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If you are here today thinking “no well ever needs a SV”, I would wonder why you came.  
Likewise, if you are here thinking “all or most wells should have a SV”, I wonder why you 
came.  The application of SV is properly a risk-informed decision.  

We should approach risk-informed decisions with humility. Tolstoy:  We can know only 
that we know nothing. And that is the highest degree of human wisdom.  Proverbs 11:2 
says:  “When pride comes, then comes disgrace, but with humility comes wisdom”.  So, 
humility is freedom from pride or arrogance, the state of being humble.  

For this we need to ask about what we can know, what we can see as “truth”, but that 
the truth is like an onion, as Tolstoy said – we need to peel that onion layer-by layer to 
get closer to the truth and test our assumptions about the truth.  We need the qualities 
of Dr. Katz – distinguish the trivial from the important, and lead with vigor, energy, 
imagination, and insight in solving problems.  
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In order to move forward with the approach to the SV question, we want to use a methodology, as Slawek
already presented, that had certain advantageous aspects.  These advantages include:

- Use of data – failure rates, quantitative aspects of barrier information, and consequence forms set to 
equalized quantitative scales (such as USD)

- Comprehensive likelihood and consequence analysis so the human mind cannot easily know the 
outcomes – to focus on data inputs and not subjectively on outcomes, let the outcomes surprise us -
that in itself can be a test of bias reduction properties

- Focus on knowable unknowns – operators must be able to gather the information relative to likelihood 
and consequence and not be subject to untestable or unverifiable aspects

- Rather than weightings, the model must use systems that have reference points backing up values 
related to safety, environment, or other values aspects.  

- To monitor and manage bias, the model must explicitly emphasize values aspects in the risk equation.  
Emphasis on data and usable sources of data limit bias by focusing on vetted information rather than 
untestable anecdotes.  Power-law use in the model also acts to limit bias by emphasizing the issues of 
scalability or non-scalability of consequence outcomes.

- Ability to range uncertainty and test sensitivity to specific variables in the analysis as well as in 
comparison of risk treatment alternatives – must be able to compare the cost/benefit of alternatives 
and identify benefit with respect to safety, environmental stewardship, service reliability, and financial 
stewardship, or other aspects.

- Gives a range showing acceptability or non-acceptability and identify differences even when inside a 
wide “tolerable risk” region; give realization to risk reduction as well as risk remaining. 
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So our slides include a review of the hypothetical case studies, creating “well types” and ranging some of 
the properties of those well types for time dependent and time independent variables to provide a range 
of likelihood of failure over 6 orders of magnitude, then creating consequence environment cases focused 
on population proximity and density to provide close-in as well as widespread ranges that could be 
affected by storage well failure in the surface or subsurface.

The analysis accounts distinctly for safety, environmental values (air, water, land use, soil stability and 
productivity), and service-reliability-financial aspects.
We will show, briefly, how industry information was brought into the analysis to provide vetted ranges of 
parameters used in the analysis.  We can provide references, if you desire. 

We adapted the risk equations to the variations around the question:  wells without SV, with SV, w/ 
shallow- or deep-set SV, w/ and w/o workover, and w/ or w/o additional human factors issues.
We focused the outcomes of the analysis on the annualized expected risk reduction value.  Actual 
cost/benefit in any given well situation must be determined by the operator, since the life cycle cost for 
installation and maintenance of any SV system is site specific and application specific.

We emphasize that SV application is only one risk treatment alternative.  Operators should compare risk 
treatment alternatives.  Risk remains after treatment – so the need manage integrity is always there.  Last, 
to advance learning, we must collaborate on reliability engineering data warehousing and analysis.
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The efficacy of downhole safety valves with respect to net risk change should be 
carefully evaluated to determine if guidance can be provided for prudent application, 
understanding risk reduced and risk remaining with or without safety valve 
implementation

We hope to show, by way of example models that represent a wide range of probable 
actual well types and consequence potentials, that the net risk change can be 
satisfactorily modeled with the “JITF Risk Model”.

SV are consequence mitigation devices.  Their effectiveness varies depending on total 
risk, their setting location (depth) and functional reliability.  
SV can come with risk increase:  more parts that have reliability issues, more potential 
well re-entry, more impacts to reliability due to “safe failures”.
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Approach
1. Classified Well Construction Types into Four (4) Groups:  old converted well, old 
storage well, mid-age storage well, newer storage well (see diagrams for general model 
well profiles)  

To these four well types, we also had book-ends of a “problem well” at failure or about 
to fail, and an “ideal well” with very robust construction and little chance for failure
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2. Estimated ranges of Likelihood of Failure Index (LOFI) for each well type:  standardized 
on casing diameter, weight, grade and max reservoir pressure; ranged corrosion rate, 
annular contents/flow conditions, and wellhead/valve condition; held most other factors 
(such as vibration, flow composition, outside forces, etc.) to common mid- or minimum 
values

Here we see some of the variations in starting “generic failure frequency”, corrosion rate 
and corrosion extensiveness, amount of well work, and wellhead/valves and cement.

We were able to create a range of LOFI over 6 orders of magnitude.  These six well types 
were run with consequence environment cases to generate risk profiles. 
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The Battelle-Sandia adapted JITF model COFI analysis looks at failure scenarios at the 
surface (blowout w/ and w/o fire, occurring at maximum pressure/flow conditions) and 
a full failure in the subsurface, for up to 30-days duration.  

The model accounts for critical heat impact radius, injury equivalent consequence, and 
probability-severity ranging with distance and with event.  Distributions are generally 
adapted from accident severity statistics in transportation industries, but particularly the 
gas pipeline industry.  Storage industry efforts were used in ranging the impact 
probability vs. distance.
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3. We estimated range of consequences for any set of events depending on overall 
setting, including proximal  population, 9-mi radius population density, flow capability 
and 30-day feed volume; set other consequence factors (environmental, service, 
reliability, financial) to index off the safety consequence assessment.  We created three 
sets of consequence environments that mixed population densities with well capabilities 
in terms of AOF and 30-day feed volume potential.

Here is an example of population density variations, both in close 1000-200’ radius view 
and 6-mile radius view. Note that mid-range densities can be complex, with no 
population immediately in the vicinity of the well but with greater population within a 
wider radius.  Somewhat book-ending the mid-range density (which is closer to true for 
many storage fields) is the high density case at the top and the very low density case at 
the bottom.
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The model estimates consequences in equivalent units – US Dollars.  The COFI drivers include 
well AOF, feed volume available, population within heat impact radius, and population density in 
widespread radius (important primarily during long-duration events).  We were able to range 
consequence cases across 5 orders of magnitude. 

Note that the model is able to distinguish that safety and environmental consequences are a 
much higher proportion of total consequences in higher population densities; this might not be 
the actual outcome in real events, but this shows that the model is emphasizing the safety value 
aspect by giving it a certain pre-eminence in the consequence analysis.

Certain environmental factors and service/reliability/financial factors could be important in 
specific sites, but for this analysis we assumed all things were equal in those aspects except 
where affected by the well rate, feed volume, and potentially affected population – in each of 
the 4 consequence tiers, there is a general order of magnitude shift in those consequence factors 
among the tiers.

The COFI analysis produced a set of base conditions – high population with high well rate and 
feed, low with low, etc.; inverted cases where we inverted well potential vs. population density, 
and mixed cases where we used high rate and feed wells across variable mid-range population 
density.
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When we modified the equations for use of safety valve, we assumed that risk of certain 
events would be reduced by the functional reliability of the SV – in other words, to close 
effectively on demand.  SV functionality could be impaired due to some of the aspects 
identified in this table from ISO 16530 Well Integrity.

In the surface release w/fire routine – directly used the reliability value to estimate 
reduced consequences; subsurface release routine, used 50% of the consequence 
multiplied by reliability value to estimate consequence reduction
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We looked at this two ways: assumption that critical failures requiring well re-entry are 
less than the total functional reliability failures applied to the “operating well” COFI 
analysis, and estimated risk of net additional well re-entry due to SV reliability issues.  
Then we also assumed all re-entries are more complex and increase human factors risk 
of each re-entry – and that the reliability rate dictates additional re-entry frequency.

We ranged loss of containment (LOC) due to loss of well control during entry, and for 
tubing-conveyed systems (higher rate) vs. wireline-conveyed systems (lower rate), and 
looked at higher rate as in drilling LOC.  Then we assessed COFI for a LOC event during 
workover for each consequence case, same as base COFI analysis and other COFI 
examples.  This provided an annualized expected risk. 

We have a ‘credit’ in the LOFI and COFI workover equations for safety management 
system maturity and effectiveness as applicable during well intervention (measured 
operational discipline).  We suggest that human factors issues might range the LOFI-
COFIworkover impact by one-half to one order of magnitude. Here, we estimate that 
significant human factors risk increases LOFI-COFI workover risk by roughly 5 times over 
similar workovers without SSSV removal and reinsertion.   
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Now, when we go back and re-estimate COFI for the four consequence types including 
the assumption of SV presence and a 3-tiered range of SV reliability (.8 - .905 - .985), we 
are able to see how consequence changes.  In this example we are showing COFI cases 
for shallow-set SV.
a. COFI safety-surface much reduced, certain environmental factors (GHG) reduced;
b. SV subsurface reduced only by ~50%, w/ additional SV reliability adjustment (the JITF 
routine for subsurface includes two scenario subtypes – a subsurface release and an 
extended surface release; the SV will reduce the risk of an extended surface release but 
not affect the subsurface release consequence assessment)
c. Environmental factors of soil stability and productivity, vegetation health, groundwater 
and surface water effects not reduced, pollutants/toxicity reduced by ~50% w/ SV 
reliability adjustment
c. service, reliability, financial consequences reduced by ~50% (w/SV reliability 
adjustment)

Note that Workover COFI shows how safety consequences dominate across all 
consequence environments, especially in low population densities, because we now 
have a number of people on site during well work.
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Now, we can work the math of risk analysis and create matrices of outcomes for our six 
well types, the three sets of consequence cases, and range within each type by a range 
of safety valve reliability. 

The result provides a matrix of LOFI ranges for each well type and COFI ranges for four 
consequence types.  Applying the JITF COFI estimates for each consequence type to the 
JITF LOFI for each well type, we get a swath of risk representing the probable vast 
majority of actual well cases in existence.  We show here the risk reduction value in 
terms of annualized expected risk reduction in USD.   We should remember:

a. the cases used are hypothetical but meant to represent a wide range of possible 
outcomes to LOFI and COFI

b. the LOFI and COFI estimates in this study are just that – estimates!

There is a lot of output from running all these cases, but we felt we could best illustrate 
this by coloring the matrices.  Also, when we show the full grid of matrices, we need to 
explain the ordering of rows and columns within each set of matrices.
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Three sets of matrices (each is a “matrix set”) were produced for each set of 
consequences:  Base Cases, Inverted Cases, Mixed Cases, as previously described.  Each 
of six well types is run for its minimum and maximum LOFI against 4 consequence types 
for the matrix set.
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Red = annualized risk reduction greater than $1 million; Orange = annualized risk 
reduction between $100,000 and $1,000,000
Yellow = annualized risk reduction between $10,000 and $100,000; Green = annualized 
risk reduction less than $10,000
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Let’s address some of the findings…
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For deep-set SV, we used different, lower reliabilities, and we included in the total consequences 
(financial part) an allocation for the cost of deliverability replacement, assuming the deep site SV 
were on tubing strings that restricted the flow ID from the pre-SV case.  

The results of the deep SV analysis can be surprising.
While the annualized risk reduction magnitudes go way up, they can only go up so high and 
depend on the original, or pre-SV annualized risk – in other words, small risk to begin with, small 
risk reduction with the SV.  
The bigger risk groups show bigger risk reduction with deep SV, but the matrices get more 
polarized since the negatives for deep SV also magnify against an initially small risk, say, for low 
risk wells (the “ideal” well of course, and often for well type 4 and well type 3).  
This polarization is even more stark when we go to “all consequences” and add in the cost of 
drilling and maintaining the fractional extra well to make up for lost deliverability.  We end up 
with matrices that have some strongly red cells, maybe a little orange or yellow, and then 
strongly green cells (many of which are strongly negative).  

This analysis gives an even more clear direction on deep SV as there is a narrower “in between” 
range between red and green cells.
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These show, for the shallow-set cases, the matrices with max workover risk (but not with 
the 5x factor for poor mgmt. system effectiveness)
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In addition to this analysis, the cost-benefit of SV application is a site-specific analysis 
that must be done by storage operators, as the type of SV, the well construction, and the 
site-specific risk estimates are required.

The approach is a suggested beginning point. Enhanced effort at understanding well 
barrier element reliability - particularly of “active” or “on-demand” barrier elements and 
their components - is important to the efficacy of risk-informed integrity management.

We suggest:
Storage industry collaboration to develop/maintain a well equipment reliability data 
warehouse
Continued efforts to use quantitative, probabilistic information in risk assessment and 
study other risk model perspectives on the SV question 

24



Don’t get caught in the krummholz.  While there appears to be a lot of fine detail, and there can be 
confusion due to different forms of risk analysis, the basic approach points to a common system of known 
good practices approach in risk management.  What can seem complicated comes down to some common 
roots.
In concluding:
1) We hope that some companies will want to try this model on some of their wells and compare to 

their own risk analysis.  The research team is happy to take some volunteers and do some analysis for 
real world examples.

2) We would love to compare the results of the analysis using this Battelle-Sandia adapted model to 
result that you might have obtained using your own models.

3) We also believe that this form of model can be a bridge to more fully probabilistic / quantitative 
models, as it builds data sets around well barrier element information that can further inform terms 
in probability analyses – such as reliability, failure, and prior probabilities.

4) The ability to express risk in common, utility-based terms, such as annualized expected risk in USD, 
helps to drive decisions on effectiveness of risk reduction and on choices between risk treatment 
alternatives.  There is risk in confusion if such common terms are not used and in variance in 
approach which when tested might be found to be wanting.

5) It is not difficult to apply this adapted model:  it can exist in spreadsheet form and be replicated to 
produce outcomes fairly rapidly after inputting site-specific information.  But the emphasis is on 
pointing out where additional information is of greatest value.

6) So again, we invite you to engage in discussion and to take up our offers of testing some real 
examples.  We also encourage you to develop industry-led collaboration on risk management 
performance and WBE reliability information.
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