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1.0 OVERVIEW 
, 

1.1 INTRODUCTION 

The purpose of the Hanford Low-Level Tank Waste Interim 
Performance Assessment is to analyze as early as possible the 
long-term environmental impact of disposal of the low-level 
fraction of the Hanford tank waste onsite. The Interim 
Performance Assessment is not required by any regulation. The 
Interim Performance Assessment will provide an early estimate of 
the product and disposal facility performance needed to meet 
requirements. 

The methods, procedures, and rigor of the performance 
assessment process as mandated by DOE Order 5820.2A (USDOE 1988) 
will be used to the maximum extent possible. However, because 
this analysis is being performed early in the project, much of 
the data is not yet specific to the project. A work plan on 
gathering such project-specific data has been published (PAT 
1995~). 

Earlier work (Rawlins 1994 and Mann 1995b) used a less 
stringent process and was focused on the effects of possible 
disposal facility components on performance. By following the 
performance assessment process, the resulting Interim Performance 
Assessment will be more extensive than this earlier work. 

1.2 PURPOSE OF DOCUMENT 

The purpose of this document is to define the values for all 
the parameters needed in the computer simulation of the best 
estimate case. The methods, procedures, and data to be used in 
tHe analyses that form the basis of the Interim Performance 
Assessment mainly come from the Data Packaaes for the Hanford 
Low-Level Tank Waste Performance Assessment (Mann 1995a). 
Additional data have been aen'erated as the Tank Waste Remediation ~~~ ~ 

System (TWRS) privatization effort has become better defined (see 
Section 1.3). 

1.3 RELATIONSHIP WITH TWRS PRIVATIZATION EFFORT 

At the same time that the Interim Performance Assessment is 
being written, the U.S. Department of Energy (DOE) may obtain the 
services of private contractors to process the waste which will 
be disposed of in the disposal facility. The draft request for 
proposals (RFP) was released in November 1995 (USDOE 1995), with 
the final request for proposals to be released in the spring of 
1996. Contract award for the first phase (processing 6% to 13% 
of the total waste) is expected in the late summer of 1996. As 
more becomes known about this effort, the information will be 
used to adjust the analyses performed for the Interim Performance 
Assessment. 

1 
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1.6 SmSITIVITY CASES 

Sensitivity cases are computer simulations in which the 
values of one or more variables differ from the values used in 
the base analysis case. The purpose of the sensitivity cases is 
to determine the effects of selected changes in important 
parameters. The sensitivity cases in this document focus on the 
parameters related to the base analysis case. It is intended 
that for most of the computer simulations run, the value of only 
one variable will be changed from the base analysis case. In 
some instances, however, the values for more than one variable 
will be changed from the values used in the base analysis case. 

The sensitivity cases are not a means to address statistical 
1 uncertainty or other statistical variations. Most of the site- 

specific and waste-form specific data are not yet available. 
Therefore the uncertainties in the values of the various 
variables for the base analysis case can not yet be estimated. 

4 
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2 . 0  PERFORMANCE OBJECTIVES 

2 .1  INTRODUCTION 

The performance objectives are the standards against which 
compliance is judged. The objectives to be used in the Hanford 
Low-Level Tank Waste Interim Performance Assessment are described 
in PAT 1995a and are displayed in Table 2-1. PAT 1995a also 
describes the selection process and justifies the choices. 

Failure of meeting the performance objectives should not be 
viewed as non-compliance but rather signals the need for further 
work which could include refinements of the calculational methods 
or approaches or additional data collection efforts. 

2 . 2  BASE ANALYSIS CASE 

The performance objectives for this analysis are based on 
(1) the requirements of DOE Order 5820.2A (USDOE 19881, (2) the 
experiences in writing performance assessments in the DOE 
complex, ( 3 )  the incorporation of the regulations of the state of 
Washington, and ( 4 )  the plans of the Storage and Disposal 
Project. Five general resources are protected: 

(1) The general public and workers. 
(2) Inadvertent intruders. 
( 3 )  Groundwater resources. 
( 4 )  Surface water resources. 
(5) Air resources. 

The protection of water resources is governed both by simple 
drinking water requirements as well as by more sophisticated 
dosimetry scenarios (see next section). 

5 
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~~ 

Table 2-1. Performance Objectives' 
All doses are EDE (Effective Dose Equivalent) 

d 

Protection of General Public and Workers 
b All-pathways: 25 mrem/year 

ALARA (all pathways): 500 persons - rem/year 
(evaluated for 10,000 years, but calculated past the time of 
Deak dose) 

500 mrem 
Inadvertent Intruder 

Acute exposure: 
Continuous exposure: 1 0  0 mrem/year 

(evaluated at 500 years, calculated from 100 to 1000 years) 

Protection of Ground Water Resources 
Alpha emitters 

Ra-2 2 6 : 3 pci/L 
Ra-226 + Ra-228: 5 pci/L 
sum (all other alpha emitters): 15 pCi/L 

H - 3  : 20,000 pci/L 
Sr-90: a pci/L 
sum (all other beta and photon emitters): 

4 mrem/year 

Beta and photon emitters 

(evaluated for 10,000 years, but calculated past the time of 
Deak dose) 

Protection of Surface Water Resources 
Alpha emitters 

Beta and photon emitters 

Ra-226 + Ra-228: 0.3 pCi/L e 
sum (all other alpha emitters) : 15 pCi/L 

H-3 : 20,000 pci/L 
Sr-90 : 3 pCi/L 
sum (all other beta and photon emitters): 

1.0 mrem/year * 11 (evaluated for 10,000 years, but calculated past the time of 
peak dose) 

Protection of Air Resources 

Radon : 20 pci/m2s 
All other radionuclides: 10 mrem/year f 

(evaluated for 10,000 years, but calculated past the time of 
Deak dose) 

b Main driver is DOE Order 5820.2A (USDOE 1988) 
C Main driver is RL Order 5820.2A (USDOE/RL 1993) 
d Main driver is National Primary Drinking Water Regulations 

e Main driver is Washington State Department of Health (WSDOH 

f Main driver is National Emission Standards for Hazardous Air 

(USEPA 1975) 

1991) 

Pollutants (USEPA 1989) 

6 
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3 . 0  SCENARIOS 

3.1 INTRODUCTION 

The scenarios of the analysis describe the land use and 
pathways to be analyzed in the Interim Performance Assessment. 
The scenarios are described in PAT 199533. They are based on the 
land use recommended by the Hanford Future Site Uses Working 
Group (HFSUWG 1992). 

3.2 BASE ANALYSIS CASE 

The scenario for the base analysis case assumes a return to 
natural conditions or at least conditions where minimal 
additional water is discharged to the ground in the central 
Hanford plateau. The main exposure pathway will be water drawn 
from a nearby well which is no closer than 100 meters from the 
disposal facility. The location of the well will be selected to 
provide the maximum calculated exposure. The amount of pumping 
from the well is assumed to be low enough not to affect the 
groundwater flow. The area near the waste site will be either in 
a natural condition or used for dry-land farming. Recreational 
uses of the Columbia River and its shores will be assumed. There 
will be no intentional intrusions into the waste disposal 
facility for those cases used in the calculation of the 
protection of the general public, workers, water resources, or . 
air resources. 

Inadvertent intrusion is calculated as a separate 
requirement and involves the drilling of a well to the unconfined 
aquifer or irrigation on top of the disposal site (Rittmann 
1995). The important parameters for the intrusion scenarios are 
displayed in Table 3-1. 

Air resource protection will be calculated assuming simple 

Table 3-1. Important Parameters in Intrusion Analyses 

models of diffusion. 

Glass fines: release rate of .glass 
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3.3 SENSITIVITY CASES 

Sensitivity cases will cover different land use scenarios, 
different well placements and pumping rates, different intrusion 
scenario parameters, and different natural events. 

Different land use scenarios will be treated by assuming 
different recharge rates (See Section 6 )  at the disposal facility 
and around the central Hanford plateau. A high recharge rate 
(100 mm/year) will be used to simulate the conditions in which 
irrigated farming might occur. This value may be too low for 
some crops like potatoes. However, over the long-term (hundreds 
of years) this recharge value is probably conservative for most 
crops. 

One sensitivity case will assume such a farm is present over 
the disposal facility. Other sensitivity cases assumed irrigated 
farming in other parts of the plateau to determine the effect of 
a change in the ground water flow path. These cases assume 

(1) Irrigation in all Hanford regions except the 
200 Areas and the region between 200 East and 200 West 
Areas 

( 2 )  Irrigation only north of 200 Areas 

( 3 )  Irrigation only west of 200 West Area. 

The final sensitivity case dealing with a different land use 
investigates reduced recharge due to light industry in the 200 
areas. Light industry will not be disposing liquid waste into 
the ground as has been done by the chemical reprocessing plants. 
The result will be a reduced recharge rate to the 200 areas as 
compared to the base analysis case. The recharge rate in the 200 
Areas will be reduced by a factor of 2 from the base analysis 
case. 

To determine the sensitivity of the results to the placement 
of the well, different well locations will be considered, ranging 
from 50 meters from the edge of the disposal site down to the 
Columbia River. In particular, a well location at the eastern 
edge of the 200 East area will be considered. In addition, the 
effect of distorting the ground water flow will be determined by 
increasing the pumping rate above the minimal level assumed in 
the base analysis case. 

As noted in Rittmann 1995, the parameters for the intrusion 
scenarios are conservative. The effect of less conservative 
values will be investigated, in particular, increasing the area 
of the garden to 2500 m2 and decreasing the well diameter to 0.2 
meters. 

Finally, sensitivity cases involving large scale natural 
events (such as the collapsing of dams or the occurrence of a 
glacial flood) will be done using simple models. 

, 
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Radionuclide 

'l7CS 

151sm 

226Ra 

Percent to LLW ' Curies in LLW glass 

1 .c 4.51E+Y 

l .h 3.16E+4 

glass from tanksf (yr: 2010) 

50 . d , h  2.353-3 

"'Ra I 5 0 . d . h  I 1.38E+O 

227A~ 1 . d , h  1.08E+O 

229Th 

232Th 

231~a 
2 3 3 ~  

2 1 4 ~  

2 3 5 ~  

2 3 6 ~  

2 3 8 ~  

237Np 

239Pu 

240Pu 
2 4 1 h  

I 8. I 2.70E+0 2 4 3 h  

1 9.793-3 

1 . d * h  2.683-2 

100 .d,g 1.45E+2 

6. 2.58E+1 

6. 1.80E+1 

6. 7.36E-1 

6. 4.47E-1 

6. 1.78E+1 

5. 3.74E+O 

6. . 2.233+3 

6. 4.31E+2 

8. 4.25E+3 

245~m 
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5.0 LOCATION OF DISPOSAL FACILITY 

The location of the disposal facility determines many 
subsequent parameters, for example, the thickness of geologic 
strata and various hydraulic parameters. The location has not 
yet been officially determined. However, the preferred location 
as given in Shord 1995 will be used for the Interim Performance 
Assessment. This location is just west of the PUREX facility in 
the south centra1,part of the 200 East Area (see Figure 5-1). 

considered in this assessment. 
No other locations for the disposal facility will be 

Figure 5-1. Location of the Tank Waste Vitrification Area. 
The disposal facility is projected to be located 
in this area. Tho area is in the south central 
part of the 200 Bast Area. 

12 

, 



WHC-SD-WM-RPT-200, Rev. 0 

6 . 0  RECHARGE RATE 
, 

6.1 INTRODUCTION 

The recharge rate is the rate at which water enters the 
unconfined aquifer. In practice, it is the term that describes 
the net rate at which water leaves the near-surface zone (that is 
the zone characterized by the interaction of climate, soil, 
vegetation, and animals). Recharge is the rate at which moisture 
enters and leaves the waste disposal facility, moves through the 
vadose zone, and carries contaminants to the aquifer. Recharge 
at the disposal site is important for the vadose zone 
calculations, while the rate over the entire central Hanford 
plateau is important for aquifer transport. 

6 . 2  BASE ANALYSIS CASE 

The recharge rate for the base analysis case is based on 
1995 efforts at the Pacific Northwest Laboratory (Fayer 1995, 
Rockhold 1995) (see Table 6-1). Fayer and Walters (Fayer 1995) 
provide estimates of the recharge rate based on vegetation cover 
and on soil type at locations around the Hanford Site. Rockhold 
et al. (Rockhold 1995) estimated the recharge rate for the 
disposal facility based on the design specifications of the 
Hanford surface barrier (Myers 1994) for the short-term recharge 
rate (0.5 m/year) and then used the data for the disposal site 
from Fayer and Walters for the estimate of the long-term recharge 
rate ( 3  m/year). Since the specifications for the surface 
barrier cite 1000 years for the design life, the base analysis 
case shall assume that the recharge rate is 0.5 m/year for the 
first thousand years and then immediately increase to 3 m/year. 
Although the transmission through the barrier is not expected to 
increase this quickly, there are no data on which to base a 
slower rate of increase. 

Table  6-1. R e c h a r g e  R a t 0  for B a s e  Analysis C a s e '  

Parameter I Recharge Rate Value 
At the Disposal Facility 

First 1000-years I Thereafter 
0.5 m/years 
3.0 mlvears 

13 
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6.3 SENSITIVITY CASES 

Sensitivity cases related to various recharge rates will 
illustrate the effect of presently poorly known recharge rates, 
of extremely low recharge rates, and of different site-wide 
patterns. 

In the first sensitivity case, no credit will be taken for 
the surface barrier and only the recharge rate for natural 
conditions at this location (3.0 mm/year) will be used forever. 
The second case assumes 1.0 m/year [based on the Grout 
Performance Assessment (Kincaid 1995) which assumed that the 
surface barrier is effective forever, but the recharge rate is 
slightly higher (1.0 m/year) than the recharge rate given in the 
surface barrier design specifications]. 

(0.1 mm/year) in order to determine the importance of upward 
diffusion and upward capillary flow. Preliminary measurements 
using tracers indicate that if sagebrush vegetation persists at 
this location, then such a very low recharge rate might be 
appropriate. 

The third sensitivity case assumes a very low recharge rate 

Sensitivity cases involving different recharge rates due to 
different land use scenarios are described in Section 3 . 3 .  The 
scenario assuming irrigated farming over the disposal facility 
results in a recharge rate of 100 mm/year at the facility 
location. Other cases involved placing the irrigated farms in. 
other locations around the central Hanford plateau. Finally a 
case of industrial land use is considered which results in a 
recharge rate of 1.5 m/year in the 200 Areas. 

, 
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7 . 0  GEOLOGY 
, 

7.1 INTRODUCTION 

The geology underneath the disposal facility and of the 
surrounding region determines most of the transport parameters 
needed in the analyses. Different geologic strata affect water 
flow and contaminant transport differently. 

7.2 BASE AUALYSIS CASE 

The geology for this disposal site is given in Reidel 1995 
and summarized in Table 7-1. The main geologic units considered 
are the Hanford formation and the Ringold Formation. 

T a b l e  7-1. Qeology of the B a s e  Analysis C a s e a  

6 meters (on surface) 

I30 meters, below Hanford 

The Hanford formation underneath the disposal area consists 
of three layers. The upper 6 meters of the Hanford formation is 
the gravelly sand sequence. The next 60 meters consists of the 
sandy sequence. The bottom of the Hanford formation, a gravelly 
sand sequence, is 25 to 40 meters thick. For modeling purposes a 
mean thickness of this bottom sequence will be taken as 
35 meters. Thus, the Hanford formation is assumed to be 
101 meters thick. 

Below the Hanford formation lies the Ringold Formation. 
Only the Unit E layer is of concern for this analysis. The Unit 
E layer is consolidated sandy gravel to muddy sandy gravel 
30 meters thick. 

After Hanford operations have ceased and assuming no large- 
scale water discharges to the soil (such as irrigation), the top 
of the unconfined aquifer is predicted (Law 1995) to be 103 
meters below the land surface (118 meters above mean sea level). 
This places the unconfined aquifer in the Ringold Formation. 

15 
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8.0 INITIAL DISPOSAL FACILITY DATA 

8.1 1N"RODUCTION 

An engineered disposal facility is needed in order for the 
disposal system to meet the performance objectives. Calculations 
in Mann 199533 show that a disposal system consisting of a glass 
waste form in soil will not meet the drinking water performance 
objectives. Instead, a disposal facility which diverts moisture 
from the waste form and contains materials by favorable chemical 
reactions is required. 

Eiholzer 1995a will be used. Eiholzer 1995a presents two 
facility concepts. These concepts are based on a disposal vault 
enhanced with physical barriers to minimize water from entering 
the vault and with a chemical barrier to reduce glass corrosion. 
However, the concepts differ on how the features were 
implemented. Concept 1 will be used for the base analysis case 
because it was based on the leading vault disposal concept for 
the TWRS Process Design group (Eiholzer 1995a). The value of the 
different components of the disposal facility will be assessed by 
sensitivity cases. Selected aspects of disposal facility Concept 
2 will be used for sensitivity studies. 

for modeling steps 2 and 3 (see Section 1). Eiholzer 1995a gives 
the details and explains the disposal facility and related 
physical barriers. 

For the base analysis case, disposal facility Concept 3 from 

The following subsections give the relevant features needed 

8.2  BASE ANALYSIS CASE 

Concept 1 is a large concrete vault with two barriers and a 
water conditioning layer above it and with waste packages and 
filler material inside it. Figure 8-1 shows the disposal 
facility concept for the base analysis case. The vault portion 
is a reinforced Portland concrete structure that has walls, a 
floor, and a ceiling. The vault is divided into segments called 
vault bays. Six vault bays make a row. Concept 1 consists of 10 
rows. Table 8-1 gives details on the vault bays and the general 
vault layout. 

Above the overall vault is a surface barrier, a sand-gravel 
capillary barrier, and a water conditioning layer. These 
barriers and the water conditioning layer are continuous over the 
entire vault (see Figure 8-1). The top of the surface barrier is 
flush with the soil surface at an elevation of 2 2 1  meters above 
sea level. The surface barrier will determine the amount of 
recharge to the system. Between the surface barrier and the 
vault will be back-filled soil, a sand-gravel capillary barrier, 
and a water conditioning layer. The water conditioning layer is 
just above the roof of the vault. The sand-gravel capillary 
barrier is between the surface barrier and the water conditioning 
layer. Table 8-2 gives more details on the barriers and the 
water conditioning layer. 

, 
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Figure 8-1. Disposal Facility Concept for the Ba0e Analyois 
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11.0 RADIONUCLIDE RELEASE FROM GLASS 

11.1 INTRODUCTION 

The radionuclide release rate from the waste form is the 
“source term” for the radionuclide transport calculations. This 
release rate depends on the waste form and the surrounding 
physical and chemical environments such as moisture content, pH, 
the oxygen potential, and the presence of key compounds such as 
silicic acid. 
temperature of the waste form. Calculations show the temperature 
rise from the waste form in the disposal facility is less than 
1OC. It is expected that the release rate will vary as a 
function of position in the disposal facility and a function of 
time . 

The release rate is not a function of changing 

At this time, the composition of the waste form and the 
physical and chemical environments are unknown. It is believed 
likely that at least one of the privatization vendors will use 
glass as the waste form. The physical and chemical environments 
will depend on the materials chosen and on the hydraulic and 
degradation properties of these materials. 

11.2 BASE ANALYSIS CASE 

For the base analysis case, the radionuclide release rate 
from the waste form will be based on the TWRS Privatization 
specifications (USDOE 1995). The specifications require that 
the initial fractional radionuclide release rate [FRRR(t=O)I from 
the waste form averaged over all the containers shall be no 
greater than 

FRRR < 1.4xlO-” s-’ = 4.4 ppm/year, 

with the requirement for 99Tc being five times stricter. 

This limit was derived by assuming that the radionuclide release 
rate [RRR(t)l as a function of time is proportional to the rate 
of glass corrosion. By assuming that 

(1) the radionuclide release rate is proportional to the 
waste form corrosion rate and the inventory density at 
the surface, 

instantaneous surface area, 
(2) the waste form corrosion rate is proportional to the 

( 3 )  in each waste form container, the radionuclide are 
uniformly spatially distributed, and 

(4) each linear dimension decreases at a constant rate. 

The rate of radionuclides released can be calculated (see 
Appendix B) to be 

29 
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The radionuclide release rate becomes 

RRhc (ppm/year) = 0.88 * [T -time(years)]' / T', 

where T = 3 . 4 ~ 1 0 ~  years. 

1995) run on LD6-5412 glass. These tests indicate that the 
forward rate (that is, the initial rate) of glass corrosion at 20 
OC and pH = 9.5 is 6 . 1 ~ 1 0 - ~  kg m-2d-1. 

Another sensitivity case is based on various tests (McGrail 
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12.0 GEOCHEMICAL FACTORS 

12.1 .INTRODUCTION 

Geochemical factors are important in any Hanford performance 
assessment because the thick vadose zone and the low moisture 
content allow chemical effects to be significant. Certain 
elements have their travel retarded according to the equation, 

R = 1 + Q K, e 
where R is the retardation factor, Q is the media bulk density, 
K, is the chemical distribution coefficient, and e is the 
volumetric moisture content. Because the contaminant transport 
is spread over a greater time, the peak contaminant concentration 
is also reduced by the factor R when the time associated with 
contaminant transport is longer than the time associated with 
contaminant release from the waste form. 

12.2 BASE ANALYSIS CASE 

For the base analysis case, the effects of chemical 
interactions in the disposal facility are only calculated for the 
water conditioning layer and in the release of the contaminants 
from the waste form. That is, no further credit is taken for 
chemical retardation in the disposal facility. 

the vadose zone and in the unconfined aquifer for the base 
analysis case are based on 1995 PNL studies (Kaplan 1995a and 
Kaplan 199533). In particular, Kaplan and Serne (Kaplan 199533) 
carefully reviewed all available Hanford data for the five most 
important elements (iodine, neptunium, selenium, technetium, and 
uranium). 

distribution coefficients as probability functions, point- 
estimate values are used. The PORFLOW computer code calculates 
the contaminant transport for only 4 K, values at a time. Thus 
to reduce the number of computer simulations made, only a limited 
number of values are used for the distribution coefficients. 
Based on past experience, the most important elements in the 
analysis will be technetium and selenium (both having K, = O ) ,  
uranium (K, = 0.6 ml/g), iodine (K, = 3 ml/g), carbon (K, =6), and 
neptunium (K, = 15 ml/g). Two higher K, values (40 and 100 ml/g) 
were chosen to represent more retarded elements with the 
knowledge that elements with such high K, values have very little 
significance in Hanford vadose zone transport. The values used 
for the chemical distribution coefficients for the less important 
elements in the computer simulations are selected to be 
conservative [that is, the values used in the computer simulation 
are lower than the recommended values (Kaplan 199511. Table 12-1 
shows the chemical distribution coefficients to be used in the 

The chemical distribution coefficients (or K, parameters) in 

In this analysis, instead of treating the chemical 

32  
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13.0 DOSIMETRY DATA 

Dosimetry data allow the translation of radionuclide 
concentrations in air and water into dose exposure rates. 

The dosimetry data for the Interim Performance Assessment 
come from Rittmann 1995. Table 13-1 provides the conversion 
factors from water concentrations into drinking water doses. It 
is assumed that a person drinks two liters of water per day. 
Table 13-2 provides the conversion into all-pathway dose. Table 
13-3 provides the conversion from waste concentration in the 
disposal facility into driller intrusion dose rates, while Table 
13-4 provides the conversion into the homesteader intrusion dose 
rates. 

The sensitivity cases will evolve around using different 
dose conversion factors (see Rittmann 1995 for alternative 
values). Also, sensitivity cases will be run for different 
intrusion scenario variables : the well diameter and garden size 
(Section 3 ) .  

Table 13-1. Drinking Water Scenario Dose FactoroaSb 
mrom/y prr pci/L 

Dose Factor 

34 
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Table 13-2. All-Pathway Water Dose Factors''b 
mrem/yr per pCi/l 

Dose Factor 

3 6  

, 













IlNuclide I External 

IIPb-210+D I 3.01E+O 

UBi-207 I 4.11E+3 

 PO-209 I 8.863+0 

#Ra-226+D I 4.833+3 

#Ra-228+D 1 3.073+3 

2-SD-WM-RPT-200, Rev. 0 
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15.0 INTERACTION WITH OTHER FACILITIES 

Recommendation 94-2 of the Defense Nuclear Facility Safety 
Board (DNFSB 1994) requires that the effect of previous disposal 
activities of the Department of Energy be considered. The 
Hanford site-wide model (Law 1995) will be used to determine the 
impact of the S, SX, and SY Tank and the Environmental 
Restoration Disposal Facility (ERDF) on this disposal action. 
The inventories and other parameters will be taken from the ERDF 
performance assessment (Wood 1995). The work by Wood et al. 
assumes that 99% of the waste from the tanks would be removed. 
Based on the projected groundwater flow path, these are the 
activities that will have the most impact on the current disposal 
action. All other activities will be not be evaluated until 
shown to be warranted. 
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Facility 

Facility 

Facility 

Facility 

Section I Sensitivitv Case 

No side capillary barrier. 

No capillary barrier. 

Shorter capillary barrier (Concept 2 layout). 

Water-conditioning layer replaced with back-filled 

Top of unconfined aquifer is at 96 meters below I the surface. Geology 

Facility 

Facility 

Faci 1 i ty 

Facility 

Facility 

Degradation 

Degradation 

Degradation 

Degradation 

Hydraulics 

Hydraulics 

Kydraul i cs 

Release Rate 

Top of unconfined aquifer is at 110 meters below I the surface. Geology 

Sand used as filler. 

Rotate the disposal facility by 90" (with the 
longest dimension perpendicular to the groundwater 
flow). 

Waste form is glass spheres with a diameter of 1 
cm surrounded by a matrix of sulfur polymer cement 
(waste form volume: 70% glass spheres, and 30% 
sulfur polymer cement). 

Sand used as matrix material inside container. 

Reduce radionuclide density in waste form by a . 
factor of 2 ,  increase the number of vault rows by 
a factor of 2 .  

Concrete degrades at 0 years. 

Concrete walls and ceiling degrade at 500 years, 
floor degrades at 2000 years. 

Degraded capillary barrier. 
is at 2/3*l from the apex of the barrier where 1 
is half the width of the barrier.) 

Sulfur polymer cement degrades to sand at 500 
years but retains chemical properties. 

Change hydraulic parameters in vadose zone so that 
the entire zone has parameters corresponding to 
the Hanford formation sandy sequence. 

Change hydraulic parameters in vadose zone so that 
the bottom half of the zone has parameters 
corresponding to the Hanford formation gravelly 
sand sequence. 

Change diffusion constant to cm'/sec 

Contaminant release rate from glass as specified 
by McGrail 1996 report. 

(The degradation point 
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Section 

Release Rate 

Release Rate 

Release Rate 

Geochemical 

Geochemical 

Geochemical 

Exposure 

Calculational 

Calculational 

Calculational 

Calculational 

Calculational 

Calculational 
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APPENDIX B RADIONUCLIDE .RELEASE RATE DERIVATION 

The radionuclide release rate [RRR(t)l as a function of time 
t can be calculated based on a set of assumptions: 

( 4 )  

the radionuclide release rate is proportional to the 
waste form corrosion rate [WFCR(t)l and the inventory 
density at the surface [ID.,,], 

the waste form corrosion rate is proportional to the 
instantaneous surface area [S(t)l, 

in each waste form container, the radionuclides are 
uniformly spatially distributed [that is I(t)/V(t) = 
constant, where I is the inventory left in the 
container and V is the instantaneous volume], and 

each linear dimension decreases at a constant rate 

Using the first three assumptions and use ki's as constants, 

RRR(t) = kl WFCR(t) * ID,,, 
= kl * [kZ S(t)l * [k, * I(t) / V(t)l 
= k, * I(t) * S(t) / V(t) 1) 

Equation 1 forms the basis of the TWRS Privatization 
specifications (USDOE 1995). Assumption 3 also applies at the 
initial time (t = O ) ,  so 

Thus 

RRR(t) = k, * I(0) * S(t) / V(0). 2 )  

Along with assumption 4, the shape of the waste form determines 
the time dependence of the surface area. If the waste form is 
cubical or spherical in shape, then the surface area becomes 

S(t) = k, x(t)* = k, * [k, (T - t)l' 
= k7 * (T - t)', 3 )  

where x is the time-dependent length or radius and T is the time 
for the waste form to release all its radionuclides. Combining 
equations 2 and 3 ,  the radionuclide release rate for a cubical or 
spherical waste form becomes 

RRR(t) = k, * k, * I(0) * (T - t)2 / V(0) 
= k, * I(0) * (T - t)'. 

The constant k7 can be determined by noting that the time 
integral of the radionuclide release rate from 0 to T is tKe 
total inventory, I(0). Thus 

k, = 3 / T'. 

4 )  
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