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REVIEWER: T. L. Danielson, 703-41A 

Topic 3.5.1: Vadose Zone Models 

Recommendation 150: Decide how to represent intact and subsided conditions for the proposed new 
conceptual closure cap design for the purpose of calculating infiltration. Produce new intact and subsided 
infiltration cases based on new conceptual design. 

E-Area Low-Level Waste Facility Vadose Zone Model: Confirmation of Water Mass Balance for 
Subsidence Scenarios  

Scope 

In preparation for the next revision of the E-Area Low-Level Waste Facility (LLWF) Performance Assessment 
(PA), a mass balance model was developed in Microsoft Excel to confirm correct implementation of intact- and 
subsided-area infiltration profiles for the proposed closure cap in the PORFLOW vadose-zone model. The 
infiltration profiles are based on the results of Hydrologic Evaluation of Landfill Performance (HELP) model 
simulations for both intact and subsided cases. 

Conclusions 

The analysis confirmed closure of the infiltration water mass balance to within 0.1% for the 5 percent and 10 percent 
subsidence cases as currently implemented in the PORFLOW vadose-zone model. In addition, for scenarios where 
one of the one or more subsided areas is located at the bottom edge of the cap to catch any remaining runoff or 
drainage from upslope, modeling results revealed that the spatially averaged infiltration rate (or total mass/volume 
of infiltrating water as a function of time) is independent of percent subsidence for all subsidence scenarios up to 
and including 100%. Scenarios where a subsided area is located at the cap’s bottom edge represent bounding cases 
at a fixed percent subsidence because they maximize the mass of water that will contact the waste below.  

Note that independence with respect to percent subsidence applies to spatially averaged infiltration, not to waste 
disposal limits. Limits will depend on additional considerations, including percent subsidence and how the subsided 
areas are distributed across the cap surface. For example, lower percent subsidence and fewer subsided areas mean 
that less waste will be contacted by the infiltrating water. In addition, the infiltration rates contained in this report 
are preliminary and should not be used for final design and modeling purposes. 
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Discussion 

A flow and radionuclide transport model of the vadose zone located beneath the proposed E-Area LLWF closure 
cap is being developed using PORFLOW. Figure 1 displays the approximately 25-acre central slit trench (SLIT or 
ST) region of the proposed E-Area closure cap. The initial vadose-zone trench model is based on Cross-section E. 
For the HELP infiltration model simulations, this region is represented as two simplified conceptual model cases 
(3% slope by 585-foot slope length and 2% slope by 150-foot slope length) as shown in Figure 2 (Dyer, 2017). 

Conceptual Model of Cap Subsidence 

A generalized conceptual model for cap subsidence is presented by Dyer (2017) as shown in Figure 3. The 
conceptual model is valid regardless of cap crest orientation with respect to the long axis of the disposal units (i.e., 
longitudinal or latitudinal). Importantly, the model assumes that 100% of the lateral drainage (i.e., infiltrating water 
shed through the closure cap drainage layer) and surface run-off from the intact portion of the cap directly upslope 
of the subsided region (light-blue-shaded areas in Figure 3) enters the subsided region (orange-shaded areas) as run-
on. The total run-on (flux) to the subsided region in inches/year, therefore, is directly proportional to the ratio of the 

 
 

 

Figure 1. Basis for Vadose-Zone Model (from SRP Drawing Nos. C-CT-E-00083 and C-CT-E-00084) 
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Figure 2. HELP Model Simulation Cases for Section E in Figure 1 

 

 
Figure 3. Conceptual Approach to Cap Subsidence 
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upslope intact area (UA1 or UA2) to the downslope subsided area (SA1 or SA2) as given by: 

 Run-on = (AreaUAi/AreaSAi)(Lateral Drainage + Surface Run-off)HELP Intact Case (1) 

Figure 4 displays one implementation of this conceptual model in the PORFLOW vadose-zone trench model where 
multiple subsided regions are evenly spaced on either side of the cap crestline and one subsided area is located at 
the bottom edge of the cap on each side. 

 

 

Figure 4. Implementation of Evenly Spaced Subsided Areas in PORFLOW Vadose-Zone Model 

 
Water Mass Balance 

For the conceptual subsidence model adopted here where a subsided area is located at the bottom edge on each side, 
the total mass of water infiltrating the surface of the closure cap (i.e., the sum of intact plus subsided area infiltration) 
is essentially equal regardless of the assumed number and percentage of subsided areas. This approximate equality 
holds because the area-averaged infiltration rate of water at the cap surface (i.e., mass rainfall minus mass 
evapotranspiration) for subsided cases (MTOT X% SUBSIDENCE) is approximately equal to the quantity “rainfall minus 
evapotranspiration” for the 100% intact case (MTOT INTACT) where the drainage and barrier layers have been removed 
from the HELP model. 
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 MTOT INTACT = MTOT 3% SUBSIDENCE = MTOT 5% SUBSIDENCE = MTOT 10% SUBSIDENCE (2) 

 MTOT INTACT =  Mass Rainfall𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 −  Mass Evapotranspiration𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (3) 

 MTOT X% SUBSIDENCE =  ∑ 𝐼𝐼𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐴𝐴𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖 +  ∑ 𝐼𝐼𝑗𝑗 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑗𝑗 𝐴𝐴𝑗𝑗 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  (4) 

where Ii and Ij are the infiltration rates and Ai and Aj are the areas for each intact and subsided segment, respectively. 
A demonstration of this equality concept is provided below in the sections Mass Balance Model and Relationship 
to the Intact Case. 

When considering radionuclide transport and waste disposal limits, however, percent subsidence as well as the 
number and distribution of subsided areas will matter. For example, lower percent subsidence and fewer subsided 
areas mean that less waste will be contacted by the infiltrating water. The water mass balance provides a convenient 
reality check for any proposed subsidence scenario implemented in PORFLOW, and is demonstrated in more detail 
below. 

Mass Balance Model 

A water mass-balance model based on Figure 4 was developed in Microsoft Excel. The bases for the model were: 
 

• 5% and 10% subsidence cases. 

• Upslope intact area to downslope subsided area ratio is 18.6:1 and 8.9:1 at 5% and 10% subsidence, 
respectively 

• Width of cap slice is 1 foot (ft.). 

• Percent slope and slope lengths are as shown in Figures 2 and 4. 

• Cap extends beyond (overhangs) waste disposal unit footprint by 40 ft. on each end. 

• Locations of subsided regions are as shown in Figure 4. 

• Infiltration rate (I) is a normalized volumetric flux expressed in units of inches (in.) per year (yr.) [volume 
(Vi) per yr. per unit area]. 

• Surficial area of Section i of cap surface is slope length Li x slope width 1 ft. = Li square feet (ft2). 

• Mass of water infiltrating Section i is (Ii)(Li)(1 ft./12 in.)(62.43 pounds/cubic feet) = mi pounds (lbs.). 

• Total mass of water infiltrating through the cap is the Σ mi. 
 
For illustration purposes, infiltration rates were generated by HELP v4.0 (Dixon, 2017) using the same design 
(number, type, and material properties of layers) as the F-Area Tank Farm (FTF) closure cap (Phifer et al., 2007 
and Phifer et al., 2009). The infiltration rates are preliminary and should not be used for final design and vadose 
zone modeling purposes. 



SRNL-STI-2017-00728  6 

 

The water mass balances at three points on the infiltration-rate-versus-time curve were analyzed: 0 hours, 1,000 
hours, and 10,000 hours following installation of the closure cap system. Subsidence is conservatively assumed to 
occur immediately at time zero. 

Figures 5, 6, and 7 compare the mass balance results for 5% and 10% subsidence at 0, 1,000, and 10,000 years 
following cap installation, respectively. At each time step, the difference in the total volume of infiltration water 
between the 5% and 10% subsidence scenarios is less than 0.1% as shown in Table 1. 

Figure 8 displays the results of the water balance for all time steps in the infiltration rate curve (0 to 10,000 years) 
assuming 10% subsidence. The last two columns in the table shown in Figure 8 compare the area-averaged 
infiltration rate calculated across the entire cap surface area (including the 40-foot overhangs) and across the total 
footprint of the waste zone only. The area-averaged infiltration rates are independent of percent subsidence for all 
subsidence scenarios up to and including 100% because one of the subsided areas is located at the bottom edge of 
the cap. 

 

 

 Figure 5. Results of Water Mass Balance 5% and 10% Subsidence at 0 Years 
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Figure 6. Results of Water Mass Balance 5% and 10% Subsidence at 1,000 Years 

 

Figure 7. Results of Water Mass Balance 5% and 10% Subsidence at 10,000 Years 
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Table 1. Comparison of Water Balance for 5% and 10% Subsidence Scenarios 

Time after Cap 
Installation 

(Years) 

5% Subsidence 
Total Volume 

Infiltration Water (ft3) 

10% Subsidence 
Total Volume 

Infiltration Water (ft3) 
Difference 

0 900.5970 901.3094 0.079% 

1,000 926.4467 927.1033 0.071% 

10,000 961.1450 961.1367 -0.001% 

 
 

 
Figure 8. Area-Averaged Infiltration Rates as a Function of Time for Subsidence Scenarios 

 
Relationship to the Intact Case 

The area-averaged infiltration rates across the waste zone footprint (last column in Figure 8) should be close in 
value to predicted infiltration rates for an intact scenario where the drainage and barrier layers have been removed 
from the HELP model. For this alternate intact cap configuration, the water mass balance reduces to: 

 Rainfall = Evapotranspiration + Infiltration (5) 
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Surface runoff is predicted to be negligible because the barrier layers impeding downward flow of percolating water 
have been removed from the HELP model. For this alternate intact-cap configuration, HELP v4.0 calculates an 
area-averaged infiltration rate equal to approximately 16.5 inches per year. This is a second confirmation that the 
intact- and subsided-area infiltration profiles for the proposed closure cap have been correctly implemented in the 
PORFLOW vadose-zone model. 

Summary 

The analysis confirmed closure of the infiltration water mass balance to within 0.1% for the 5 percent and 10 percent 
subsidence cases as currently implemented in the PORFLOW vadose-zone model. In addition, for scenarios where 
one of the one or more subsided areas is located at the bottom edge of the cap to catch any remaining runoff or 
drainage from upslope, modeling results revealed that the spatially averaged infiltration rate (or total mass/volume 
of infiltrating water as a function of time) is independent of percent subsidence for all subsidence scenarios up to 
and including 100%. Scenarios where a subsided area is located at the cap’s bottom edge represent bounding cases 
at a fixed percent subsidence because they maximize the mass of water that will contact the waste below.  

Note that independence with respect to percent subsidence applies to spatially averaged infiltration, not to waste 
disposal limits. Limits will depend on additional considerations, including percent subsidence and how the subsided 
areas are distributed across the cap surface. For example, lower percent subsidence and fewer subsided areas mean 
that less waste will be contacted by the infiltrating water. In addition, the infiltration rates contained in this report 
are preliminary and should not be used for final design and modeling purposes. 
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