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Summary 
Upon restart of grout production in the Saltstone Production Facility and subsequent disposal in 
the Saltstone Disposal Facility, wet spots on the exterior of the Vault 4 walls have been observed 
during grout pouring operations.  The wet spots are a result of liquid weeping from minor 
hairline cracks in the vault walls or at construction joints.  This analysis concludes that vault 
cracking was a situation that was acknowledged and accounted for in the performance 
assessment analyses and there is an insignificant impact due to the radionuclide inventory 
associated with the weeping.  Therefore, the discovery of the vault weeping is within the bounds 
of the existing Performance Assessment1 and Composite Analysis2. 

 

Introduction 
One intent of DOE Order 435.13, as expressed in the performance assessment/composite analysis 
guidance4, is to ensure that proposed or discovered changes in waste forms, containers, 
radionuclide inventories, facility design, and operations, are reviewed to ensure that the 
assumptions, results, and conclusions of the DOE approved performance assessment (PA), and 
composite analysis (CA), as well as any Special Analyses (SA) that might have been performed, 
remain valid (i.e., that the proposed change or discovery is bounded by the PA and CA) and the 
changes are within the bounds of the Disposal Authorization Statement.  The goal is to provide 
flexibility in day-to-day operations and to require those issues with a significant impact on the 
PA’s conclusions, and therefore the projected compliance with performance objectives/measures, 
to be identified and brought to the proper level of attention.  It should be noted that the term 
performance measure is used to describe site specific adaptations of the DOE Order 435.1 
Performance Objectives and requirements (e.g., performance measures such as applying drinking 
water standards to the groundwater impacts assessment). 

 

The intent of this document is to provide an evaluation to determine if the presence of minor 
hairline cracks in the vault walls and cracks at construction joints in the Saltstone Disposal 
Facility (SDF) Vault 4 concrete walls, indicated by observed wet spots on the exterior surface of 
the vault walls, are within the assumptions, parameters, and bases of the approved PA, including 
applicable Special Analyses, and CA and that the risk associated with the weeping radionuclide 
inventory is insignificant.  If not, then, according to the SRS Disposal Authorization Statement5 
(DAS), the PA and CA would need to be updated as appropriate and DOE approval sought of the 
update (special analysis or revision of the PA or CA).  

 

Description of the Discovery 
Upon restart of grout production in the Saltstone Production Facility and subsequent disposal in 
the Saltstone Disposal Facility, wet spots on the exterior of the Vault 4 walls have been observed 
during grout pouring operations.  The wet spots are a result of liquid weeping from minor cracks 
in the vault walls.   
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Supporting Analysis 
Liquids, in the form of bleed water or flush water present, in and around the saltstone grout occur 
from transient conditions encountered during saltstone operations.  Bleed/process water resulting 
from the grout curing process, flush water used to clean portions of the transfer lines after grout 
runs, condensation from temperature changes, along with small amounts of rainwater intrusion 
can fill the gap that forms between the grout and the vault wall.  During active grout pouring in a 
cell, the water column can create enough hydrostatic pressure to cause liquid to weep from the 
cracks in the vault walls.   The liquids present from processing operations are removed on a 
routine basis using the Vault 4 Drain Water Return System.  The Drain Water Return System 
collection pipe within the vault cells will be emptied and flushed prior to final closure to ensure 
any radionuclide inventory in the pipe is minimized.  The requirement to flush the system will be 
added to a future revision to the Saltstone Disposal Facility Closure Plan.  The vault will not 
contain free liquid at the time of closure.   

 

The issue of SDF vault cracking has been addressed in the 2005 SA6, the response to the Nuclear 
Regulatory Commission’s (NRC) Request for Additional Information7 (RAI), and in the 
responses to public meeting Action Items8 during the NRC consultation process on the SRS Salt 
Waste Disposal Section 3116 Waste Determination9. Cracking of SDF concrete vaults is 
expected to occur. In addition, the SA assumes that degradation of the vault concrete over time 
will increase the water flux through the vault concrete.  

 

2005 Special Analysis 

The 2005 SA addressed the issue of cracking in Section A.4.  The analysis indicates that vertical 
cracks or fractures are anticipated due to static settlement and seismic effects (i.e., earthquakes).  
The analysis concluded that during the evaluation period of 0 to 10,000 years the conditions 
predicted by anticipated low water infiltration and saltstone suction head of roughly 1200 cm 
result in an insignificant impact from any cracks. 

 

Vertical cracks or fractures spanning the entire Saltstone Vault 4 width and height are 
predicted to occur at 30 ft intervals, coinciding with construction joints, in response to 
static settlement and earthquakes. For the assumed properties of saltstone, the literature 
indicates cracks can be neglected when the suction head exceeds approximately 200 cm 
in saltstone. Such conditions are predicted to occur during the 0-10,000 year period. This 
conclusion applies regardless of crack geometry, i.e., open at top, open at bottom, or 
through-crack. [2005 SA6, page 83] 

 

Responses to NRC RAI  

The responses to the NRC’s RAI7 elaborated on the cracking evaluations in RAIs 32, 36, 39, and 
42.  The responses indicated that the occurrence of cracks in the vault over the 10,000 year 
evaluation period are expected and were accounted for by increasing the hydraulic conductivity 



 

Unreviewed Disposal Question Evaluation: SRS-REG-2007-00041 
Evaluation of Liquid Weeping from Vault 4 Exterior Walls Revision 1 

 
Page 5 of 9   

 

(i.e., increased water flow potential) through the vault structure rather than by explicitly 
modeling physical cracks in the vaults.  RAI 32 states: 

 

In the 2005 SA, two aspects of concrete degradation were considered: 1) cracking caused 
by differential settlement and seismic events and 2) internal and external 
mechanisms/processes which led to an increase in hydraulic conductivity over time.  
These processes include rebar corrosion, ettringite formation (sulfate attack), 
carbonation, and calcium hydroxide leaching. 

 

A structural analysis predicted that cracks will develop from differential settlement and 
seismic events over a 10,000 year period and their apertures will increase with 
increasing time [Peregoy, 2003].  However, that analysis showed that the cracks will 
open either at the top or at the bottom and will be pinched closed at the opposite end.  
The 2005 Special Analysis, Section A.4, concluded that cracks of any geometry have very 
little effect on contaminant transport rate.  Based on this finding, large-scale cracks 
[from seismic events and settlement] were not explicitly modeled in the 2005 SA [Cook et 
al. 2005, Section A.4]. 

 

***.  The saturated hydraulic conductivity of the saltstone vault concrete was increased 
from 1.0E-12 to 1.0E-9 cm/sec over 10,000 years [Cook et al. 2005, Section A.4, p. A-9].  
This approach was intended to address the consequences of degradation (cracks) 
regardless of the mechanism and to eliminate:  1) numerical difficulties associated with 
modeling fracture networks in a groundwater computer code and 2) large uncertainties 
associated with inputs such as timing, frequency, and size of fractures in the concrete 
vault. ***. [NRC RAI7, page 217] 

 

RAI 42 provides information relative to the anticipated crack sizes and acknowledges that cracks 
will form in the first 100 years of evaluation and were accounted for in the performance 
assessment. 

 

An extensive structural analysis was performed for Vault 4 to assess the potential for 
large-scale cracking in response to forecast static settlement and earthquakes (Peregoy 
2003).  Approximately vertical cracks or fractures spanning the entire vault width and 
height are predicted to form at multiple construction joints, which occur at 30 ft. 
intervals.  Cracks form within the first 100 years and gradually open with time (Figure 
42-1). 

    *** 

The influence of small-scale cracking, together with other phenomena degrading the 
hydraulic performance of saltstone, is implicitly addressed by an increasing saturated 
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hydraulic conductivity with time (Cook et al. 2005, Section A.2.3.1)…. [NRC RAI7 , page 
253] 

 

For the analysis, cracks ranging in size from .01 in. open at the top to .06 in. open at the bottom 
were evaluated beginning at year 100 and increasing in size to .62 in. and 2.18 in. respectively at 
year 10,000. 

 

Response to Public Meeting Action Items 

The responses to Action Items from NRC consultation public meetings8 further clarified and 
evaluated the potential impact of vault cracking in Action Items 7 and 8 from the July 27, 2005 
public meeting and Action Items 7 and 10 from the August 17, 2005 public meeting.  Action 
Item 7 (7/27/05) summarizes the varied mechanisms that could potentially cause cracking, the 
additional sensitivity cases evaluated and the final conclusion that after extending the potential 
range of degradation impacts the calculated doses were still below the performance objectives. 

 

Degradation mechanisms qualitatively considered for the concrete vault and the Saltstone 
waste form include: 

• Cracking from seismic events and settlement 
• Cracking due to external static loading (weight of overburden and cap) 
• Chemical reactions involving the waste components in Saltstone which could result in 

expansion and cracking. 
• Chemical reactions involving ions in the soil which could result in expansion and 

cracking 
• Chemical reactions involving corrodents in the soil which could cause leaching and 

an increase in porosity and/or cracking in the vault 
• Physical process such as freeze-thaw cycles 

[NRC Action Items8, page 22] 

 

The responses to Action Items 8 (7/27/05), 7 (8/17/05) and 10 (8/17/05) detail new sensitivity 
cases, Scenarios 31 and 32 and an in-filled crack scenario, modeling vault and saltstone cracking 
in which the cracks are fully saturated (i.e., increased water content over anticipated case) or 
filled with granular material.  In both cases, the calculated doses are below the performance 
objective of 25 mrem/year.  Action Item 8 (7/27/05) states: 

 

In sensitivity case 31, discussed in the response to U.S. Nuclear Regulatory Commission 
(NRC) Action Items 10 (8/17/05) contained within this document, the vault and saltstone 
are assumed to exhibit large-scale through-cracks at a 30 ft. spacing.  For comparison, 
the best-estimate settlement/seismic crack spacing averages 200 ft, i.e. three transverse 
cracks over a 600 ft. length (Ref. 6).  Cracks are represented by two feet wide columns of 
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gravel in the numerical model.  Secondly, the vault, saltstone, and cracks are assumed to 
be fully saturated.  The latter is implemented in the numerical model by setting the water 
retention and relative permeability curves to 1.0 regardless of suction (i.e., the saturated 
conductivity value is used under both saturated and unsaturated conditions).  These 
pessimistic assumptions maximize advective flow through porous saltstone, and, more 
importantly, force flow through the postulated fractures.  The result is an increase in 
dose from 0.05 mrem/year to 3.5 mrem/year in comparison to the base case (sensitivity 
case 1 from the response to NRC Action Item 10 (8/17/05)….  

 

A second sensitivity case was run to specifically explore the impact of fractures in-filled 
with granular material.  This sensitivity case is not one of the 33 cases discussed in the 
response to NRC Action Item 10 (8/17/05).  In this case, a conservative 30 ft. crack 
spacing was assumed as in sensitivity case 31 discussed above.  In-filled cracks were 
represented by two foot columns of native soil in the numerical model to accommodate 
the existing mesh resolution, and result in a conservative representation of physical 
cracks with a nominal aperture of roughly one inch.  The baseline moisture curves were 
used for all materials.  The result is an increase in dose from 0.05 mrem/yr to 1.1 
mrem/yr in comparison to the base case (sensitivity case 1 from the response to NRC 
Action Item 10 (8/17/05)….  [NRC Action Items8, page 24] 

 

In order to address the risk associated with the radionuclide inventory from weeping, calculation 
N-CLC-Z-0002010 was completed and is included as Attachment 2.  The calculation concludes 
that there is no significant risk associated with the radiological inventory resulting from weeping 
from the Vault 4 walls. 

 

Evaluation 

 
To complete this UDQE, the following questions, which must be addressed in any UDQE11, are 
answered with respect to the information concerning liquid weeping from the Saltstone Vault 4 
exterior walls. 

  

1a. Is the proposed activity or new information outside the bounds of the approved PA/CA 
(e.g., does the proposed activity or new information involve a change to the basic 
disposal concept as described in the PA/CA such as critical inputs/assumptions or an 
increase in inventory analyzed in the CA)? 

 

NO.  Based on the discussion above concerning the basic disposal concept, critical inputs 
and assumptions bound the condition of minor hairline cracking of the vault wall and 
cracking at construction joints.  Therefore the discovery of wet spots on the exterior of 
the vault walls is within the bounds of the existing PA/CA. 
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1b. Does the proposed activity or new information cause the PA/CA performance measures 
to be exceeded? 

 

NO.  Based on the discussion above concerning the basic disposal concept, critical inputs 
and assumptions bound the condition of minor hairline cracking of the vault wall.  
Therefore the performance measures would not be exceeded. 

 

1c. Would the radionuclide disposal limits in the approved PA need to be changed to 
implement the proposed activity? 

 

NO. Since this is new information rather than a proposed activity, the issue of disposal 
limits is addressed in Question 1d. 

 

1d. Does the new information involve a change in the radionuclide disposal limits in the 
approved PA? 

 

NO. Based on the analysis above, the 2005 SA bounds the observed conditions.  Changes 
to the radionuclide disposal limits are not required. 

 

1e. Does the proposed activity or new information involve a change to the DAS? 

 

NO.  Based on the discussion above concerning the basic disposal concept, critical inputs 
and assumptions in the existing PA bound the condition of minor hairline cracking of the 
vault wall and cracking at construction joints.  Therefore, a change to the Disposal 
Authorization Statement is not required. 

 

Conclusion 
The depth of the initial evaluations presented in the 2005 SA and additional information supplied 
as part of the NRC consultation process illustrates that vault cracking was a situation that was 
acknowledged and accounted for in the performance assessment analyses.  Therefore, the 
discovery of the vault weeping is within the bounds of the existing PA/CA.  In addition, the 
radionuclide inventory in the Vault 4 walls and surrounding soil associated with weeping does 
not present a significant risk based on the calculations in Attachment 2.  Furthermore, because 
backfilling around the vaults and final closure of the SDF will not occur for a number of years, 
observation of vault conditions, including additional spotting or cracking, can be performed and 
the facility maintained until the time of closure or addressed in subsequent revisions of the PA as 
required.   
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1.0  Calculation Purpose  
 
The purpose of this calculation is to determine which, if any, radionuclides might pose a 
significant risk if released into the soil surrounding Saltstone Vault 4 from within the 
Vault 4 walls for existing Vault 4 weeping.   The list of radionuclides that might pose a 
significant risk are determined by applying a groundwater pathway screening factor 
based on the NCRP-123 groundwater pathway screening methodology.   Radionuclides 
with a screening dose of less than 2.5 mrem/yr do not have a significant risk and would 
be removed from further consideration based on the conservative screening methodology 
employed.   

2.0  Open Items 
 
None 
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4.0  Inputs and Assumptions  

4.1 Inputs 
 
Input Parameter Value Reference 
1 Soil Infiltration Rate (no 

closure cap present) 
16.45 inches/yr 
(41.78 cm/yr) 

WSRC-STI-2007-00184, 
Rev. 2, Table 1 page 2. 

2 Water table darcy average 
velocity 

20.82 ft/yr  
(0.057 ft/d) 

CBU-PIT-2005-00131, Rev. 
1, Table 47-1. 

3 Lower vadose zone porosity 
value 

0.39 (unitless) WSRC-STI-2006-00198, 
Rev. 0, Table 5-9. 

4 Lower vadose zone average dry 
bulk density 

1.62 g/mL WSRC-STI-2006-00198, 
Rev. 0, Table 5-9. 

5 Saturation value 0.72 (unitless) WSRC-STI-2006-00198, 
Rev. 0, Page 141. 

6 Saltstone Vault 4 Radionuclide 
concentrations 

See Table 1 X-ESR-H-00123, Rev. 0, 
pages 7 and 9. 

7 Internal Ingestion DCFs See Table 1 ISSN 0146-6453 (ICRP 
Publication 72). 

8 Lower vadose zone distribution 
coefficients 

See Table 1 WSRC-TR-2006-00004, 
Rev. 0, Table 10. 

9 Maximum water table elevation 
near Vault 4 

246 ft WSRC-TR-2005-00131, 
Rev. 0, Figure 8, page 14. 

10 Saltstone Vault 4 bottom 
elevation  

269 ft W82992, Rev. B1. 

11 Annual consumption rate of 
drinking water 

800 L/yr NCRP-123, page 72. 

12 Thickness of soil layer between 
Vault and water table 

700 cm Assumption 2. 

13 Cs-137 half life 30.3 years Tuli, Nuclear Wallet Cards. 
14 Sr-90 half life  28.8 years Tuli, Nuclear Wallet Cards. 
15 Pu-238 half life  87.8 years Tuli, Nuclear Wallet Cards. 
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Table 1 – Saltstone Vault Inputs by Radionuclide  

 

Vault 4 
Radionuclide 

Concentrations 
pCi/mL 

Vault 4  
Radionuclide 

Concentrations 
Ci/L 

Internal Ingestion 
DCFs (rem/µCi) 

Internal 
Ingestion 

DCFs 
(mrem/Ci) 

Kd 
Values 
(mL/g) 

H3 1.24E+03 1.24E-06 6.66E-05 6.66E+04 0 
C14 1.35E+03 1.35E-06 2.15E-03 2.15E+06 0 

Ni63 7.86E+01 7.86E-08 5.55E-04 5.55E+05 7 
Sr90 6.90E+04 6.90E-05 1.04E-01 1.04E+08 5 
Tc99 1.84E+04 1.84E-05 2.37E-03 2.37E+06 0.1 
I129 3.86E+00 3.86E-09 4.07E-01 4.07E+08 0 

Cs137 3.72E+07 3.72E-02 4.81E-02 4.81E+07 50 
Th230 3.27E+03 3.27E-06 7.77E-01 7.77E+08 900 
Th232 1.70E-02 1.70E-11 8.51E-01 8.51E+08 900 
U232 4.41E-01 4.41E-10 1.22E+00 1.22E+09 200 
U233 4.69E+01 4.69E-08 1.89E-01 1.89E+08 200 
U234 1.38E+02 1.38E-07 1.81E-01 1.81E+08 200 
U235 2.45E-01 2.45E-10 1.74E-01 1.74E+08 200 
U236 6.37E+00 6.37E-09 1.74E-01 1.74E+08 200 
U238 3.19E+00 3.19E-09 1.67E-01 1.67E+08 200 

Np237 1.56E+01 1.56E-08 4.07E-01 4.07E+08 0.6 
Pu238 7.30E+04 7.30E-05 8.51E-01 8.51E+08 270 
Pu239 4.67E+03 4.67E-06 9.25E-01 9.25E+08 270 
Pu240 4.67E+03 4.67E-06 9.25E-01 9.25E+08 270 
Pu241 3.42E+03 3.42E-06 1.78E-02 1.78E+07 270 
Pu242 8.45E+01 8.45E-08 8.88E-01 8.88E+08 270 
Pu244 3.92E-01 3.92E-10 8.88E-01 8.88E+08 270 

Am241 9.44E+03 9.44E-06 7.40E-01 7.40E+08 1100 
Am242m 5.07E+00 5.07E-09 7.03E-01 7.03E+08 1100 

Am243 1.35E+02 1.35E-07 7.40E-01 7.40E+08 1100 
Cm242 4.20E+00 4.20E-09 4.44E-02 4.44E+07 1100 
Cm244 2.25E+04 2.25E-05 4.44E-01 4.44E+08 1100 
Cm245 7.16E+01 7.16E-08 7.77E-01 7.77E+08 1100 
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4.2 Assumptions 
 
Assumption 1:  The total radionuclide inventory released into the soil surrounding the 
Saltstone Vault 4 from within the Vault walls is less than or equal to 1000 liters of 
undiluted salt solution.   
Assumption 1 Basis:  The initial inventory used in the screening is 1000 liters of salt 
solution situated directly below the saltstone vault.   This inventory is assumed to bound 
the quantity of salt solution that could be contained in the vault walls and located in the 
soil right outside the vault.    
Assumption 1 Conservatisms: Based on Vault 4 visual inspections, the current Vault 4 
weep locations are less than 100 linear feet on the vault surface.  Conservatively 
assuming weep locations are represented by cracks that run the full 18 inch wall depth 
and are 0.01 inches in width, the crack volume for the entire Vault 4 would be less than 4 
liters.   The 0.01 inches accounts for the actual crack width and any migration into the 
concrete, assuming a concrete hydraulic conductivity of 1.0E-10 cm/sec (3.2E-3 cm/yr).  
The soil surveys around Vault 4 do not indicate that liter volumes of vault contents were 
released to the surrounding soil.   Assuming that 1000 liters inventory is released into the 
soil surrounding Saltstone Vault 4 is therefore conservative by greater than an order of 
magnitude.   The assumption of 1000 liters of undiluted salt solution also ignores any 
retardation within the Vault 4 walls. 
 
Assumption 2: The minimum travel distance from Saltstone Vault 4 to the top of the 
water table is 23 feet (7.0 meters).  
Assumption 2 Basis:  The minimum travel distance from Vault 4 to the top of the water 
table is assumed to be bound by the distance based on the maximum water table elevation 
near Vault 4 of 246 ft and the Vault 4 bottom elevation of 269 ft. 
Assumption 2 Conservatisms: The maximum water table elevation used near Vault 4 
(246 ft) used is higher than the water table elevation of 220 ft recorded during 2007 well 
tests (WSRC-TR-2008-00001), which would indicate that there is potentially an 
additional 26 feet of vadose soil between the Vault 4 bottom and the top of the water 
table that is not utilized in this calculation. 
 
Assumption 3: A dilution water volume of 4.48E+07 liters is assumed.  
Assumption 3 Basis:  The exposure scenario from NCRP-123 assumes the entire waste 
inventory is susceptible to leaching over a period of one year into a dilution water 
volume.   The dilution water volume of 4.48E+07 liters is based on a mixing cell defined 
by the vault length (600 ft from ref. W828992), vault width (200 ft from ref. W828992), 
and a 13.2 ft mixing cell depth (See Figure 1).  The 13.2 ft mixing cell depth was 
determined assuming the contaminant volume transported downward through the soil 
(defined by the 600 ft length times the 200 ft width times the infiltration rate darcy 
velocity of 16.45 in/yr) is equal to the contaminant volume transported laterally through 
the water table (defined by the 600 ft length times the unknown depth times the water 
table darcy velocity of 20.82 ft/yr).  The two equations are used to solve for the unknown 
depth: (600 ft)*(200 ft)*(16.45 in/yr) = (600 ft)*(mixing depth in ft)*(20.82 ft/yr).  
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Assumption 3 Conservatisms: The assumed 13.2 ft mixing cell depth is less than the 
well screen length (approximately 20 ft) that would be used to extract the ingestion water 
from the aquifer.  No additional downstream mixing or water dilution (due to the well 
screen) was assumed beyond the mixing provided by the 13.2 ft mixing cell depth. 
 
Assumption 4: Radionuclides with a total water ingestion pathway screening dose of less 
than 2.5 mrem/yr are not considered to pose a significant risk.   
Assumption 4 Basis:  Past PA modeling has shown the water ingestion pathway to be 
dominant over other pathways.  The 2.5 mrem/yr screening limit is 1/10th of the All-
Pathways annual performance objective of 25 mrem/yr adopted for SRS PAs, which is 
based on the DOE 435-1 and 10CFR61 All-Pathways performance objectives.   Setting 
the limit at 1/10th of the All-Pathways annual performance objective is sufficient to 
account for other lesser pathways (e.g., vegetable ingestion, milk ingestion) and 
unquantified daughter products given the gross conservatisms inherent in the screening 
methodology. 
Assumption 4 Conservatisms: None 
 
Assumption 5: The soil underneath Saltstone Vault 4 has the properties of SRS lower 
vadose zone soil. 
Assumption 5 Basis:  The vadose zone properties are based on a geotechnical report on 
Z-Area hydraulic properties.   The soil under the vaults is relatively undisturbed and is 
characterized as vadose zone soil, in contrast to “backfill soil” which will be used during 
closure cap installation. 
Assumption 5 Conservatisms: None 
 
Assumption 6: The risk contribution of daughter products is not quantified. 
Assumption 6 Basis:  Based on past groundwater modeling experience, in growth of 
daughter products during transport is not expected to cause a significant increase in any 
of the initial inventories nor add an additional radionuclide that would pose an 
independent risk.  The daughter product inventories are by their nature a percentage of 
the parent inventories.  A review of the list of the decay chains and potential daughter 
products associated with the Saltstone Vault 4 inventory resulted in identification of two 
decay chains of concern (Am-241 to Np-237 and Th-230 to Ra-226).  The daughters in 
these chains will be produced in measurable quantities within 10,000 years, have 
appreciable DCFs, and have distribution coefficients smaller than their parents (0.6 mL/g 
for Np-237 vs. 1100 mL/g for Am-241 and 5 mL/g for Ra-226 vs. 900 mL/g for Th-230).  
Np-237 production from Am-241 decay is not a concern because even assuming all the 
Am-241 in the initial inventory (9.44E-3 Ci or 2.75 E-3 g) decays to Np-237, an 
insignificant additional amount of Np-237 (1.94E-6 Ci vs. the initial 1.56E-05 Ci 
inventory) would be produced.   The production of Ra-226 from Th-230 is not a concern 
because while the Ra-226 has a higher DCF than Th-230 and will travel through the soil 
more quickly (due to its low Kd value), the Th-230 parent has a large half-life (75,400 
years) which will cause the Ra-226 to be produced very slowly over time.  In addition, 
the low Kd value will result in the Ra-226 that is produced being dispersed, with the Ra-
226 dose contribution spread out over time.  
Assumption 6 Conservatisms: None 
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Figure 1 – Saltstone Vault 4 and Water Table Mixing Cell 
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5.0  Analytical Methods and Computations 

5.1 Groundwater Pathway Screening Factor Determination 
 
The groundwater pathway screening factor is based on formula 8.21 from NCRP-123 
Section 8.2.3.2.   The groundwater screening factor (SFgw) will be calculated for the 
groundwater ingestion pathway as follows: 
 

SFgw = λL * A0 * (Udw/V) Σ Xi (DFing) i 
 

where: 
λL = Leach rate of the parent nuclide (yr-1) 
A0  = Factor to account for parent decay and daughter ingrowth (dimensionless) 
Udw = Consumption rate of drinking water (L/yr) 
V = dilution volume (L/yr) 
Xi = parent inventory assuming no ingrowth (Ci) 
DFing = ingestion dose factor for parent (mrem/Ci)  
 

With Xi = parent inventory concentration (Ci/L) * initial volume (L) 
 

The leach rate of the parent nuclide is based on formula 4.3 from NCRP-123 Section 
4.2.2:  
 
 λL = I / (R * H * n) 
 
where: 

I  = groundwater infiltration rate (cm/yr) 
R  = Retardation factor (dimensionless) 
H = thickness of soil layer (cm) 
n = soil porosity (dimensionless) 

 
With R = 1 + (ρb*kd) / n * S 
 
where: 

ρb = soil density (g/mL) 
kd  = soil partition (distribution) coefficient (mL/g) 
S  = saturation (dimensionless) 

 
The screening dose can be calculated by multiplying the radionuclide inventory by the 
groundwater screening factor and totaling the contributions from the individual 
radionuclides.  Radionuclides with a screening dose of less than 2.5 mrem/yr would be 
removed from further consideration.  The 2.5 mrem/yr screening limit is discussed further 
in Assumption 4 of Section 4.2. 
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5.2  Initial Groundwater Pathway Screening Factor Determination 
 
The initial groundwater pathway screening factor will not take into consideration effect 
of decay on inventory.  The entire 1000 liters of salt solution will conservatively be 
assumed to travel to the water table where it is available for ingestion.  This approach 
removes temporal considerations from the screening.   The groundwater screening factor 
(SFgw) is therefore calculated and summed for each radionuclide as follows: 
 

SFgw = λL * A0 * (Udw/V) Σ Xi (DFing) i 
 

where: 
λL = Leach rate of the parent nuclide (yr-1) = I / (R * H * n)  
A0  = Factor to account for parent decay and daughter ingrowth (dimensionless) = 
1 (no decay or ingrowth assumed in initial screening) 
Udw = Consumption rate of drinking water (L/yr) = 800 L/yr 
V = dilution volume (L/yr) = 4.48E+07 L/yr 
Xi = parent inventory assuming no ingrowth (Ci/L) = concentration * 1000L 
DFing = ingestion dose factor for parent (mrem/Ci) = variable  
I  = the groundwater infiltration rate (cm/yr) = 41.78 cm/yr 
R  = Retardation factor (dimensionless) = R = 1 + (ρb*kd) / n * S 
H = thickness of soil layer (cm) = 700 cm 
n = soil porosity (dimensionless) = 0.39 
S  = saturation (dimensionless) = 0.72 
ρb = the soil density (g/mL) = 1.62 g/mL 
kd  = the soil partition (distribution) coefficient (mL/g) = based on radionuclide 
 

The Leach rate (λL) calculations for each radionuclide are shown in Table 2.  The 
groundwater screening factor (SFgw) calculations for each radionuclide and the total 
groundwater screening factor are shown in Table 3.   The initial groundwater pathway 
screening factor of 17.8 mrem/yr exceeds the 2.5 mrem/yr screening limit.   As can be 
seen from Table 3, one radionuclide (Cs-137) exceeds the 2.5 mrem/yr screening limit 
individually and two other radionuclides (Pu-238 and Sr-90) have contributions greater 
than 0.1 mrem/yr.   Based on these results and the fact that these three radionuclides all 
have relatively short half lives, further screening is warranted for Cs-137, Sr-90 and 
Pu-238. 
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Table 2 – Leach Rate Calculation by Radionuclide 

 
infiltration 

rate porosity saturation 
pore 

velocity bulk density 
distribution 
coefficient 

retardation 
factor 

solute 
velocity 

soil 
thickness 

Leach 
Rate 

 cm/yr unitless unitless cm/yr g/mL mL/g unitless cm/yr cm yr-1 

 I  n S v ρb Kd R vR H λL 
H3 41.78 0.39 0.72 148.80 1.62 0 1.00 148.80 700 1.53E-01 

C14 41.78 0.39 0.72 148.80 1.62 0 1.00 148.80 700 1.53E-01 
Ni63 41.78 0.39 0.72 148.80 1.62 7 41.38 3.60 700 3.70E-03 
Sr90 41.78 0.39 0.72 148.80 1.62 5 29.85 4.99 700 5.13E-03 
Tc99 41.78 0.39 0.72 148.80 1.62 0.1 1.58 94.36 700 9.71E-02 
I129 41.78 0.39 0.72 148.80 1.62 0 1.00 148.80 700 1.53E-01 

Cs137 41.78 0.39 0.72 148.80 1.62 50 289.46 0.51 700 5.29E-04 
Th230 41.78 0.39 0.72 148.80 1.62 900 5193.31 0.03 700 2.95E-05 
Th232 41.78 0.39 0.72 148.80 1.62 900 5193.31 0.03 700 2.95E-05 
U232 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 
U233 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 
U234 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 
U235 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 
U236 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 
U238 41.78 0.39 0.72 148.80 1.62 200 1154.85 0.13 700 1.33E-04 

Np237 41.78 0.39 0.72 148.80 1.62 0.6 4.46 33.35 700 3.43E-02 
Pu238 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 
Pu239 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 
Pu240 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 
Pu241 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 
Pu242 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 
Pu244 41.78 0.39 0.72 148.80 1.62 270 1558.69 0.10 700 9.82E-05 

Am241 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 
Am242m 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 

Am243 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 
Cm242 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 
Cm244 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 
Cm245 41.78 0.39 0.72 148.80 1.62 1100 6347.15 0.02 700 2.41E-05 
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Table 3 –Initial Screening Factor Calculation by Radionuclide 

 
 Inventory 

Concentration  DCFs 
Annual Water 
Ingestion Udw 

Dilution Water 
Volume V 

Inventory 
Volume 

Inventory 
Curies Leach Rate SFgw  

  Ci/L mrem/Ci L/yr L/yr L Ci λL mrem > 2.5 mrem 
H3 1.24E-06 6.66E+04 800 4.48E+07 1.00E+03 1.24E-03 1.53E-01 2.26E-04  

C14 1.35E-06 2.15E+06 800 4.48E+07 1.00E+03 1.35E-03 1.53E-01 7.94E-03  
Ni63 7.86E-08 5.55E+05 800 4.48E+07 1.00E+03 7.86E-05 3.70E-03 2.88E-06  

Sr90 (initial) 6.90E-05 1.04E+08 800 4.48E+07 1.00E+03 6.90E-02 5.13E-03 6.58E-01  
Tc99 1.84E-05 2.37E+06 800 4.48E+07 1.00E+03 1.84E-02 9.71E-02 7.57E-02  
I129 3.86E-09 4.07E+08 800 4.48E+07 1.00E+03 3.86E-06 1.53E-01 4.30E-03  

Cs137 (initial) 3.72E-02 4.81E+07 800 4.48E+07 1.00E+03 3.72E+01 5.29E-04 1.69E+01 Yes 
Th230 3.27E-06 7.77E+08 800 4.48E+07 1.00E+03 3.27E-03 2.95E-05 1.34E-03  
Th232 1.70E-11 8.51E+08 800 4.48E+07 1.00E+03 1.70E-08 2.95E-05 7.62E-09  
U232 4.41E-10 1.22E+09 800 4.48E+07 1.00E+03 4.41E-07 1.33E-04 1.27E-06  
U233 4.69E-08 1.89E+08 800 4.48E+07 1.00E+03 4.69E-05 1.33E-04 2.10E-05  
U234 1.38E-07 1.81E+08 800 4.48E+07 1.00E+03 1.38E-04 1.33E-04 5.92E-05  
U235 2.45E-10 1.74E+08 800 4.48E+07 1.00E+03 2.45E-07 1.33E-04 1.01E-07  
U236 6.37E-09 1.74E+08 800 4.48E+07 1.00E+03 6.37E-06 1.33E-04 2.63E-06  
U238 3.19E-09 1.67E+08 800 4.48E+07 1.00E+03 3.19E-06 1.33E-04 1.26E-06  

Np237 1.56E-08 4.07E+08 800 4.48E+07 1.00E+03 1.56E-05 3.43E-02 3.89E-03  
Pu238 7.30E-05 8.51E+08 800 4.48E+07 1.00E+03 7.30E-02 9.82E-05 1.09E-01  
Pu239 4.67E-06 9.25E+08 800 4.48E+07 1.00E+03 4.67E-03 9.82E-05 7.58E-03  
Pu240 4.67E-06 9.25E+08 800 4.48E+07 1.00E+03 4.67E-03 9.82E-05 7.58E-03  
Pu241 3.42E-06 1.78E+07 800 4.48E+07 1.00E+03 3.42E-03 9.82E-05 1.07E-04  
Pu242 8.45E-08 8.88E+08 800 4.48E+07 1.00E+03 8.45E-05 9.82E-05 1.32E-04  
Pu244 3.92E-10 8.88E+08 800 4.48E+07 1.00E+03 3.92E-07 9.82E-05 6.11E-07  

Am241 9.44E-06 7.40E+08 800 4.48E+07 1.00E+03 9.44E-03 2.41E-05 3.01E-03  
Am242m 5.07E-09 7.03E+08 800 4.48E+07 1.00E+03 5.07E-06 2.41E-05 1.54E-06  

Am243 1.35E-07 7.40E+08 800 4.48E+07 1.00E+03 1.35E-04 2.41E-05 4.31E-05  
Cm242 4.20E-09 4.44E+07 800 4.48E+07 1.00E+03 4.20E-06 2.41E-05 8.04E-08  
Cm244 2.25E-05 4.44E+08 800 4.48E+07 1.00E+03 2.25E-02 2.41E-05 4.31E-03  
Cm245 7.16E-08 7.77E+08 800 4.48E+07 1.00E+03 7.16E-05 2.41E-05 2.40E-05  

 Initial SFgw NA NA NA NA NA NA NA 17.8 Yes 
Cs137 (decayed) NA 4.81E+07 800 4.48E+07 NA 1.20E-06 5.29E-04 5.46E-07  

Sr90 (decayed) NA 1.04E+08 800 4.48E+07 NA 2.40E-03 5.13E-03 2.29E-02  
Pu238 (decayed)  NA 8.51E+08 800 4.48E+07 NA 2.70E-05 9.82E-05 4.03E-05  

 Final SFgw with decay NA NA NA NA NA NA NA 0.14 No 
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5.3  Further Evaluation of Cs-137, Sr-90 and Pu-238 
 
The only radionuclides determined in Section 5.2 as requiring further investigation are 
Cs-137, Sr-90 and Pu-238.   These radionuclides have relatively short half lives (Cs-137 
half life is 30.03 years, Sr-90 half life is 28.8 years, Pu-238 half life is 87.8 years), which 
means ignoring the fraction of the parent decayed during transport (in the term A0) during 
the initial screening is overly conservative.     The amount of time it would take for these 
radionuclides to travel the 7 meter distance from the vault to the water table can be 
calculated assuming the infiltration rate through the soil (assuming no closure cap) is 
driving the radionuclide transport.   The solute (retarded) velocity of the radionuclides 
can be solved by the equation  
 

vR = v/R 
 
where: 

vR = the solute (retarded) velocity (cm/yr) 
v = the pore velocity (cm/yr) = U/(nS) 
R  = Retardation factor (dimensionless) = R = 1 + (ρb*kd) / n 
U = the darcy velocity (cm/yr) = I 
I  = the groundwater infiltration rate (cm/yr) = 41.78 cm/yr 
ρb = the soil density (g/mL) = 1.62 g/mL 
kd  = the soil partition (distribution) coefficient (mL/g) = based on radionuclide 
n = soil porosity (dimensionless) = 0.39 
 

Solving for the solute (retarded) velocity gives values of vR = 0.514 cm/yr (0.0169 ft/yr) 
for Cs-137, vR = 4.986 cm/yr (0.1636 ft/yr) for Sr-90, and vR = 0.095 cm/yr (0.0031 ft/yr) 
for Pu-238.  Sr-90 has a higher travel transport velocity because it has a significantly 
lower distribution coefficient in soil (5 mL/g vs. 50 mL/g). 
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5.3.1 Decayed Inventory Determination for Cs-137  
 
Given a vR = 0.514 cm/yr for Cs-137, it will take 1364 years for the Cs-137 to travel the 7 
meters from Vault 4 to the water table.   Given a Cs-137 half life of 30.03 years, the 
initial Cs-137 inventory of 37.2 curies will be decayed to 1.2E-06 curies after only 750 
years (less than the 1364 years it will take to travel 7 meters).   

5.3.2 Inventory Decay Time Determination for Sr-90 
 
Given a vR = 4.986 cm/yr for Sr-90, it will take 140 years for the Sr-90 to travel the 7 
meters from Vault 4 to the water table.   Given a Sr-90 half life of 28.8 years, the initial 
Sr-90 inventory of 0.069 curies will be decayed to 0.0024 curies after 140 years (the time 
it will take to travel 7 meters).   

5.3.3 Inventory Decay Time Determination for Pu-238 
 
Given a vR = 0.095 cm/yr for Pu-238, it will take 7343 years for the Pu-238 to travel the 7 
meters from Vault 4 to the water table.   Given a Pu-238 half life of 87.8 years, the initial 
Pu-238 inventory of 0.073 curies will be decayed to 2.7E-05 curies after 1000 years (less 
than one seventh of the time it will take to travel 7 meters).   

5.3.4 Groundwater Pathway Screening with decayed Cs-137, Sr-90 & 
Pu-238 

 
The Cs-137, Sr-90, and Pu-238 inventories after decay time consideration (1.2E-06 curies 
of Cs-137, 0.0024 curies of Sr-90, and 2.7E-05 curies of Pu-238) can be substituted back 
into the groundwater pathway screening process described in Section 5.2 to determine a 
groundwater screening factor (SFgw) for Cs-137 and Sr-90, and Pu-238 with the decayed 
inventories.   The results of this final screening for Cs-137, Sr-90, and Pu-238 are shown 
in the last four rows of Table 3, with the results being that groundwater screening factor 
(SFgw) of 0.14 mrem/yr no longer exceeds the 2.5 mrem/yr screening limit. 

5.4 Results 
 
Conservatively assuming 1000 liters of radionuclide inventory is released into the soil 
surrounding the Saltstone Vault 4 (from within the Vault walls), the groundwater 
screening factor (SFgw) of 0.14 mrem/yr calculated for this inventory does not exceed the 
2.5 mrem/yr screening limit. 
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6.0  Conclusion 
 
Based on the initial and additional radionuclide screenings performed in this document, 
there is no significant risk associated with the radionuclides that might be released into 
the soil surrounding Saltstone Vault 4 from within the vault walls for Saltstone Vault 4 
weeping.   This risk assessment is based on a conservative risk calculation methodology 
and a reasonable water ingestion screening dose of less than 2.5 mrem/yr.   

7.0  Attachments and Appendices  
 
None. 




