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SECTION 7 
 

MITIGATION SYSTEMS ANALYSIS 
 

 
This section documents analyses that were performed to evaluate the effectiveness of the SDA 
engineered barriers and selected event mitigation options.  Section 7.1 summarizes 
assessments of potential intervention and mitigation responses that may prevent releases from 
the waste trenches or stop a continuing release into the surrounding environment.  Section 7.2 
evaluates conditions that affect the availability of the geomembrane covers over the 30-year risk 
assessment time period.  Section 7.3 documents the analyses of storms that may severely 
erode the compacted clay caps over the waste trenches. 
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7.1  MITIGATION RESPONSES 
 
The SDA risk assessment includes credit for NYSERDA responses to intervene and mitigate the 
potential consequences from a variety of adverse conditions.  The scope of this study is limited 
to the evaluation of mitigation responses that prevent releases from the trenches or stop a 
continuing release into the surrounding environment.  The study does not explicitly evaluate 
additional possible measures that could affect dispersal of the materials after they are released 
into the stream systems or reduce potential doses to the study receptors (e.g., by retention or 
diversion of stream flows, removal of contaminated materials, relocation of receptors, etc.). 
 
The study assumes that the credited mitigation responses will achieve their intended goals.  
However, there is substantial uncertainty about the amount of time that may be required for 
NYSERDA engineers to identify the specific problem, diagnose the cause, determine the most 
appropriate solution, and implement that solution.  These mitigation times may affect the SDA 
vulnerability to specific threats, or they may affect the amount of radioactive material that enters 
the environment before a release is effectively terminated. 
 
To best account for the NYSERDA team's experience and their understanding of the integrated 
mitigation requirements, the team was asked to evaluate several SDA damage scenarios.  In 
particular, they were asked to describe the activities that are necessary to achieve the desired 
mitigation goal for each scenario and to provide "best", "upper bound", and "lower bound" 
estimates for the amount of time that may be required to complete each phase of the mitigation 
plan.  The following sections document the scenarios and the NYSERDA evaluations 
(References 7.1-1 and 7.1-2). 
 
7.1.1  Scenario 1 – Aircraft Crash 
 

Scenario 1 – A large commercial aircraft crashes into the site, destroying the 
geomembranes and causing significant damage to the trenches and the ground surface. 
  

The NYSERDA team broke the response to this scenario into four phases as described below: 
 
Phase 1 – Crash Investigation / Airplane Debris Cleanup – NYSERDA does not have specific 
expertise in the investigation and cleanup of commercial aircraft accidents.  We assumed that 
this airline crash was large enough to mobilize the federal and state emergency responders, 
including the investigative branch of the Federal Aviation Administration.  Based upon this 
limited knowledge, our “best estimate” for the response, investigation and cleanup would be 2 
weeks.  We suggest that more research be conducted, other experts contacted, to provide a 
better estimate. 
 
Phase 2 – Assessment and Design – Within days of the accident, NYSERDA would mobilize its 
on-call contractor(s) to assess the damage to the SDA.  This would include field investigations.  
The engineering contractor, in consultation with NYSERDA, would put together a design for re-
grading / re-shaping the damaged trenches and replacing the geomembrane cover.  Completion 
of the assessment and design is “best” estimated at 4 weeks. 
 
Phase 3 – Re-grading / Re-shaping the Damaged Trenches – Field work would commence 
upon approval of the plan.  It is anticipated that sections of the damaged trenches would be  
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grouted.  Our “best” estimate is that this phase would take 16 weeks from the time of completion 
of the design. 
 
Phase 4 – Installing Geomembrane Cover Over the Damaged Trenches – Based upon the 
design from NYSERDA’s engineering contractor, NYSERDA could order the replacement 
geomembrane cover.  As this is not an off-the-shelf item, it is anticipated to take 16 weeks to 
manufacture.  The installation of the cover would take about another 16 weeks, so our “best” 
estimate for this phase is 32 weeks from completion of the design. 
 

Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Crash Investigation / 
Airplane Debris Cleanup(1) 

7 days 14 days 56 days 

2 – Assessment and Design 14 days  28 days 56 days 

3 – Re-grading / Re-shaping 
the Damaged Trenches(2) 

56 days 112 days 182 days 

4 – Installing Geomembrane 
Cover Over the Damaged 

182 days 224 days 300 days 

Total Time for Scenario to be 
Completed 

196 days 252 days 356 days 

 
(1) Work takes place simultaneously with Phase 2 
(2) Work takes place simultaneously with Phase 4 
 
7.1.2  Scenario 2 – Tornado 
 

Scenario 2 – A severe tornado strikes the site, destroying the geomembranes, but not 
disturbing the trench caps.  

 
This scenario would involve a response similar to Scenario 1, without the crash investigation 
and airplane debris cleanup. 
 
Phase 1 – Assessment, Design and Cleanup – Within a few days of the tornado, NYSERDA 
would mobilize its on-call contractor(s) to assess the damage to the SDA (of which it is 
assumed to be little).  This would include a field investigation and cleanup of any debris from the 
storm.  The engineering contractor, in consultation with NYSERDA, would put together a design 
for replacing the geomembrane cover.  Completion of this phase is “best” estimated at 4 weeks. 
 
Phase 2 – Installing Geomembrane Cover – Based upon the design from NYSERDA’s 
engineering contractor, NYSERDA could order the replacement geomembrane cover.  As this is 
not an off-the-shelf item, it is anticipated to take 16 weeks to manufacture.  The installation of 
the cover would take about another 16 weeks, so our “best” estimate for this phase is 32 weeks 
from the time of the accident. 
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Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Assessment, Design and 
Cleanup 

14 days 28 days 56 days 

2 – Installing Geomembrane 
Cover 

182 days 224 days 300 days 

Total Time for Scenario to be 
Completed 

196 days 252 days 356 days 

 
7.1.3  Scenario 3 – Earthquake 
 

Scenario 3 – A severe earthquake causes failures of the slopes at the north end of the 
site, exposing up to 75 feet of the north ends of the trenches. 

 
The NYSERDA team broke the response to this scenario into three phases as described below: 
 
Phase 1 – Initial Detection of a Release – NYSERDA staff would be onsite as soon as possible 
to investigate the impacts from an earthquake that is capable of cleaving off 75 feet of the north 
trenches.  Onsite security staff already performs hourly drive-arounds on the site and could 
discover the SDA problem almost immediately.  The “best” estimated time for this phase is 2 
hours. 
 
Phase 2 – Containment Barrier Installation – Due to the probable instability of the North slope, it 
would be prudent to establish initial containment of the release by erecting a wall at the base of 
the slope.  The wall could be keyed into the Unweathered Lavery Till to contain migration of the 
leachate contamination.  It is uncertain how much leachate would result from a breach this 
large, but we assume what is initially released as a result of the earthquake has migrated 
downstream (Erdman Brook) within a few days of the release.  This containment wall is to 
capture any contamination that could be caused by aftershocks/tremors and/or adverse weather 
conditions.  Pump and treatment of water collected on the upgradient side of the wall is also 
envisioned.  The “best” estimate for constructing this containment wall is 3 days after detection 
of the release. 
 
Phase 3 – Stabilize the Trench Ends – Once the barrier wall at the base of the North slope is 
established, it will be necessary to work (from the bottom) to provide slope stability up to the 
point of the exposed trenches.  A trench containment structure could be constructed to 
effectively seal the exposed ends of the trenches.  Pilings driven with grout and cover or 
Concrete SurePack barriers could be used.  Helicopter delivery of materials would be possible.  
Stabilizing the trench ends is “best” estimated at 5 days after the construction of the 
containment barrier. 
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Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Initial Detection of Release 1 hour 2 hours 1 day 

2 – Containment Barrier 
Installation 2 days 3 days 5 days 

3 – Stabilize the Trench Ends 2 days 5 days 8 days 

Total Time for Scenario to be 
Completed 4 days, 1 hour 8 days, 2 hours 14 days 

 
7.1.4  Scenario 4 – Slope Erosion 
 

Scenario 4 – Severe rains cause rapid erosion of the slopes at the north end of the site, 
exposing several feet of the north ends of the trenches. 

 
The NYSERDA team assumed a 24-hour storm event for this scenario.  This scenario would 
involve a response similar to Scenario 3, but would require more time to allow Erdman Brook to 
return to normal levels.  The NYSERDA team broke the response to this scenario into four 
phases as described below: 
 
Phase 1 – Initial Detection of a Release – NYSERDA staff are required to investigate potential 
impacts to the SDA whenever there is a heavy rainfall event.  It is unlikely that our onsite 
security staff would notice anything while performing its hourly drive-around on the site.  The 
“best” estimated time for this phase is 1 day. 
 
Phase 2 – Waiting for Erdman Brook to Return to Normal Levels – The watershed for Erdman 
Brook is quite small and, as such, would return to normal levels quickly.  The “best” estimate for 
this is 12 hours. 
 
Phase 3 - Containment Barrier Installation – Due to the probable instability of the North slope, it 
would be prudent to establish initial control of the release by erecting a wall at the base of the 
slope.  The wall could be keyed into the Unweathered Lavery Till to contain migration of the 
leachate contamination.  It is uncertain how much leachate would result from a breach this 
small, but we assume what is initially released as a result of the rains has migrated downstream 
(Erdman Brook) within a few days of the release.  This containment wall is to capture any 
contamination that could be caused by aftershocks / tremors and/or bad weather conditions.  
Pump and treat of water collected on the upgradient side of the wall is also envisioned.  It is 
also assumed that the geomembrane cover would still be in place, as it is anchored well 
between trenches, and will likely provide rain protection to the trench end.  The “best” estimate 
for constructing this containment wall is 3 days after Erdman Brook has returned to normal 
levels. 
 
Phase 4 – Stabilize the Trench Ends – Once the barrier wall at the base of the North slope is 
established, it will be necessary to work (from the bottom) to provide slope stability up to the 
point of the exposed trenches.  A trench containment structure could be constructed to 
effectively seal the exposed ends of the trenches.  Pilings driven with grout and cover or 
Concrete SurePack barriers could be used.  Helicopter delivery of materials would be possible.  
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Stabilizing the trench ends is “best” estimated at 5 days after the construction of the 
containment barrier. 
 

Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Initial Detection of Release 1 hour 1 day 3 days 

2 – Wait for Erdman Brook to 
Return to Normal Levels 

1 hour 12 hours 1 day, 12 hours 

3 – Containment Barrier 
Installation 

2 days 3 days 5 days 

4 – Stabilize the Trench Ends 2 days 5 days 8 days 

Total Time for Scenario to be 
Completed 

5 days, 2 hours 9 days, 12 hours 17 days, 12 
hours 

 
7.1.5  Scenario 5 – Trench Overflow 
 

Scenario 5 – Severe rains cause the trenches to fill with water up to the weathered till 
layer, material flows out of trenches in the subsurface layer (or possibly at the surface), 
and reaches the slopes at the north or east side of the site. 

 
The NYSERDA team broke the response to this scenario into five phases as described below: 
 
Phase 1 – Detect Leachate Level Increase – NYSERDA’s environmental monitoring contractor 
measures leachate levels at the SDA quarterly.  This would be the first indication of a possible 
release.  The “best” estimated time for observing an increase in the trench leachate levels is 45 
days. 
 
Phase 2 – Sample Groundwater and Surface Water/Identify the Seep – NYSERDA, in 
consultation with the regulatory agencies, would likely initiate sampling of groundwater and 
surface water to determine if there is migration of trench leachate, as well as begin daily 
walkover inspections of the SDA and surrounding area to identify the seep.  The “best” estimate 
for identifying the seep is 12 weeks. 
 
Phase 3 – Initial Detection of a Release – Once the seep has been found, confirmatory 
sampling and analysis would take place.  The “best” estimate for detecting a release from the 
confirmatory sampling and analysis is 7 days. 
 
Phase 4 – Pump Trench(es) – NYSERDA, in consultation with its engineering contractor, would 
develop a plan to pump trench(es) to lower the levels below the interface between the 
weathered and Unweathered Lavery Till.  Pumping operations would likely include using holding 
tanks from an outside vendor, as there is limited capacity in the two empty Frac Tanks at the 
SDA.  To pump the trench(es) down is “best” estimated at 26 weeks from the time of detection 
at the seep. 
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Phase 5 – Sample Seep – Confirmatory sampling would continue at the seep to monitor when 
the released material is no longer propagating into nearby streams.  The “best” estimate for this 
phase is 12 weeks. 
 

Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Detect Leachate Level 
Increase 

1 day 45 days 84 days 

2 – Sampling Groundwater and 
Surface Water / Identify Seep 

2 days 84 days 182 days 

3 – Initial Detection of a 
Release 

1 day 7 days 30 days 

4 – Pump Trench(es) 14 days 182 days 365 days 

5 – Sample the Seep 14 days 84 days 365 days 

Total Time for Scenario to be 
Completed 

32 days 402 days 1,026 days 

 
7.1.6  Scenario 6 – Groundwater Outflow 
 

Scenario 6 – During routine sampling activities, water or sediment samples from an 
adjacent stream indicate elevated levels of radiological contamination.  The source of 
this contamination is an unspecified groundwater seep from the SDA slopes. 
 

The NYSERDA team broke the response to this scenario into four phases as described below. 
 
Phase 1 – Routine Sampling and Analysis – NYSERDA’s environmental monitoring contractor 
samples surface water adjacent to the SDA quarterly.  Samples are collected and sent to a 
laboratory for analysis.  The external surfaces of the samples are screened before leaving the 
WVDP site.  If typical leachate contaminants are present and at levels high enough to be 
detected with field instruments, the contamination would be discovered before it left the site.  
However, lower level contamination (e.g., not readily detected with field instrumentation), would 
not be known until the laboratory completes their testing.  Our contractor would notify 
NYSERDA verbally as soon as the laboratory reported elevated levels in a sample.  The 
laboratory would make notification by phone when the results were obtained; a written report 
would not be required.  Therefore, the “best” estimated time for learning of elevated levels of 
contamination is 30 days. 
 
Phase 2 – Locating the Seep – NYSERDA would immediately conduct a walkover inspection of 
the SDA and surrounding area upstream of the contaminated surface water to locate the seep.  
It is expected a seep large enough to cause elevated levels in the stream would likely be 
discovered during a single inspection.  The “best” estimate for locating the seep is 3 days, which 
allows for local testing for confirmatory sampling and analysis. 
 
Phase 3 – Initial Action – Once the seep has been found, NYSERDA, in consultation with its 
engineering and maintenance contractors, would develop a plan to intercept the seep, isolate it 
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from the environment, and collect the contaminated water in a tank (similar to spring 
development for water supply).  Contaminated water could then be pumped to another tank for 
holding or transportation and treatment.  Appropriate double wall tanks are readily available 30 
miles away in Buffalo and 90 miles away in Rochester, New York.  The “best” estimate for 
interception of the seep is 3 days. 
 
Phase 4 – Confirmatory Sampling – Confirmatory sampling would continue in the surface water 
to monitor when the released material is no longer propagating into nearby streams.  The “best” 
estimate for confirmatory sampling is 12 weeks. 
 

Phase Lower Bound 
Time 

"Best" Estimate 
Time 

Upper Bound 
Time 

1 – Sampling and Analysis 1 day 30 days 45 days 

2 – Locating the Seep 1 day 3 days 5 days 

3 – Initial Action 2 days 3 days 7 days 

4 – Confirmatory Sampling 14 days 84 days 365 days 

Total Time for Scenario to be 
Completed 

18 days 120 days 422 days 

 
Additional information for Scenario 6 (added by the QRA team, from Reference 7.1-3): 
 
Figure 7.1-1 shows the locations of the surface water sampling points.  Point WNERB53 in 
Erdman Brook and point WNFRC67 in Frank's Creek monitor potential releases from the SDA.  
A background sampling point is located in Buttermilk Creek.  Water samples are collected 
quarterly.  The samples are analyzed for gross alpha, gross beta, and tritium levels. 
 
Beginning in 2008, stream sediments are sampled once every 5 years.  The previous sediment 
sampling frequency was annually.  The sediment sampling points are not shown on Figure 7.1-
1.  Point SNSP006 is located in Frank's Creek at the West Valley site property fence line.  Point 
SFTCSED is located in Buttermilk Creek at Thomas Corners Road.  Sediment samples are 
analyzed for gross alpha, gross beta, gamma isotopic, uranium isotopes, and strontium-90 
(metals analyzed only at SFTCSED). 
 
7.1.7  References 
 
7.1-1. Scenarios 1 through 5, e-mail communication, T. H. Attridge, NYSERDA, to J. W. 

Stetkar, July 17, 2008 
 
7.1-2. Scenario 6, e-mail communication, M. R. Weishan, NYSERDA, to J. W. Stetkar, July 31, 

2008 
 
7.1-3. E-mail communication, M. J. Willett, NYSERDA, to J. W. Stetkar, July 31, 2008 
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Figure 7.1-1.  Surface Water Sampling Points 
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7.2  GEOMEMBRANE UNAVAILABILITY 
 
The geomembrane covers provide an important barrier against water intrusion into the SDA 
waste trenches from precipitation and surface water flows, and protect against potential erosion 
of the trench caps.  Damage to only the geomembranes will not directly cause a release of 
waste materials from the trenches.  However, uncovery of the trenches increases their 
vulnerability to potential impacts from subsequent flooding or water intrusion.  This section 
describes the analyses that were performed to evaluate the unavailability of the geomembranes. 
 
7.2.1  System Description 
 
The following summary information is derived primarily from References 7.2-1 through 7.2-5. 
 
Figure 7.2-1 shows the layout of the SDA trenches.  The geomembranes cover almost all of the 
area inside the site fence, which is denoted by the dark boundary line.  The north end of the 
cover terminates beyond the north ends of Trenches 2 through 5.  The south end of the cover 
terminates between the south ends of Trenches 8 through 14 and the access road.  The east 
side of the cover terminates between the trenches and the fence.  In the North Disposal Area, 
the west side of the cover extends over the two filled lagoons.  In the South Disposal Area, the 
west side of the cover extends over the dashed below-grade slurry wall, including the inactive 
filled lagoon.  The total covered area is approximately 13 acres.  Figure 7.2-2 shows an aerial 
view of the SDA, outlining the covered areas. 
 
The geomembranes were installed in stages, as summarized below. 
 

Geomembrane Installation Timeline 

Trenches Geomembrane Material Installation Date 

13 – 14 Very Low Density Polyethylene ; 40-mil thickness; 
installed over 90-mil polypropylene geofabric cushion 

1993 

1 – 8, 10 – 12 Reinforced Ethylene Interpolymer Alloy (EIA-R XR-5); 
30-mil thickness; installed directly on grass surface 

1995 

9 Reinforced Ethylene Interpolymer Alloy (EIA-R XR-5); 
30-mil thickness; installed over 90-mil polypropylene 
geofabric cushion 

1999 

 
The original VLDPE material installed over Trenches 13, 14, and the west side of the South 
Disposal Area cannot be heat-welded to the XR-5 material that is installed over the remainder of 
the site.  The east edge of the VLDPE cover is anchored along the crest of Trench 12.  The 
west edge of the XR-5 cover extends over the VLDPE cover into the swale between Trench 12 
and Trench 13.  The west edge of the XR-5 cover is anchored there with sandbags that are 
encapsulated into a welded flap of the XR-5 material.  All of the other XR-5 cover sections are 
heat-welded together at adjoining seams. 
 
Several penetrations exist in the geomembranes.  Most penetrations in the areas directly over 
the trenches contain standpipes for the leachate level measurement probes.  Penetrations at 
the ends of each trench contain the trench identification monuments.  Penetrations near the 
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cover peripheries contain standpipes for the drainage detention basins.  The penetrations are 
sealed at the geomembrane surface by heat-welded boots that extend up around the 
standpipes. 
 
The nominal design lifetime of the VLDPE and XR-5 materials in fully exposed environments is 
approximately 20 to 25 years.  Lifetime is limited primarily by oxidation of the polymer stabilizer 
under ultraviolet exposure and by tearing due to tensile stresses.  The primary failure causes 
noted in the literature are chemical incompatibility, seam failure, tearing from sharp objects, 
wrinkling from thermal expansion and contraction, and differential settling of the substrate. 
 
7.2.2  Inspection and Maintenance History 
 
The geomembranes were inspected monthly from August 1993 through December 1996.  The 
inspection frequency was reduced to twice per year from 1997 through 2005.  Annual 
inspections have been performed since 2006. 
 
All inspections are fully documented and are retained in the NYSERDA project files.  Any noted 
deficiencies are recorded in the inspection report (Reference 7.2-6).  Geomembrane repairs are 
performed by contract personnel at the direction of the NYSERDA project engineer. 
 
All inspection reports were reviewed for this study.  The following items were noted from the 
inspection and repair histories. 
 
• No significant failures (e.g., large material tears, uplift or failure of wind anchors, etc.) and no 

unexpected physical or chemical degradation of the geomembranes have been observed. 
 
• Standpipes in the drainage detention basins at the east side of Trenches 1 and 2 and at the 

northeast corner of Trench 2 were damaged by snow and ice sliding off the geomembrane 
covers.  Ice dams were installed to protect these standpipes, and no further damage has 
occurred. 

 
• Tests performed in 2003 indicated that the VLDPE stabilizer was approximately 50% 

oxidized. 
 
• Tests performed in 2003 indicated no significant oxidation of the XR-5 stabilizer. 
 
• Inspections typically identify a number of small tears and puncture holes in the 

geomembranes.  The defects occur most frequently at the penetration boots and in welded 
seams.  The noted opening sizes are typically less than 1 inch to about 6 inches long, with 
the most common fault being a tear or slit.  The number of noted defects does not seem to 
be increasing, despite the longer current inspection intervals. 

 
• The inspections are typically quite detailed, often noting very small defects.  There is some 

evidence of repeat failures, particularly at welded patches and at stress points around 
penetration boots. 

 
 
 
• Repairs are typically completed within 1 month after the inspection.  The inspection report 

contains an entry to confirm that all defects noted during the previous inspection have been 
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repaired. 
 
The QRA team performed a site walkdown on June 24, 2008.  During that walkdown, small 
tears were noted at the boot for the Trench 5 north monument penetration.  The previous 
NYSERDA inspection was performed on May 23, 2008.  The observed items were noted on the 
inspection report, but had not yet been repaired. 
 
Based on the 2003 measured oxidation rate, NYSERDA currently plans to replace the VLDPE 
geomembrane over Trenches 13 and 14 in approximately 2013.  The 2003 tests indicated that 
the XR-5 material is oxidizing more slowly, and it has a slightly longer nominal design life.  
Additional tests are planned in 2008 to confirm the oxidation rates.  NYSERDA currently 
believes that the XR-5 geomembranes will need replacement in approximately 2020, or perhaps 
somewhat later (Reference 7.2-7). 
 
7.2.3  Contributors to Unavailability 
 
This analysis assumes that routine inspections and maintenance of the geomembranes will 
continue for the 30-year period of the SDA risk assessment.  The NYSERDA engineers have 
also indicated that focused inspections are performed after severe storms and other events that 
may affect the geomembranes or the engineered infiltration control systems.  The QRA team's 
reviews of the NYSERDA inspection reports and maintenance records since 1993 confirm that 
these programs provide effective detection and timely repairs of minor defects and other 
conditions that develop during normal site operation.  There is no indication of adverse trends in 
the number or severity of geomembrane anomalies, and no new failure modes have been 
identified.  Therefore, this analysis includes credit for the established inspection, testing, and 
corrective maintenance programs to effectively manage normal wear and aging of the 
geomembranes over the next 30 years. 
 
The following conditions contribute to functional unavailability of the geomembrane covers.  For 
this analysis, "functional unavailability" means that a large section of the geomembrane is 
effectively removed from one or more trenches. 
 
7.2.3.1  High Winds and Tornadoes 
 
The geomembrane wind anchors are designed for a maximum wind uplift force of 9 pounds per 
square foot, with an additional applied safety factor of 1.25 (Reference 7.2-3).  The available 
design analyses do not document the wind conditions that correspond to this force, and no 
independent analyses were performed for this study.  According to Section 4.2.1 of the WVDP 
Safety Analysis Report (Reference 7.2-8), the site design-basis straight-line maximum wind 
speed is 90 mph, with a gust response factor increase to 115 mph.  According to Section 4.2.2 
of the Safety Analysis Report, the design-basis tornado maximum wind speed is 160 mph, with 
a rotational speed of 110 mph.  Based on this information, it is assumed that the 
geomembranes will be damaged by each of the following conditions. 
 
• Straight-line winds with gust speeds that exceed 115 mph 
• Tornadoes of Fuji intensity F2 (wind speed 113 – 157 mph), or higher 
 
7.2.3.2  Earthquakes 
 
Strong motion earthquakes may cause failures of the slopes along the north end of the SDA 



7-13 

adjoining Erdman Brook or along the east side of the SDA adjoining Frank's Creek.  The 
analyses in Section 6.2 conclude that slope failure surfaces may intersect the SDA trench area 
at peak ground accelerations above approximately 0.25 g.  Substantial slippage of the adjacent 
slopes may also disrupt the peripheral anchors and cause stress failures of the geomembranes, 
even if the slope failure surfaces do not directly intersect the waste trenches.  Therefore, it is 
assumed that the geomembranes will be damaged by the following condition. 
 
• Seismic events with peak ground accelerations of 0.25 g, or higher 
 
7.2.3.3  Aircraft Crashes 
 
Commercial and military aircraft crashes will cause extensive physical damage to the 
geomembranes, large fires, and significant disruption of the compacted soil caps.  General 
aviation aircraft typically do not have enough mass or energy to significantly disrupt the trench 
caps.  However, it is assumed that a fuel fire will ignite the geomembranes.  Therefore, it is 
assumed that the geomembranes will be damaged by any aircraft crash. 
 
• Commercial aircraft crash 
• Military aircraft crash 
• General aviation aircraft crash 
 
7.2.3.4  Meteorite Impacts 
 
The SDA threat screening analyses concluded that moderate- to small-sized meteorites may 
have impact frequencies that are comparable to the frequencies of other threats that are 
evaluated in the risk assessment.  Therefore, this analysis accounts for geomembrane damage 
from meteorite impacts. 
 
• Moderate- to small-sized meteorite impacts 
 
7.2.3.5  Fires 
 
Flammability ratings and ignition temperatures were not readily available for the XR-5 
geomembrane material that covers most of the SDA (Trenches 1 – 12) or the VLDPE material 
that covers Trenches 13 and 14.  It is understood that these materials have some degree of fire 
resistance and that XR-5 is often used to line secondary confinement basins for petroleum 
storage tanks.  However, it is also understood that the material will ignite if exposed to an open 
flame for an indeterminate period of time.  It is assumed that the geomembranes are susceptible 
to ignition and damage from each of the following conditions. 
 
• Wildfires (forest fire, grass fire, etc.) 
• Gas pipeline fires 
 
7.2.3.6  Slope Gully Erosion 
 
Intense precipitation may cause significant erosion and migration of gullies in the slopes along 
the north end of the SDA adjoining Erdman Brook or along the east side of the SDA adjoining 
Frank's Creek.  The analyses in Section 6.4 conclude that gully headcuts may begin to breach 
the SDA fenced area during severe storms.  This intrusive damage and potential slippage of the 
adjacent slopes may disable the stormwater drainage systems, disrupt the peripheral anchors, 
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or cause stress failures of the geomembranes.  Therefore, it is assumed that the 
geomembranes will be damaged by the following condition. 
 
• Rapid slope gully erosion that extends within the SDA fenced area 
 
7.2.3.7  Planned Replacement 
 
According to the measured geomembrane stabilizer oxidation rates, it is currently anticipated 
that the VLDPE material will be replaced in approximately 2013, and the XR-5 material will be 
replaced in approximately 2020 (Reference 7.2-7).  These dates fall within the 30-year time 
period for the SDA risk assessment.  Detailed plans and procedures for the replacement 
projects have not yet been developed.  The NYSERDA engineers have indicated that there are 
several potential benefits if the existing covers are left in place, and the new geomembranes are 
installed over them.  However, removal of the existing covers may be required to ensure that the 
new geomembranes are properly anchored in the drainage swales between the trenches and at 
the periphery of the trench area.  The NYSERDA engineers could not confirm that the old 
geomembranes will remain in place or that the trench surfaces will remain fully covered 
throughout the replacement projects.  Therefore, this analysis evaluates each of the following 
contributions. 
 
• Planned replacement of VLDPE geomembrane 
• Planned replacement of XR-5 geomembrane 
 
7.2.4  Quantification of Unavailability 
 
7.2.4.1  Disruptive Events 
 
Table 7.2-1 summarizes the occurrence frequencies for the disruptive events that contribute to 
geomembrane failures.  It also lists the section of this report that documents the derivation of 
each frequency. 
 
Section 7.1 summarizes the NYSERDA estimates for the amount of time that is required to 
replace the geomembranes after an unexpected damaging event.  Scenario 1 and Scenario 2 
from those assessments apply to the types of damage conditions that are evaluated in this 
analysis.  Scenario 1 applies after an aircraft crash, and Scenario 2 applies after tornado 
damage.  The NYSERDA team estimated that essentially the same total mitigation times apply 
for both scenarios, determined primarily by the amount of time that is required to manufacture 
and install the new geomembranes.  Therefore, those times are used for all disruptive events in 
this analysis. 
 
The NYSERDA "best" estimate is assigned a weight of 80% that it is the "true" mitigation time 
for this analysis.  The "lower bound" and "upper bound" estimates are each assigned weights of 
10%.  This process applies relatively high confidence to the NYSERDA team's "best" estimate.  
General references regarding the use of expert opinion often recommend assignments of lower 
confidence, for example a weight of 60%.  However, the estimates for this study were derived 
from focused discussions among the NYSERDA project team, and their bases are well 
documented.  Many of the team members have worked at West Valley for several years and 
were directly involved with the current geomembrane installation projects.  That experience 
justifies generally higher confidence in the team's "best" estimates.  The following time 
distribution is used for reinstallation of the geomembranes after any of the disruptive damage 
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conditions in Table 7.2-1. 
 

Geomembrane Replacement Times after Disruptive Events 

Weight = 0.10 Weight = 0.80 Weight = 0.10 

Days Year Days Year Days Year 

196 0.537 252 0.690 356 0.975 
 
The threat frequency distributions in Table 7.2-1 are multiplied by these weighted replacement 
times to quantify the unavailability contribution from each disruptive event.  These results are 
summarized in Table 7.2-2. 
 
7.2.4.2  Planned Replacement 
 
According to current expectations, two geomembrane replacement projects will be implemented 
during the 30-year time frame of the risk assessment.  A new membrane will be installed over 
Trenches 13 and 14 (the VLDPE-covered area) in approximately 2013, and a new membrane 
will be installed over the remainder of the SDA in approximately 2020.  The NYSERDA team 
estimated that there is approximately 75% to 80% probability that the new geomembranes will 
be installed directly over the current membranes and that the trenches will remain fully covered 
during each replacement project.  The engineers also expect that the entire XR-5 geomembrane 
will be replaced at the same time, but perhaps in sections to facilitate the installation process 
(Reference 7.2-7). 
 
The NYSERDA team's evaluations of Scenario 1 and Scenario 2 in Section 7.1 indicate that 
their "best" estimate for the amount of time required to install the new geomembranes is 
approximately 16 weeks (112 days) after the materials are received onsite.  This estimate 
should also apply for the amount of time that is required to install the new membranes during 
the planned replacement projects.  The 16-week estimate applies for installation of the entire 
geomembrane over all trenches.  It is expected that less time will be required to install the new 
membrane section over only Trenches 13 and 14 in 2013.  It is also possible that somewhat 
less time will be required to install the new membrane over the remainder of the trenches in 
2020. 
 
The following assumptions are used for this analysis. 
 
• Each project is assigned 75% probability that the new membrane will be installed directly 

over the existing cover, and 25% probability that the old cover will be substantially removed 
before the new membrane is installed. 

 
• If the old membrane is removed, it is conservatively assumed that large sections of the 

trenches will remain uncovered for the full duration of the project, until the new installation is 
completed. 
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• The "best" estimate new membrane installation time for the XR-5-covered area is 16 weeks 

(112 days).  The "lower bound" estimate is 91 days, and the "upper bound" estimate is 150 
days (e.g., one-half of the Phase 2 estimates for Scenario 2 in Section 7.1.2).  This project 
will re-cover more than 75% of the entire SDA, and it will require sealed connections with 
the section installed in 2013. 

 
• The estimated new membrane installation times for the VLDPE-covered area are one-half 

the times for the XR-5-covered area.  This project will re-cover less than 25% of the entire 
SDA.  However, extra time may be required to install new anchors and seal the connections 
between Trench 12 and Trench 13. 

 
The following table summarizes the estimated installation time distributions for the planned 
replacement projects. 
 

Estimated Times for Planned Geomembrane Replacement Projects 

Geomembrane 
Replacement 

Area 

Weight = 0.10 Weight = 0.80 Weight = 0.10 

Days Year Days Year Days Year 

VLDPE 46 0.126 56 0.153 75 0.205 

XR-5 91 0.249 112 0.307 150 0.411 
 
The unavailability contributions from these projects are based on the fact that each replacement 
will occur once during the 30-year time period of this study, there is 25% probability that the 
trenches will be uncovered during each project, and the installation times are represented by 
the distributions shown above.  These results are summarized in Table 7.2-2. 
 
7.2.4.3  Summary of Results 
 
Table 7.2-2 summarizes the results from these analyses.  The mean unavailability of the 
geomembranes is 1.95E-02.  This means that a large fraction of the trench surfaces may be 
uncovered for approximately 2% of the time during the 30-year period of the SDA risk 
assessment (i.e., about 214 days in 30 years).  There is 90% confidence that the unavailability 
will be in the range between 6.82E-03 and 4.58E-02 (i.e., between 75 days and 502 days in 30 
years). 
 
The most important contributor to the overall unavailability is damage from rapid erosion of 
gullies in the adjoining slopes, which accounts for almost 60% of the total.  There is large 
uncertainty in that contribution, due to uncertainties about the frequency of severe storms that 
may cause rapid erosion and uncertainties in the gully erosion models.  The next contributor is 
damage from wildfires, which account for approximately 16% of the total.   There is also large 
uncertainty in that contribution, due to the lack of documented data for the frequency and sizes 
of wildfires in the area surrounding the West Valley site.  Planned replacement of the 
geomembrane over the XR-5-covered area of the SDA accounts for approximately 13% of the 
total unavailability.  Replacement of the geomembrane over the VLDPE-covered area accounts  
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for approximately 7% of the unavailability.  Damage from gas pipeline fires accounts for 
approximately 3% of the total, and all other contributors are much less significant. 
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Table 7.2-1.  Geomembrane Damage Threat Frequencies 

Geomembrane Threat 
Frequency (event / year) Report 

Section 5th Percentile Median Mean 95th Percentile

Wind gusts > 115 mph 5.64E-09 1.58E-07 1.23E-06 4.42E-06 5.3 

F2 tornado impact 5.72E-07 3.74E-06 3.26E-05 1.43E-04 5.4 

F3 tornado impact 4.15E-07 1.12E-05 4.39E-05 1.93E-04 5.4 

F4 tornado impact 1.19E-05 4.94E-05 6.45E-05 1.54E-04 5.4 

F5 tornado impact 1.29E-06 1.23E-05 2.06E-05 6.60E-05 5.4 

Seismic acceleration > 0.25 g 7.54E-06 4.30E-05 7.53E-05 2.45E-04 5.5 

Commercial aircraft crash 3.16E-08 8.54E-08 1.06E-07 2.46E-07 5.6 

Military aircraft crash 2.18E-08 6.65E-08 8.69E-08 2.17E-07 5.6 

General aviation aircraft crash 4.89E-07 7.98E-06 3.36E-05 1.26E-04 5.6 

Meteorite impact (< 0.3-meter diameter) 5.01E-09 3.59E-08 1.77E-07 7.98E-07 5.7 

Wildfire 2.46E-04 2.61E-03 4.66E-03 7.84E-03 5.8 

Gas pipeline fire 3.33E-05 3.33E-04 8.87E-04 3.33E-03 5.8 

Slope gully erosion 2.21E-03 8.25E-03 1.64E-02 5.22E-02 6.4 
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Table 7.2-2.  Geomembrane Unavailability Results 

Contributor 
Unavailability Fractional 

Importance 5th Percentile Median Mean 95th Percentile

Wind gusts > 115 mph 3.98E-08 1.10E-07 8.76E-07 3.03E-06 < 0.001 

F2 tornado impact 8.66E-08 2.59E-06 2.31E-05 7.80E-05 0.001 

F3 tornado impact 5.21E-07 7.77E-06 3.10E-05 1.17E-04 0.002 

F4 tornado impact 1.03E-05 3.43E-05 4.53E-05 1.15E-04 0.002 

F5 tornado impact 1.60E-06 8.64E-06 1.45E-05 4.53E-05 0.001 

Seismic acceleration > 0.25 g 5.25E-06 3.02E-05 5.29E-05 1.69E-04 0.003 

Commercial aircraft crash 2.15E-08 5.98E-08 7.44E-08 1.74E-07 < 0.001 

Military aircraft crash 1.48E-08 4.66E-08 6.11E-08 1.53E-07 < 0.001 

General aviation aircraft crash 3.39E-07 5.62E-06 2.35E-05 8.73E-05 0.001 

Meteorite impact (< 0.3-meter diameter) 3.39E-09 2.52E-08 1.24E-07 5.55E-07 < 0.001 

Wildfire 1.73E-04 1.80E-03 3.17E-03 5.57E-03 0.163 

Gas pipeline fire 2.47E-05 2.33E-04 6.35E-04 2.34E-03 0.033 

Slope gully erosion 1.51E-03 5.80E-03 1.15E-02 3.69E-02 0.593 

VLDPE planned replacement 1.12E-03 1.31E-03 1.30E-03 1.44E-03 0.067 

XR-5 planned replacement 2.22E-03 2.62E-03 2.60E-03 2.91E-03 0.134 

Total 6.82E-03 1.31E-02 1.95E-02 4.58E-02  
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Figure 7.2-1.  SDA Trenches (from Reference 7.2-4) 
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Figure 7.2-2.  Geomembrane Covers (from Reference 7.2-1) 
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7.3  TRENCH CAP EROSION 
 
If the geomembranes are functionally disabled, the compacted clay caps provide an effective 
second barrier against water intrusion into the SDA waste trenches.  The risk assessment 
includes credit for the caps to prevent or significantly delay water intrusion during precipitation 
events that occur when the geomembranes are not intact.  This section describes the analyses 
that were performed to evaluate the frequency of events that functionally disable the caps due 
to extensive erosion. 
 
7.3.1  Trench Cap Erosion Fragilities 
 
Section 6.4.2 documents separate fragility analyses for cap erosion from flows that are parallel 
and perpendicular to the trench axis.  Erosion will occur from both directions during an actual 
storm event.  Therefore, the fragility results from Table 6.4.2 and Table 6.4.3 were added to 
derive composite fragilities for erosive damage from either cause.  Table 7.3-1 shows those 
results. 
 
Erosion through perpendicular rills is the predominant cause for failure at lower precipitation 
rates.  Parallel erosion begins to contribute when precipitation rates exceed approximately 7 
inches in 24 hours for the "high" estimates of soil erodibility conditions.  No damaging erosion 
occurs until precipitation rates exceed 19 inches in 24 hours for the "best estimate" conditions.  
Parallel erosion is the predominant contributor at high precipitation rates for the "high" erodibility 
conditions.  Parallel and perpendicular erosion contribute about equally at high precipitation 
rates for the "best estimate" conditions. 
 
7.3.2  Precipitation Events 
 
The analyses in Section 6.4.2 were performed for 24-hour precipitation events.  Five nominal 
storm durations (2, 4, 6, 8, and 10 hours) were used to derive rainfall intensities during these 
events.  Section 5.2 summarizes the historical precipitation data for the region surrounding the 
West Valley site.  Precipitation exceedance frequencies are derived for 24-hour, 48-hour, 3-day, 
7-day, and 14-day exposure periods. 
 
The historical experience shows that the largest multi-day cumulative precipitation totals almost 
always involve severe single-day storms.  In other words, the largest 3-day, 7-day, and 14-day 
cumulative precipitation periods typically include a severe 1-day storm, preceded or followed by 
days with much lower accumulations.  Thus, intense precipitation events that may cause 
extensive cap erosion are determined almost entirely by single-day storms.  Periods of 
moderate to strong precipitation that continue for several consecutive days are not evident in 
the regional weather records.  (Multi-day snowstorms do occur in the region.  Although these 
storms may result in significant snow accumulations, they do not contribute directly to rapid 
erosion.) 
 
Reviews of the historical data and examinations of the precipitation exceedance frequencies 
indicate that 48-hour storm periods may also contribute to significant erosion.  The precipitation 
totals for some 48-hour periods include significant contributions from consecutive days, 
indicating that longer duration storms may persist for several hours, or short duration storms 
may span the daily reporting intervals.  To account for these storms, it was assumed that the 
fragility results in Table 7.3-1 apply to both 24-hour and 48-hour precipitation periods.  This 
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assumption introduces some amount of numerical conservatism, because it is likely that some 
of the 48-hour precipitation totals result from less intense storms.  However, it was not practical 
to refine the historical data analyses or the exceedance frequencies to more precisely account 
for individual storms.  The data and the exceedance analyses confirm that the largest 
precipitation totals for 3-day, 7-day, and 14-day exposure periods are determined entirely by 24-
hour or 48-hour storms.  Therefore, extension of the cap erosion analyses beyond a 48-hour 
period is not warranted. 
 
7.3.3  Quantification of Failure Frequency 
 
A probabilistic weight of 75% was assigned that the "best estimate" parametric conditions in the 
fragility analyses may apply to actual conditions at the SDA site during the 30-year period of this 
study.  Equal weights of 12.5% each were assigned that the "high" and "low" estimates may 
apply. 
 
The 24-hour and 48-hour precipitation exceedance frequencies from Section 5.2 were 
convolved with the weighted fragility results in Table 7.3-1 to derive the frequency of trench cap 
erosion damage that is sufficient to expose the top surface of the buried waste material.  The 
following table summarizes the results from that calculation. 
 

Frequency of Damaging Trench Cap Erosion, 
24-Hour and 48-Hour Precipitation Events 

(event / year) 

5th Percentile Median Mean 95th Percentile Error 
Factor 

3.89E-05 5.60E-04 8.65E-04 2.57E-03 8.1 
 
These results are determined by the combined effects from the erosion fragilities, the storm 
intensities, and the storm frequencies.  Low erosion fragilities apply for storms of moderate 
intensity that occur more frequently.  High erosion fragilities apply for rare very severe storms.  
Approximately 54% of this damage is caused by precipitation totals in the 6-inch to 15-inch 
range.  Approximately 27% is caused by precipitation in the 4-inch to 6-inch range, and 
approximately 19% is due to precipitation that exceeds 15 inches.  Two-day storms account for 
approximately 70% of the total, and approximately 30% is due to 1-day storms. 
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Table 7.3-1.  Composite Trench Cap Erosion Fragilities 

Rainfall Rate (in) 
Conditional Probability 

"High" "Best" "Low" 

2 0.0000 0.0000 0.0000 

3 0.0000 0.0000 0.0000 

4 0.0160 0.0000 0.0000 

5 0.0240 0.0000 0.0000 

6 0.0320 0.0000 0.0000 

7 0.0614 0.0000 0.0000 

8 0.2730 0.0000 0.0000 

9 0.3338 0.0000 0.0000 

10 0.4104 0.0000 0.0000 

11 0.4104 0.0000 0.0000 

12 0.4319 0.0000 0.0000 

13 0.5183 0.0000 0.0000 

14 0.5372 0.0000 0.0000 

15 0.5847 0.0000 0.0000 

16 0.5847 0.0000 0.0000 

17 0.5847 0.0000 0.0000 

18 0.6036 0.0000 0.0000 

19 0.6226 0.0304 0.0000 

20 0.6511 0.1258 0.0000 

21 0.6795 0.1397 0.0000 

22 0.6985 0.1675 0.0000 

23 0.7175 0.2692 0.0000 

24 0.7719 0.3071 0.0000 

25 0.7719 0.3071 0.0000 

26 0.7883 0.3071 0.0000 

27 0.7883 0.3071 0.0000 

28 0.8458 0.3071 0.0000 

29 0.8540 0.3071 0.0000 

30 0.8622 0.3771 0.0000 
 


