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RECOMMENDED VALUES FOR PERCOLATION RATES TO SUPPORT FUTURE SDF MODELING 

When developing inputs for Performance Assessments {PAs), there is often a trade-off between 
defensibility and realism, especially for parameters that are associated with uncertainty. Where a range 
of values are presented, the general tendency of PA analysts is to err on the side of caution, thus selecting 
more defensible values. However, applying this conservative approach for multiple parameter selections 
may have a compounding affect, providing model results which may be far removed from expected future 
conditions. While compounding conservatism may provide robust defensibility for establishing 
compliance, if PA models are too far removed from expected future conditions, they may become 
inappropriate to use for assessing actual risk. 

Previous efforts to develop percolation rates through an engineered closure cap, designed for the 
Saltstone Disposal Facility {SDF) {WSRC-STl-2008-00244) used a number of conservative assumptions to 
estimate an average annual percolation rate. This average percolation rate has been used as input to the 
SDF PA {SRR-CWDA-2009-00017) and subsequent SDF Special Analyses {SAs) {SRR-CWDA-2013-00062, 
SRR-CWDA-2014-00006, and SRR-CWDA-2016-00072). 

Note that previous efforts to evaluate the percolation rates through the SDF closure cap used the term 
"infiltration" as synonymous with "percolation." [WSRC-STl-2008-00244] The two terms refer to related 
but different processes wherein infiltration is the rate of downward entry of water into the soil {or rock) 
surface, while percolation is the rate of flow through the soil {or through a porous or fractured media). 
Using the term infiltration as a synonym for percolation implies that both processes are assumed to be 
equal. Assuming that all water that infiltrates into the closure cap will percolate through the closure cap 
is a reasonably conservative assumption. This assumption is maintained herein. 

General Philosophy to SDF PA Input Development 

The purpose of this document is to reevaluate percolation rates to determine appropriate values for use 
in SDF PA modeling. The general philosophy applied herein is to develop three sets of recommended 
values: 

• Best Estimate values {i.e., the most realistic) to reflect expected future conditions regardless of 
defensibility, 

• Defensible Values {i.e., bounded by conservative assumptions) to use for providing defense-in
depth modeling, and 
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• Compliance Values (i.e., using a reasonable combination of the most probable and defensible
(MPAD) inputs), blending the Best Estimate approach with the Defensible approach to provide
values recommended for compliance modeling.

By organizing inputs in this way, models may be developed that either reflect expected conditions (i.e., 
best estimate values) or defensible conditions to provide a more clearly defined defense-in-depth 
approach.  The MPAD values to support compliance fall somewhere between the expected and defensible 
values. 

Updated Modeling 

This document focuses on interpreting the recommended percolation rates from a recent study 
performed by Benson and Benavides (2018) from the University of Virginia (UVA).  [SRRA107772-000009]  
The recommended percolation rates from UVA were developed “based on the most recent information 
available regarding the engineering properties of final covers.”  [SRRA107772-000009] 

UVA developed long-term predictions of percolation rates using the latest techniques via the “variably 
saturated flow code WinUNSAT-H.” (SRRA107772-000009).  For previous SDF PA modeling, the HELP code 
(developed by the U.S. Environmental Protection Agency) was used.  [WSRC-STI-2008-00244]  More 
significant than the software, key modeling assumptions have been revised to provide a more realistic 
assessment of possible percolation rates.  Table 1 provides a summary of the differences in key 
assumptions, comparing the previous HELP modeling (WSRC-STI-2008-00244) against UVA’s updated 
WinUNSAT-H modeling (SRRA107772-000009). 

The “silting in” assumption from Table 1 assumes that over time “colloidal clay migrates with water flux 
from the middle backfill to the underlying 1-foot-thick lateral drainage layer” and that this process 
gradually reduces the saturated hydraulic conductivity of the lateral drainage layer from an initial value 
of 5.0E-04 m/s (or 5.0E-02 cm/s) to that of the overlying backfill: 4.1E-07 m/s (or 4.1E-05 cm/s).  [WSRC-
STI-2008-00244] However, as indicated in Table 1, Benson and Benavides saw no evidence to support this 
assumed phenomenon.  [SRRA107772-000009] Despite the lack of evidence, the UVA modeling includes 
a modeling scenario which assumes that at 500 years the saturated hydraulic conductivity of the lateral 
drainage layer decreases from of 5.0E-04 m/s (or 5.0E-02 cm/s) to 1.0E-04 m/s (or 1.0E-02 cm/s).  This 
assumption represents a reasonable upper-bound condition to assess long-term uncertainty in closure 
cap performance. 
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Table 1: Summary of Changes to Key Assumptions 

Assumption 
Shorthand 

Previously 
Assumed 
Condition 

Updated 
Assumed 
Condition 

Basis for Change 

Vegetative 
Cover 

Grass Evolving to 
Pine Grass Only 

“[A]ssuming grass cover permits more water 
to become deep drainage that enters the 
lateral drainage layer than would occur with 
pine or bamboo cover.” [SRRA107772-
000009] 

Root 
Penetrations 
Through the 
Geosynthetic 

Clay Liner 
(GCL) 

Increasing Over 
Time  None 

Previous modeling “assumed that the 
hydraulic conductivity of the GCL 
[geosynthetic clay liner] would increase in 
response to penetration of tree roots.” 
[SRRA107772-000009] However, newer 
studies indicate that this assumption was 
unreasonably conservative as root growth “is 
opportunistic, seeking out sources of water 
that require the least amount of energy to 
extract.”  [SRRA107772-000009] As such, it is 
unlikely that roots would forcibly puncture 
and penetrate through the GCL. 

Silting In 

Fines from 
overlying backfill 
assumed to infill 
drainage layers 

over time  

Partially 
credited for 

Upper Bound 

Silting in is a “phenomenon that has not 
[been] observed during exhumation of 
modern final covers or in historic sites that are 
analogs.” [SRRA107772-000009] 

Initial Holes or 
Defects in the 

Composite 
Barrier 

4 cm2 per acre 

Either 0.064 
cm2 per acre 

or 1.6 cm2 per 
acre 

Updated modeling assumes five defects per 
hectare with either 2 mm diameter holes (for 
predicting realistic performance) or 10 mm 
diameter holes (for predicting bounding 
flows).  This assumption is “consistent with a 
high level of quality control.” [SRRA107772-
000009] 

Climate 
Variability Average Only Average and 

Wetter 

The wetter climate assumption is consistent 
with potential long-term climate change 
postulated by Walsh et al., 2014. 

 

UVA Recommended Long-Term Estimates of Percolation Rates through the SDF Closure Cap 

Based on the revised modeling assumptions, UVA provided a table with a variety of recommended 
percolation rates for various scenarios.  However, an error was identified in the results provided by UVA 
wherein the impingement rates from WinUNSAT-H were entered into the leakage rate calculations using 
incorrect units.  The calculations have been corrected and are presented here as Table 2.  In addition to 
correcting the impingement rates, a more conservative maximum slope length of 1,170 feet has been 
assumed (as opposed to 825 feet); this is based on preliminary closure case designs.  And the assumed 
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thickness of the composite barrier (i.e., HDPE and GCL) has been modified from 10 mm to a more 
defensible 8 mm thickness.   

Colors have been added to this table to aid in the following discussion.  These percolation rates are 
provided graphically in Figure 1.  Regardless of the scenario, the recommended percolation rates are 
initially higher than the average percolation rates from the HELP model (i.e., during the first 100 years), 
but lower in later times. 

Table 2: Summary of Recommended Percolation Rates 

Time 
Frame 

(yr) 

Climate 
Condition 

Drainage Layer 
Condition 

Geomem-
brane State 

Percolation 
Rate 

(mm/yr) 
Comments 

0-500 Long-term 
average 

Realistic and 
expected 

Antioxidants 
Present 0.0060 Realistic & expected near 

term 

500-2000 Long-term 
average 

Realistic and 
expected 

Antioxidants 
Present 0.0060 Realistic & expected mid-

term 

>2000 Long-term 
average 

Realistic and 
expected 

Antioxidants 
Depleted 0.0083 Realistic & expected 

long-term 

500-2000 Long-term 
average 

Modestly less 
permeable 

Antioxidants 
Present 0.091 Reasonable upper bound 

mid-term 

>2000 Long-term 
average 

Modestly less 
permeable 

Antioxidants 
Depleted 0.13 Reasonable upper bound 

long-term 

>2000 Long-term 
average 

Modestly less 
permeable 

Antioxidants 
Depleted 0.69 Upper bound long-term 

with degraded GCL 

0-500 Very wet/ 
climate change 

Realistic and 
expected 

Antioxidants 
Present 0.013 Realistic & expected near 

term 

500-2000 Very wet/ 
climate change 

Realistic and 
expected 

Antioxidants 
Present 0.013 Realistic & expected mid-

term 

>2000 Very wet/ 
climate change 

Realistic and 
expected 

Antioxidants 
Depleted 0.018 Realistic & expected 

long-term 

500-2000 Very wet/ 
climate change 

Modestly less 
permeable 

Antioxidants 
Present 0.22 Reasonable upper bound 

mid-term 

>2000 Very wet/ 
climate change 

Modestly less 
permeable 

Antioxidants 
Depleted 0.30 Reasonable upper bound 

long-term 
Source: SDF_ClosureCap_LeakageRateCalcs_11.13.2018.xlsx (Sheet: Updated Calc). 
Note: In previous work, the “geomembrane” is more commonly referred to as High Density Polyethylene (HDPE). 
 

This table indicates that three variables were considered (Climate, Drainage Layer, and Geomembrane 
State).  Each set of conditions has two conditions: 

• The two climate conditions considered are long-term average (which is based on the average 
precipitation from 1964 to 2016: 1196 mm/yr) and an assumed wetter climate (which is the 
highest 10-year average between 1964 to 2016: 1330 mm/yr).  The climate condition impacts the 
entire duration of the simulation, starting at time = 0 years. 

• The two drainage layer conditions are the realistic and expected condition in which the initial 
saturated hydraulic conductivity of the lateral drainage layer (5.0E-02 cm/s) doesn’t change at 
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time = 500 years, and a modestly less permeable which assumes that at 500 years the saturated 
hydraulic conductivity of the lateral drainage layer undergoes a modest decrease (1.0E-02 cm/s). 

• The two geomembrane states are antioxidants present or antioxidants depleted.  For every 
model scenario considered, the initial condition is that the antioxidants are present, then at 2,000 
years, a step-change occurs and the antioxidants are depleted.   

Additionally, an unlikely scenario in which assumes that the GCL becomes 10 times more permeable (i.e., 
using the GCL hydraulic conductivity suggested in NUREG CR-7028) at 2,000 years was also considered.  
This scenario was only considered with the long-term average climate condition and the less permeable 
(reasonable upper bound) drainage layer condition.  

Figure 1:  Various Percolation Rates Considered 
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Final Recommendations 

To make Table 2 usable for SDF PA modeling, the various percolation rates must be mapped to the 
appropriate SDF PA input philosophies.   

Given the uncertainty surrounding potential climate change, assuming a wetter climate condition 
represents an alternative conceptual model that is independent of the “base case” or “Central Scenario” 
modeling, as defined in the Conceptual Model Development for the Saltstone Disposal Facility 
Performance Assessment.  [SRR-CWDA-2018-00006]  Therefore, for the Central Scenario only the “long-
term average” climate conditions are considered.  As such, the best estimate (or realistic) conditions are 
best represented by the “realistic and expected” percolation rates, the MPAD (or compliance) conditions 
are best represented by the “reasonable upper bound” percolation rates, and the defense-in-depth (or 
conservative) conditions are best represented by the unlikely scenario with the degraded GCL. 

Table 3 summarizes the recommendations for percolation inputs to the SDF PA. 

Table 3: Percolation Rates for Use in SDF PA Modeling 

 Conceptual Climate 
Scenario  

Average Climate  
(Central Scenario) 

Wetter Climate 
(Alternative Scenario) 

 UVA Descriptors  
Realistic 

and 
Expected 

Reasonable 
Upper 
Bound 

Reasonable 
Upper Bound, 
with Degraded 

GCL 

Realistic 
and 

Expected 

Reasonable 
Upper 
Bound 

SDF PA Input 
Philosophy  

Best 
Estimate 

(Realistic)  

Compliance 
(MPAD) 

Defensible 
(Conservative) 

Best 
Estimatea MPADa 

Year ↓ 
0 0.0060 0.0060 0.0060 0.013 0.013 

500 0.0060 0.0060 0.0060 0.013 0.013 
500 0.0060 0.091 0.091 0.013 0.22 

2000 0.0060 0.091 0.091 0.013 0.22 
> 2000 0.0083 0.13 0.69 0.018 0.30 

Note: (a) Despite being labeled as a “Best Estimate” and “MPAD,” the different conceptual climate scenario (i.e., wetter 
climate) indicates that this scenario is not consistent with the expected conditions established as the SDF PA Central 
Scenario.  Therefore, these conditions should not be used for establishing compliance. 
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