhr field model are derived from fluxes that move the near 
field and then through the waste disposal facilities. These volumetric fluxes arc applied at the 
uppa surface of the far field model. The lower model boundaxy is assigned a constant preru~lre 
head value that defines a vertical gradient that drives ve-rtical moisture movement. Contaminant 
transport h m  the waste facilities is a function 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 mass flux 
calculated beneath the facility. For all wntaminatl transport simulations, the far field 

(defined in Table 3.4 for the radionuclides and for all the chemical contaminants. Other 
radionuclides arc represented by adjusting the isothermal sorption coefficient 6) 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 ather species arc made by d i n g  to the Tc" inventory 
during the integration process. See the end of Seaion 4.2 for a description of dissolution factors 
used for key contaminants. 

which is represented by the following form of the equation, 

calculation assumes the sorption coefficient, & - 0 d g  for the most mobile contarm 'nants 

Contaminant transport in the model is calculated by the advection-dispasion equation, 

Where, 

4 

Do = / $ D L  

where, 

Dij= 
C' 
vi = 
sw* 
R= 
9- 
c* - 
V-. 
Do= 
D*= 
b- 
4 =  
Pe' 

xi' 

(3.12) 

(3.13) 

(3.14) 

(3.15) 
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k = 
T- Tortuosity 
&- Kroneckerdeltll 
aL = Longitudinal di@vity (cm) 
ar = Transverse dispasivity (cm) 

Firstorder decay d i c i c n t  (11s) 

m av(m) m(g/ 3 
sand 2.0 0.2 0.2 0.0213 1.71E+6 
Granl 0.3 0.03 0.03 0.00562 2.15E+6 

Hydraulic properties for the frr field mataids are listed in Table 3.3. Propaties relevant 
to contaminant transport are listed in Table 3.10. 

4 
0.375 
0.138 

T a b  3.10 Far Field Transport Puametas 

3.5.5 Groundwater Flow d Contaminant Tnneport cod0 Calculation8 

The Richland Field Manage.r(Wagoner 1996) bas directsd theHrafwd ciroundwater 
Program to atablish a single groundwater modql for the HaaftmI Si. 'Re Hmfod 
GrwndwaterPro~basselectadCFESTaa~interimcode. DoammW~ 'OR ofoode 
formulation, &s guides, and vaificltion arc $iva in Gum et al., (1987). DoamrsntM 'on of 
the specific application of the CFEST code to the sitawide groundwater flow and tramport 
model at Hanford is provided in Wumtner et al. (1993, Cole et al. (1997), and Kincaid et al. 
(1998). 
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3.5.5.2 Local-scale Model Development and Description 

The base analysis caee for the groundwater flow and transport calculations included 
evaluated current disposal concepts at the new EAW disposal facility that will be located in 
south-cmtrd 200 East area. The appmach 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 condition8 near them facilities to a hypothetical well 100-m downgradient. 

3.5.5.2.1 Grid Design 

The grid used in the local-scale model required refinement both areally as wdl as 
vertically. The dillcntized grid for the l d - d e  model telescoper in h m  the'grid wed in 
regionaldecalculationa. T h e g r i d ~ s o v e r ~ a n o f a b o u t 4 1 0 0 m a t a r i n t h e ~ t o  
cast dirtction and 4100 m in the north-mutb d d o n  (Sa Figure 3. IO). It proeFsuivsy wits 
in size &om the outmost subdivided come w a r  grids made on the regional scale 375 m by 
375 m grid space8 to the finest grid spacing of 20 &y 20 m in vicinity of the ILAW disposal area. 
The tOta number of surfbca elmcnta in the thnadimensional model is 9157 elements. The 
threadimmsional model, based on this nnf.oe grH, comprires a total o f 3  1604 elements (9157 
surface and 22,447 subsurfbca elements) and 32638 nodes. 

The vertical grid spacing forthornnrport (aswell as the flow) model dd of 
multiple transport layers that subdivided the major hydro-stmigmphic uniu. The basic approach 
for this subdivision is the same was used in Kindd et al(1998) to support groundwater transpott 
calculations used in the Composite Analysis. IAa basic thickness of each of these transport 
layers was 8 m. The transport layers were defined from the water table surfixe to the basalt to 
account for the overall saturated thickness and to Wquatdy represent contaminant 
COncentr(m 'ons in the three-dimensional model. & every model nods each of the major hydro- 
stratigraphic units below the watmtabkwasrqx+ntd by at least o n e m  model layer. 
Nonconductive (e.g., mud units) ~ t h c w e t c r ~ l e w e r c  rlwrys repmmtdby at least 2 
b~spott model laym regardless of 
andtrensport~ghtheseunits !qmmted. ForunitrwhoreLwtmatd 
thickness waa 4 2  m thick, the layer 

thickncda in &to assurcthevatical flow 

wyi rat tothe .chul ratuntadthicknas.3 of the 
unit. NoacoaduaiveMdoonrtuchM * unit8 WhorqLwtmatdthickacar was >I2 m were divided 
intomuttipletnnrport model layera in tba same -. For all unite with thicknw >I2 m, the 
musport laydng algorithm is as folloan: creat4as many dorm 8-m tmsport layem as 
pordtble until the remain- UIYLC04UIISCd tor 

hydrostmtipphic unit being layered. 

edthicknm is>12 m but -16 m, then T cnatetwoadditional tmmport layera rat to half the remaining saturated thickness ofthe 

Atthc Id-de, atoerl ofsix hydrogeologic units were found to be present: 1) the 
HMford formation (unit 1) and d unitr belqnging to the Ringold Formation, includii Unit 
5.6.7,s. and 9). The threbdimensiond distriwon 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-Word Conditions for Assumed Steady-State 
Conditiom (as Simulated aAer 350 Years) 

3.5.5.2.2 Hydrrulicpropartita 

The hydraulic oonductivityud porosity c$timrtsruscd in the local-scde modelwere 
developed bued on tba following wumption: pgional rule estim.tes of hydraulic propdea in 
the ritewide model CUI be interpolated Using Ibcal-rule model grid coordilllttll to reprcaent 
lod-acaie propatiss in vicinity ofthe UW Cispod facilii area The resuftiae three 
dimcnaiod dirtn’bution of tbwe in Figure 3.12. Tbe eaimaed velum m. 
in iadiortlvc of the propaties found in the centd psrt 
of the Haafbrd si*. 
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Figure 3.9 Predicted Water Table for Post-Word Conditions for Assumed Staady-Stnte 
Conditions between ILAW Disposal Facility and Columbia River (as Simulated after 350 
y w  

Y 

SPeoifIally. the anwstrd 
deep channel extading to the mutb 
Gable Marmwn * . Wmatsd hydraulic 
s e v d  thourud to tau ofthouunds 
in the permeable puts of the Ringold 
umductivitics M estimated for low permeability units within the Ringold Formation (UNts 6 
and 8). 

used hall traMportsimulati~ d e  withthe locrl-scaled. 

very cmr6c rllwiJ deposits in a 
the northbetwean Gable Butte and 

fonnrtion and twed hundred m/&y 
ud 9). Relatively low hydraulic 

d i  wow the ciispod range w m  

The bat  cathate ofan cffectivepomity Df0.U wed in the sitawide model were also 
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Figure 3.10 Finite Element Grid Used in Local -Scale Model 
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3.5.5.2.3 HydraulicPrcprtiea 
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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 
Model 

I " 
1 

3.5.5.2.4 T ~ r t p r o P a t i e r  

to .ccount for co ntdnant dispasion in 
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of effective bulk density and 
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spacing in the finest part ofthe lod-scale model g id  in the 200-Area plateau whsn the: smallest 
grid spacing is on the order of 20 m by 20 m. The tffective transverse dispcrsivity was assumed 
to be onc-tmth 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 remotahandled trench disposal concept was evaluated in the initial base caw 
calculations. For this concept, the new LAW disposal facility will consist of a set of six remote- 
handled waste trenches in the configuration illustmtcd 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 objective of the groundwater flow and tmnspott ca lcu l . t i~~  were to 
detcnnine the well-intercept fhctor, The well-intewpt-fhctor 0 is defined N the ntio of the 
concentration at a well location in the aquifer and the c o n d o n  e the aquifer. For 
purposes for these ~alculations, the concentration of source d n g  was uauned to be I Cim3. 
The rate of mass flux associated with this comedon  is a fundion of the Mlmtion rate 
assumed for the disposal f.cility covered by the modified RCRA r u b t i i  C cap. With an 
assumed rate of 0.9 d y  assumed for the disposal facility, the resulting nolute flm which is a 
produu of the contaminant mccntmtion in the Mltrating water and the infiltration rate, 
entering the aquifer fiom each of the disposal concepts is 9x104 Ciyr/m2. 

In all model simulations pcltomd, the WIF was calculated at a hypothatid well located 
approximately 100 meters downgradient from tlre boundary of the disposal along the centerline 
of the simulated plume. A pumping rate of 10 liters per day was wed at the hypothetical 
downgradient well location. This pumping rate would provide Wfficient drinking water for a 
family of five at an assumed intake of 2 liters pa person per day. 
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Figure 3.12 Distribution and Hydraulic Conductivities of Major Hydrostratigraphic Units in 
Local-scale Model 

x 

3.5.6 IntcgdonCalarlatiotu 

I"EG(Mann ~ ! M b ) a l c u l a t e n a ~ i m p a c t ( w k t h e r d o s e m t c o r ~  'on 
I d )  based on the invmtwy, vdore urn tnnrpprt, .suifcr tnmpoit, and dosimetry fbtom. 
The dors W e  calculated depa~dr on the type of *Simctry fiotor (e.& dl-pathways, drinking 
water). The program solves the following equatibn for eacb year under consideration. 

(3.16) 

whers 

4 ' is the amount (or inveatory) of+onucli& i (Ci). The timadspsadent d u e  is 
calculated by INTEabad out& initial inventory and on decay and the 
ingrowth k n n  otha radionuclidsr. 
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ri is the flux of mntaminants at the battom of the vadose zone normalized to an unit 
source inventory for radionuclide i ([Ci/y]/Ci). The timadependent value is 
calculated by VAM3DF. 

is the ratio of the concentration of radionuclide i at the well location relative to the 
contaminant concentration at the bottom of the vadose zone (dimensionless). This 
quantity was called the well intercept factor in earlier Hanford perfornance 
assessments. The peak value as calculated by CFEST is used. This value is 
dependent on several factors including the distance &om the facility to the well, 
well pumping rate, and the orientation of the facility to the direction of the 
groundwater flow. 

is the dose rate faaor (mmnly per Cim3). The values arc taken h m  the Tables 
3.8 and 3.9. Di is unity when the response that is calculated is a concentraton. 

is the recharge rate (dy). The value at l0,OOO years is used at ell analysis times. 

is the area over which the contaminant flux enters the aquifer (m'). The value 
used is the area of the disposal facility being modded. 

wi 

Di 

f 

A 

The program is modeled after GRTPA (Wmann 1993), which served 8 similar fuadion 
in earlier work (Rawlins 1994). INTEG allows wcr W o m  in specieyinB data used in the 
integration. The code has been benchmarked against the resub of GRTPA (Menn 1996b). 
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4.0 RESULTS OF ANALYSES 

4.1 Overvim 

This chapter presents the results of the analyses described in section 3.5. Sections 4.2 
through 4.4 describe the results ftom the individqal calculations performed for the waste form, 
( d o n  4.2), fer field (section 4.3), and groundvats (section 4.4). These sections also provide 
the d e r  with an u n d d i n g  of the results with nspect to key puametar in each dyais .  
Section 4.5 summarizes the integration of these analyses and their impact on the groundwater 
scenarios. Section 4.6 summarizes the analyses for natural events. Finally, section 4.7 
sumrmvizcs analyses for releases to the air. 

4.2 Waste Form Resultr 

4.2.1 Overview 

"he base d y s i s  case calculations provid@ in this white pspa arc b a d  on conservative, 
ondmensiond models for the waste fdrm dajlations. The cc~ons why these reauks M 
thought to beconSmgtivean detailed at the end ofthis d o n .  

Three different (Icenarioswcrc considered. The bese case wastheRHtrenchwitha recharge rate 
of 4.2 mm/y. The second uw wna identical except for an assumed rechar@ rate of0.9 mmly. 
The third case was the new lLAW concrete 
Irtate, unratunted flow field- calculated and used to provide wrta colrtanr and watw fluxes 
used in each of the transient reactive trpnspon aipulations. For uch of the three CWI, the flux 
of Tc to the vadose zone waa calculated awns the lower bounbry of the modol, M d d b d  in 
Equation 3.8. F'rofiles of TcO; conixntntion, LAWABF'I dissolution rate, and pH uepreacnted 
in order to explain the difference in flux predicted by each of the three cases. 

4.2.2 Unsaturated Flow Field U d  in Waste Wrm Release thlculations 

with a recharge m o f 4 . 2  mmly. A steady- 
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4.2.3 RH Trench Simulation with 4.2 mm/y Recharge Rate 

The maximum flux of Tc to the vadose mne for the RH trench base case simulation is 8.4 
ppdy  at 20,000 y (Figure 4.3). The Tc flux to the vadose mne is proportional to the T O ,  
concentration at the lower boundary and the water flux rate (see Equation 3.7b). At early times 
the TcO; wncatmt~ 'ons (Figure 4.4) increase shuply in the glass layers. Glass dissolution, and 
low water contents in the glass layers (Figure 4. I), coupled with a low water flux rate, caused 
Tc04 concentdons to increase rapidly in the glass layas. In contrast, maaa transport from the 
g l a ~  layers ir required to buildup Tc mwntmt~ 'om in the backfill layers. . Therefbm, 
concentrations n the backfill layers inaeplle slowly as product8 of glaaa dissolution diffuse firom 
the glass layers into the beckfll layua, where dilution also oc~lll b e m m  ofthe much h i e  
water content in the beckfill 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 following two simulations, it was consavatiVely UURllllcd that g l a ~  
dissolution WM at the forward rate of reaction. In other word& b u i i p  in the Csctivitics of 
species caused by glass dissolution, such as NO; and Si02(.d) ,were not w n s i d d  to decrease 
the glass dissolution rate. In this case, Equation 3.5 simplifiu to 

A, =*e- -E. 
RT (3.17) 

Iron wmsion product nsctions were included in the simulations, but their d y  effect in the 
present simulations was to slightly alter the mlution pH early in the rimulrtionr. Th glass 
dissolution rate fix these simulations is thcrcfiq propo&nal to tha pH of tha pore wrta in the 
g h  
background value of 7 to a maximum value of 9LS in the ceatsr of the p x p s  ofwaste paclagw 
(Figure 4.6). Becaw the g h  dissolution rateb relatively low, the amface UCI of the @ass 
does not dcaslue wticwbly by 20,000 yeam. $he pH and TOO4 w m  . sincrememore 
rapidly in the g l m  hyem arly in the sirnulath, although by 20,000 yeam o0nantr;rtiOns in dl 
layas are nlrtivcly U m i f ~ .  Thio indicates tht at early tima, the TcO; flux mas the lower 
bounduy is limited by the dffirion rata of T&; out of the glw layem. 

M d l  M the h arSa Ofthslgh. ThepHOfpoFSwrtahW888 h m a  

4.2.4 RH Trench Simulation with 0.9 mm/y Recharge Rate 

The maximum fha ofTctothevadoae zone for a case where the w w u  lowered to 
0.9 d y  ir 0.98 ppdy at 20,000 y (Figure 4.3). This ir 8.5 timw lower thur the maximum flux 
prsdicbdbythsRHtrw1chmmulationwitha4~2mm/yrschargerrts. TCO; 
(Figun4.7) w highex in thew hyar at thi, l o w e r ~ n t e  (0.9mmEy)beuu~gLu 

i n t h i r a r e b c c r u s e t h e ~ i n ~ n t s  4.1). Higher g l a ~  dissolution ut 

(Figure 4.9) in the glaaa laya.  TcO; c o d o n 8  with time at the Iowa bounduy, h e r ,  

d i s 8 0 ~ ~ ~  tatSr @ i i  4.8) U C  w, and in the @ME hyC4l M loWa @ i i  

means lesa influx oflow pH and low ionic = ~ i n t o t h e s y s t e m , ~ t h e p H ~  
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are lower than seen in the base case simulation. Although glass release rata are higher than for 
the base case, lower water contents in the glass layers result in lower rates of -on from the 
glass layers. This, coupled with a lower water flux, results in a lower flux to the vadose zone. 
Results from the previous PA (h4ann 1998a), showed that a 10-fold decrease in recharge nsulted 
in a 3-fold decrease in Tc flux to the vadose mne. However, in that simulation water content did 
not vary appropriately with the recharge rate. 

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

The maximum flux of Tc to the vadose zone for the new LAW vault simulation is 11.8 
ppdy at approximately 5.500 y (Figure 4.3). T l 6 s  flux is 40?? higher than for the RHtrench 
base case simulation (Figure 4.3). The glass packages arc more closely packed in this simulation 
than in the trench simulation. T O ,  concentrations (Figure 4.10) increase rapidly and remain at a 
relatively constant value until 20,000 years. Predicted glass dissolution rrtee ( F i i  4.1 1) are 
highest early in the simulation and decrease gradually as the surfhcc area of the glass slowly 
decmscs. Because the waste packages are mom closely packed. the dirroIution rate is higher 
than in the RH trench simulations. This is becaure the pH inside the waste pachged is not 
impacted as much as in the RH trench simulatiorts by mass tramport and dilution born the higher 
water contents in the interrming layers p i p r e  4.12). Because the packaga are more closcly 
packed, a greater area of the glass is at or neartk maximum pH than in the RH trench 
simulations. The early time spike in glass dissolution near the boaom of the vault (Figure 4.1 1) 
is caused by higher pH (Figure 4.12) in that region due to OollQCtc dissolution. At later times, the 
pH is dominated by the release of glass constituents. 

4.2.6 Discussion of Waste Form Release Calculations 

These simulations arc thought to be conservative becau- when 2-D flow is modeled, the 
resulting glm water contents arc lower than for the I D  calculations, which would result in a 
lower Tc flux to the vadose zone. Also, in the laboratory tests puformed on LAWABPI, when 
Si&(aq) and AIOS CollCdlltntio~ are high, the glass dinsolution rate is considerably lower. 
Howeva, for both of thew issuar, the results prqscnted hae are conservative (i.e., they 
ovcreatimate the impact). Another issue is the f&t that we have asawned that the hydraulic 

. propden ofthe remain amstantwiththq. Over.tkne, Mtheglw d i m b  a d  
mxndary minds (mostly clays) precipitate, the hydraulic properties of the wmte form may 
change 5om that of a Brcaucd g l u s  to that ofporous clay. This ptocw may CIUW a decrease 
in the hydraulic ccmductivity. However, becaust of the lower density of the secondary m i n d s  
with reqecttotheparmt~ a net expansivepnslwewill be exated ( N o d i  2000), which 
could incrcaw crack w i d b  in the glass and so increase hydraulic conductivity. Expa-irnenta are 
being undertaken this fiscal year to d d n e  th impact of glass corrosion on the hydraulic 
propaties of hactured &sa. 

Releaseratesforathsrndioactivespecierofintawtha~notbancalculrtsd. The 
previowPA(Mann 1998r) indicatedthatmaxi&m release rrtsr htd Pu ud '1prwDuldbe 
similar to those predicted for Y c .  In &in, ram ntesfortotrlu ud %would be 2Ph 

section 4.5. "he release rates for otha radionuides and hazardow chemicals are assumed to be 
and 56% highs, respectively. The# rata c l l a n g - ~ h t h e r a l u l t a ~  * i n  

equal to the release rate for 9 C .  
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Figure 4.1 Steady-state Moisture Content for the RH Trench 1-D Waste Form Release Model at 
Different Recharge Rates ~ ~ n t a l  dotted lines represent boundaries betwen material 
mnes and material names shown along the right axis) 
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Figure 4.2 Calculated Steady-state Moisture Content for the Vault 1-D Wrate 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 
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Figure 4.4 TC04 Concentrations for RH Trench Simulation With Recharge Rate of 4.2 mm/y 
( H h n t a l  Dotted Lines Represent Boundaries Between Material Zones And Material 
Names Are Shown Along Right Axis) 
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Figure 4.S LAWABPl Dissolution Rate for R?i Trench Simulation With Recharge Rate of 4.2 
mmly (Horizontal Dotted Lines Represent Boundaries Betwan Material Zones And 
Material Names Arc Shown Along Right Axis )  
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Figure46 pH for RH Trench Simulation With Recharge Rate of 4.2 mn- , (Horizontl Dotted 
Lines Represent Boundaries Bctwtar Material Zones And Material Names Are Shown 
Along Right h i s )  
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Figure 4.7 TO, Concentrations for RH Trench Simulation With Recharge Rate of 0.9 d y  
(Horizontal Dotted Lines Represent Boundaries Between M a t d  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 d y  (Horizontal D a d  Lines Reprtsent Boundaries Between Material Zones And 
Material Names Are Shown Along Right Axis) 
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Fipre4.9 pH fbr RH Trench Simulation With Rochuge Rate of 0.9 mm/y (Horizontal Dotted 
Lines h r e s e n t  Boundaries Betwewr Material Zones And Material Names Are Shown 
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Figure 4.10 TcO, Concentrations for New LAW Vault Simulation With Recharge Rate of 4.2 
mndy (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 LAW Vault Simulation With Recharge 
Rate of 4.2 mm/y (Horizontal Dotted Lines Represent Boundaries Betwan Material Zones 
And Material Names Are Shown Along Right Axis) 
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Figure 4.12 pH for New LAW Vault Simulation With Recharge Rate of 4.2 mmly (HorizOntal 
Dotted Lines Represmt Boundaries Bawecn Material Zones And Material Names Are 
Shown Along Right Axis) 
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4 3  Far-Field Rerultr 

4.3.1 Contaminant Transport through the Far Field 

Input volumetric fluid flux and mass flux for *Tc 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 afta migration through the vadow zone 
arc presented in this section. The migration time and concentrution will dictate the timing and 
level of contamination entering the groundwater- The mass of contuninant leaving the vadose 
zone and the flux of groundwater in 
eventually impacts man in the various exposure scenarios investigated in this report. 

upper mixing zone will dictate the water quality that 

The steady state hydraulic condiions for the vadose zone calculations had the cfFective 
water flux in both the Hanford Sand and the W o r d  gravel sequences equal to the mchargc for 
the caae being run. For a recharge rate of 4.2 d y  the resulting moixture in the Hrnford rrad 
sequence was approximately 6% moisture content e~erywhere.. Similarly the resulting moisture 
content in the Hanford Gravel sequence was 5% everywhere. 

Figure 4.13 shows the contaminant relwre fraction into the aquifer as a Aurction of time 
after facility c l o c ~ n  for the RH trench. The mucentration b e d  the RH trench fw the 

500 y afta facility closure (see Figure 4.14). &eakthrough is defined a8 the onact of 
COntMllnan ts reaching the aquifer (at a rate ofO.001 Ciy/Ci) after thdr intsoduction at the top of 
the vadose zone. The leading edge of contaminnnt plume mipatea a distance of 93 m within the 
vadose zone in approximately 500 years @dcfhrough). The bulk of the contaminant is &ill 
well within the vadose zone when the edge of the co ntMlinatltplumecntasthepundwater. 
The mean transit time forthe contuninants thr6ugh the vadose zone is appmximatdy 1,200 
years. The mean travel time is ddned as the t h e  interval for the contaminant transport rute into 
the aquifer to equal the initial contaminant source rate at the top of the vadose zone. 

water flux and moisture content in the two regbns in the vadosezone model, the travel time for 
the contaminants can be estimated wing the equation 

contaminant species w i t h & = O  mUg shows+ firstbrcaktlnw@m akppproxrmst - 4 Y  

The meantransit time throughthe vadcw zone CUI be estimated. Given the eff;sctive 

T =@ax W R  +@g x Q'R (4.1) 

whas 

D, = Dirtancs in the vadose zone between the facility bottom and gravel scquarcs (55m) 
Dg= Dirt~nca in th, vrdaae urn bcmpen the grovel ssquence and the aquifer (38m) 
R= recharge rate @ase case= 4.2 d y )  
6- = moisture content in the vadose zone (sand = 0.05, gavel 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 ai a fUnction of time 
and for two Kds out to 20,000 y after facility closure. The specific calculation is for the base 
analysis case for the RH trench. The flux is normalized to the quantity of contaminant in the 
waste fonn at time m. The conocntration into the aquifer i n c r a w  with increasing time & a 
residence time associated with the transport of the contaminant through the d o l e  mm. This 
increase is at approximately the same rate as the release from the waatc form (m Pi- 4.3). 
The delay in the travel time due to the transport through the vadore zona is approximately 1,200 
years. For species with a similar inventory but a & of 0.6, brakbough is at approximately 
10,000 years and the contaminant release rate into the aquifer does not reach the releare rate 
from the waste form after 20,000 y. For other *her values of & (KaL 4 mL'g), there is no 
significant release of contaminant into the aquifer within the 20,000 year simulation timeame. 

Figure 4.13 Normalized Contaminant Flux to the Aquifer for the R H  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 rsecond RH trench simulation assumes a recharge above the waste form of 0.9 mmly 
rather than 4.2 mmly used in the base case. The rtsults from the far field calculations for both 
recharge rates are shown in Figure 4.14. Figure 4.14 uscs a logarithmic scale for the y-axis to 
more easily compare the impacts due to a change &I recharge. The first significant i n a w e  in 
concentration is about 6,000 years for the 0.9 mmly recharge calculation. For the base analysis 
case, the concentration to the aquifer starts to b m m e  significant after only 1,200 years. Thia 
differcnce is due to the different transport times through the vadose zone asaociatcd with the 
different recharge rata. Additionally, the concentration of contaminant at Z0,OOO yam after 
facility clorarn for the 0.9 mm/y recharge case is c factor of 10 lesa than for the 4.2 d y  
recharge case. This result is consistent with the dwrasc noted for the wrste fonn calculations 
for the base case and the reduced recharge case (re Figure 4.3). For the lower I<r of 0.6 mL/g 
and a recharge of 0.9 mm/y, there is no significant contaminant flux into the aquifer at 20,000 
Y e a r s  

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 Vauh Results 

For the case of the LAW vault design, the fust arrival time for the conaevative species 
at groundwater is again approximately 1,ooO years &a facility closure. As in the RH trench 
calculations, the concentration into the aquifer iqcrcases with incrcasing time after a residence 
time associated with the transport of the contaminant through the vadose zone. This linear 
increase is consistent with the linear increase of the release of contaminants from the waste form 
(see Figure 4.3). For the case whew Kd is 0.6, the first significant increase occurs at 
approximately 10,ooO years and does not peak within the 20,000 years time h n e .  The 
normalized concentration to the aquifer for the wult is shown to be about a factor of 8 times 
greater than the normalized concentration to the aquifer beneath the trench for times greater than 
1000 years. This result is consistent with the difference in relcase rates noted for the waste form 
calculations (see Figure 4.3). 

4.3.5 Pulse source Results 

The final sensitivity case models the effect of simulating in- d e u e  of 
contaminents, rather than over a long period of fme. Such a situation more closely c a m p o d s  
to contamination on the surface of a canister, t4n to the bulk rclew. The rimulation considem 
a single contaminant pulse ovcra 10 meter long interval at the bottom ofthetrench fortheRH 
trench geometry. A o n d e  source was  wed^ distributed along the tea mstar avhvcs for a 
total duration of one year. The contaminant s o t p  was then discontinued ud the puke was 
allowed to migrate through the vadoac zone 

flux to the system was consistent with the 
(Huyakon and Panday 1999) WU wed to cal 

results of this simulation (see Figure 4.15) 
about 500 years and reaches a peak value 

code VAM3DF 

Contamination in groundwater has declined bac)t to ZQO after about 5,OOO y e ~  have elapsed. 
Note also that the calculation for & = 0.6 contdninant species shows a peak value (1.06~10~ 
Ci/y/Ci) after approximately 16,000 yeam. 
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Figure 4.15 Release Rate fiom a 1 Curie Source for One Year from the RH Tmch 
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Well Locations 
100m 
lo00 m 

Table 4.1 Well Intercept Factors at 100 m and 1000 m for the Remote Handled Trench Disposal 
Concept Using Different Infiltration Rates 

Miltration rates ( d y )  
0.1 0.9 1.0 4.2 5.0 
4.2~10’ 3.8xlV 4.2~10- 1 . 8 ~ 1 0 ~  2.lXlOJ 
2.3x10-’ 2 . lxlV 2 . 3 ~ 1 0 ~  9.7~10- 1.2xl04 

figure 4.16 Distribution of Hydraulic Head in Unconfined Aquifer in Local-Scale Model 
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Figure 4.17 Areal Distribution of Contaminant Plume Resulting the Remote-Handled Trench 
Concept 

C o ~ n ~ l m ,  
h CUnii 

t 

t 
X 

Simul.tCdc0~ ‘on histories at 100 m downgradient of the disposal hrciliics 
wntainingsixixtrarcberuc~inFi  4.17through4.19. F i m 4 . 1 7  showthe 

’ n in 

*on histories at 
Figure 4.18 rhowr ‘on profiles in a c$oss-wction from the source uer through the 100 
mwelltothe~eofthelocalscalemodelrsgibn. F i 4 . 1 9 s h o w w n c m t n t t  
the 100 mwell .fta rpaiod d l 0 0  yeus *the source is introduced intothe quifer. In the 
multiple tmn& calculation, the conceatr& ‘on *me reaches steady statewithin .bout 1oywith 
a maximum d u e  of l.8x10J Cum3. At an a m e d  rschrrge nte of 4.2 m, the addated 
WIF would be 1 . 8 ~ 1 0 ~  Cim’. Tbe WIP fictofa for 4.2 mm/y and other assumed infiltration 
rattsarslRunmanzed * inTable4.1. 

uppamost dement of the loul-ade model. di8tribution of contrminurt conoantntro v 

ah bough not^ gr8phiully in this white paper, transpolt model rsarltrwae .Ira 
developed lor the cmcrctc vault concept based on local-scale flow cohditioar dspiasd in Figure 
4.16. This cvncept was bawd on nkawr &o4 m a  individual congets vmbdttributed in the 
new dipd hi l i  am W s w a e  a d d  at a disrrnce of100 metas dawngndient fim 
the facility a S W d  M at Wl dintan& of 1,OOO m downgradient of the disposal facility 
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Infiltration rates ( d y )  
Well Locations 0.1 0.9 1 .o 4.2 5.0 
100 m l.lXl0’ 9.7x10-’ 1.1XlO-l 4.5x10* 5 . 4 ~ 1 0 ~  
lo00 m 6 . 2 ~ 1 0 ~  5.6~10“ 6.2~10” 2 . 6 ~ 1 0 ~  3 . 1 ~ 1 0 ~  

boundaries. The WIF factors for 4.2 mm/y and other assumed infiltration rates at this location 
are summarizcd in Table 4.2. 
Table 4.2 Well Intercept Factors at 100 m and loo0 m for the Concme Vault Disposal Concept 
Using Different Infiltration Rates 

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 ~ 1 0 ~  Cim’. At lo00 m, the 
conctntration profile reaches a steady state maximum value of 2.6 x104 Cim’. At an assumed 
recharge rate of 4.2 mm/y, the calculated WIF at the 100 m well would be 4.5~10“. The WIP 
factore for 4.2 d y  and atha uununed intiltration rates at 100 and IO00 m reapeUively, are 
summarized in Table 4.2. The calculation assume the m u m  is introduced from the vadose wne 
into the aquifer as a step fiction starting at time t = 0. 

Figure 4.18 Vertical Distribution of a Contaminant Plume Resulting the Remote-Handled 
Trench Concept Along the Approximate Centerline of the Plume 
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Figure 4.19 Concentration History at 100 m and lo00 m wells, Local Scale Model (Note the 
groundwater flux is greater than 100 d 1 0  y) 

Concentration History 
RemoCH.ndkd Tmnch Option 

4.2 mmlyr Infiltration 

4.4.2 Well-Intcrcept Factor at Distant Downgradient Wells 

Simulated collcmtnm 'on histones at 6ev6ral locatiom downgiadiimt of the diqod  
facilities containing multiple rmote-handled trenches are pmcntcd in P i  4.20 and 4.21. 
Figure 4.20 show the dktribution of Contaminaqt concutmion in thc uppcmost slrmsnt of ths 
local-scale model. P i  4.21 shows conccn@ion histories at the sevapl well locotions pffa a 
period of400ycara attarthe sourcci~ introduce# intotheaquik. In thc mukipletmch 
c a l c u l a t i O n $ t h a 0 6 ~  'on profile &ea state within about 30- 50 ysur with a 
maximum vrlw of 7 . 8 ~ 1 0 ~  Ci/m' at the lo00 well location. Steady state is reached within 
400c yam with I maximum d u e  o f 1 . 5 ~ 1 0 ~  i/m' at the  ell located near tha ColumbiiRivsr 

'onlcvulsutthelOOOm Codderingthediffaencec ingrid resolution. t j ~  wociatedconantmti 
well loation arevery oomparabletotholle calmlated at the same approximate distamc in the 

md WlF~would range ftom 7 . 8 ~ 1 ~  at loo0 n) downgradient and 1 . 5 ~ 1 0 ~  at I hypothstial well 
near the ColumbiiRiva. TbsWIFf.ctorrfbr4.2 mm/yand othsrassumd infiltntionnterrt 

irrsasctiveofthe~onaldilutionofpredictc#co~ 'OM bszwsenthe frcility and the 
Columbia River. Thws fhcron d e e t  the d m u m  camntmb 'on simulated at a particular 
location and not d l y  the concentration ia all water withdrawn fhm a well. 

$ 

Id model. M Mauned ntd O f  4.2 Mn/y, the d d r t e d  C0-m -6 

all l o a t i o ~  examined m uunmmad in T b l t  4.3. In this IB&&EC& caldlti~nq the WIP 
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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 Distribution of Contaminant Plume between LAW New Facility and 
Columbia River, Remote Trench Concept 

x 
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Figure 4.21 Conmtration History at Selected Well Locations, Sitewide Model 

Concentration History 
Remote-Handled Trench Option 

4.2 mm&r inflltration 

1 .OEoZ 1 
n 
E 

c 1.M-03 
0” - 

1 .OEM 
0 50 100 150 200 250 300 

Tlme, y e m  

+3.1 la 

-7.6 la 
*s.3 la 
b 1 1 . 1  krr 

Simulated concentration histories at scvtral locations downgradient ofthe dinpod 
faciliiss containing multiple concrete trenches wen also dmlopcd wing the regional flow field 
described previously and illustrated in Figm 4.20. In the multiple collcntc vault u l W o r ~ ,  
theconceatratl ‘on profile reachea steady m e  at the lo00 m well loution Within about 30 to 50 
year8 with a &mum value of 3 . 3 2 ~ 1 0 ~  Cdm’ assuming a rschrge of4.2 mmFy. Steady state 
is rerch~d within 400+ yern atthcwea locad near the ColumbiaRivawith rmaximum*e 
of 6 . 4 2 ~ 1 0 ~  CYm’ . The mnoch&d WIF at thq IO00 m wcll location ir similar to thoae 
calculated at a similar dirtaace in the local de model. At an asa\med rcchaqe rate of4.2 
mmly, thc calculated WIFI would range from 1 . 3 2 ~ 1 0 ~  at lo00 m downgradient and 6.42x104at 
a hypothetical well near the Cohunbia River. % WlF f i ~ m ~ f o r 4 . 2  mm/y and otha assumed 
infiltration ntca at all l o d o n s  examined are wmmarmd + inTable4.4. 
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Table 4.4 Well Intercept Factors at Several Downgradient Well Locations for Concrete. Vault 
Disposal Concept Using Different Miltration Rates 

4.4.3 Discussion of Results 

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

Distribution of bydrogcologic unib and propertia. Lu (1996) d y s i s  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 vay permeable ord Formation. The diffaence in 
distribution and hydnlic propath e a  the two ummptud models has led 

model. Addltiod work with the cumnt 
model will be needed to evaluate the redictnbihy of the WIF as a hnction of the 
hydraulic propcatim ofthe major h F geologic units beneath the Wiliity.. 

higher 1 4 s  of dilution using the 

Direction of flow. DBaence in theponccptual model of the unconfined aquifer usad 
in the current analysis rwuhed in di ~ e t l c c ~  in the simulated d d o n  of flow. 
Analysis by Lu (1996) predicted an 
model predi- a muthmtwly flow v W o n .  This difference in flow direction may 

Columbia River which contains the "kMf ord F o d o n  in thi8 maly& The 
differcncea may ala0 be a W o n  of including of natural recharge in the current 
regional-scale and Id-scale  analyss. Further work with the local scale model will 
be needed to evaluate the pndictabihy of the WIF M a function of the direction of 
flow. 

edy flow direction. The current I d - d e  

be primarily pttribut.ble to includi ' the highly pameable anc8std channel of the 

Key factmaffcctingtheaurart calculations pppeartoberelatedtothehighexeetimatcd 
hydraulicconductivitiesandgroundwrSa~~beneaththe~itywiththeourrsatmodel. 
The hydraulic conductivities bstwsen the 
(1996) are .Howeva,thewrart 
model con asansuh bas arcasof 

el and theprcviou8 m o d e l d b y  Lu 
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very high permeability between several to tens of thousands &day in the area of the source 
release. 

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

Anas 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 sssociated direction of 

the lateral position of Hanford-Ringold Formation Contact 
the hydraulic properties of Hanford and Ringold Sediments 

groundwatesflow 

4.5 Summary of Grouadwrter Scenario 

The m h  fiom the combination of the W e  fom, far field, and groundwater 
calculations have bem combined with the doaimdry idonnation to provide estimated imp- 
for the propoaed LAW diaposal action. Section 4.5. I providw the results for the baw analysis 
cas? aaaochted with the R H  trench concept Md infiltration rate of 4.2 d y .  Section 4.5.2 
provider the mlta for the acnaitivity caae aassociBtcd with the u n d n t y  in the ILAW 
inventory for the bue analysia caw. Section 4.5.p provides the rwulta for the disposal vault 
sensitivity cuts that were acplored. Thew cas?s,include M alternate dcaign concept (concmtc 
vault) and a different recharge rate. Section 4.5.4 dimsaw the estimated imp- if the exiating 
disposal vaulta were uaed to dispose of LAW w e .  Section 4.5.5 provides an estimate of the 
impact of a one Ci surface contamination on the lLAW waste pnckap. 

4.5.1 Bkpe Analysis Case 

The estimated impacts forthe RHtrarchbaae analysis caw compared tothe groundwater 
Scenarios are s u m  in Table 4.5. Specifically, the imp- are estimated for 1,OOO and 
l0,OOO y w s  after facility cloaurc. Alao shown in the table are the puformance objectives for 
each d o .  

Tabk 4.5 -mated Impact b m  the RH Trench Baac Analyaia Cure at a Well 100 Metar, 
Downgradient h m  the DispoMt Facility 
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Figurer 4.22 show, the time dependence of the drinking water dose out to 20,000 y ~ n  
after closure. The major contributors to the badphoton drinking water dosea at 10.000 years arc 
listed in Table 4.6. From Figure 4.22 we see that 99Tc and '9 have comparable contributions to 
the dose at times less than 20,000 yeare. Contributions fkom beta emitters in the alpha decay 
chain have not been included in the estimates for the badphoton drinking water dose. 
Therefore, "Tc and '9 remain the major contributors out to 20,000 yean. From Table 4.6 after 
y c  and '? contributes approximately 57 and 43 % of the estimated dose. respectively, at 
10,Ooo years. 

Significant differences exist betwan this calculation and the results nported in the 1998 
ILAW PA (Mann 19988). These differences arc attributable to differences in &s used (see 
section 3.4.2.3) and differences in inventorica (e section 3.2). In the 1998 ILAW PA (MMn 
199Sa) iodine had an assigned & = 3 d g  and therefore did not contribute to the estimated dose 
during the first 10,000 yean. Iodine has an assigped & = 0 mUg for this Mllysis (based on 
sitckpec-ific measurements). Finally, =Se, which was important in the 1998 U W  PA, is no 
longer of significance due to its higher assigned & (4 &g) which is based on site-specific 
measurements and because of its reduced activity based on new half-life measurements. 

Figure 4.22 Time Dependence for RH Trench BetaRhoton Drinking Water Dose to l0,OOO 
Years 

o.26 c 
B e t a I P h o t o n  D r i n k i n g  W a t e r  D o s e  

R o m o t o  H r n d l o d  T r o n c h  
R o o h a r g o  * 4.2 m m l y  
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Radionuclide Dose (mredy) Concentration 

-TC 0.0% 122.3 

Total 0.168 122.8 

Win) 
12 0.072 0.48 

Figure 4.23 showa the time dependence ofthe alpha emitting ndiomiclide 'OM 
for the RH trench base analysis case. Also note tbat there is negligible contribution from alphn 
emitten to the concentdon at l0,OOO yurs. ' X U  is due to the assignment of& > 0 d g  to 
radionuclides that contribute to the alpha d n g  radionuclide concentration. From Figure 4.13 
we saw that & = 0.6 mL/g radionuclides begin to reach the groundwater afta approximately 
10,OOO years for the base analysis caae. See Table 4.7 for details. 

F g r e  4.23 Time Dcpendmce for Alpha Emitting Radionuclide Concmbatiom 

Alpha Emitter Concentration in Aquifer 
Remote Hqndled Tmnch 
Recharge = 4.2 m d y  

/ 
-- - - -  Np237 - . - . - . - .......-...... - - - U-238 / 
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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 from the Disposal Facility 

Significant diffaenccs mist between this calculation and the results rsportcd in the 1998 
LAW PA (Mann 1998a). Thew differences arc rmibutable to diffcrencts in Ib, used (see 
section 3.4.2.3) and diffamcts in inventories (ace section 3.2). In the 1998 ILAW PA (Mann 
1998a) fnNp had a Kd - 15 mlJg and therefore bid not contribute to the estimated dose during 
the f h t  10,OOO yean. % p h  M assigned Ka-0.6 mUg forthir d y a i s  @usd on site 
specific mca.sumnmts and the deCirion to make "gravel-corrections" to Kd's determined on only 
the sand, silt, and clay portions of the actual sediment). Because the actual sediment contains 
appreciable amounts of larger mrtalal (gnvel ) we elected to lower the Kd used to npnsaa the 
field conditions. Thaeforq %p now contributes to the estimated dose at l0,OOO y e ~ .  
Moreover, the estimated inventory used in this apalysis (see Table 3.1) is dBnificantly larger 
than the inventory estimate used in the 1998 V W  PA This larger ILAW inventory is due to a 
larger tank inventory estbntc 6om the BBI andh smaller reparations factor (-0.5 versus -0.94) 
baaed on Kirkbride (1 999). 

Figure 4.24 show the time dependence of the all-pathways dose for the RH trench base 
d y s i s  case. The major contriim to this dore are shown in Table 4.8. 

T8ble 4.8 Major Contributm at l0,OOO Years to the All Pathways Dose at a Well 100 Meter 
Downgradient 6om the RH T d  Disposal Facility 

As mn in Table 4.8 7 c  aud '9 arc t& major contributors to the all pathMds dose at 
10,000 years ~ f t a  the ficility closure. bwevcr, at times greater than 10,000 yeam 7Np arrts 
to dominate the all pathways dose. 
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Figure 4.24 Time Dependence for All Pathway Doses for RH Trench 

All Pathways Dose 

500 

Table 4.9 rbowr the estimatad impact ftom the baae d y a i a  cue f o r  Ipoundwua jua 
before mixing with tbc columbi. River. The& estimated impacts am rppforrimataly u1 o d e  of 
magnitude leas than the impacts at .well 100 rn downgradient firom the dirporrl aite because of 
the additiod dilution thrt oc~lflaa thc contaminants travel to the Coludi. Riva. 

T8bk 4.9 Estimated Impact from the Base Analysis Case fiom Groundwater Just Before Mixing 
withtbeColumbiaRiver 
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The resulting estimated concentrations in the groundwater at a well 100 metera downgradient 
fkom the disposal facility are shown in Table 4.10. Estimated impacts at l0,OOO years were 
derived for both the nominal and upper bound inventories in Table 3.1. As can be s e m  in the 
table the nominal goals established for these hazardous materials are easily met for the glass 
waste form and disposal facility. 

The resulting estimated concentrations in the surface water are shown in Table 4.1 1 for 
both the nominal and upper bound inventories at 10,000 years. These estimates arc calculated 
for a well next to the Columbia River and before any mixing with the rim. Aa 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 calculations thus far have been for thc nominal ILAW inventory as listed in Table 
3.1. Table 3.1 also provides an estimate for the upper bound inventory in ILAW &om Wootan 
(1999). The estimated impacts fkom the assumption that the upper bound inventory were 
estimated using INTEG and ere mnmarized in Table 4.12. 

From the analyses v c  and '9 were found to be the major contributors. However, the 
estimated impacts related to the protection 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 CMC for the coll~etc vault 
compand to the groudwater &os arc summarized in Table 4.13. Thsse calculations were 
performed for the nominal ILAW inventory givqn in Table 3.1. The impacts are catimated for 
1,OOO and 10,OOO years after facilky closure. Also shown in the table are the performance 
objectives for each scenario. 

Finally, the estimated impacts for the d i v d  facility sensitivity CMC fbr the recharge 
rate of 0.9 d y  compared to the groundwater d o s  are summarized in Table 4.14. 

Specifically, the impacts are estimated for 1,OOO and l0,OOO years after f i l i i  closure. Also 
shown in the table are the pafbrmancc objectivts for each scenario. 

The last ILAW performance uu)aasmen$ cmsidered the disposll of the LAW waste at 
twolocatio~: thepresetlt LAW diBpoBal site~thecxistinggroutvrultdisposrl rita. The 
cumnt direction from the DOE (Taylor 1999a)iis to u t i l i  the LAW dispod site for waste 
dillpod. The existins grout vault aite is to be &ned for poasible Mun dhpod needs. As a 
sensitivity casc, we have assumed that this disposal site with ita existing disposal vaults may be 
used for disposal of LAW waste. 
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. 
Protection of Groundwater Performance Estimated Impact Estimated Impact at 10,OOO y 
Impact Type Objective at 1,800 y 1998 ILAW PA Updated Results 
Beta/Phoson Drinking Water 
DOSC (mrcmly) . 4.0 0.0081 2.0 0.81 
Alpha Emitter Radionuclide 
coluxnmtl 'on (pain) 15.0 3.8~10" 1.7 0.70 
Radium NDha E& 

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

Concentration (p~in) 15.0 10.0 I <0.001 10.0 
All Pathways Dose(mrem/y) 125.0 10.030 16.4 13.77 

Table 4.13 Estimated Impact from the Altmte Disposal Facility Design Case (Concrete Vault 
Design) at a Well 100 Meters Downgradient 6om the Disposal Facility Using the Nominal 
ILAW Inventory. See Table 4.5 for comparison to the base case. 

Table 4.14 Estimated Impact bom the Waste Porn Sensitivity Case (Recharge = 0.9 d y )  at a 
Well 100 Meters Downgradient h m  the Disposal Facility 

4-103 



DOE/ORP-2000-19, REV. 0 * DOWORP-2OoM)7, REV. 0 

The existing vaults are described in h i g h  (1999). The vault inner floor dimensions arc 
15.4 m x 37.6 m and its height is 12.2 m. Each vault is capable of holding 10x25 waste packages 
in a layer and a total of 7 layers within a given vault. 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 end 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. 

Given these assumptions the estimated impacts from loading waste into& existing 
vaults can be estimated. The estimate depends solely on the ratio of total waste invmtory that 
can be placed into each vault concept and the footprint of the disposal facility. Six concrete 
vaults having the new design can contain 66,528 waste packages and has a facility footprint of 
25,931 m2. The four existing vaults (modification described in h i g h  1599) CUI contain 7,000 
waste packages and has a facility footprint of 2.3 16 m'. Therefore, the results for the estimated 
impacts given in Table 4.13 should be multiplied by a factor of 1.2 to estimate the impacts h m  
LAW waste disposed of in the existing vaults. 

4.5.2 Surface Contamination Release 

From section 4.3.5 the peak contaminaqt flux into the aquifer ftom a 1 Ci source over one 
year is l.OxlOJ Ci/y/Ci. For the RH trench base analysis case this corrsspondr to the 
concentration in the groundwater beneath the Elcility of 1 x 10' p ~ i  for e a ~ h  Ci of contaminant 
with an effective & = 0 &g. For contaminants with effective & = 0.6 dg, the 
corresponding peak concentration in the groundwater beneath the facility is lxld pCiL for each 
Ci of contaminant. 

The impact on the performance objectives fbr gmundwata will depmd upon the specific 
soluble radionuclides on the wmte package s&cu at the time of their emplacement into the 
facility. For example, ifthae were 1 Ci of *c on the surfaces ofthe waste packages, then the 
peak drinking water estimated impact would be 1.4xlP mrem in a year. 

4.6 Eflects of Natural Events 

The main natural events to be evaluated are: 1) potential erosion of the surface above the 
disposal unit due to wind, 2) subsidence of thq engineered barriers or facilities, 3) u r t h q d q  
and 4) flooding due to poat-glacial events. "k new facility concept now includes the surface 
barrier above the grade in the ILAW Disposal site. Extensive testing of swfkce barriera haw 
ban conducted and nponed inDOE/RI. (1W). The results indicltetlutwind maion ir not a 
problem for appropriately designed aufece bwriera (under the plausible situation of a continued, 
semi-arid climate, with wind magnitude and direction similar to the memured condim over the 
pert 50 yean). Subsidence of thc hili ty was investigated in the lort ILAW pafbrmancc 
amesamcnt (Mann 19%). Tbenarhr &omthe aualysiiconcludcd thaewu little cfFect inthe 
impacts at 10,000 years due to the subsidenca of the Wlity. httqlukea, lhould they OCCUT, 
may impact the engineaed elements of the ficility (ie., the nur€&.e banier, c o w  (iiconcnte 
vaults arc used), and Otha laya intesrity within thc systam). It may also lead to nubaidonce. 
Nevathelenq the performance of the natural $ystan should rcmain 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 ffom the 
results summarized 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 arm of the Hanford Site. (The ILAW 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 LAW 
disposal site.) The analysis for such a postulated event has been discussed in the ILAW 
pdormance assessment (Mann 1998a). The results depend primarily on the '%n invent- in 
the ILAW waste. Since the estimated '"Sn inventory has been reduced, the COnClUsiOM from 
the LAW PA remain valid and the estimated impacts are Ids  than the all exposure pathways 
performance objective of 25 mrem @DE) in a year. 

4.7 RtluseatoAir 

~n previous performance assessments, thrae radionuclides were considered (%, I4c. and 
5) as candidates for atmospheric release. Gaseous release hom a Vitrified waste form is not 
a vay credible scenario because the waste form is assumed to be stable o m  such a long time. 
The transport of vapors is governed by Fick's equation, the steady-statc solution (Wood 1995) 
can be expmsed as 

J=CGcxd-&) (4.1) 

where 

J = 
C = 
x = 
X = 

D = 

the flux at the surfkc (Ci m-' y-') 
the concentration of the radionuclide in the ground (Cim') 
the depth of the source (m) 
the decay constant of the radionuclide (= 5.64 x 10- y- for %, 1.21 x IO4 y-' for 

the diffusion d c i a n t  (40' cm% = 3.14 mz/y). 

1 1  

l4 c and 66.2 y-1 for 

Theconantracl 'on of the radionuclides in the ground is anmrntd yarsumedtobethe 
maximum inv cnky in EAW as defined in \Mootan (1999). For %ithe d m u m  EAW 
inventory (246x10 Ci horn Wootm 1999) is decayed for 17.7 yern beyond site dosum (2030). 
This time repmats the balance between the leiease rate. from the waste form and the decay of 
%. Atlowatimerthecoocsnmtl ' o n n l ~  fromthewuts form dspandr onthe wuts form 
release nte. At times grt.tgthrn 17.7 yeam the increase in the release nte is offset by the 
decay of%. (At short timestherelcase rate i, assumed to be the palrnlerse nte from the 
conaetc vault (11.8 ppndy) times the time.) The 14C maximum invsntory (4.38xld Ci) was 
taken h m  Woum (1999). The- invcmry depends on the%amwntory. At slmttimca 
the=RninVdnfOryiI * lycqualtotheiniiai%ainventoty. ~ t l o a e ~ t i m s r ~ ~ 1 1  
builds in &om 9 &=chains. AL very long timea ~750,OOO yeam) the %n 

(nominal invcn&qt = 43.8 Ci raduppa b o d  h~1~01~=3.28xld 
tothe win-. Forthese d d d o M  ape&% hVUltOtywDIl wt 

'on is then dahtcd to be the total Ci from Wootan 1999). The co- 
peak release rate from the glass ud divided by the waste glass volume 
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with the LAW waste. For this estimate the concrete disposal concept was selected since it had 
the highest calculated release rate (11.8 ppndy) md the smallest disposal area (3.025~10 m ). 
Because the top of the waste form is more than 5 meters f?om the surface. the depth of the aourcc 
will be taken to be 5 meters for these calculations. The calculated releases to the atmosphere are 

4 2  

6 . 8 ~ 1 0 "  Ci mS2 y-' = 2 . 2 ~ 1 0 ~  pCi ma s-' 
6 . 2 ~ 1 0 ~  Ci m-' y-' = 2.0XIO"pC r m  s -' 
5 . 6 ~ 1 0 ' ~  Ci m-' y-' = 5.0~10" pCi m s' 
3 . 8 ~ 1 0 "  Ci m-' y-' = 1 . 2 ~ 1 0 ' ~  pCi mm2 6' 

a 1  
' 4 k :  

"kbi 

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

To convert the 'H, and '"C, fluxes into a dose, the following equation is used 

D = J A (XJQ) B F (4.2) 

D= the annual inhalation dose ( r n & Y )  
(= above) J =  the flux at the surface 

A =  the area of the f a d i i  (3.03~10 m ) 
normaliied integrated exposure (1.0~10" dm') 

( 2 . 6 7 ~ 1 0 ~  m'h) 
0- 
B =  inhalation rate 

%:9.6x104 mremlci) F =  dose conversion factor 
( c . 2 . 1 ~ 1 0 ~  mredci). 

where 

4 2  

r!i . 

The values for (XJQ), B, and F are taka from the Perfwmamr Ascsment for rhe 
Disposal of Low-Level Waste in h e  200 West Area Burial Groun& (Wd 1994-1). The 
resulting annual dose is 5 . 2 ~ 1 0 ~  mrem at 17.7 years for %I and 1 . 1 ~ 1 0 ~  mrun (steady state) for 

The predicted release of %I, "C, and %n are frr below the corresponding Perfonnancc 

 he ~alculationa for% am 

'*c. 

objectives (10 mem in a year for % and I4C ad 20 pCi m y- for %). 

100 paaat, a d  to the time of a h  facilii clawue. Because of b short half-life. H should 
decay long befors the waste form releases any of the amount tht will actually be in the waste 
form. The best estimate inventory in the wasta form is that no tritium will be in the glass. 

- 2 1  

tothe amount of% in thewutefonn, t a h t o  be 

 he ca~cu~atiom for "C are datively insensitive to the various parameters. H~wever, 

To estimate the rdsue of radon from the soit radon's dwvity must be eshakd. 
Harris d d. (1992) - *the nts of gaaeow W o n  paformawe on concrete 
matdab. They concluded that, for dry 
cm% (lod to 10 m Is). The pnsarce of moitlure reduces the diffusion ca&cient value. 
Thacfon, for these analyseq a d u e  (corresponding to dry conditions) of 1.0 x 10' cm% (1.6 x 
lo4 in%) waa used. 

thebestestimate ofI4c in the- form is m. 

4 . 1  
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5.0 RESULTS FOR INADVERDENT INTRUDER SCENARIO 

5.1 Inadvertent Intruder Seenarior 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 vay 
difficult. Moreover, uncertainty abounds about the proper values to be used in a given d o .  
This performance assessment looks at the groundwater well driller and homesteader scenarios. 
DOE Orda 435.1 provides on specific guidance on the intruder scenario analysis. For this report 
the specific exposure Scenario is define in RittmSnn (1 999) and is based on previous intruder 
Scenario analyses for the H d o r d  Site (Wood, 1994, Wood, 1996, and Mann 1998a). 

For the groundwater well driller scenario, the most impoftant parameters arc the amount 
of waste taken ffom 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 material taken ffom the disposal site is assumed to be the average 
areal density of the waste that varies with each hil i ty model (see Table 5.1) times the MI of 
the bore hole for the well. For this performancs assessment, the diameter of the wall is assumed 
to be 0.3 m (1 fi). Although consistent with the diameters used in earlier Hanford Site 
performance assessments, this value is larger thul the range of diameters (10.2 to 25.4 an [4 to 
10 in]) commonly found in local communities and is therefore conservative. The driller modal 
also assumes that only lo?? of the total volume exhumed is waste and the rest is uncontaminated 
soil ffom above and below the facility. This assumption effectively dilutes the waste that 
contributes to the inhalation and ingestion source tams. 

The area over which the driller spreads the waste is taken to be 100 mz (about 1,100 e). 
This value has been historically used in Hanford Site performance assessments. The waste is 
mixed with uncontaminated soil exhumed ffom the borehole, and surface soil, to a depth of 15 
cm. 

The integrity of the waste form become$ 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 therckre 
unavailable). 

Theworlrsr at thewall drilling site is w m e d  to be exposed 8 hours a day for 5 days. 
The dolls to the worker is the sum of the contributions from inhaling mspended dust 
(0.12 &), ingesting tnce amounts of soil (100 mdday), and atanal exporn at the carts of 
a slab of contaminated soil for 40 hours. The undecayed dose factors for this scenario can be 
found in Nttmann (1-). 

The most importrnt puMsrsn in the qwmd phase ofthe inad- intrudsr scenario 
d y s b ,  the homesteader d o ,  arc the vohpe of waste exhumed, the MI over which it i~ 
spread, the depth of mixing, and the integrity ofthe waste fonn. Forthis d o ,  the 
parameters from the all-pathways model also arc imp-. 
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In the homesteader scenario the same amount of waste is exhumed aa in the driller 
scenario. Because the waste is assumed to be tilled into the soil, the waste in rptead over 200 m2 
(0.049 acre). In earlier W o r d  Site performance assessments, the garden cuaa has been between 
500 and 2,500 m2 (0.124 and 0.62 acre). The 200-m2 garden was chosen for this performance 
assessment because the sue represents an area large enough to supply a significant portion of a 
person's vegetable and h i t  diet. Household gardens in the vicinity of the HMford S ie  range in 
size &om 10 m2 to 1,OOO m2 (107 A' to 0.25 acre) (Napier 1984). The d u e  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 homesteader 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 
mdday. The resulting dose fhctors are displayed in Rittmann (1999). 

Table 5.1 Facility Dimensions and Waste Volume Exhumed 

The waste package is 1.4 m high but only filled 85% 111  so it is treated bae M 1.2 m high. 
Only the central portion of the trench is considered. Ifthe Enge r e g i o ~  waa averaged in then 

the areal density and volume exhumed would be lower. ' The number of packages idthe bottom layer in the trench is used as an approximation for the 
number of packages above the central region in the upper layers. 

5.2 Inadvertent Intruder Results 

The results of the inadvertent intruder analysis, at the compliance data of 2530, an shown 
in Table 5.2. The acute dose (driller scenario) bo an inadvertent intruder in the RIFT fscility is 
plotted VB. time in Figure 5.1. The h n i c  dose (homesteader d o )  is shown similarly in 
Figure 5.2. 

RHT 
Acute Dose (mmn) 8.8X1V1 
chronic DOE8 (mrCm) 2.7~10' 

V d  
1.5 
4.4~10' 
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Figure 5.1 Acute Dose at RIiT 

1 .OOEW2 

1.OOEW1 

1.OOE-01 

Acute Exposure 
RCmJtc Hmdkd Tm& 

I \ 
\ I 

1 .OOE02 

The entimated acute exposure dose at 400 years after facility closure (time of compliance) 
is 0.9 mnm. TIIC major contributor tothe N e  dose is n6 Snthst c o n t r i i  - lY 
71% of the dow. l*'h and % provide cu@ributions of 17 ud 5%. -= 
expocut.. doe. The dmated continuous e x p ~ ~ u r c  d o e  at 500 years 
of comp l i )  is 27 mrem in I yew. For the bntinuous cxporurs d 
p% an estimated to provide 39,26, ud 23%, mpectivel, tothetotal doss. As dircussed in 

initid tank invcntariw remain in the waste Proceroing (Kirkbride 1999). These numbas 
may cbangc when BNPL Speoitic flowsheet ihformation b obtained. 

facilii cloave (time 
'%n and 

lcction3.2- - ly 36% ofthe '%n, 95% ofthe 4 . a d  1Whofthe"'Amofthe 

TheSecstimam arc d v c  to the pmmetcra rssumed for the d o .  For example 
the new scenario tm agania~ utl of200 mzvcms the 2500 m' am u~ed  in the IIUU JLAW 
pafonaance aaacsamarkt. Thir incream the ilose by a factor of 12.5. Similarly, ifthe well 
diamcta were dccrcwd to a 0.23 m (9 in) then the comsponding doses would be dcaeased by 
approximatley a kctor of 2. 
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To estimate the uncem 'nty in the inadvertent intruder estimated dose to ' s i n  
the inventory the maximum batch conccntratioqs listed in Table 3.1 wae d. Specifiully, the 
maximum batch concentdons for "Sn, ?%I, and "Am were used to eStimrte the impact to 
the intruder dose estimates. The maximum ba concentration reflects the tank to tank variation 
in inventory for each radionuclide. The ratio o 7 the murimurn batch conantntl 'ontotheaversge 
batch commtrat~ 'on for '"Sn, %I, and %'Am arc 9.7,25, and 4.9, respectively. 

TheRHtranoh has wpste packaga m$ccd 4 laym high. If one of the waste packages in 
a layer had the maximum batch concentmb 'on qnd the remaining three pachses above andfor 
below had avayle batch mmntmt~ 'on4 then + estimated acute exposure would be 
apP roxhtcly 3 lmem and the estimated wntiruous acposure would be rpPrmtimrtay 105 
mrm in a year. This is highex than the performance objective of 100 mmm in a year. 

' h a c  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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- 
P ~ o ~ c e M s w r s  Pafonnurce EutimatedImp.ct EstimatcdImpactal0,ooOy . Objective atZ.OOOy 1998lLAWPA Updated Results 
-All-pathways [mrem in a y1 25.0 0.0061 6.4 10.72 . 

6.0 PERFORMANCE EVALUATION 

This chapter compares the estimated impacts covered in Chapten 4 and 5 with the 
performance objectives established in Chapter 1. Section 6.1 summarires the comparison of the 
base case impacts with respect to the performance objectives. Section 6.2 discussses the 
sensitivity of these 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 Impacta to Performance 

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

Protection of the general public 
Protection of the inadvertent intruder 
Protection of groundwater rc~ourccll 
Protection of surface water resources 
Protection of air rcsoutcts. 

The inadvertent intruder estimated impacts depend on inventq and f a c i l i  ddgn, and 
can be mitigated to some extent operationally. The estimated impacts for the othg. pufbrmance 
objectives (except for air resources) depend on inventory, waste form release, and groundwater 
flow. 

6.1.1 Protection of General Public 

Table 6.1 cornpans the performance o@ectiw fbr protbaing the general public with the 
results &om the base analysis m e .  The estim~ed all-pathways doses are significantly lower 
than the performance objectives during the first 10,OOO years. 

(2030) are not estimated to cxcecd the value of the performance objectives at any time. 
The performance m a s u m  (Le. impacts) over the first 10,OOO years after Wilii closure 

6.1.2 ~onofInadvatSatIntruden 

Table 6.2 compuecr the estimated impacts to the p&nmmce objectives fw pmtsctinS 
the inadverteat intruda. The time of cumpliqw nutr at 500 yam rfta closure. The routb 
~tposun pu€omwe objective is met by a &tor greclta than SO0 for the remote handled 
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trench. '%n is the most important radionuclide. The continuous exposure 
objective is met by a factor of approximately 4 for the base analysis case. 
are the major contributors. Thaw results are similar in magnitude as those hund in the ILAW 
PA (Mann 1998a). 

ormance p"f 'Am, '%n and u~ 

Pcrformance,Measure 

Acute exposure [rnreml 
Continuous exposure rmrem in a year1 

Pcrfonnance Estimated Impact 
Objective 1998 ILAW PA Updated Results 

100.0 27.5 127. 
500.0 5.5 I 0.9 

6.1.3 Protection of Groundwater Resources 

Table 6.3 comparss the estimated impacts to the performance objectives for prateCting 
the groundwater T C S O U ~ ~ ~ X  At the DOE time of compliance (1,OOO years) and the point of 
compliance (at a well 100 metm downgradient of the disposal f % d i i ) .  the g m m k k r  impacts 
are not significant. At 10,OOO yeara the estimated impact is a factor of 24 lean than the 
performance objectives for badphoton emittaq and a factor of 120 less than the pdormance 
objectives for the alphazmitting radionuclides for the base analyais uw. The amxntWa 'on of 
radium is insignificant. The most important driven an the inventoh oftechnetium, iodine, 
neptunium, and uranium, the release rate h m  dre waste form, and the unount of mixiq in the 
aquifer. Retardation of uranium isotopca as tbq migrate through the ~tunl vndm ame is 
i m p o w  in achieving the alphacmitting radio@uclidee Paformance measure. The anticipated 
retardation of the uranium isotopes through any concrete associated with the engineered facility 
has not been included in these estimates. 

T8ble 63 Comparison of Estimrrted Impacts with Paformance Objectives fix Protecting 
Groundwater lhourca. The DOE time of compliance is 1,OOO yeara. The point of compliance 
is a well 100 meters downgradient oftbe Uli. 
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Performance Measure Performance Estimated Impact Estimated Impact at 10,OOO y 

Bcta/Photon Emittm 1.0 1 . 4 ~ 1 0 ~  0.070 0.014 
Jmrem in a yl 
AlphaEmittm [pCYL] 15.0 6.8xlW'' 0.058 0.01 1 
Ra [pcii]  30.3 0.0 <0.001 0.0 

Objective at 1,oO y 1998ILAWPA UpdatcdRwulta 

6.1.4 Protection of Surface Water Resources 

- 
Performance Meawc Pdormarh  Estimated ImpaU a! 1,OOO y 

Objective. 1998ILAWPA UpdatedResuhs 
Radon [pCi ma d] 20.0 0.001 0.001 

Land "c)[mrem in a y] 10.0 <1v7 0.0 
Other radionuclides ('H 

Table 6.4 compares of the estimated impacts to the performance objectives for p W n g  
the surface water reaourm. The DOE time of compliance is 1,OOO yclvs and the point of 
compliance is at a well intercepting the groundwater just before it mixes with the Columbia 
River. The estimated impacts are approximately three orders of magnitude lower than the 
Wormance objectives. The estimated impacts at a well just before the river arc conservative 
with respect to the quality of the river water. In addition, these estimates do not include dilution 
due to bank storage effects. 

6.1.5 Protection of Air Resources 

Table 6.5 compares the estimated imp- to the performance objectives for prot&ing air 
resourc#l. The DOE time of compliance is 1,060 y a m  @ 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 

after f p c i l i i  closure (203 
be a factor of approximately 4 below the 
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All Pathways Beta-Photon Alpha Emitter 
Inventory Case Dore Drinking Water Dose Radionuclide 

Pdormance Objective 25.0 4 15 
Base care 0.72 0.17 0.13 
Upper Bound Inventow 3.8 0.81 0.70 - 

(IwmJY) ( I l U C d Y )  Concentration (pCii) 

6.2 Performance Sensitivity to Key Parameter Uncertaintiw 

The key parameters 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 from the results from the LAW PA (Mann 1998a). 

I n v m t a y ~  
Paformanoe Objective 
Base Case 
Maximum Batch C o n d o n  (in one Layer) 

The inventory report (Wootan 1999) provides an upper bound estimate for the ILAW 
inventory. Table 3.1 provides the upper bound inventory in a given package. The primary 
contributors to the groundwater scenarios are ndionuclides with assigned values of & 10 d g  
and w . 6  mUg (see Table 3.4). Table 6.6 provides the estimated impacts of invantory 
uncatainty for selected performance objective for protection of the groundwater. These 
impacts are estimated by normalizing the upper bound package concentrations to the base 
analysis case, RH trench concept results. 

(nuem) (nuem in a year) 
500 100 
0.9 27 - 

3 105 i 

Table 6.7 Impact of Inventory U n d n t y  on Mve-rtent Intruder ScauriOr 

I I A a l t e E x o o e u n I ~ ~ E x w r u n l  

The aarte exposure paformance objeaive is still met for this highex inverbgr of'"Sn, 
p%i, and MIAm. However, the continuous exposure pe~%ormance objective would barely be 
d e d  if one waste package with the mcuri4um batch inventory were stacked vertically with 
three other packages having the average batch c o n d o n s .  

S i  %n, pRs " ' ~ m  are the nmjor contritmtmtothe colrtinuaur =P-=h 
the inadverteat intruder, the number ofwaste &ea that can be stacked v u t i d y  depend s on 
the concabations of these radionuclides in these Vatical stack. Table 6.7 provides the impam 
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Diaposal Facility Case 
Performance Objective 
Base Caac 
Recharge - 0.9 d y  
Concrete Vault 

6.3 Uncertaintier Reg8rding GI888 Performrace 

The calculations and long-term performance results discussed in pnvious aections of this 
document are baaed on a detailed analysis of the release behavior of LAWABPl glaas. 
However, it is a virtual certainty that BNFL, Inc. will not produce LAW glaaws with this 
specific composition Consequently, it is important to asacaa the likelihood that the glass waste 
forms that will be produced by BNFL, Inc. will Uve lon&-tam durability c- ' 'cs 
approximating that of LAWABPl glass. Unfo-y, it is impossible to do ao quantitatively 
because 1) specific glass formulations for ILAW dis@ have not M yet been selected by 
BNPL, Inc. for production, and 2) insufficient capcrimmtal data an available to pafonn 
STORM simulations with the &am, cven ifthe compositions themselves were available. 

All Pathways Dose Beta-Photon 
(medY) Drinking Water Radionuclide 

25.0 4 15 
0.72 0.17 0.13 
0.042 0.012 5.7x10-" 
2.7 0.29 1.9 

Alph Emitter 

Dose (mremly) Concentration (Pci) 

&I an intermediate step, the dative performance of B m ,  Inc. type @ass compositions 
caa be compared in highly .coelsnted laboratoty tests designed to elucidate the long-tam 
behavior of the mrteri.lr on a practicable time @e (McGrail, et al. 1999b). Two experimental 
methods an principllly uaed for thin purpose (41d3nil et al. 1998b), the vapor hydntion test 
fJWT) and the prernuized unratunted flow 
arc expoad to autuntd water vapor at elevate$ temperatures (typically 1Wc to 3oooC) in a 
s c a l e d v d  Thia- greatly Ilccel+tes the progression of @ana corrodon by water 
and can result in the fonnrtion of alteration p w .  The principaluaca ofthetest am 1) M a 
screening tool to quickly detamine ifa glass id likely to corrode at an cxtmmc ntc, 2) M a 
convenient means of pemting rltation phres for analysis within 1 short period, and 3) fw a 
measurs ofthe ~onratca teIwatcdtcm~turw. .  ~acontnuit,the ptcnted~~~tertiaan 

test. Briefly, in the VHT. monolic mnples 

d i  from a c v d  thcmocouplq prersure sclllon, idi aenaora for efnuent pH and 
conductivity, and column weight h i m  an electronic strain gauge to accurately track water maas 
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balance and saturation level. Experience in running PUF tests with a number of different L A W  
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 200°C WlT Corrosion Rates for HLP Series of LAW 
Glasses. Radial coordinates are loglo corrosion rate, g/(mad) 

1 

A matrix of 56 glass compositions waa subjected to VHTs at 2WC for Rlfiicimtly long 
periods of time to obtain a amist idy meani 1 measure of the glass corrosion rate (v~enna et 
al. 2000). The glMsC5 d e d  the conccntmb 'ref Si% Ab% BaOk F d h ,  Ti% Zao. zrol, 
MgO, and N&O across a wide composition that covers, with high probability, the nrpeded 
procasing composition rurge of BNPL, test mabix was designed in collaboration with 
Mat the Catholic University of Amaica wlp is principally responsible for LAW waste form 
development to enaxe that the aclectcd componnas md ranges wen relevant to glasses that arc 
unda ament dcvelopmcnt. For details on specific &ss compositions involved, pleam see 
Vienna et d. (2000). In P i  6.1. we plot tbc lo&hm of the m e a d  W” corrosion rate 
for 50 of the glasses (note that resultn for 6 of the test glassen wan not yet available). 
Immediately obvious &om the plot is that a 1-e fraction of the test glassca have corrosion rates 
lesa than 10 g/(m%d). This rea& was quite ULeXpected h s c  the aggmaive, high-tmpuntm 
conditions of the W” were anticipated to p d u c e  high corrosion rates for a significantly larger 
haion of the test glMsC5. 

To more q uantitatively analyze the *Its, the VHT corrosion rate data have been 
replotted in the form ofa cumulative distn’bution function aa shown in the Figure 6.2 for glasses 
studied under the Tank Focus Area (TFA). Ihe measured 2WC WlT corrosion rata for 
LAWABPl glass is 4.4 g/(&d) and the corrtspondihg data point is highlighted in Figure 6.2. 
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This glass is ncar the midpoint of the distribution (half of the data sst have higher rate and Mf 
lower) of 7.2 @(mad). A 1 1 1  8007'0 of the tested glasses have 2OoOC VHT corrosion rates less 
than 30 g/(mad). This is about 8 times €aster thm the VHT rate for LAWABPl glass. However. 
a glass reacting 8 times faster than LAWABPI 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 20O0C VHT Corrosion Rates foi HLP Series of 

Approximately 80% of the test glasses haw VHT corrosion rates at 200°C less than 30 g/(rn2d). 
The data were fit to a 3-parameter logistic finction of the form y = a/[l+(x/x,,)T. 

LAW Glaseea 

1.0 t TFAGIWW 

Corrosion Rate, g/(m'.d) 

Figure 6.3 Comparison of Glass Corrosion Rate in PUF Tests at 99OC and 2 d d  

L . .  . 1 

- 
0 2D 40 00 80 loo 123 140 100 180 

Tm, d 
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Because of the much greater complexity of the hardware and support equipment, fewa 
experimental data exist in t a m s  of compositions tested via the PUF symtcm. 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 " 2 8 ,  LAWA23. and LAWA33 glasses 
and a lbpoint moving average for the HLP-10, HLP-31. and LAWABPl glauer. A comparison 
of the peak dissolution rate observed in PUF teds versus the dissolution rate estimated in VHTs 
at 200OC is plotted in Figure 6.4. The peak dissolution rate was used from the PUF tests because 
for the glasses with high dissolution rates, the apparent corrosion decreases with time as the total 
unreacted glass surface area decreases, and this is not taken into account in the corrosion rate 
calculation. The results suggest a good correlation between the WIT and PUF test results (R' = 
0.91). Similar secondary phases formed in both types of tests, which is probably why a 
correlation exists between the results. Althougb the available data are obviously atill vay 
limited, the VHT appears to provide a good indicator of glass performance in the PUF tat, and 
both accelerated tests are providing a consistent picture about the long-term pdhmnce of 
ILAW glasses as a function of glass composition. Pending confirmation of these results M 
additional PUF test data are developed on more LAW glasses, it appears to be a virtual certainty 
that glasses can be formulated and manufactured that will meet performance objectives for 
disposal of low-activity tank wsstes. 

Figure 6.4 Comparison of Glass Corrosion Rate in PUF Testa at W C  and Tests at 200°C. 
Solid line is the regressed fit and the dashed lines are the 95% confidence intaval. 
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6.4 Summary of the Impact of Differences Between the 1998 JLAW PA and This 
Document 

Of the three types of scenarios (groundwater, air, and inadvertent intruder) studied in the 
1998 L A W  PA (Mann 1998) and this document, only the results for the groundwater scenario 
are sipificantly different. Them an five major differences in inputs between the 1998 ILAW 
PA and this document that affect the peak values of impact parameters for scmarios that 
contaminate groundwater: 

Time ofcompliance 
Inventory of mobile constituents 
Disposal facility design 
Waste Form performance 
Groundwater dilution 

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

guidance, thc prercnt time ofcomplianw is 1,OoD yeam. However, beouue of the rlow trawl 
time in the vadose wnc, even tbe mobile constituents do not narh the groundwater in MY 
significant quantity in only 1,OOO yan. 

The 1998 ILAW PA used l0,OOO years .s the time of compliurcs. Beuwe d n m  DOE 

To make cornparim with the 1998 ILAW PA easier, Table 6.9 summarims the 
differences in impact panmatenr at l0,OOO years. 

Table 6.9 E f l a  of Updated Modd on the Estimated BeWGamma Drinking 
estimated tht dare aa 2.0 mredyr.) Water Dore at  l0,OOO Yun.  (1998 

The impact at 10,OOO yean of chnngin8 the imentgr of the mobile constituents is I 
factor of 0.41. “hi8 wub becaure of two the change in the invento~~ of-c (the most 
important rodiorauclidcs in &ha d y s i s )  muf the @ of inveatoriea of othsl mobile 
radionuclides. The 199% LAW PA assumed that 80% of the Tc in tanka would end up in LAW, 
while the present downmtr asstun- based + the amtractbetweeaBNFL, Iac. and DOE 
@oEh3NFL 1998) that only 20?? of the Tc i )  tanki~ will go into LAW. The rcmainimg dight 
diffaent in Tc i n v c n t o r y ~  fkma d l  khangeintanlc 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 because there was no Hanford Sitespecific data indicating that 
selenium is not mobile. Since then it has been leaned 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 LAW 
PA, are now known through disposal-site specific information to be more mobile. Thus, whenas 
?c was 75% of the drinking water dose in the 1998 ILAW PA, it is only 50!h in this document. 
Combining the two @'s means that the change in mobile inventory cuts the groundwater 
impacts by about a &or of 2. 

As noted in Section 4.3.4, release &om the trench design is about a factor oftwo less than 
the corresponding vault design. Although the vault design in this document is somewhat 
different than that used in the 1998 EAW PA, the fkctor of 2 should be approximately correct 
for the difference for this effect betwe-cn the 1998 LAW PA and this doaunmt. 

In the 1998 LAW PA, the release from the vaults was assumed to be that given in the 

rate of r c b  from a BNPL, Inc.-type glass 
request for proposal for treatment services @OB/RL 1996). In this document, the release b m  
the vault is calculated by calculating the 
and performing the transport of contaminants through the vault. This results in a slight increase 
&om the 1998 JLAW PA values. It is expected that once the calculations talce account of glass- 
in-water saturation effects the calculated values will drop by a factor of ten or more. 

As noted 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 uncofined aquifer is higher, resulting 
in greater dilution, by about I f.aor of 10. 

Combining these f.cton @wentory of mobile constituents, disposal facility design, waste 
form performance, and groundwater dilution), the overall effect is a reduction by about an order 
of magnitude &om the 1998 ILAW PA. 

6.5 Conservatisms 8nd Chvcats 

6.5.1 Overvi&v 

This document is not intended to be a full performance assessment. Mray more 
Sensitivity cases will be run for the next vasio0 of the LAW PA which io colpected to be iamed 
in 2001. Also, this next PA will have more sophisticated analyses, building on the experience of 
calculations made for this document. Finally, more data will be collected in the next few year8 
that will improve the quality of future ILAW performance assessments. 

6.5.2 Conscrvatisms 

The major comervatu ' ms in thio analysis revolve sround calculational simplifications in 
the areas of moisture infiltrrtion rata into the fadity, the rates ut which the waste form release8 
its corshents, and facility placement fgr groundwwr flow. 

The surface barrier and capillary break that arc part of Wility designed were nut modeled 
in this analysis, m d o g  in greater moisture tbw into the facility. Baaed on the results 
contained in the 1998 ILAW PA and because of the dative short life of the mhce barrier, the 
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omission of modeling the surfha barrier should not significantly affect the results. However, the 
capillary break is expected to reduce moisture flow into the facility. and baped on the 1998 
ILAW PA results, a lower rate of waste form dissolution and hence of environmental impacts are 
expected. The &eq of both the surface barrier and the capillary break will be presented in the 
next version of the ILAW PA. 

The calculations ofwaste form dissolution and contaminant transport in the disposal 
facility are very complex. This document performed one-dimensional calculations and only used 
the forward rate of dissolution (which depends an 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 calculations presented in this white paper only including the forwud nte of 
dissolution. As noted in the section on glass dimlution, as the main components of the g h i  
(especially silica) enter the pore water, the rate of dissolution slows, usually by many o r d ~  of 
magnitude. There is also some evidence, although not yet sufficient to include in long-term 
analyses, that important contaminants are t rapM in secondary glaas phases. Thus, these 
calculations surely overestimate the amount of dissolution that will ocux. 

Waste form calculations show that the pH of the pore water and the wf.a area of the 
waste form exposed to water greatly &Fed the rate at which the glass degrades. One- 
dimensional calculations forces all water to past through the glass ud the ttufWng effect of soil 
is underpredicted. Two-dimensional calculations will allow the water to flow around the glass 
(and stay in the bacUll soil), reducing the amaunt of surhx area seen by the water as well as 
effectively increasing the Mering effect of the soil. 

The present disposal site overlies the old channel of the Columbia River. In the present 
calculations, the disposal facilii is p l d  in tLe southeast corner of the site. Howevss, because 
of logistic reasons, the preecnt pluu are to pia& the facility in the notthenst comer which is 
more centered over the old channel. Thus, the dfect ofthe old channel of the Columbia River is 
underestimated in the adculadons reportad in this document. 

6.5.3 Caveats 

This effort, as is true for the rest of the LAW PA effort, is being performed Wore all 
decisions d n g  ILAW hw been made. BNFL., Inc. still must decide on the waste form 
composition that will be used. Although the $NFL, Inc. flow sheet is becoming f i d i  its 
details still must be transmitted to the LAW PA activity. Similarly, the detail design for the 
disposal facility does not yet exist. Finally, although the amount of disposal sitespecific 
information has inaeased. there is still more data needed. 

This analysis is b a d  on a waste form composition in the composition space that BNFL, 
Inc. has chosen. However, BNFL, Inc. will sot select their glass waste fonn composition for 
some month. Similarly, the trsmnem flow #hear uaed bae ut thorn dsvdoped by the 
Si contractor. rathathanBNFL, Iac. BN& Inc. will provide to DOEt&rir Bow lheets aa part 
of the Phase lb  dclivarables in April 2000. &thou@ tbs ofthsre BNFL, he. decisions 
an eqectcdtobemull, the &CCU m u s t b e ~ v c g t i ~  todetaminetbericeoftbschqeein 
the cnv imnmd impacts. partbdu, ~ t h c w a a t e f i w m  composition is know, signitlcnnt 
waste firm testing (similarly to tbat paf~rmtd for UWABPI) 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 d d e d  design occurs, it is expected that dimensions 
will change and materials will be more closely specified. Again, the impacts of these changes 
are expected to be small. 

Finally, more geotechnical data (both from the L A W  disposal site as well as for the 
Hanford Site as part of the Hanford Site Groundwater I vadose Zone Integration Project) will be 
obtained. These data will be incorporated to better define conceptual models and the parameters 
used to implement those models. Based on the 1998 L A W  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 analyses have been conducted based on new data and prognmmatic changes that 
have occumd since the LAW PA was issued (Mann 1998a). New site SpCciAc data haw been 
collected, the estimate for the ILAW inventory brs been revised, wostc form data have been 
collected for relevant glass formulations, and tht groundwater model for the Hanford Sit0 local 
to the ILAW disposal site have ban improved. Programmatic changes include the selection of a 
waste form composition and fabrication process provided by BNFL, Inc. and the selection of a 
new remote handled trench concept for the ILAW disposal facility. 

The results i h m  these analyses have shpwn that the peak release rate (7 ppmly) i h m  the 
RH trench facility at l0,OOO yearn is approximately WO greatcrthpn the nlwc rate (4.4 ppm/y) 
wed in the last LAW performance assessment. Also, the groundwater flow b e d  the cumnt 
ILAW disposal site is higher than estimated in the last performance aascasment. Theae estimates 
have lead to estimated impacts that are a factor of approximately 24 or more below the 
performance objectives for the groundwater rel#ted scenarios. The, rcsultll for the inadvertent 
intruder are comparable to the results provided in the last pufommw assessment. 

with inventory, facility design, and waste formperformance. The estimated impact for the 
continuous exposure d o  is closest to the 
This estimated impact is baaed on fwr packag r having average i n v d e 8  ofthe ILAW 
radionuclidea. These ertimotad impacts crnbq mitigated through opaptiod coatrolr hued on 
projected containc~ inventones. Such operati& controls will be better defined a8 the project 
matures. The msultr fromthere analysed togherwith the results fiomthe last ILAW PAQvhnn 
1998a) &de reasonable assurance that the cumnt disposal system will adequately protect the 
public and the environment. 

Finally, selected Sensitivity calculationq were performed fix key assumptions associated 

onnance objectives in this analysis update. 
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